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1 Introduction

This report introduces and defines so-calliedta relationg(or shorterA-relations) as a means for explicat-

ing the conditions under which a Web service is usable for solving a goal. Such conditions occur when the
functionality provided by a Web service does not precisely match with the one requested by a goal but there
still are specific executions of the Web service that allow to solve the goal. We discuss the properties of
A-relations and provide a concise formal definition along with illustrative examples for demonstration and
clarification purpose.

The central aspects addressed in this report are:

e the motivation and application purpose of A-relations with respect to formalized functional de-
scriptions of goals and Web services and semantically enabled mechanisms for determining the us-
ability of Web services for a given goal

e the concept of theemantic difference between logical formulaas the basis for denoting the aspi-
rated logical relationship

e extending the definitions and techniques forrelations on logical formulae towardsrmal func-
tional descriptions of goals and Web services terms of pre- and postconditions

e clarification and demonstration of the concepts and definitions by illustrative examples

¢ discussion and positioningdf the approach within related work, especially with respect to techniques
for “assumption explication"developed in the course of UPML.

The document is structured as follows: the remainder of this section outlines the motivation and aim of
A-relations and identifies their central characteristics. Se@rlaborates the formal foundations by defin-

ing A-relations for conventional logical expressions that represent functionalities requested by goals and
provided by Web services. These are extended in Se8tiowards formal functional descriptions that are
defined in terms of preconditions and effects within a state-based model of the world. Sedifonsses
related work and positions our approach therein, and Sestsnmmarizes and concludes the document.

1.1 Motivation and Aim

The problem context ofA-relations is detection of usable Web services for solving a given request, com-
monly referred to as discovery and composition within the field of Semantic Web services. As the core
technique, research on semantic matchmaking has identified different degrees under which a Web service is
considered to be usable for solve a goal (€21, 26, 16]). In all situations where the functionality offered
by a Web service provider does not exactly match with the one demanded by requester for solving his goal,
certain conditions arise under which the Web service is usable for successfully solving the gaol. In particu-
lar, for certain matchmaking degrees the client has to provide specific inputs to the Web service such that its
execution will provide a result that satisfies the goal; for other degrees, using the Web service for solving a
given goal has certain impacts on how the goal will be resolved.

Let’s consider an example for clarification. Imagine a generic goal formul&titor purchasing travel
tickets in Austria that is instantiated for a concrete client reqGgsdf buying a ticket from Innsbruck to
Vienna on a certain date. Among all available Web services thdiigsisfor purchasing tickets for all train
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connections offered by the Austrian national railway oper&BB; another Web servic&S offers flight

ticket purchasing for Austrian Airlines AUA. Both th@BB as well as AUA offer connections between
Innsbruck and Vienna. The matchmaking degree betwi¢amd WS is thatG is more general, i.e. all
executions ofi¥’S; can satisfy all instantiations @f but there also are other solutions that are not provided
by WS;. In this situation, the Web service can be used without any constraints. However, its usage will
result in purchasing a train ticket, hence there is a certain impact orGhasrresolved when usingl’s; .

For WS, the national AUA flight connections provided by AUA can satiéfyin case that the origin
and destination city have an associated airport; however, international AUA flight connections cannot be
used. This situation — commonly referred to as the intersection match in literature — requires that the client
provides specific input such that the executioniif's will provide results that satisfg. In this case, the
accurate input is restricted to Austrian cities with an associated airport. This is what we refer to as conditions
for usage of a Web service for solving a goal.

The purpose ofA-relations is to explicate such impacts and usage conditions on Web services for solv-
ing a particular goal in order to provide advanced support for Web service detection and usage. Impacts and
conditions for Web service usage as illustrated result from differences between the requested and provided
functionalities. In frameworks with formal descriptions of goals and Web services, these occur as the se-
mantic difference between functional descriptions. The aih-wélations as introduced and defined in this
document is to provide a means for explicating these differences so that it damiadly expresseand
explicitly representedThis additional knowledge can then peovided to applicationshat deal with not
precisely matching requested and provided functional descriptions. The following outlines such applications
and identifies the consequential characteristicA g€lations.

1.2 Some Usage Scenarios for Delta Relations

In accordance toll5], we consider the following procedure for Web service detection. A generic goal
description formalizes objectives to be achieved in terms of preconditions and effect descriptions that are
mathematically identical to functional descriptions of Web services. A client instantiates such a goal formu-
lation by providing concrete input data that satisfy the goal precondition; these data serve as the inputs for
invoking a usable Web servic83]. Discovery or composition with respect to the requested and provided
functionalities is performed on the formally described requested and provided functionalities of goals and
Web services, i.e. orthogonal to goal instantiation for concrete client objectives.

As a extension for discovery and composition technigues, explication of usage conditions for Web ser-
vices works on generic goal formulations and functional descriptions of Web services. There are different
possibilities for presenting this to clients: we can either construct revised goal formulations with a different
matchmaking degree such that the conditions do not arise anymore, or we can explicate the conditions as ad-
ditional constraints that need to hold for successful goal solving with the particular Web services. For both,
A-relations provide the basis as we illustrate in the following. For convenience, we stick to the example of
buying tickets for travelling from Innsbruck to Vienna throughout the explanations. We examine the arising
requirements for\-relations below.

Goal Refinement / Adjustment. This refers to the subsequent refinement of generic goal formulations.
For instance, imagine that the client who defiggshas a preference for travelling by plane because of tight
schedules but did not explicate this in the initial specificatio& of After receiving the discovery result for
the initial goal definition, the client may refiri@, with a preference for flying. In the next ste@;S» would

be selected as the impact for goal resolution by using; contradicts with the client’s preference.
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Goal adjustment means that a goal formulation is refined such that the nature of the specified objective
is changed. Within our scenario, imagine that some client defines a(Gdal buying a flight ticket from
Innsbruck to Vienna for less tha& 200,-. The flight booking Web servicd’S,; seems to be usable, but all
purchasable flight ticket cost significantly more tBa200,-. However, train tickets for the desired itinerary
are available for less tha@ 200,- from WS;. By analyzing the functional relationship and difference
betweenG, and the Web services, we can propose possibilities for adjusting the goal: either weaken it by
omitting the price constraint so th&/’S, becomes usable, or change the desired ticket type to train ticket
so thatW.S; becomes usable. We discuss examples for goal re-formulations in detail in $&dtion

Assumption Explication. This is concerned with determining so-calleidden assumptionshat is ad-
ditional aspects that are not explicated a priori within formalized descriptions of requested and provided
functionalities. Such hidden assumption result from the fact that knowledge engineers specify formal de-
scriptions with respect to their individual understanding and view of the world. Following constructivist
philosophy, this naturally differs between humans. As missing knowledge might hamper usability of a com-
putational resource for solving a problem, explication of hidden assumptions is considered as an important
and critical task for enabling automated software usage on basis of formal descridlioj8} presents
so-calledinverse verificatioras a technique for assumption explication by manual analysis of failed proofs
on the usability of problem solving methods for a given task.

We can understand the conditions or impacts on using a particular Web service for solving a goal as
a specific type of such hidden assumptions. For the usage of the AUA Web service in the above example
scenario, we could formalize a constraint that the origin and destination provided as inputs need to be
Austrian cities with an airport. We can use this as an additional constraint for Uigigfor resolvingG'.
We illustrate how to obtain such assumptionsbyelations in Sectiol2.4, and discuss the similarity and
differences of our approach and inverse verification in Se@ion

While the above techniques are concerned with explicating usage conditions on Web services, another
potential application area dk-relations might begrouping of requested and provided functionalities.
Outlined in B1], this addresses the scalability problem of techniques for automated Web service usage.
The bottleneck is the potentially very large number of matchmaking operations that need to be performed
for discovery or composition as all available Web services need to be taken into account. For reducing
this, we can group available Web services with respect to similar provided functionalities in order to attain
an efficient search graph for Web service repositories. Furthermore, we can group goals with respect to
the relationship and difference of the requested functionalities and capture knowledge about discovery and
composition results in order to perform usability detection by look-up. This is the id8armfntic Goal
Cachingthat will be represented at a later stage of research, along with the usabil@hations therefore.

1.3 Characteristics of Delta-Relations

Considering the realization of such techniques reveals that they all deal with certain aspects of the semantic
difference between the formalized functional descriptions of Web services and goals that do not precisely
match. Goal refinement and adjustment need to analyze the impacts of using specific Web services for a
given goal and derive a semantically related goal formulation; representing usage conditions in form of
assumption needs to explicate the relevant aspects of the semantic difference between the goal and the Web
service; functional grouping of Web services and goals needs to determine taxonomic structures with respect
to formal functional descriptions.
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Hence, there is a common basis for applications as illustrated above: the semantic relation and difference
of formally described requested and provided functionalities with respect to the context of the usability of
Web services for solving a given goal. This is what we refer to d@s-relations in the following. In
principle, it provides a “raw form” of explicit knowledge on the relation and difference of formally described
functionalities. This is used and interpreted by distinct techniques for realizing applications as discussed
above. Figurdillustrates the correlation ah-relations and techniques that work upon them for enabling
particular applications.

APPLICATIONS

Assumption Goal Refinement /
Explication Adjustment

TECHNIQUES

inverse usage

verification

A-RELATION
semantic relation & difference
of requested and provided
functionalities

functional
taxonomy
determination

Functionality
Grouping

Figure 1:Delta Relations - Techniques - Applications

To provide a sophisticated basis for inference-based techniques and advanced applications for Web service
detection A-relations need to meet certain requirements. While providing further explanations and concise
formal definitions in the subsequent sections, we depict the requirements here informally:

1. completenessi.e. cover all aspects of difference (necessary condition)

2. minimality , i.e. only encompass those aspects needed to cover the complete difference but nothing
more (sufficient condition).

3. formal definition of the properties and meaning &frelations in a logical framework
4. declarative representation i.e. explicit representation df-relations in a declarative manner.

The remainder of this document subsequently elaborates and dafireations with respect to the iden-

tified requirements. At first, Sectia? discusses the usage of conventional logical expressions as formal
descriptions of goals and Web services, and introduces the definitiod\efedation as a pair of formu-

lae that properly represent the relevant aspects of the semantic difference between goal and Web service
descriptions. This is extended in Sect@®with respect to the structure and semantics of functional descrip-
tions in terms of pre- and postconditions. Moreover, we provide two extensions to the mathematical core
of A-relations: (1) the alignment with semantic matchmaking in Se@i8rwith respect to the applica-

tion context of Web service detection, and (2) the integration within the WSMO mediation framework in
Section3.3to allow directed, explicit, and declarative specificatiom\efelations.
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2 Foundations — Delta Relations for Logical Expressions

This section discusses the properties and definitioA-@€lations for conventional logical expressions in
some ontology language that formally describe requested and provided functionalities. While this abstracts
from the structure and semantics of formal functional descriptions in some capability language, we subse-
guently extend the definitions to functional descriptions in terms of pre- and postconditions in Section
We first recall the meaning of logical expressions as formulae in logics with model-theoretic seman-

tics and define the semantic difference between such formulae. Then, we provide a formal definition of
A-relations with respect to the specific requirements arising for Web service detection as the relevant appli-
cation context. We align this with semantic matchmaking for Web service detection, and finally demonstrate
the definitions and their application within an illustrative example.

2.1 Logical Expressions, Model-Theoretic Semantics, and Semantic Difference

Logics are traditional means for knowledge representation in Computer Science. Each tmgisists at
least of two fundamental parts: a formal langudgend a formal semantics. As the basis for the following
elaborations, we briefly recall the definitions®fandsS for classical first-order logic as defined B0].

L provides the syntactic means to represent knowledge as statements in a limited language. The language
depends on a set of elementary symidol&alledsignaturg which can be used in a predefined manner to
construct statement&: contains symbols with a pre-defined meaning inside the particular {b{mgical
symbols e.g. A, V, —, true), symbols that do not have such a fixed meanimgnlogical symbolse.g.
human(-), jack parent — of (-, -)) and auxiliary symbols without any logical meaning (e.g. opening and
closing brackets, commas, etc.). Usually, one only considers the part of the non-logical symbols when
talking about a signature.

The formal semanticS assigns a truth valueul7(¢) to any consistent statemepitc £. The evaluation
depends on a particular contekt(usually calledinterpretationof signature’X) which gives meaning to
the non-logical symbols in the signature In classical KR languages the rangevaf; contains precisely
two values, namelyrue and false. Regarding the semantics of a formula (or logical expressios) £,
the formal semantics essentially divides the set of all possible interpretations (of signatyiato two
partitions: (1) interpretation® that satisfye, i.e. valz(¢) = true (these interpretation are calledodels
of ¢), and (2) interpretation where this is not the case, uelz(¢) = false. The former case is often
represented in terms of a semantic relation (read ,,satisfies” or ,,models”) between an interpretation and a
formula:Z = ¢. In consequence, the class of models of a forngutarer the respective signature

Mody,(¢) = {Z | T interpretation over ¥ such that T |= ¢}

can be considered as the semantic®.ofThis can be used as the formal descriptidrof some resource.

For instance, ifp formally describes a Web service théfods (¢) denotes those interpretations that can

be provided by the Web service with respect to some specific inputs. This perspective on the semantics of
formulas (or formal descriptions) is calledodel-theoretic semantiesd is illustrated in Figurg.

