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Abstract. The need for managing the conceptual representation of European law led to the development of the Legal Taxonomy Syllabus (LTS)
and the related methodology. In this paper we consider further legal issues that emerged during the test and use phases, and outline the new
features that we added to the new version, the LTS 2.0.

1

Introduction

European Union Directives (EUDs) are sets of norms that have to be implemented by the national legislations and translated into the language of each
Member State. The general problem of multilingualism in European legislation
has recently been tackled by linguistic and ontological tools [8,5,17,18]. The management of EUD is particularly complex, since the implementation of a EUD does
not correspond to a straight transposition into a national law.
In previous work we carried out the Legal Taxonomy Syllabus4 (LTS), a tool
to build multilingual conceptual dictionaries aimed at representing and analysing
terminologies and concepts from EUDs [1,2]. LTS is based on the distinction between terms and concepts. The latter ones are arranged into ontologies that are
organised in levels. Only two levels were defined: the European level –containing
only one ontology deriving from EUDs annotations–, and the national level
–hosting the distinct ontologies deriving from the legislations of EU member
states.
While annotating the EUDs, testing and using the system, some more requirements emerged from users expert in law, demanding for a more sophisticated approach along with further developmental efforts: first, it is frequent
the case of concepts which are the result of a doctrinal interpretation process
rather than of the definition in directives. If, on the one hand, the definitions in
directives and their relation with the actual text are required by legal scholars
to have a precise model of European law, the layman is more interested in the
4
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concepts which results from the doctrinal interpretation. Furthermore, laws are
typical objects evolving through time. An open issue to cope with in building
legal frameworks both at the European and at the national level is the normative change [12,4]. Concepts in the legal ontologies should not only represent the
consolidated legal text, but should also keep trace of the evolution of meaning.
In this paper we consider not only the terms defined in the directives, but
also the interpretation process of legal scholars in the LTSand how to better integrate concepts and the text of EUDs in the LTS. We answer the first question
by introducing abstract concepts (abstract in that they are not related to a single
directive), which should be conveniently recognized as a grouping of concepts.
The users will be thereby allowed to navigate the ontology at different levels
of details depending on their goals. Moreover, exploiting natural language processing techniques we greatly simplify the management of legal text associated
to concepts. Also, we investigate how to extend the ontology with a temporal
dimension to the ends of representing normative change, and to allow users to
search also for past meanings of terms and the modified norms introducing them.
To these ends, we introduce time into the ontology, and allow new concepts to
replace the old ones while keeping the latter ones in the system as well.

2

Multilingual and Multilevel Ontologies for European
Directives

Comparative Law has identified two key points in dealing with EUD, which
make more difficult dealing with the polysemy of legal terms. We call them the
terminological and conceptual misalignments. The first problem is determined by
the lexical ambiguity of the legal terms (in particular homonymy) in the translation of EUDs. The second problem is determined by the lexical and conceptual
ambiguity of the legal terms (in particular polysemy) in the implementation of
EUDs. These issues determined the development of the first release of the LTS,
and have been illustrated in [2].
We now illustrate further issues in handling EUDs that required to devise
further features to enrich the original LTS.
2.1

Concepts Abstraction

The LTS system relies on the concept of unitary-meaning or umeaning: such
atomic concepts can be derived from excerpts of the text of legal norms, such
as European directives or national laws, and are arranged into two separate
categories of umeanings, as described in [2]. EUDs provide rigorous definitions
of some terms, such as the definition of the Italian term consumatore (consumer ),
in the Italian version of the EUD 93/13/EEC, Art. 2 is:
[. . . ](b) “consumatore”: qualsiasi persona fisica che, nei contratti oggetto della
presente direttiva, agisce per fini che non rientrano nel quadro della sua attività
professionale; [...]
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[. . . ](b) “consumer”: means any natural person who, in contracts covered by
this Directive, is acting for purposes which are outside his professional activity;
[. . . ] (our literal translation)

However, two facts must be pointed out. Different EUDs might affect different
aspects of the legislation: thus the definition of a term in a EUD only applies
to a specific context. Furthermore, EUDs could be written at different points in
time, and they can introduce diverging definitions. Let us consider the definition
of consumatore, as it appears in the Italian version of the EUD 2002/65/EC,
Art. 1:
[. . . ](d) “consumatore”: qualunque persona fisica che, nei contratti a distanza,
agisca per fini che non rientrano nel quadro della propria attività commerciale
o professionale; [. . . ]
[. . . ](d) “consumer”: means any natural person who, in distance contracts
covered by this Directive, is acting for purposes which are outside his business
or professional activity; [. . . ] (our literal translation)

We remark that in contrast with English, in Italian the second definition of consumatore is broader than the first one, since the term professionale (professional )
does not include commerciale (business). This divergence of term definitions can
often occur, since EUDs have usually a sectorial specific target. In this way, EUDs
covering different sectors can provide different definitions, and as many views on
the same concept. Lawyers and legislators started to put together highly sectorial concepts into more abstract concepts with broader meaning, in order to
describe (complex) entities, such as the consumatore in all of its aspects.
In recent years, in the Italian legislation EUDs are not being implemented
as single laws, but rather as groups of EUDs. The juridical concepts are defined
as the union of all the sectorial concepts provided by the individual EUDs, as
a result of the doctrinal interpretation process of directives. These problems
are common to all European languages. Consider, for instance the definition of
consumer, in the English version of the EUD 1999/44/EC, Art. 1.2 is:
[. . . ] (a) consumer: shall mean any natural person who, in the contracts covered
by this Directive, is acting for purposes which are not related to his trade,
business or profession; [. . . ]

that has a different meaning with respect to the definition of consumer given in
the Council Directive 90/314/EEC, Art. 2.4:
[. . . ] “consumer” means the person who takes or agrees to take the package
(‘the principal contractor’), or any person on whose behalf the principal contractor agrees to purchase the package (‘the other beneficiaries’) or any person
to whom the principal contractor or any of the other beneficiaries transfers
the package (‘the transferee’) [. . . ]