The model-theoretic perspective on the semantics of formal descriptions provides a natural way to define
the semantic difference between two given descriptionsglbab, be formal description defined as logical
formulae whose meaning is formally represented by the set of maddeds; (¢1), M odx (¢2). Descriptions
with the same models (i.8/odx (¢1) = Mods(¢2) ) are semantically equivalent, i.e. they mean the same
(though they might look syntactically different). Therefore, every interpretatien)M ods (¢1) that is not
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Formal Description D
Formula E

Evaluation satisfies D
val,: D — {true,false}
Interpretation

Mathematical Structure I(D) Non-

® @ " odeisip) T @ Models(D)

Semantics: Well-defined (unambiguous) structure

Figure 2:Model-theoretic Semantics of Formal Descriptions

part of the semanticd/odx (¢2) of another descriptior, (or vise versa) represents a bit of information
that distinguishe®, and¢, semantically. This leads straightforwardly to the following characterization of
difference on a semantic level which is illustrated in FigBire

Definition 1 (Semantic Difference)Let¢,, ¢ € L be two formulae over signatuteand let/nt¢(X) denote
the set of all-interpretations.

Thesemantic differenceSemDiff (41, ¢2) betweenp, and ¢, is the set ob-interpretationsZ that are
models of eithep; or ¢» but not both. Formally, this means

SemDiff (91, ¢2) ={Z € Int(X) [ (Z |= ¢1 and T [~ ¢2) or (T = ¢1 and T |= ¢2)}

Formula

satisfies satisfies

i
Wodelsli)

Semantics

Figure 3:Semantic Difference of Formal Descriptions under Model-theoretic Semantics

According to this definition, semantic difference isemantiqor mathematical) concept, i.e. it is de-
fined to be a particular set of interpretations. However, in order to leverage the semantic difference of logical
expressions in applications later on, this object is not directly useful as such. Applications that deal with se-
mantic descriptions never have direct access to the semantic level, but they merely access the semantic level
indirectly via formal descriptions in some logic. Hence, we need a concrete representation of the semantic
difference of two given logical expressions, ¢ € £ in a logic £'. More precisely, we need a formal
statemend € £’ such thatM ods,(§) = SemDiff (¢1, ¢2). Depending on the expressiveness of the laic
to which the original descriptions belong, might or might not be the same &s In some cases’ might
require additional language constructs (i.e. must be more expressive tharconsequence, we identify
a formula which faithfully represents the semantic difference and makes it accessible for applications that
deal with formal descriptions.
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Definition 2 (Symmetric Difference) Let £ be a logic with model-theoretic semantics. ligt ¢po € £

be two formulae over signatute. Let £’ be an extension o which provides additionally the two logical
connectives conjunctiom and negation<{) with the usual classical semantics. Then we call the expression
d(p1, p2) € £ with

61(¢1, 92) = (P1 A =2)
02(¢1, 92) = (—g1 A $2)

6(d1, #2) = 61(P1, 92) V 02(@1, P2) = (1 A =¢p2) V (b1 A )

the symmetric differenceof ¢, and ¢,

Proposition 1. Let £ be a classical logic with model-theoretic semantics. ¢etpo € £ be two formulae
over signatureX.. Let £ be an extension of which provides additionally the two logical connectives
conjunction () and negation {) with the usual classical semantics.

Then it holds that the symmetric differendg),, ¢2) of ¢; and ¢, formally represents the semantic
difference ofp; and¢o, i.e.

Mods(6(¢1, ¢2)) = SemDiff (¢1, ¢2)

If £ already provides classical conjunction and negation, then we can represent the symmetric difference
already ing itself.

Proof. ConsidetZ € Modx (6(¢1, ¢2)), i.e. aX-interpretatiorlZ =g (g1, ¢2).

T =g 6(¢1,02)
iff. T g (01 A¢2)V (md1 A @2) by Def.22
iff. ZlEg (¢1Ap2)orL =g (21 A ¢2) by semantics of/ in £’

iff. (Z o ¢1andZ e ¢o) or T e ¢1 andZ =g ¢2) by semantics ofy, = in £
iff. (Z e ¢1andZ e ¢2) or (Z e @1 andZ =g ¢2) sincef’ conservatively extends
iff. 7 € SemDiff (¢1, ¢2) by Def.1

Therefore, we can conclude ods; (6(¢1, ¢2)) = SemDiff (¢1, p2). O

The above definitions hold for all specific logics that have model-theoretic semantics and classical nega-
tion. In particular, these are first-order logR[ and its decidable sub-sets Description Lo@Ednd Horn
Logic [14], as well as Description Logic Programs as their maximal intersectigjn Extensions towards
applicability for logics with minimal model semantics and negation by failure that underlie Logic Program-
ming languages - e.g. datalog with default negati®@] pnd the variants “WSML-Flight"and “WSML-
Rule”of the WSML languages] - are considered as future work at this point in time.

As usual, the logical connective disjunction)(can be expressed in terms of conjunction and negation: ¢. = —(—¢; A
—¢2)
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2.2 Requirements and Definition of Delta Relations

We now turn to the concrete context of Web service detection. The relevant aspect that we want to represent
in A-relations is the semantic difference between formally described requested and provided functionali-
ties for Web services. The following derives formal definitions of the requirements of completeness and
minimality of A-relations as informally identified in Sectidn2 We then show how to construct a formal
expression that has these desired properties.

Consider some Web servi¢®' that offers some specific functionality and a g@athat specifies what
functionality a potential client is seeking for. In this section, we assume both functionalities to be described
by formulae in a logic with model-theoretic semantics suchglgas the formal description af and¢,y the
one forW. Both formulae are defined on basis of a signatuthat defines the terminology and knowledge
of the domain of interest; we assume all goal and Web service descriptions to be consistent formulae such
that there exists at least obkinterpretation that is a model of the description.

As the common result of several research efforts around Web service discovery by semantic matchmak-
ing (e.g. R1,/16], see Sectioi2.3 for details), there are different logical relationships betwggrand ¢y
under which the Web service is considered to be usable for solving the goal. For functionalities described by
logical expressions, the notable ones are the exact magck (¢yy), proper logical entailments)¢ = ¢y
or pyy = ¢g), and existence of at least one common model without entailment, commonly referred to as the
intersection matchaZ (X). Z(X) € Modx(¢pg) NZ(X) € Mods(édyw) andeg = ¢y andeyy = ¢g .

The aspects of interest fax-relations arise when there is a proper entailment or an intersection match
between the goal and the Web service descriptions. In each of these situations, there exists at least one
Y-interpretation that is a model for eith@g or ¢yy but is not common to them. The set of these interpreta-
tions constitute the semantic difference between goals and Web services. This causes certain restrictions or
impacts on how the goal can be solved by using the particular Web service as illustrated in the introduction.
Two central requirements arise for precisely denoting this witkirelations:

1. as thenecessary conditiorof completeness, thA-relation betweepg and¢yy needs to encompass
all ¥-interpretations that are models for one but not the other description. This is gi¥ep if,,
allows establishing logical equality between the goal and the Web service description such-that
og N A1 = ¢w A Ag. The reason is that ibg = ¢y holds, then there does not exist any
interpretation that is a model for one formula but not the other; hence, there is no semantic difference
that causes undesired impacts of usgifigor solvingG.

2. as thesufficient condition for appropriate handling, A-relation should be theninimal expression
that correctly denotes the semantic difference betwggand ¢yy. This means that\,; 4,, only
explicates thos&-interpretations that constitute the semantic difference, which is given if there does
not exists any\ . 4,,’ that satisfies the necessary condition and is logically entailed ys,, .

Definition5 formalizes these requirements dnrelations, while Definition8 and4 provide the formal
tools therefore. With respect to this, Theordnhdefines the construction dk-relations that satisfy the
necessary and sufficient conditions. The central properties of these definitions are fifstréhations are
defined as a pair of expressioAs= (A, As) wherebyA; denotes the restrictions for the goal description
¢g and A» those for the Web service descriptiggy, for establishing logical equality between them. As
discussed below, this provides a general formula for construdtinglations in all situations that can occur
between formal descriptions. Secondly, there is not a unique syntactical representafiemrelafions.
Rather, all semantically equivalent expressions that satisfy the necessary and sufficient conditions represent
accurateA-relations.
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Proposition 2 (Entailment Pre-ordering ofl). Let¢1, ¢o € £ be formulae over signatur® in logic £.
The logical entailment relatiop=¢ C £ x L represents a pre-ordér

Based on the pre-ordét ¢ we can define a partial ordeon formulae in€ as follows:

Definition 3 (Entailment Ordering of Formulae) et ¢1, ¢2, ¢}, ¢, € L be formulae over signaturg in
logic £. Let[¢]=, denote theequivalence classf formula¢ wrt. logical equivalence itt, i.e.

[¢l= = {¢'| ¢ Eg ¢ and ¢' |=¢ ¢}

We define a partial order C £/=, x L/=, between formulae modulo equivalence (i.e. on equivalence
classes in wrt. equivalence relatiorsg) in £ by

[P1]=; 2 2]=, iff. o1 e 2

We call< entailment ordering ong. By < we denote the respectigérict entailment order ong x £, i.e.

[¢1]E£ < [(152]53 iﬁ- [¢1]E£ = [¢2]Eg and [¢1]Eg 7é [¢2]E£
We can extend the strict entailment order®in a natural way to a strict partial ordering @nx £:

Definition 4 (Strict Entailment Ordering on Pairs of Formulaggt ¢1, ¢2, ¢, ¢, € L be formulae over
signature: in logic £.
We define thstrict entailment ordering_ between pairs of formulae irt based on< and <, i.e. by

(61, ¢2) T (01, 05)  iff. ([d1]=¢ < [Ph]=, and [po]=; 2 [Ph]=,) or
([¢1]Es = [(Z)/l]Es and [Qb?}Es = [‘bIQ]Es)

Proposition 3 (Properties of the Strict Entailment Ordering)he strict entailment orderings on £ andC
on £ x £ are strict partial orderings.

On basis of this formal toolset, we can capture the necessary and sufficient requiremantslations as
follows:

Definition 5 (Formal Requirements for Delta Relationget ¢g be a formula denoting a functionality re-
quested in a goal angyy be a formula denoting functionality provided by a Web service; both are defined
on basis of a signatur& in the context of some background ontoldgyC £ that specifies domain knowl-
edge. A pair of formulag\ = (A;, Ay) is called A-relation of ¢g and ¢yy over (2 if it has the following
properties:

2 Definitions of used standard logical notions:

e apre-order < is a reflexive and transitive binary relation on a Saewith: Va,b,c € S. a < a, if a < bandb < cthen
a<ec

e apartial order R is a reflexive, antisymmetric, and transitive binary relation on &'setth: Va,b,c € S. aRa, if aRb
andbRa thena = b, if aRb andbRc thenaRc;

e astrict partial order R is a irreflexive, antisymmetric, and transitive binary relation on &seith: Va, b, c € S. - (aRa),
if aRb andbRa thena = b, if aRb andbRc thenaRc;
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(i) A must allow establishing logical equivalence betweégrand ¢yy:
Qe (¢g A A1) < (o A Ay)

(i) A must be a minimal expression with such a property, i.e. formally
there does not exist any pair of formulaé = (A}, A}) such that
Q e (6g A AL) < (dw A A) andA C A

In this definition, clause (i) states that specifies the needed restrictions that one has to impose on both,
the goal description;) and the Web serviceX>) such that the descriptions become logically equivalent.
There may be more than one sughexpression and certaid expressions might be more specific than
others, i.e. they impose more restrictions than others (and thus than actually needed). For ihstance
(false, false) is a delta expression satisfying clause (i), but in most cases intuitively not useful. Clause (ii)
states in a formal way that amongst the possihlexpressions, we are only interested in most general
ones (in regard of the strict entailment orde); i.e. those descriptions that impose only minimal necessary
restrictions on both descriptions to achieve logical equivalence betwgeandaog.

It is easy to see that delta relations are not uniquék K (A, As) is a delta relation forg and ¢y,
then anyA’ = (A, A}) such thatd; =¢ A} andA, =¢ Al is a delta relation as well. However, a delta
relation issemanticallyunique, i.e. for any other delta relatidxl = (A, A}) it must hold thatA; =¢ A
andA; =¢ A/Q

Having formally characterized what kind of formal description we are interested in, the question arises of
how to find concreté\-relations for a given Web service and goal description. Our previous considerations
on the semantic difference of logical expressions and how to represent them guide us to the following idea.
To satisfy clause (i)A; needs to restrict the actual models¢@f to only those that are also models of
¢w. For the sufficient condition (clause ii}\; needs to be the most general expression (with respect to
strict entailment ordering) that satisfies the necessary condition. The same halilis for essence, we
are describing here the complement of some specific component of the semantic difference betarekn
ow, namelysi (¢g, pyy) anddz(gg, Pyy). With respect to Definitio, §1 (¢g, dw) V d2(dg, ) denotes
the symmetric difference afg and¢yy. The following theorem underpins this intuition formally:

Theorem 1(Construction of a Delta Relation) et ¢¢ be a formula denoting a functionality requested in a
goal and¢yy, be a formula denoting functionality provided by a Web service; both are defined on basis of a
signaturey in the context of some background ontoléyy £ that specifies domain knowledge.

Then the pair of formulad (g, éw) = (—61(ég, dw), ~02(dg, éw)) with

01(pg, dw) = (¢g A ~dw)
02(9pg, dw) = (=g A dw)

is a A-relation of og and ¢y over(.

Proof. Let A(¢g, o) = (A1, Az) be as defined above, i.A; = —(¢pg A —py) andAy = =(=pg A dyy).
We show thatA (¢g, ¢yy) satisfies clause (i) of Definitiob. LetZ be a>-interpretation that satisfies,
and letZ ): A1 A ¢g, ie.Z |: ﬁ(gf)g A ﬁgbw) A @g. SinCe—!(gbg A ﬁgbw) A pg =g dw A ¢g, We have
T E éw A ¢g (0). Furthermore, agy A Az = (dw A =(mdg A dw)) =e dw A ¢g, it also holds that
T & ow N Ag. Since we only used equivalence transformations, the same argument gives us the opposite
direction and thu$) = (A1 A ¢g) < (dw A Ag) (1) .
Next, we show that clause (ii) of Definitidnis satisfied byA(¢g, ¢yy) as well. We prove by contradic-
tion and assume that there existda= (A}, Af) such thatA(¢g, dyy) T A’ (2) andQ = (A] A ¢g)
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(pwAAS) (3). From(3), we conclude that/ ods,(QU{ A Adg}) = Mods,(QU{pwAAL}Y) (4). Similarly,
from (1) we get thatM ods; (2 U {A1 A ¢g}) = Mods (LU {pw A Az}). By (2) we know thafA]=, <
[Al]=, or [As]=, < [A}]=,. Without loss of generality, assume that;]=, < [A]]=. (the other case
works analogously). Then\ody, (A1) C Mody(A}) and Mods(Q U {A1}) C Mods(©2U {A}}) and
Mods (U {A1 A ¢g}) C Mods(QU {A] A ¢g}). By (0), we know thatM odx (2 U {A; A ¢g}) =
Mods(QU{pg N pw}) C Modx(QU {A] Adg}) (5).

We now show thal/ods;(QU{A] Apg}) C Mods(QU{¢pg A dw}) has to hold too which gives us the
desired contradiction, since thétiods, (QU{A1Apg}) = Modx (QU{A} Adg}) would have to hold which
is not compatible witl{5). For this last step, assume thdods, (QU{A] Adg}) € Mods(QU{dg Adw}),
i.e. there exist€ € Mods(Q2 U {A] A ¢g} such thatZ & Modx(Q U {¢g A ¢w}. For thisZ it then
must hold thatZ [~ ¢y, sinceZ = Q andZ = ¢g. Atthe same time, by4) it must hold thatZ €
Mods (U {¢w A AL}) and thusZ = ¢yy. Therefore, we have a contradiction by which we can conclude
Modx,(QU{A] AN dg}) € Mods (LU {¢pg A ¢y }) which completes the proof.

O

Proposition 4 (Properties of Delta RelationsYhe goal and Web service descriptions restricted\yyand
A, logically entail the original descriptionspg A A1 | ¢g andgyy A Ag = dyy.

2.3 Alignment with Semantic Matchmaking

With respect to Web service detection as the problem and application contéxtedations, the following
presents the alignment of the above definitions with semantic matchmaking for Web service detection.

As the core and common result of several research efforts, five degrees of match are distinguished:
exact, plugin, subsume, intersection wherein a Web service is usable for solving a goal,
and disjoint wherein this is not given. These notions denote specific logical relationships between
formalized descriptions of goals and Web services and are used as proof obligations for determining the
usability of a Web service for a given requésthe central aspect of aligning-relations with the semantic
matchmaking notions is that certain properties hold forXheelation for each distinct situation of matching.

In particular, for each matchmaking notion there are known values for the formulae thAtrlations
consists of. These can be used either for simpler construction df-tteéation in case that the matchmaking
degree is known (as values for parts of therelation are known), or determination of the matchmaking
degree if theA-relation is known.

As a basis for formally defining this relationship, the following recalls the definition of the matchmaking
notions. In accordance to the above, definitions, we consider a goal and a Web service described by formulae
in a logic with model-theoretic semanticgig and ¢,y. We define the matchmaking notions from the
perspective of the goal. Moreover, for each matchmaking notion we discuss the implications of Web service
usage as well as the a priori known values for feelation.

exact(pg, ¢yy) This denotes that the goal and the Web service description are semantically identical, i.e.
»g = ¢w. Here, the goal can be resolved by the Web service without any impacts on the result. There
is no semantic difference betweep and¢y, as there does not exists aRyinterpretation that is a
model of one description but not the other. Henges= d> = false so thatAy,, 4, = (true, true).

3These have been presentedi][for Web service discovery on basis of DL-descriptions, use®8) for matching in- and
outputs of OWL-S profiles, defined id @] as the basis for Web service discovery in WSMO and applie@4h pnd used inT]
for candidate detection in Web service composition; each work defines them in terms of the respective specification language used.
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plugin(¢g, ¢yy) This degree denotes that the goal logically entails the Web service descriptiaty; i-e.
¢y such thatModyx.(¢pg) € Mods(¢yw). In this situation, the Web service can be used to solve
the goal under the condition that the inputs provided for invoking the Web service resultdin an
interpretation that is a model @f;. Hence, the client needs to ensure that appropriate inputs are
provided to the Web service in order to successfully solve the desired goal.For the semantic difference,
it holds thatds = —~¢g A pyy = false so that thed,, 4,, = (=61, true). 4

subsumetg, ¢yy) As the opposite to the plugin degree, this denotes that the Web service description entails
the goal, i.epyy | ¢g such thatM ody (¢yy) € Mods(¢g). In this situation, every-interpretation
that is returned as a result of invokihy always satisfie§. Hence, this degree guarantees successful
resolution of the goal without any impacts or conditions on the result. However, there may still be
impacts on how the goal is resolved because the possible results of executing the Web service merely
denote a subset af-interpretations that satisfy the goal. For the semantic difference, it holds that
01 = ¢pg N —¢yw = false so that in this situatiol ,; 4,, = (true, =d2).

intersect(¢g, ¢yy) This degree denotes that there is no proper logical entailment relation but there exists
at least onez-interpretation that is a common model fog and ¢y, formally: 3Z(X). Z(X) €
Modg((bg) /\I(E) S M0d2(¢w) A ﬂ(MOdZ((ﬁg) - M0d2(¢w) V M0d2(¢g) 2 M0d2(¢w)>
Here, the Web service can be used for solving the goal under the condition that the inputs for invoking
W result in provision of &-interpretations that satisfy the goal; there might be only one invocation
of the Web service that allows solving the goal. Hence, this is the weakest matchmaking situation
that allows using the Web service for solving a given goal. Regarding the semantic difference, the
A-relation needs to explicate restrictions on both the goal and the Web service description that allow
establishing logical equivalence so tigg; 4, = (=01, =d2).

disjoint(¢g, ¢yy) The fifth and final matchmaking degree denotes that the goal and Web service description
are disjoint, i.e.—3Z(X). Z(X) € Mods(¢pg) NZ(X) € Mods(¢yw). Obviously, in this situation
the Web service can not be used for solving the goal - also not by refining one of the descriptions.
Although this situation is not of interest for Web service detection, we can still represent the semantic
difference. Here, with respect to the degree definition, it holds dhat ¢g A =y = G and
d9 = —ppg N dyy = W SO thatA¢g7¢W = (ﬂg, -W).

Furthermore, there are logical relationships between the matchmaking degrees. In particular, it holds
that (1) if plugin(  ¢g, ¢y) and subsume( ¢g, dyy), thenexact( ¢g, $y), and (2) - under the as-
sumption that all goal and Web service descriptions are consistent formulgdugih(  ¢g, ¢yy) then
intersect( og, dy) as well as ifsubsume( ¢g, ¢yy) thenintersect( og, ). Accordingly, [16]
defines the following precedence of the matchmaking degrees:t < plugin, subsume < intersect.
Naturally, this is also reflected in the relationship of the structuréetlations for the distinct match-
making notions. When grouping the degrees into levélssuch thatP, = exact( ¢g,ow), P» =
textttplugingg, ¢yy) andsubsume( ¢g, ¢yy), P3 = intersect( og, dw), andP, = disjoint( bG, dW),
then the structure of thA-relations follow a strict entailment order from the lower level to the next higher
level. Figuredillustrates this correlation with the directed arrows- denoting the strict entailment ordering
of A-relations, and Theoreiunderpins this formally.

4proof forda = ~¢g A ¢ = false:
(pw = ¢g) = (—¢g A dpw & false) S (mow V dg) = ((mdg A dw A false) V (~(—pg A pw) A —false)
& a(=ow Vdg) V (m(mgg A dw) Atrue) & (dw A—dg) V og V mdw
& (¢W V ¢g V ﬁ(Z5v\}) A (—'¢g V g V —\(ﬁw) & true O



DERI TR2006-08-18 13

exact-match(G,W)
Ag = (true, true)

| -

plugin-match(G,W) subsume-match(G,W)
Ag\y = (701, true) Agy = (true,82)
- |

intersection-match(G,W)
Dg\y = (701, 752)

disjoint(G,W)
Agw = (7G, "W)

Figure 4:Delta Relations and Semantic Matchmaking Notions - Alignment and Correlations

Theorem 2(Strict Entailment of Delta Relations on Matchmaking Levels3t ¢ be a formula denoting a
functionality requested in a goal antly be a formula denoting a functionality provided by a Web service;
let the semantic matchmaking notions be arranged in precedence Iegeish that:

Py = exact( ¢g,dw) P3 = intersect(  ¢g,dw)
Py = plugin(  ¢g, pw), subsume( ¢g, dyy) Py = disjoint(  ¢g, o),

then theA-relations on the precedence levels denote a strict entailment ordering:

Ap,(dg, opw) C Ap,_,(¢g,dw), £ <2<n <4

Proof. As one condition, Definitiord defines a strict entailment order of pairs of formulag, ¢2) C
(¢}, #,) to be given if([p1]=, = [P)]=. and [p2]=. < [Ph]=.). Further, we recall that in logics with
model-theoretic semantics logical entailment of two formulae= ¢ is given if p; = ¢s.

We first show strict entailment ordering fy;sjoin: = (—G, W) T Aintersect = (—61, d2) with
0 = ¢g N by andds = g A ¢yy. For the first part of the condition, it has to hold thatg = —d;
which we can prove as followg—¢g = —(pg A —dw) ) < (g V —pg V dw) < true. For the second
part, it has to hold that¢yy = —d2 and—¢yy # —d2. While the latter is trivial, we can prove the former
by: (—ow = —(=dg A dw) ) < (dw V pg V —dw) < true. Hence Ap, (pg, opw) T Ap,(Pg, dw ).

Next, we show strict entailment ordering f,icrsect = (—01, 702) T Apiugin = (701, true). For
the first part of the condition, it trivially holds that; = —d;. For the second part, it has to hold that
02 = true and—de # true. While the latter is trivial, the former can be proved Byd2 = true ) <
(62 V true) < true. Similarly, it holds thatA;piersect = (701, 792) T Agupsume = (true, —~dz) so that
Ap, (¢g. ow) T Ap, (¢g> Pw).

Finally, we showA p, (g, dpw) T Ap, (dg, dw). FOrAgupsume = (true, =02) T Aegact = (true, true)
we can apply the condition for strict entailment ordering used above. For the first part, it trivially holds that
true = true; for the second part;d, |= true can be shown by—ds = true) < (02 V true) < true and
—0o # true trivially holds. FOrAp,gin = (701, true) C Aczact = (true, true) we need to apply the other
conditions for strict entailment ordering defined in Definitdin[¢1]=, < [¢)]=, and[p2]=, = [Ph]=,).
For the first part, it has hold that); = true and—d;, # true. The latter is trivial, while the former can be
proved by:(—d; = true) < (01 V true) < true. For the second part of the condition, it trivially holds that
true |= true. This completes the proof.

O
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2.4 lllustrative Example and Discussion

The following demonstrates and discusses the above definitions within a non-trivial example: a goal spec-
ifies the objective of finding the best restaurant in a city, and an available Web service provides a search
facility for the best French restaurant in a city. We first explain the example setting with the formal func-
tional descriptions in classical first-order logic. Then, we constructtkrelation between and present

a technique for formulae simplification by conventional tautologies. Finally, we discuss possibilities for
providing gained knowledge on the conditions for using the Web service for solving the goal to the client.

2.4.1 Example Setting and Functional Descriptions with FOL

According to the scope of the above definitions, we describe the requested and provided functionality as
formulae in classical first-order logic (FOL) with the syntax definedlit].] FOL is a specific logicC

with model-theoretic semantics as defined in Secfdihthat serves as an umbrella for several ontology
languages§]. Hence, we can apply the above definitions forelations between logical formulae to FOL.

We use a common structure for describing requested and provided functiomalae&OL formulae:

D(X) = in(z1,...,2a) A G(T) — (out(y) < (Z,y)).

The meaning is as follows. The functionality is specified with respect to a signattinat defines
terminology and knowledge of the domain of discourse, which typically is defined in terms of an ontology.
in(z1,...,x,) denotes possibly several inputs which typically contain datatype constraints. Commonly
referred as preconditiong,(z) defines conditions on the inputs as well as other conditions that need to
hold before the functionality can be requested (goal), respectively achieved (Web service). If the inputs and
conditions are true, then the outputs are true (defined as an implieadiofihe expected or provided output
is denoted byut(y); this is considered to always be one object that might be an aggregation of several
others, so that it is denoted by only one variable. Commonly referred to as postconditions or#{éais,
defines conditions on the output in dependence of input. The equivatente) — ¥ (Z,y) explicitly
defines the output object in a necessanyt(y) — (%, y)) and sufficient ¢ut(y) < (&, y)) manner.

To properly model the requested and provided functionality in our example, we apply the notation intro-
duced in[LL9] that allows representing frame-based modelling in FOL. This provides two central constructs:
memberOf(x,concept) denotes class membership of the variabl® a concept, and attributes with
values for concepts blyasAttValue(x,attribute,value) . The signature for the example defines
domain terminology and knowledge about cities as well as restaurants and their types. While omitting its
complete definition with respect to the scope and focus of this example, one predicate is important in the
following: better(z,y) denotes rating of restaurants as a partial orderi:e: if the rating for restaurant
is higher than for restaurap). On this basis, we can describe the goal and the Web service as follows.

Goal "find best restaurant in a city” Web Service "provide best French restaurant in a city”

Dw : Va,y. in(z) A memberO f(z, city) = (out
De:  Vaz,y.in(z) A memberO f(z, city) v @,y- in(z) AmemberOf (@, city) = (out(y)

= (out(y) & (
memberO f (y, restaurant)
A hasAttValue(y,in, x)
A —3z.(memberO f(z, restaurant)
A hasAttValue(z,in, x)
A better(z,y)) ) ).

& (memberO f(y, restaurant)
A hasAttValue(y, in, x)
A hasAttV alue(y, type, french)
A —3z.(memberO f(z, restaurant)
A hasAttValue(z,in, )
A hasAttValue(z, type, french)
A better(z,y)) ) ).
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Examining the descriptions shows that inputz) and output objectsut(y) as well as preconditions(x)
are identical, while the differences occur in the postconditiofs y). Therein, the goal requests the best
restaurant in a city with respect all restaurants while the Web service only considers French restaurants.

Regarding the usability of the Web service for solving the goal, there in an intersection match between
Dqa andDyyy. As discussed in Sectidh 3 this is the weakest matchmaking degree wherein the client needs
to provide a particular input in order to satisfy the goal by using the Web service. For intuitive understanding,
consider two citiesA and B with the best restaurant iA is of type French, while the best restauranfdn
is of some other type. If a client instantiates the goal withs the input, then the Web service will return
the best restaurant - which is French in this special case; if client proyddes the input, then the Web
service will return the best French restauranBirthis is not the best one iR, thus the Web service is not
usable for solving the goal in this case. The purpose of the following elaborations is to provide additional
information to the client on the conditions under which the Web service is usable for solving the goal on
basis ofA-relations.

Before constructing thé\-relation betweerDs and Dy, the following shows the proof of the inter-
section match withirvaMPIRE. This is resolution-based theorem prover for first-order classical logic with
equality R7] that we use for demonstration and proof of correctness throughout the example. For modelling
the goal and the Web service descriptions, their functional descriptions are separated into three formula:
one that specifies the inputs and preconditions, one for the output and postconditions, and one that defines
the relationship between the former two (i.e. the semantics of the functional description). We also need to
explicitly define that théetter(x,y) relation is a partial order. The proof obligation for the intersection
match is defined as in Secti@2 existence of at least one-interpretation for an input-output pair that is
a common model oD and Dy, while there is no logical entailmen®¢ [~ Dy andDy (= Dg. For
realizing this invAMPIRE, we use so-called generic instances that have been introducgd|:ira[generic
instance defines existence of an instance of a concept with universally quantified variables. As therewith
the theorem prover always finds an existing instance for concepts and relations defined in the signature, we
can work with incomplete functional descriptions (such as that the goal description in our example does not
define restrictions on the restaurant type).

% SIGNATURE
% better-relation is a partial order
input_formula(transitivityBetterRelation, axiom,(
I [R1,R2] : (
member_of(R1, restaurant) & member_of(R2, restaurant)
& better(R1,R2) => "better(R2,R1) )
).

% transitivity of better-relation
input_formula(transitivityBetterRelation, axiom,( ! [R1,R2,R3] : (
member_of(R1, restaurant) & member_of(R2, restaurant)

& member_of(R3, restaurant) & better(R1,R2) & better(R2,R3)
=> better(R1,R3) )

))-

SVAMPIRE supports TPTP, a first-order logic syntax used for automated theorem proving, see hornvewagestp.orq
For traceability, the most important constructs are quantifiers (universaéxistential: ?), logical connectives (and:&,
or: |, not: ~, implication: =, equivalence: <); variables are denoted by capital letters. FOL formulae are defined as
input-formulae(name,type, ¢) with axiom denoting a knowledge definition amdnjecture  as a proof obligation.


www.tptp.org�
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% GOAL: find best restaurant in a city
input_formula(goalin, axiom,(
I' [X] : ( goalin(X) <=> (member_of(X, city) ) ))).
input_formula(goalout, axiom,( ! [X,Y] :
( goalout(Y) <=> ( member_of(Y, restaurant) & has_att_value(Y, in, X)
& ~ ? [Z] : ( member_of(Z, restaurant) & has_att_value(Z, in, X)
& better(Z,Y)) ) ) )).
input_formula(goaldescription, axiom,( ! [I,0] : (
goal(1,0) <=> (goalin(l) => goalout(O) ) ) )).
%%%%%%%%% %% %% %% % %% %% %% %% %% %% %% % %% % %% % %% %% %% %% % %% %% %%
% WEB SERVICE: give best French restaurant in a city
input_formula(wsin, axiom,( ! [X] : (
wsin(X) <=> ( member_of(X, city) ) ) )).
input_formula(wsout, axiom,( ! [X,Y,Z] : (
wsout(Y) <=> ( member_of(Y, restaurant)
& has_att_value(Y, in, X) & has_att value(Y, type, french)
& 7 ? [Z] : ( member_of(Z, restaurant) & has_att value(Z, in, X)
& has_att value(Z, type, french) & better(Z,Y) ) ) ) ).
input_formula(wsdescription, axiom,( ! [I,O] : (
ws(l1,0) <=> (wsin(l) => wsout(O) ) ) ).
%%%%%% %% %% %% %% %% %% %% %% %% % %% %% %% %% % %% % %% % %% % %% % %% % %% % %%
% proof obligation for intersection match G, WS.
input_formula(po, conjecture,( ? [I,0] : ( goal(l1,0) & ws(l,0) )
& (! [1I,0] : ( (goal(l,0) => ws(1,0)) | (ws(l,0) => goal(l,0)) )) )).
%% PROVED

2.4.2 Constructing the Delta Relation

The following illustrates the construction of therelation between the goal and the Web service description.
In accordance to Theoref) this is defined ad\p, p,, = (=61, d2) with §1 = Dg A =Dy andédy =
Dw A =Dg.

In principle, we can write down the expressions dprandd, immediately by inserting the description
formulaeDg and Dy,. However, the resulting formulae are not intuitively comprehendible for human
consumption. To obtain a simpler representation, we can re-write the formulae into a more intuitive form
by applying conventional FOL tautologies. For a given formblae can obtain a simpler representatign
without changing the meaning of the formula,d.e= ¢’ so that all obtainablé’ constitute the equivalence
class[¢]=,,, (see Definitior8). Unfortunately, formula simplification with tautologies as a technique for
attaining desirable representations/frelations can not be automated, as the stop conditions cannot be
defined in a general manner. However, we can therefore apply heuristics such as a stop point is achieved
when the occurrence of symbols is minimal; we exemplify this in the following for our exafiple.

5The following lists the most common tautologies for simplifying some FOL formula, ~:

a— B -aVp. “(aVvp)e aN-b. | aNBe [BAa alN(BAYy) S (aAB)Ay.
a— e a(an8). “(anpB)e-aVp | aVBe[BVa aV(BVy) & (aVvp)Vy.
aeopfe(a—0HAB—a) | masa aV(any)ea | aV(BAy) e (aVB)A(aVy).
aV e a(-an-p). a Ao & false. alN(aVy)ea | aAN(BVy) e (aAB)V(aAy).

alAfB e a(-aV-p). aV —a < true. alasa. aVasa.
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Tablel shows the simplification of the expressionsdord, for our example. Therefore, we re-write the
goal and Web service description to prenex normal form and apply the same heuristic strategy for simplifying
the formulae. Tabl shows the obtained formulae in their simplified representatién.

Table 1:Simplification ofd;, o with FOL Tautologies*

61 = Dg N =Dy
(c—=ryA=(rzAb) A=(c—=ry A fyA=(rzA fzAb))
S (meVryAa(rzAb) A=(—-eV (ry A fy AN—(rz A fzAD)))
& (meV(ryA=(rzAb))A(eN(—ryV —fyV (rz A fzAD)))
S cAN(meV(ryAN=(rzAb))A(-ryV —fyV (rz A fzAD))
< ((eA=e)V(cAryA=(rzAD)) A (-ryV —fyV (rz A fzAb))
S cAryAa(rz Ab) A (mryV afyV (rz A fzAD))
S cAN((mryANryA=(rzAD)V (mfy Ary A=(rz Ab) V (rz A fzANbAry A—=(rz Ab)))
< cAryA-fyA—=(rzAb)
0o = Dy N —Dg
(c—=ryANfyAN=(rzA fzAb))A=(c—ryA—(rzAb))
& (meV(ryAfyA=(rz A fzAb)) A=(=cV (ry A=(rz Ab)))
S cN(eV(ryNfyN—(rzAfzAD))A(—ryV (rzAb))
< ((eA=e)V(cAryN fyN—(rzA fzAD)) A (—ryV (rzAb))
S cAry A fyANa(rzA fzAb) A (-ryV (rz AD))
< (eAryANfyArzAbA—(rzA fzAb))
< (eATyANfyArzAbA-fz)
* symbol substitution for better traceability:

A
A

¢ =memberO f(z, city) ry = memberO f (y, restaurant) A hasAttValue(y, in, z)
fy = hasAttValue(y, type, french) | fz = hasAttValue(z, type, french)
b =better(z,y) rz =memberO f(z, restaurant) A\ hasAttValue(z, in, )

Table 2:Simplified Formulae fob, 62
b2 1  Vx,y.z. memberO f(zx, city)

01 : Vz,y.z. memberO f(z, cit
! Y H v) A memberO f (y, restaurant)

A hasAttValue(y,in, x)
A hasAttV alue(y, type, french)
A memberO f(z, restaurant)
A hasAttValue(z,in, x)
A —hasAttV alue(y, type, french)
A better(z, y).

A memberO f (y, restaurant)
A hasAttValue(y,in, x)
A —hasAttValue(y, type, french)
A —=(memberO f(z, restaurant)
A hasAttValue(z,in, x)
A better(z,y)).

"Here, the critical aspect for re-writing the goal and Web service description to prenex normal form are the postconditions of the
form: Vy. out(y) < —3z. ¢(z). In this special case, the prenex normal forg) z. out(y) < —¢(z) is a semantically equivalent
formulae because for all possible interpretations it holds tt8g. out(y) — —3z. ¢(2)) A (Vy. out(y) «— —Ju. ¢(u)) ) &

(Vy. out(y) <> —3z. ¢(z)). Hence, we can re-write the descriptionsvasy, z. in(z) A ¢(z) — (out(y) < ¢(y) A (¢(2)).

8simplification strategy: (1) resolve implications in the formula, (2) apply outer negation, (3) extract common symbols, (4)
apply distribution:a A (BV v) & (A B) V (a A7), (5) omit trivial terms (i.e. terms that are equivalenffédse or true.
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The obtained formulae denote the constituting aspects ahthelation betweerDs andDy,. As we have
strictly followed Theorent for construction, the obtained formulae allow establishing logical equivalence
betweerDs andDyy (necessary condition) and are the minimal representation of the semantic differences
(sufficient condition) vAMPIRE allows to proof the correctness.

Hence, the obtained formulae f&r andd, precisely denote the difference of functionality requested by
the goal and provided by the Web servicg from the perspective of the goal angifrom the perspective
of the Web service. However, the obtained knowledge has no meaning per se; this reveals when using the
A-relation for particular applications as we discuss in the following.

2.4.3 Applying the Delta Relation

The following discusses two possibilities for providing the knowledge gained on the conditions for utilizing
the Web service for solving the goal to clients. Introduced in Sedtigyrthe first one is goal refinement and
adjustment that provides revised goal formulations with respect to the obtAunethtion, and the second
one is explicating the usage conditions as an assumption.

Goal Refinement / Adjustment. The first possibility is to refine the original go&l towards a new goal
G’ such that the matchmaking degree betwé&rand the Web servic&’ guarantees solvability of’.
As introduced above(? is called arefinementof G if it strengthens but does not change the objective
description such that’ = G; goal adjustmentienotes tha€’ changes the objective definition so that the
entailment relation betweds andG’ is not given. Both types of goal re-formulation can be obtained by the
same techniques, notably witk-relations as we exemplify in the following.

In the example, the original goél is only solvable by the Web servid€ if specific cities are provided
as input (namely cities whose best restaurant is French). As discussed in 2eftagmtvability of a goal is
guaranteed iDy, = Dg, i.e. if the matching degree ssibsume(G,WS) orexact(G,WS) .Hence, if for
our example we can obtain a new goal descriptidrsuch thatDy, = D¢, then successful solvability of
G’ by the Web service is assured. For determining a new @adét’s consider the relationship of the goal
descriptionD, the Web service descriptidRy, andéy, d2 as the constituting elements of therelation
betweerDs andDyy . With respect to its definition, it holds th&; A —d1 = Dy A -6 (See Theorerit) and
Da N—01 | Dg andDy A 62 = Dy (see Propositiod). Hence, a goal descriptiddg: = Dg A —dp is a
refinement of the original goal that is solvable by the Web service under a plugin-matching degree because
Do N =01 ‘: Dy .

When simplifying the formula foDgs A =61 with FOL tautologies as illustrated above, we obtain a goal
that requests French restaurants with respect to all restaurants in a city that is provided as input (see left
column in Table3). However, this goal formulation does not have a model in case that a city is provided
as input whose best restaurant is not French (if for a given city there is a restaurant that is better than
the best French restaurant, then the postconditioP®fevaluates tgfalse). As such a goal description
is not desirable, we can construct a goal formulatighthat has a model for the output object for all
possible cities provided as input by restricting the restaurant types to be considered to French. This goal
description is equivalent to the Web service description, g« = Dy,. Hence, the matching degree is
exact(G”,W) ,whichis a desirable matchmaking notion as the goal can be resolved without any impacts
or conditions for Web service usage. Howew@f, is no longer a refinement of the original goal because
G" £ G (see the discussion on the intersection match betwW&erand Dy, above), but represents an
adjusted goal. Tabl@ shows bothG’ andG”. Below, we provide the correctness proof of the plugin-match
betweerDs andDyy in VAMPIRE while omitting the trivial proof forexact(G”,W)
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Table 3:Refined and Adjusted Goal Descriptions

refined goal’: D = Dg A =6y adjusted goals”
Dgr @ Vz,y.z. in(z)memberO f(z, city) Dgr @ Va,y.in(x) A memberO f(z, city) = (out(y)
= (out(y) & (memberO f(y, restaurant)
< (memberO f(y, restaurant) A hasAttValue(y,in, x)
A hasAttValue(y,in, x) A hasAttValue(y, type, french)
A hasAttValue(y, type, french) A —3z.(memberO f(z, restaurant)
A —(memberO f(z, restaurant) A hasAttValue(z,in, x)
A hasAttValue(z,in, x) A hasAttValue(z, type, french)
A better(z,y)) ) ) A better(z,y)) ) )-

% PROOF: goal' <=> goal & "deltal
input_formula(po, conjecture,(
(goalRefined <=> (! [X,Y,Z] : (
member_of(X, city) => (
member_of(Y, restaurant) &
has_att value(Y, in, X) & has_att value(Y, type, french) &
“(member_of(Z, restaurant) & has_att value(Z, in, X) &
better(Z,Y) ) ) )))
& (goal & “deltalSimplified) <=> goalRefined )).
%% PROVED
%%%%6%%%%%% %% % %% % %% % %% % %% % %% % %% % %% % %% % %% % %% % % %%
% PROOF: goal' |= ws
input_formula(po, conjecture,( goalRefined => ws )).
%% PROVED

Assumption Explication The second possibility for explicating the conditions of uditigor solving the
original goalG is to represent this as an assumption. As discussed in the introduction, explication of hidden
assumption is concerned with determining additional constraints for Web service usage. We can understand
the conditions under which a Web service is usable for solving a goal as a specific type of assumptions.

Within our example, the Web servig€ is usable for the original god if the best restaurant in the city
that is provided as input in of type French. For all other cities, the exectitingill not provide the best
restaurant in the city as requested®yHence, if we find a formulaesmt such thatusmt = (Dyw = Dg),
thenasmt explicitly denotes the conditions that need to holdWdrto be usable for solving:.

As explained above, the only situation wherein successful resolution of the goal without any implications
on the result isubsume(G,WS) . For D¢, Dy being FOL formulae, this is given ®y, = D¢ which we
can also specify aPy = Dq. To express the usage conditions as an assumpéian such thaismt =
(Dw = Dg), it has to hold thatsmt restricts the domain such that there can not be any interpretation
Z(%, asmt) that is a model foDy, but not forDg. By definition,d, = —Dg A Dy, exactly denotes all
interpretationg (X) that are models dPy but not of D;. As asmt needs to ensure that these are not valid
for usingW for solving G, the desired assumption is the negationphenceasmt = —ds.

Tabled shows the transformation of the negatiordgthat states for all cities it has to hold that the best
restaurant is of type French — which formalizes our intuitive observation. Below, we provide the proofs with
VAMPIRE for asmt = (Dw = Dg).
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Table 4:Assumption that explicates the condition for usiigto solveG

do asmt = —d9y
d2:  Vx,y.z. memberO f(x, city) asmt :  Vzx,y. memberO f(z, city)

A memberO f (y, restaurant) A memberO f (y, restaurant)
A hasAttValue(y,in, x) A hasAttValue(y, in, x)
A hasAttValue(y, type, french) A hasAttValue(y, type, french)

A memberO f(z, restaurant) — —3z. (memberO f(z, restaurant)

A hasAttValue(z,in, x) A hasAttValue(z,in, x)

A —hasAttV alue(y, type, french) A —hasAttValue(y, type, french)
A better(z,y). A better(z,y)).

% proof obligation for “delta2 implies WS |= Goal
input_formula(po, conjecture,( “delta2Simplified => (ws => goal) )).
%% PROVED
%%%%%%% %% % %% % %% % %% % %% % %% % %% % %% % %% % %% % %% % %% %% %%
% proof obligation for asmt <=> "delta2
input_formula(po, conjecture,(
(asmt <=> (I [X,Y,Z] : (
memberOf(X, city) &
memberOf(Y, restaurant) &
has_att_value(Y, in, X) &
has_att_value(Y, type, french)
=" ? [Z] «(
memberOf(Z, restaurant) &
has_att_value(Z, in, X) &
"has_att_value(Y, type, french) &
better(Z,Y) )
) )
& (asmt <=> "delta2Simplified) )).
%% PROVED

2.5 Summary

This section encompasses several central aspects on the definition, construction, and Osegjatmins
that we summarize in the following for better traceability. We have considered functional descriptions that
are defined by conventional logical formulae. More precisely, we have considered formula in logics with
model-theoretic semantics that are used for formally specifying requested and provided functionalities. Af-
ter recalling the relevant aspects of logics with model-theoretic semantics, we introduced the symmetric
difference as the straight forward notion for denoting the semantic difference. For two forfmulaede-
fined over a signaturg, the symmetric difference precisely denotes thodaterpretations that are models
for either of the formulae but not common to them, formallyi A —¢2) V (=1 A ¢2).

For Web service detection as the application contexAatlations we are interested in very specific
aspect of the semantic difference between the formal functional descriptions of a goal and a Web service.
In particular, we are interest in the differences that hamper usability of a Web service for solving a goal,
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respectively that cause certain impacts on how the goal is resolved. Therefore, we have defihed the
relation between a formulég that describes a goal and a formulg, that describes a Web service as a
pair of formulaAy,, 4, = (—d1, ~d2) With §1 = ¢ A —¢pw andds = —¢g A ¢. We have proven that

this definition satisfies the requirementsagimpletenesgéby allowing to establish logical equivalence as

oa N =01 & dw A —d2), andminimality (there does not exists any' that properly denotes the semantic
difference and is more general th&). Next, we have explained the alignmentAfrelations with the
semantic matchmaking degrees commonly used for Web service detection. The central aspect is that there
are pre-known values faf, 6, for each matchmaking degree that allow more sophisticated handling; we
have proven that the structure Afrelations on ascending levels of matchmaking follow a strict entailment
ordering. These definitions hold for all logics that have model-theoretic semantics, especially for classical
first-order logic and its decidable subsets (Description Logics and Horn Logics).

Throughout the illustrative example and its discussion, we have introduced several relevant aspects. At
first, we have defined a meta-structure of FOL-formulae for formally describing functionai®i@s) =
in(xy,...,xn) A (&) — (out(y) < ¥ (Z,y)). This consists of inputs and preconditions that imply the
output object and the postconditions. Secondly, we have utilized a modelling approach that — on basis
of two central constructamemberOf(x,concept) andhasAttValue(x,attribute,value) -
allows representing frame-based knowledge definitions in FOL. Thirdly, we have utilized FOL-tautologies
for simplifying formulae forA-relations as well as related aspects. This allows to attain simpler, human
understandable representation of a formulae without changing its meaning; however, it cannot be automated
and thus requires human intervention.

We have shown elaborated definitions allow obtaining corfectlations. Moreover, we have exem-
plified how to beneficially apply these for obtaining refined or adjusted goal descriptions that are solvable
by a given Web service with more desirable matchmaking degrees. Such refined’goatsbe obtained
by neglecting those aspects that constitute the semantic difference from the perspective of the goal, i.e.
Dy, = D¢ A —~d1. We also have shown how to explicate the conditions of using a Web service for success-
ful resolution of a goal in form of an assumptiaamt such thatusmt = —d,. However, the declarative
representation of the gained knowledge as human understandable formulae requires human intervention.
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3 Delta Relations for Functional Descriptions

In this section we extend the elaborated definitions and techniquésfelations to functional descriptions
described in terms of preconditions and effects. To put it briefly, we argue and show that the above definitions
are straight forward applicable to functional descriptions as well.

The section is structured as follows. Commencing with the structure, usage, and central properties of
formal functional descriptions, we recall Abstract State Spaces as a language independent formal model
that allows to define the semantics of functional descriptions in a sophisticated manner. Then, we discuss
possibilities for definingA-relations for functional descriptions. The central argument is that functional
descriptions defined in terms of preconditions and effects can properly be represented as single, conventional
logical expressions. Hence, we can apply the above definitions straight forward for constActaiions
for functional descriptions. Finally, we outline the integrationfofrelations into the WSMO mediation
framework as a technique for handling functional differences between goals and Web services.

3.1 Functional Descriptions — Properties and Semantics

Functional descriptions are a central element of frameworks for semantically describing Web services.
Within the most prominent frameworks (here: those approaches submitted to the W3C as standardization
proposals), they are used as a black box description of normal runs of a Web service with respect to the over-
all functionality provided (e.g. OWL-S Service Profil22] or WSMO capabilities20]) or the functionality
of operations for service consumption (e.g. in WSDL-S for semantically describing WSDL operd}ions [
in SWSF for formal process descriptioi®)] For goal formulation, formal functional descriptions are used
for specifying the functionality requested for achieving a client objective; therein, a goal represents a generic
objective descriptions that is instantiated with concrete inputs for denoting concrete client obj&8jives [
Examining the structure of functional descriptions within the different approaches reveals that they com-
monly follow the description model of preconditions and effects. Introduceti3jnthis approach has been
widely used for declaratively describing functionalities within different Al sub-disciplines (Edd 35|
for extensive studies). Informally, the meaning is that if the precondition is satisfied, then the effect will
be achieved. For provided functionalities (e.g. Web services), this formally describes all possible execu-
tions; for requested functionalities in goal formulations, this defines all changes of the world that result in
achieving the client objective. Although the precondition-effect description model appears to be intuitive
and straight forward, there are critical aspects that need to be taken into account for formally specifying the
semantics of functional descriptions. We discuss them in the following and recall a sophisticated formal
description model that has specifically been defined for the context of Web services.

3.1.1 Central Properties

The first aspect for formally describing functionalities in terms of preconditions and effects is the underlying
model of the world. Most approaches rely on a state-based model, meaning that the world is understood as
a dynamic environment that is changed by the execution of Web services. Everyistatstatic snapshot

of the world whereby the current staigis defined by all facts and rules that are true at the current point of
time. In general, a Web service execution results in a sequereéso, . . ., s,,,) Of state transitions in the

world with sy as the start state arg, as the termination state. A functional descriptidformally describes

all possible executions of a Web service such thairiggonditionis a state constraint for the initial staig

and itseffecta state constraint for the termination state Similar, a goal is formulated in an initial state

s; and is resolved if a state of the worlg is reached wherein the objective is achieved. When describing
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this by a functional description with its precondition as a state constraint on the initiakstatd itseffect

as a state constraint for the final desired stgtehen such a goal formulation denotes a reusable objective
specification that can be instantiated with concrete data for expressing a specific client request (this follows
the concept of task descriptions in UPML(], see B3] for details).

In order to allow specification of inference mechanisms for Web service detection and other techniques, a
precise and unambiguous formal semantics of such functional descriptions is needed. While state constraints
(i.e. the logical expressions that denote preconditions or effects) are commonly specified in some static
knowledge or ontology langaudk the meaning and relationship of the specification elements of functional
descriptions needs to be defined formally. In this respect, the following two aspects need to be taken into
consideration:

1. Effects depend on the preconditionln general, a functional description can describe several possi-
ble executions or changes of the world. Thereby, the achievable state of the world (described by the
effect) depends on the state of the world wherein the functionality has been invoked (described by the
precondition). For instance, imagine a Web serVicehat provides standard arithmetic calculations.

If W is invoked with 2 numbers, b and the multiplication functionality has been chosen, then the
result of executindgV will be the product ofa andb; if the division functionality has been chosen,
then the result will be the quotient of the inputs.

2. Shared objects in pre- and post-statesThe objects of the world that are constraint by the precondi-
tion and the effect most commonly are related and dependent of each other. For instance consider the
multiplication facility of W: if ¢ = a * b specifies the effect, then this correlates to the numdgrs
that the precondition requires as input for invoking A formal model for describing functionalities
needs to allow specifying such shared objects.

3.1.2 Abstract State Spaces — A Formal Model

The following recalls so-calledbstract State Spaceshort ASS. This is a formal model for Web services
and the world they act in that allows to specify the formal semantics of functional descriptions with respect
to the critical aspects discussed above; commonly, the description frameworks for semantically describing
Web services lack of an unambiguous and precise definition in this respect. Presem8kdive[approach
aims at overcoming this by presenting a language independent formal model for Web services with special
attention to functional descriptions. While referring to the paper as well as to its extended vi@pitam [
details and definitions, we here briefly recall the aspects relevant in our context.

The ASS model assumes that Web services act in a state-based world, as discussed above. This is
formally defined so that each statés a static snapshot of the world that is described on basis of a signature
3 and some domain knowled@e Within ontology-based settings like Semantic Web servigemds? are
usually defined in terms of ontologies. The universe of the ASS world are all interpretationQ) denotes
all valid with regard to the signature and domain knowledge - which refers to all possible ontology instances
within ontology-based settings. A statementienotes a state constraint which is satisfied by a stite
there exists at least one interpretatift, ?) € s that is a model of. The execution of a Web service for
some concrete input represents a sequenee(sy, . . ., sy,) Of states. Similar, the requested functionality
is understood as a desired sequence of state transitieass;, . .., s,) that allows to traverse from the
initial states; of the goal formulation to the desired final statg(see B3]). The purpose of functional
descriptions is to properly describe all possible executions of Web services, respectively all possible state
transition sequences that all resolving a goal.
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To properly define functional descriptions and their formal meaning, the ASS model defines several
extensions to the signatuke Subsets of allow to explicitly denote symbols with specific characteristics
in a functional descriptionXg denotesstatic symbolghat are interpreted the same way in each state
that is a successor 6f i.e. symbols that are not changed by the execution of a Web sedjgelenotes
dynamic symbolthat are explicitly changed by the execution, &t is the set of pre-variants,,. of
symbolsa € Xp that are interpreted in each stateas in the initial states;. Moreover, the ASS model
defines a symbabut for denoting the objects that are provided as outputs from a Web service execution,
and the notion of so-called capability interfades = (i1, .. .,,) that denotes all inputs values required
for invoking a Web service, respectively for instantiating a goal description. On basis of this, we can define
a functional description as follows.

Definition 6. In an Abstract State Spacéwhereinw(s) assign-interpretations to a state, a Functional
Descriptionis described as a 7-tupl® = (£, Q, X5, Xp, I[F, ¢"¢(%,Q), 7 f (2, Q)) such that:
(i) X isthe signature that defines symbols of a formal language
(i) € C £(X) denotes formalized terminology and knowledge of the domain
(i) Xg denotes static symbols such that foralk’ € A
anda € Xg : meaning(s)(a) = meaning(s')(a)
(iv) Xp denotes dynamic symbols such that forsglls’ € A
anda € Xp : meaning(so) (o) = meaning(s’) (apre)
(v) IFis aset of universally quantified variablés . . ., i, that denote all required inputs
and whose scope is the complete Functional Descrigfton
(Vi) ¢% ¢, is a state constraint ir€ for the initial stateso with iy, . . ., i,, as free variables

(vii) gbezf S’; is a state constraint ittt for the final states,,, with i1, ..., i,, as free variables

with the meaning that i (so) =g(x) ¢77° thenw(sm) =gy 697

In essence, the definition states that if the current state of the world satisfies the precondition, then the
execution of the functionality will result in a state of the world that satisfies the effect. Clause (i) requires a
functional description to be defined over some signature, under consideration of formalized domain knowl-
edge (clause (ii)). In ontology-based settings, these two elements are usually provided by an ontology such
that the used ontology language denotes the signatuned its concepts, attributes, relations, axioms, and
instances provide the formalized domain knowle@igeClauses (iii) and (iv) specify the signature exten-
sions for static and dynamic symbols; we exemplify their usage below. Clause (v) denotes a set of named
variablesiy, . .., i, that denote place holders for the input required for invoking a Web service described
by D, respectively for instantiating a goal describedby Clauses (vi) and (vii) specify the precondition
and effect to defined as logical expressions in a static knowledge representation lagdoiage. . . , i,, as
free variables. Clause (v) defings. . ., i, as universally quantified variables whose scope is the complete
functional description, which allows to explicitly specify the shared objects between the pre- and post-state
of D. The output objects are explicitly definedqb@f 5’; by using theout symbol.

One may argue that it should be allowed that both preconditions and effects can also be defined over
variables that are not explicitly required as inputs (hére:. ., i,). However, the ASS model is restricted
to deterministic Web services, i.e. functionalities that provide certain results for specific inputs. If one
would model that a Web service execution results in existence of some object that is not dependent on an
input value, this would mean that the Web service arbitrarily creates objects in the world. As such scenarios
are not desirable in the context of Web services, the above definitions prohibits this. For illustration and
clarification, the following exemplifies the definition. As the signature, we FOL as the specification language
£ for static knowledge.
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Example: a purchase contract for a product
Q: purchase-ontology
IF : {p}

¢P" : product(p).
o V. out(z) < purchaseContract(x) A for(z,p).

The first example shows the functional description of a purchase Web service. It provides a purchase contract
for a product that is given as input. A domain ontology purchase-ontology provide the signature and domain
knowledge definition (among others, this contains the symbols used in the precondition and effect formulae).
The only variable= I F' is p. The preconditiop?™® restricts this to be a of type product, meaning that the
pre-state for invoking the Web service is given if there exists a variable assignmeniNote that because

all variablec IF are implicitly all-quantifiedp appears as a free variabledf™. The effectp/ states

that there all output objects are purchase contracts for the product provided as input. The output object is
the contract, which is explicitly denoted by thet symbol; as within the example discussed in Sec#dh

the output object is denoted by one variable and connected to the post-state constraints via an equivalence
relation. As the scope of variables/ F' is the complete functional description, it is explicitly modelled that

the purchase contract is for the product provided as input.

Example for static and dynamic symbols: bank account withdrawal
Q: arithmetics-ontology
Ys:{a}
Yp : {balance}
IF :{a,z}
¢P"¢ : account(a) A float(x) A balance(a) > .
o account(a) A balance(a) = balanceye(a) — .

The second example shows a functional description of a Web service for withdrawal from a bank account,
addressing the usage and purpose of static and dynamic symbols. Again, there is an ontology that specifies
the signature. and domain knowledg®. As input variables, we define an accounand the amount

that is to be withdrawn from it. In additior, is defined as a static symbol to explicitly express that the
account is not changed by executing the Web sernviegance is a unary predicate symbol defined(in

that is declared as a dynamic symbol here, because its value is changed by the Web service execution. The
precondition requires an account and the withdrawal amount such that the account balance is higher or equal;
all occurring variables are elementsiaf, so that no explicit quantification is needed. The effect specifies

that the balance of the account after execution will be the balance before execution minus the withdrawal
amount. Although one could also specify this setting without static and dynamic symbols by using different
variables, their usage allows to explicitly state that the balance of the particular account is changed.

Concluding, the ASS model allows to explicitly and precisely specify functional descriptions. Its language
independence allows the application within different frameworks for semantically describing Web services.
Moreover, the explicit definition of the used modelling constructs as well as the meaning of functional
descriptions allows to formally specify specific relationships and operations relevant for inference-based
techniques for Web service detectioh8] presents this for desirable formal notions like realizability and
functional refinement as adoptions from standard logical notions. Besides, the ASS model is extendible
towards further aspects that become relevant for functional descriptibfjsjicusses the notion of so-
called execution invariants (aspects that are guaranteed to hold during a Web service execution) and handling
of the Frame problem.
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3.2 Constructing Delta Relations for Functional Descriptions

We now turn towards the definition and constructiondefelations for functional descriptions within the
ASS model. The application purpose Afrelations remains the same as in the previous discussions: to
explicitly represent those aspects of the semantic difference that hamper successful resolution of a given
goal by a Web service.

Intuitively, there are two possibilities for constructingfarelation between the functional descrip-
tion Dg of a goal andDyy of a Web service. The first one is to define a set\afelations between the
corresponding description elements of functional descriptions, i.e. diglimdietween the preconditions
#P¢ and the effect’ of Dy andDyy. Both expressions are conventional logical formulae so that we
could straight forward apply the definitions and techniquesXenelations presented in Secti@ How-
ever, for properly denoting the semantic difference of between the effect formulae we would need to take
their dependence of the precondition into account. Consider the above purchase example. Under consid-
eration of the universal quantification of all variables/ F, the effect formula states?z, p. out(z) <
purchaseContract(z) N\ for(z,p). Here, we miss the type restrictignoduct(p) that is defined in the
precondition; this is also relevant for the effect constraint, which is supported in the ASS model by scoping
the I F-variables over the complete functional description. For the account withdrawal example, we need
to have knowledge about the valuetafance,,.(a) for evaluating the effect formula. Hence, for realizing
this opportunity for constructiod\-relations, we would have to re-write the effect formulae of functional
descriptions such that the relevant constraints of the preconditions are incorporated.

The second possibility is to represent functional descriptions as conventional logical expressions in a
static knowledge specification languageand then construck-relations over these formulae. In particular,
we consider representing a functional descripfibas a logical formula? of the formViy, . . ., 4,. ¢P"¢ =
¢ wherebyii, . . ., i, corresponds to theF-variables g to the precondition, and*f to the effect in
Definition|6 above. In accordance to the motivation of the Situation Calci28k $uch a representation
of functional descriptions appears to be desirable in order to allow definition of inference rules within the
framework of a static knowledge representation languagein particular for semantic matchmakird]
7,18] as well as for denoting and handling semantic differences titielations. As for the first possibility,
we have to take the dependence between the preconditions and effects in to account, with special attention
to the dynamic aspects that are denoted by dynamic syrabglnd their pre-variants?] within the ASS
model. It is to remark that representing a functional descripficas conventional logical formulag? is
only possible ifD only encompasses constraints on the pre- and post-state but not on any intermediate state
of the sequence of state transitions describe®by

The following discusses the representation functional descriptions as conventional logical formulae.
Thereafter, we explain the applicability of the definitions and techniqued falations elaborated in Sec-
tion2 for functional descriptions that are represented as logical formulae.

3.2.1 Presenting Functional Descriptions as Conventional Logical Expressions

The problem of representing a functional descriptidrthat is defined in accordance to Definiti6ras a
conventional formula? in a static languagé€ is that we need to deal with different logical frameworks.
While the former representation is concerned with states and transitions between, the latter is concerned with
models of formulae and does not provide means for presenting dynamics. The following discusses this, using
classical first-order logic as an expressive language for static knowledge specification with model-theoretic
semantics (see Secti@l). We commence with discussing the meaning of functional descriptions, and
derive a formal substantiation for representing functional descriptions as conventional FOL formulae.
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In the ASS model, a functional descripti@restricts the possible sequences of state transitioas
(s1,...,sn) in A with respect to their pre-statg and their post-state,. Its meaning is that if for some
concrete values for the input variablgs. . . , i,, € I F the information space(s;) satisfies the precondition
¢P"¢, then the execution of a Web servit¥é that providesD denotes a sequence of state transitions
(s1,...,5,) such thatu(s,) = ¢, i.e. the information space of the termination state satisfies the effect.
The post-states,, depends on the pre-state, which is defined via thd F-variables and the signature
extensions for static and dynamic symbols. A Web serlités called acapability modebf a functional
descriptionD, , denoted by |=4 D, if all possible executions dfi” satisfyD.

With respect to their application purpose, functional descriptions merely consist of constraints on the
pre- and post-state of sequences of state transitions but elide the intermediate states that are traversed during
execution of a Web service. We can omit the dynamic aspects of states and transitions between them,
and thus represent a functional descriptibrby an FOL structuresim(D) = (IF,¢P) that is defined
over the same signature @sand with respect to the same formalized domain knowlddgdherein, the
formula¢? defines a logical implication of the post-state constraiftt by the pre-state constraimt™.

To properly capture the correlation and dependence of the pre- and post-state constraints, we’define
[gbpre]zzge_)ED = ¢ with the following correspondence to Definiti6n I F = (iy, ..., 4,) correspond to
the I F'-variables that occur as free variables in the state constraititscorresponds to the precondition,
and¢®! to the effect. Defined ind), [¢] ST s ), denotes the formuléd’ that is derived fromp by replacing
any dynamic symbotr € Xp by its corresponding pre-variant,.. € X/7°. This allows handling of
dynamic symbols that are changed by the execution of a Web service, because eachngymbot’*
that occurs iy is denoted by the same symbol in the re-written precond[tté’ff]z%reﬂ%.

A X-interpretation/ that is a model okim (D) corresponds to the termination stateof the execution
of a Web servicdV with W =4 D for a specific input binding? for the I F-variablesiy, ..., i,. The
reason is that the (error-free) executionl&f for a specific input binding results in provision of objects
whose properties are described by the effect constraint. This is dependent of the precondition and the free
input variables, which are bound to concrete objectgbylence, we can describe the information space
wg(sy) Of the termination state of a specific execution of a Web service by an interpretaticinA®) is
defined over the same signature and models the intended relationship between the precondition and effect
in D, it holds that every interpretatiohthat simulatesvs(s,) is a model ofsim(D). Hence, we say that
sim(D) semantically simulate®, denoted asim (D) ~ D. Figure5 illustrates this correlation that we
formally substantiate in the following.

Functional Description D in ASS FOL-formula sim(D) representing D

Web service W

|Z Q(@eff — Qpre)
for By(is,-- i)

IZ Q(Qeff — @pre)
for By(is,--»in)

Figure 5:Correlation of a Functional Descriptidd andsim/(D)
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Definition 7 (Web Service Execution Simulatian).et a Web servicé)” be a pairiW = (I F,.) with a set

of input variables/F' = (i1, ...,i,) and an implementation Let.A be an Abstract State Space with a
signatureX 4 = (X5 WX p WX Wout) and the universél 4 as a non-empty set of objects. Let a sequence
of state transitionsy = (so,..., s,) denote an execution &% in A overX 4. For the executionyy (3)

of W for a specific input bindings : (i1,...,i,) — U4 let a X g-interpretationZ,,, (8) = (Ua, I, (5))
denote the mapping of symbolslif, (3) tol 4 in the termination state,, of 7y (). Let aX-interpretation
Iw(B) = (Ua, Iw (5)) denote the mapping of symbdis () to the objects in the univerdé,.

We define the simulation of a Web service executjp(3) by a¥ 4-interpretationZy, () as

w(B) ~Iw(B) iff. formw(B) = i(so,B) = (so,--.,sn) @ands, = (Ua, I+, (3)) holds
(i) for all predicatesa € 3 with the arity m holds
Ver, ..., om €EUA (T1,. .., 2m) € L1, (0)(@)
A (xlv s >$m) € IW(/B)(Q)
(i) for all functions f € % with the arity m holds
Vo, ... xm € Ua. Iy, (B) () (21, ..., 2m) = X0
Ang [W(ﬂ)(f)(xla s ,Zﬂm) = Zo-

This definition states that the execution of a Web serli€éor a particular input bindingg can be seman-
tically simulated by an interpretatidfy; 5 that is defined over the same signaturélas Recall that the
signatureX in an Abstract State Space is extended with static symbg|slynamic symbol&p and their
pre-variants=)) ¢, and theout symbol (see Definitio®). Thus, the world in the termination statés,,) of

an execution oV for a particular input bindings covers all relevant aspects: the mapping to objects that
exists ins,, described by»*f in dependence of the pre-state constraiifts — which is explicitly defined

via the signature extensiot¥, > p, and-}]“ — as well as the output objects that are explicitly denoted by
out. This can be represented by a particdlanterpretation ovelk 4, such that all predicate and function
symbols have the same meaning as{a,,).

Definition 8 (Description Simulation) LetD be a functional description in an Abstract State Spaoeith

a preconditiong?™ and an effect* defined in first-order logic oveE 4 and with respect to formalized
domain knowledg®. Letiq, ..., 1, be the input variables whose scop&®isnd that occur as free variables
in P and ¢/ . LetW =4 D denote thalV is a capability model oD such that all possible executions
™w = (So,-..,sn) Of W satisfyD. The set of all input bindings faiF" in A is denoted by n 4 (IF).

We define the simulation of a functional descriptiy a first-order logic formulap as

D~¢ ff. forall sg e Aandforallg e Iny(IF) holds that
(i) for each executiomy, () of each Web servicd” with W = 4 D holds that
for all X-interpretationsZ such thatry (5) ~ Z holds thatZ |= ¢.
(i) for all X-interpretationsZ such thatZ = ¢ holds that
for all Web service$V such that for each executiafy (3) of W
holdsmy () ~ Z holds thatiW =4 D.

This definition states that a functional descriptibrthat is specified in accordance to Definiti6ican be
simulated by a FOL-formula that is defined over the same signaturelaslt therefore has to hold that
eachX-interpretationZ that is a model of simulates an execution of a Web servidethat provides the
functionality described byD such that the modeld1(¢) as the set of such interpretations covers each
possible execution of¥. In combination with Definitiori/, this provides the correctness criterion of a
first-order structure that represents a functional descrigiiday maintaining the formal semantics.
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Definition 9 (FOL Structure for representing a Functional Descriptidtet D be a functional description
defined in an Abstract State Spade Let sim(D) be a first-order structure defined ov&r4 as a pair
sim(D) = (IF,¢P) with I[F = (i1,...,i,) being the set of input variables definedlin and ¢ being a
first-order logic formula of the fornyp?"*|gore 5 | = ¢ such that:
() o¢P"¢is the formula defining the preconditidnwhereiniy, ..., occur as free variables,
(i) ¢ is the formula defining the effect Bfwhereiniy, . . . , 4, occur as free variables,
(i) and [¢] spre s, @s the formulay’ derived fromg by replacing every dynamic symhole X p
by its corresponding pre-variant,,. € 7.

This defines a specific first-order structure for representing functional descriptions. The foffraedines
an implication between the precondition formula and the effect formula, stating that if the precondition is
satisfied then the effect will be satisfied by executing a Web seWiagith W =4 D. As in Definition6,
the input variables are kept separate frofhso that thes” can only be evaluated if a concrete input binding
B (i1,...,1,) — Uy is provided. Therewithsim (D) simulates a functional descriptidd by omitting
the dynamic aspects related to states and transitions between them.

For illustrating the precondition rewriting, let us recall the bank account withdrawal example form above.
The input variables aréF" = {a,z}, and the precondition specifi@d”® = account(a) A float(x) A
balance(a) > x (the only occurring variables are z; as input variables, these are free variablegHif).

The only dynamic symbol ialance. Applying clause (iii), this is replaced by its pre-varidatance,,. in

the re-written precondition. Henceé? = account(a) A float(x) A balance(a)pre > & = account(a) A
balance(a) = balance(a)yr. — x. Therewith, the pre-variant of the dynamic symbol occurring in the effect-
part of o* is denoted by the same variable in the precondition-part, so that the dependence between the two
parts is explicitly specified.

Theorem 3(Semantic Simulation of a Functional Description as a Logical Formile)D be a functional
description in an Abstract State Spadewith a preconditiony?™ and an effecty*’ defined in first-order
logic overX 4 and with respect to formalized domain knowledgeleti4,...,1i, be the input variables
whose scope i® and that occur as free variables "¢ and ¢°7. Let sim (D) be a first-order struc-
ture defined oved 4 as a pairsim(D) = (IF,¢P) with D is a first-order logic formula of the form

[¢F"¢)spre 5, = eI,
Then,D ~ sim(D).

Proof. We need to show that clauses (i) and (ii) of Definit@hold for D andsim(D). In essence, these
clauses require an equivalence relation between a Web sé¥iees D and the models ofim(D): for all
executions () = (so, ..., sp) of W the corresponding interpretatid@iy, () that simulates the termination
states,, must be a model ofim (D), and vice versa. Let us consider a Web serVicsuch thail” =4 D,
and three different input bindings: (i1, .. .,4,) — U4 that cover all relevant cases:

1) B o andpy = ¢l

(2) Be i o7

(3) A3 = ¢ andfs = ol

As clause (iii) of Definition9 is merely a symbol substitution, it holds thatdf = ¢P"¢ then also
G E [gbp’"e}zzgea%. In case (1), for alk 4-interpretation<y (51) = (Ua, Iy (1)) it trivially holds that
Iw(B1) = sim(D). Formw(61) = (so,---,sn) as the execution oV’ for ;, the meaning oD is that
the termination state,, will be reached because of(sy) = ¢?"° (see Definitior). It trivially holds that
™w, (1) ~ Zw(01), asD andsim(D) are both defined ovet 4 and use the same precondition and effect
formula along with the substitution for dynamic symbols. Herigey sim(D) is given for this case.



30 DERI TR 2006-08-18

In case (2), for allZyy (B2) = (Ua, Iw(F2)) it holds thatZy, (52) = sim(D) becausgalse implies
anything. However, the definition dp only allows to make a concrete statement about the execution of
W in the positive case, i.e. when(sg) = ¢P“. As this is not given in this case, the termination state
sn, Of execution ofW for this input bindingry (52) = (so,...,sy) €an be any state — either such that
I}, (B2) = ¢°F orsuchthaff? (8;) K~ ¢<0. This correlates with the possibilities @y (32) = sim(D),
and for both possibilities, it trivially holds thaiy (32) ~ Zw (82). Hence, under the conceptual assumption
that a not satisfied precondition does not allow to make any concrete statement about the behavior of a Web
service,D ~ sim(D) is given for this case as well.

In case (3), it unambiguously holds that foral- (8s) = (U, Iw (52)) holdsZy (83) = sim (D). The
definitionD requires that ifu(sg) = ¢P" then the execution dii results in a state,, with w(s,,) = ¢F"°.
However, this is only given iD is modelled correctly: if there is an input binding such that the precondition
is satisfiable but the effect is not (or the other way around), then there can not be any Web service that
providesD. Adapting the notion of satisfiability in logic1B] refer to this as theealizability of functional
descriptions. As there can not be any Web service that provides a not realizable functional description, there
cannot be anyy (3) so thatD ~ sim(D) is given for this case as well.

This completes the proof. O

Proposition 5 (Stronger Representation of Functional Descriptiodg)other representation @ is a first-
order logic structuresim(D)y = (IF, % ) with IF' = (iy,...,14,) being the set of input variables

stronger

defined inD, and¢?) being a first-order logic formula of the forW’“e]EzgeazD A ¢ . 1t holds that

stronger
D D
¢stronge7’ ): Qb '

The representation of a functional descriptBry sim(D). defines a conjunction of the precondition and

the effect formulae. FoZy (3) = sim(D)s, it has to hold tha3 = ¢P™® and3 = ¢%. Therewith,

this representation of a functional descriptibrby a first-order logic structure only considers case (1) as
discussed above. If the preconditions is not satisfied as in case (2), then the Web service is considered to be
not executable — which is a more strict reading of DefinioiHence, representingm (D), is a stronger

way to represent a functional description that logically entaits(D). Mainly usable for defining opera-

tions and inference rules that are only concerned with the objects retrievable by executing Web services, this
is referred to as thanplementation perspective literature (e.g.17]); accordingly,sim(D) is called the
modelling perspective

3.2.2 Delta-Relations for Logical Expressions that represent Functional Descriptions

The preceding elaborations have shown that we can simulate a functional desdifijoa semantically
corresponding FOL structurem(D) = (IF,¢P). While neglecting dynamic aspects about states and
state transitions performed by execution of Web services, this representation allows to describe the objects
retrievable from using Web services. This information are sufficient for the purpogerefations as a
means for denoting the semantic difference of the functionality requested by a goal and the one provided by
a Web service that is to be used for solving the ggdl.is a conventional FOL formula that semantically
simulates the relationship between preconditions and effe@s ktence, we can straight forward apply the
definitions and techniques for constructifgrelations that introduced above in Sectn

Let us consider a god&¥ described by a functional descripti@h; in the ASS model (see Definitids),
and a Web servicl’ described byDy. As discussed in the previous sections, the purpoge-ilations is
to explicate the aspects of the semantic difference bet@geandDy; that cause certain conditions on how
the Web service can be used for solving the goal. We have argued that a suitable structireetdition



DERI TR2006-08-18 31

is a pairA = (A, Aq) such thatDg, Ay = Dy, As (see Definitiorb). For conventional FOL formulae
¢1, d2, we have shown thah = (=41, —d2) with 61 = ¢1 A =g andda = @2 A ¢y is a sophisticated
definition for aA-relation (see Theoreld).

Within the ASS model, the paired structure of\arelation shall mean that; explicitly denotes the
preconditions and effects of those possible sequences of state transiions i in an Abstract State
SpaceA that allow solvingG but are not possible executionsdf. Correspondinglyd, describes those
sequences of state transitiong ,.: ¢ in A that are possible executions df but do not result in a state
that solvesG. Applying the definitionA = (—d;, —d2) to FOL structuressiim(D¢) and sim(Dyy) that
semantically simulat®; andDy; (see TheorerB), it holds that for allX-interpretations with Z = &,
holds thatZ | sim(Dg) andZ = sim(Dy ), and for allX-interpretationsZ with Z = 4§, holds that
7 E sim(Dw) andZ (= sim(D¢g). Thereby, the formulae that constituieas well asi, are constructed
over the FOL formula?s € sim(Dg) andgPw € sim(Dy ) (see Definitiorf). These formulae describe
the logical relationship between the precondition and effect whosd freariables are bound by a specific
input bindings : (i1, . ..,i,) — U4. FigureBlillustrates this correspondence, and Definidddefines the
construction ofA-relations for functional descriptions by adapting Theofgm

Functional Descriptions D and Dy, FOL-formulae: @06 and @2

Goal G

T far By, i)
O'/_.\._/—.—’O """""" e il
T iyl )
Ol oo /N |

|y T — @Pre)
o Bl in)

Iy (@ +— (ZPre)
for By, dnd

Wieb service W

Figure 6:Correspondence of Differences for Functional Descriptions describ&dand¢?

Definition 10 (Construction of Delta Relations for Functional Descriptionsgt D describe the a func-
tionality requested in a goal an®y;; describe the functionality provided by a Web service. Dgtand
Dy be defined in an Abstract State Spadeover the signaturé 4 and with respect to formalized do-
main knowledgé? such that the in variablesF' = (i1, .. .,14,) occur as free variables in the precondition
¢ and an effecy®’. Let sim(D) = (IF,$P) be a first-order logic structure with the formuta”
being of the forn'{qspre]zzge_,% = ¢, Letsim(Dg) = (IFg,¢P¢) semantically simulat®; and

sim(Dw) = (IFy, ¢P") semantically simulat®y; such thatsim(Dg) ~ Dg andsim(Dyy) ~ Dyy.

Then, the pair of formulaé\ (¢, pPW) = (=81 (¢, pPW ), =52 (4P, pPW)) with

B1(676,67) = (7€ A ~gPW)
82670, 6P) = (676 A 6PY)

is a A-relation of D and Dy over(Q.
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In essence, this definition states that for some FOL structures that semantically simulate functional
descriptions we can straight forward apply the definitions and technigues for constructing and handling
A-relations as elaborated in Secti@n In particular, the necessary requirementammpleteness i.e.
establishing logical equality dP; and Dy via sim(Dg) A A1 = sim(Dw) A Ay — and the sufficient
condition ofminimality— i.e. aA’ that satisfies the necessary condition and- A’ does not exist — hold
for this construction ofA-relations as well (see Theoréih Also, the relationship to semantic matchmaking
(see Sectio2.3) with the strict entailment ordering df-relations on matchmaking levels (see Theo2m
hold for A-relations on functional descriptions as well.

Moreover, the technique of formula simplification by tautologies as well as the inference rules for ap-
plying A-relations that we have presented in SecBohare straight forward applicable for functionalities
formalized in the ASS model. For demonstration purpose, Tableows the modelling of the goal for find-
ing best restaurants in a city as a functional description as a functional descfijptiand its semantically
corresponding representation as an FOL formuta(D¢;) following the above definitions.

Table 5:Semantically Corresponding Representations of a Goal

Functional Description D¢ Semantic Correspondenceim (D)
PIN first-order logic PN first-order logic
Q: better restaurant ontology Q: better restaurant ontology
IF: {x} IF: {x}
@’ memberO f(z, city) #P¢:  Vy.in(z) A memberO f(z, city)
& Yy out(y) < ( = (out(y) < (
memberO f (y, restaurant) memberO f (y, restaurant)
A hasAttValue(y,in, x) A hasAttV alue(y,in, x)
A —3z.(memberO f(z, restaurant) A —3z.(memberO f (z, restaurant)
A hasAttValue(z,in, x) A hasAttValue(z,in, )
A better(z,y)) ). A better(z,y)) ) )-

(Not) surprisingly,sim(D¢) is nearly the same formula that we have defined for describing the goal
as a conventional FOL formula in Secti@.l The mere difference is that the’-variablex occurs as
a free variable inpP<, while in the example we have explicitly defined a universal quantification: for
The meaning is thatim(Dg) can only be interpreted when a concrete input binding is provided. The
same correspondence holds for the functional description of the Web service for providing the best French
restaurant in a city. In consequence, the techniques for and applicatidneetdtions presented throughput
the example extensively discussed in Sec8ahare straight forward applicable for goals and Web services
described by functional descriptions in terms of preconditions and effects with the structure and meaning as
defined in Definitiorb.

In particular for the example from Secti@¥, consider &, that defines a city wherein the best restau-
rant is of type French, then the provide-best-French-restaurant Web service is usable for Golihg
reason is that fof; the assumption obtained fronws is satisfied (see Secti@h4.3. For afs with a city
wherein the best restaurant is not French, the usage assumption is violated so that we now that the Web
service can not be used. Hence, the representation of functional descriptions by FOL structures that seman-
tically simulate the formal semantics allows to constrfetelations and to apply them for explicating the
conditions under which a Web service is usable for solving a goal.
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3.3 Integration with WSMO Mediators

The final aspect of defining-relations is their integration into the WSMO mediation framework. Presented

in [32] with more detailed specifications i24], the aim is to provide an integrated technology for handling
heterogeneities that may hamper successful Web service usage. WSMO therefore defines different types of
modularized mediators that connect potentially heterogeneous resources and utilize specific techniques for
handling and resolving distinct types of heterogeneities such as data level or process level mismatches.

We can understand the semantic differences between the functionality requested by a goal and the one
provided by a Web service as a separate type of heterogeneity. As discussed in the preceding elaborations,
these differences cause conditions or impacts on the usability of a Web service for solving a givex-goal.
relations provide a means for explicating the semantic difference of functional descriptions as the basis for
advanced techniques for Web service detection such as goal refinement or explication of usage conditions,
hence they serve as a mediation technique for this heterogeneity type. When specifying a mediator that
connects a goal and a Web service and explicates the matchmaking degree along\wighation that
describes the semantic difference between them, this mediator carries all relevant information on usability
of the Web service for solving the goal. We shall refer to this aduthetional level of mediatiowherefore
we provide the definitions for integration into the WSMO mediation framework in the following. The main
merit of this is to obtain a directed relationship between goals and Web services described in a declarative
manner; moreover, the modularized structure of WSMO mediators allows to incorporate mediation facilities
for other heterogeneity types that possibly occur between goals and Web services.

Definition 11 (Mediator) A Mediator M connects heterogenous resources and mediation techniques for
heterogeneity handling. It is defined as a 5-tupte= (S, 7, MD, MS, UR) such that:

(i) S denotes the source element/ef,

(i) 7 denotes the target element.bf,
(i)  MD is amediation definitiorfor resolving heterogeneities betweSrand 7,
(iv) MS is amediation servic¢ghat is capable of processiniD, and

(v) UR denotes other resource incorporated/.

This general definition states that a mediator is a directed connection of a source ddmanarget el-
ement7 along with techniques for resolving potentially occurring heterogeneities bet$vaad7 . A me-
diation definitionMD denotes the technique for explicating and resolving distinct types of heterogeneities;
this refers to ontology mappings in the context of data level mediafi€fy r to process mediation pat-
terns for process level mediatic][ A mediation serviceMS in this definition denotes a computational
resource that is capable of executing the mediation definition. Such facilities can most suitably be provided
as Web services themselves (with the capability of processing mediation definitions); an example is the
WSMX data mediator that allows to mediate ontologies on basis of mapping R8esHinally, 4R de-
notes resources used for defining the medidtbsuch as domain ontologies, mapping languages, or other
mediatorsM, ..., M,, that are re-used within.

As a refinement of Definitiod1, we specify mediators that carty-relations as follows:

1. a mediatorM has one source elemefitthat can be a goal or a Web service, and one target element
7T that can be a goal or a Web service

2. aA-relation is a mediation definitioM D that describes the semantic difference betwSemd 7
as a pair of formula\ (¢?s, pP7) = (=81, ~da) with 61 = (¢Ps A =¢P7) andds = (=¢Ps A ¢PT)
such thap?s ~ Dg and¢pP? ~ Dr
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3. in addition to the semantic difference, the mediator explicitly denotes the matchmaking degree be-
tweenS and7 .

Aspect (1) states that a mediator witk\arelation connects WSMO elements that have functional de-
scription, i.e. goals with goals, goals with Web services, or Web service with Web services. It is important
that such a mediator only has one source and one target element, as the semantic difference is unique be-
tween each pair of functional descriptions. (2) states thatNhrelation between the source and target is
specified in accordance to Theor@ni.e. on basis of formulae that semantically correspond to the func-
tional descriptions of the source and target component. Herdenotes the semantic difference aspects
from the perspective of the source afidfrom perspective of the target. Finally, (3) states that in addi-
tion to the A-relation, the mediator explicates the matchmaking degree between the source and the target
component. As discussed in Sect®@:§, this information is integrally correlated ta-relations: from a
given A-relation we can deduce the matchmaking degree, and from a given matchmaking degree we gain
knowledge on the structure of tlie-relation (see Theore2).

The application purpose of such a mediator is as follows. Imagine we have given @ godl a Web
servicellV. Let the matchmaking degree pligin( G, W) so that only a subset of the possible executions
of W can solve the goal. Following Definitid) the results of executing” depend on the provided inputs.
Hence, in order to us@’ for solving G, the client needs to ensure that the inputs provideld’'tare such
that the results from executiiid will satisfy the goal. Now. lefM be a mediator witliZ as the source and
W as the target so that its-relation is of the formA(¢P¢, ¢Pw) = (=61, true) (see Sectio.3). Here,

01 represents those sequences of state transitions in the world that result in solving of the goal but are not
possible executions d¥. This denotes an additional constraint for usifigfor solving GG: for all bindings

0 for the input variables,, . . . , i,, satisfy¢?™® A =1 the executions off” with the inputs will result in a

state that satisfie§. Therewith, theA-relation defines the usage conditions for the particular Web service

W for solving the goals that are explicated in the mediat® in a declarative manner.

For integration into WSMO, Listind shows the description model of mediators witkrelations, in lan-
guage used in WSMO for MOF meta-model layer specificati@8f Below, FigureZ shows the integrated
topology of the distinct WSMO mediator types along with their correlation and the used mediation tech-
niques. It is to remark that with respect to the scope of the preceding elaborations, the presented definition
of A-relations merely covers languages with model-theoretic semantics; for WSJMk fhe specification
language for WSMO, these are the variants WSML-Core and WSML-DL, and possibly WSML-Full that
is under construction at the time of writing. Moreover, obtaining a human understandable representation
of A-relations most likely requires the technique for formula simplification on the basis of tautologies. As
illustrated and discussed in Secti@rt.2, this technique can not be automated and hence requires manual
inspection.

Class mediator
importsOntology type ontology
usesMediator type ooMediator
hasSource type {goal, webService} multiplicity = single —valued
hasTarget type {goal, webService} multiplicity = single —valued
hasDeltaRelation type deltarelation

Class deltarelation
hasMatchingDegree type {equal, subsume, plugin, intersection}
hasDeltalDefinition type axiom
hasDelta2Definition type axiom

Listing 1: Meta-Model for Mediators with Delta-Relations
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OO Mediators provide a general data level mediation component for ontology-based applications. The
source elements are ontologies or other OO Mediators, while the target can be any WSMO top level element.
The mediation techniques are data level mediation technigues such as ontology mapping and integration, and
lifting and lowering from data to and from the ontological level.

GG Mediators connect WSMO goals, i.e. both the source and target are goals. The mediation tech-
niques used are: (1) data mediation by usage of OO Mediators, and (2) functional level mediation on basis
of A-relations.

WG Mediators connect Web services and goals in case a Web service is not usable for solving a goal
a priori, or only under certain conditions. The used mediation techniques are: (1) data level mediation
by usage of OO Mediators, (2\-relations for handling functional heterogeneity, and (3) process level
mediation for resolving potential mismatches on the communication level between the source and target
component.

WW Mediators connect Web services that interact but are not compatible a priori. The used mediation
techniques are: (1) data level mediation by usage of OO Mediatora-(2)ations for handling functional
heterogeneities, and (3) process level mediation for resolving mismatches between the source and target
service with respect to communication and coordination of interaction.
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4 Related Work

We are not aware of any other approach for explicating the usage conditions of Web services for goals.
However,A-relations as specified in this paper present an extension to the state of the art in semantic match-
making for Web service detection that has been inspired by earlier works on explicating hidden assumptions
in formal resource descriptions. We position our approach in the following.

While the need for a technique for explicating usage conditions of Web services for solving a goal
has emerged from works on Web service detection (84}),[the definition ofA-relations presented in this
paper has been inspired by the work on assumption explication and refiners within [ 1B}V framework
for formally describing the reasoning behavior of knowledge-based systems that work with Problem Solving
Methods (PSMs). Therein, assumptions are used as integral description for explicating the gap between the
functionality provided by a PSM and the one required for achieving a specific4pdkif correlates to the
purpose ofA-relations. Refiners are logical elements that connect tasks and PSMs and restrict their formal
descriptions such that its source and target are semantically equivalent under inclusion of the refiner. Such
refiners have the same purpose as mediatorsAvitblations as specified in Secti@ri2

Already mentioned in the introductiorQ][ presents so-callethverse verificatioras a technique for
determining assumptions as well as the logical expressions in UPML-refiners. In a nutshell, this is performed
by manual analysis of failed proofs on the usability of PSMs for a given task. An interactive theorem
prover (here: KIV) takes the formal descriptions of the task and the PSM are used as input, and returns
“open goals” as the gaps where knowledge is missing for the next proof step. Then, logical expressions are
identified that allow to handle the open goals; this step requires manual analysis. The determined statements
denote the additional constraints for using the PSM to solve the task. As an exarfiptakefs a task
requires a global search for a set of elements and the available PSM that provides a local search facility.
This is usable under the condition that the input element set has a strict total order, which is determined by
inverse verification. The characteristics of this example setting is the same as the best-restaurant example
discussed in SectioP.4: there is an intersection match between the task and the PSM, and the determined
assumption explicates a usage constraint for the PSM. If this is satisfied by the concrete inputs, then the
result of the PSM will satisfy the task.

Hence, inverse verification ani-relations are defined here are complementary techniques for detecting
usage conditions for formally described provided functionalities that do not precisely match a requested
functionality. A-relations appear to be an improvement because the need for human intervention is mini-
mized. The main difference is that inverse verification relies on manual failure analysis\wrelations by
definition explicate the semantic difference of functional descriptions. In consequence, inverse verification
leaves the hard part of finding a logical statement that allows solving the open goals from the theorem prover
to human inspection; in contrast/&relation immediately provides a correct and minimal logical formula
so that merely its simplification by tautologies requires manual intervention. Nevertheless, the requirements
of completeness and minimality as well as certain logical relationships betiweelations, goals, and Web
services have been adopted from the works around UPML.

Exiting approaches on semantic matchmaking for Web service detection are mainly concerned with
the definition of the matchmaking degrees within respective logical frameworks and the implementation of
general purpose matchmakers. The distinct works address certain related aspects — e.g. a precedence order
of the matchmaking degree21], or the concept of client intentions and partial matche&l&).[However,
non of these approaches addresses the need for explicating the usage conditions of Web services that are
explicated byA-relations: without these information, the client needs to guess which inputs may be suitable
for solving the goal with the Web service.
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5 Conclusions and Future Work

This paper has presentédrelations as a technique for explicating conditions under which a Web service is
usable for solving a goal if the provided and requested functionality do not match precisely.

Research on semantic matchmaking as the core technigue for semantically enabled Web service detec-
tion has identified four degrees of matching under which a Web seWiée considered to be usable for
solving a goalGG. Apart from the exact match (the requested and provided functionality are semantically
equivalent), each of this matchmaking degrees implies conditions on how to use the Web service. For the
plugin and the intersection match, only certain executiond’ofan satisfyGG; hence, the client needs to
ensure that the concrete inputs provided for invocatioW/owill result in such executions that satisfy.

For the subsume match, the usagéiofwill have certain impacts on ho is resolved, which may be of
interest of the client. AA-relation explicitly describes the semantic difference between functional descrip-
tions, providing the basis for explicating such conditions and impacts of using a particular Web service for
solving a goal.

In this paper we have definell-relations for classical first-order logic as the specification language
for static knowledge. Naturally, the definitions and techniques can straight forward be applied to formal
languages with model-theoretic semantics such as Description Logic, Horn Logic, and Description Logic
Programs. For two formulagg, ¢y in such a language that represent a goal and a Web service, we have
defined aA-relation as a pair of formulae such thA{¢q, pw) = (=61, ~d2) with 61 = (dg A —ow)
andds = (—¢a A ¢w). We have shown that such/Zs-relation iscompleteas it allows establish logical
equivalence bypg A —61 < ¢w A —d2) andminimal such that there is nd’ that is complete and\ =
A’. We also explained the relationship Afrelations to semantic matchmaking, in particular that each
matchmaking degree correlates to a specific structure chthelation between the functional descriptions
of the goal and the Web service. We have demonstrated this within an exhaustive example, along with a
technique for formulae simplification as well as inference rules for applinglations for goal refinement
and assumption explication.

After discussing the properties and formal semantics of functional descriptions that are defined in terms
of preconditions and effects on basis of the Abstract State Space model, we have shown that such a functional
descriptionD can be represented by conventional formup&ein a formal language with model-theoretic
semantics so that” semantically corresponds . In consequence, the definitions and techniques for
A-relations on conventional logical formulae are straight forward applicable for explicating the semantic
difference between formal functional descriptions. Finally, we have outlined the integratidmedétions
into the WSMO mediation framework as a technique for handling not precisely matching requested and
provided functionalities.

Therewith, we have specified a technique for explicating conditions and impacts of using a Web service
for solving a goal that arise under not-exact matchmaking degrees. Inspired by previous work within the
UPML framework, such a technique does not yet exist for the context of Web service detection. As future
work, we plan to integraté-relations into semantic matchmakers developed in the course of WSMO, and
extending the definitions towards languages with minimal model semantics in order to also cover the LP
branch of ontology languages that are under development for the Semantic Web.
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