The LTS should be able to represent both the more specific dimension related
to the definitions in EUDs and the more abstract one which results from the
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doctrinal interpretation of European law. The LTS allows inserting the text
paragraphs where umeanings are defined. However, to gain better understanding
of legal concepts, it is often required to consider a broader fragment. For example,
in the case of consumer the definition is not enough, and it is necessary to
collect multiple paragraphs where consumer protection norms are presented and
discussed.
2.2

Normative Change

Another big open issue to cope with in building tools for describing legal frameworks both at the European and at the national level is the normative change [12].
One major problem, well-known in the literature, is the update of non-monotonic
ontologies and knowledge bases [4]. In other words, not necessarily ontologies and
knowledge bases have a structure constant through time (e.g., see [16]): concepts
and relations present in the ontology can become obsolete as new concepts and
relations are added. This is indeed the case of legal frameworks, that are continuously modified as new laws can modify paragraphs of old ones.
We can have two types of normative change: explicit change and implicit
change. In the first case the new norm explicitly states the abrogation of a
specific paragraph of an old law (for details on this line of investigation, please
refer to [6]). Alternatively, the newer law can state a concept in contradiction to
previous laws, but without mentioning them explicitly. In this case the concept
stated by the new law becomes the current one; also, the parts of the old laws
affected by changes (no longer updated) become obsolete.

3

From LTS 1.0 to LTS 2.0

In this Section we first summarize the functionalities of the existing LTS [2], and
then we explain how it has been extended to cope with the new requirements
described in the previous Section.
3.1

LTS 1.0

The main assumptions of our methodology come from studies in comparative law
[13] and ontologies engineering [10]. Terms –lexical entries for legal information–,
and concepts must be distinguished; for this purpose we use lightweight ontologies, i.e. simple taxonomic structures of primitive or composite terms together
with associated definitions. They are hardly axiomatized as the intended meaning of the terms used by the community is more or less known in advance by
all members, and the ontology can be limited to those structural relationships
among terms that are considered as relevant.
We distinguish the ontology implicitly defined by EUD, the EU level, from
the various national ontologies. Each one of these “particular” ontologies belongs
to the national level : i.e., each national legislation refers to a distinct national
legal ontology. We do not assume that the transposition of an EUD automatically
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Term-Ita-A

Term-Ger-A

Ger-5
EU-1
Ita-2

Ger-3

Ita-4

Fig. 1. Relationship between ontologies and terms. The thick arcs represent the interontology “association” link.

introduces in a national ontology the same concepts that are present at the EU
level.
Corresponding concepts at the EU level and at the national level can be
denoted by different terms in the same national language.
A standard way to properly manage large multilingual lexical databases is
to make a clear distinction among terms and their interlingual acceptions (or
axies) [15].
In the LTS project to properly manage terminological and conceptual misalignment, we distinguish the notion of legal term from the notion of legal concept
and we build a systematic classification based on this distinction. The basic idea
in our system is that the conceptual backbone consists in a taxonomy of concepts (ontology) to which the terms can refer in order to express their meaning.
One of the main points to keep in mind is that we do not assume the existence of a single taxonomy covering all languages. In fact, the different national
systems may organize the concepts in different ways. For instance, the term contract corresponds to different concepts in common law and civil law, where it
has the meaning of bargain and agreement, respectively [14]. In most complex
instances, there are no homologous between terms-concepts such as frutto civile
(legal fruit) and income, but respectively civil law and common law systems can
achieve functionally similar operational rules thanks to the functioning of the
entire taxonomy of national legal concepts [9]. Consequently, the LTS includes
different ontologies, one for each involved national language plus one for the
language of EU documents. Each language-specific ontology is related via a set
of association links to the EU concepts, as shown in Fig. 1.
Although this picture is conform to intuition, in the basic LTS it has been
implemented by taking two issues into account. First, it must be observed that
the various national ontologies have a reference language. This is not the case
for the EU ontology. For instance, a given term in English could refer either to
a concept in the UK ontology or to a concept in the EU ontology. In the first
case, the term is used for referring to a concept in the national UK legal system,
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purpose
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Eng-4
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Fig. 2. An example of interconnections among terms.

whilst in the second one, it is used to refer to a concept used in the European
directives. This is one of the main advantages of LTS. For example klar und
verständlich could refer both to concept Ger-379 (a concept in the German
Ontology) and to concept EU-882 (a concept in the European ontology). This is
the LTS solution for facing the possibility of a partial correspondence between
the meaning of a term in the national system and the meaning of the same term in
the translation of a EU directive. This feature enables the LTS to be more precise
about what “translation” means. It makes available a way for asserting that two
terms are the translation of each other, but just in case those terms have been
used in the translation of an EU directive: within LTS, we can talk about direct
EU-to-national translations of terms, and about implicit national-to-national
translations of terms. In other words, we distinguish between explicit and implicit
associations among concepts belonging to different levels. The former ones are
direct links that are explicitly used by legal experts to mark a relation between
concepts. The latter ones are indirect links: if we start from a concept at a given
national level, by following a direct link we reach another concept at European
level. Then, we will be able to see how that concept is mapped onto further
concepts at the various national levels.
The situation enforced in LTS is depicted in Fig. 1, where it is represented
that the Italian term Term-Ita-A and the German term Term-Ger-A have been
used as corresponding terms in the translation of an EU directive, as shown by
the fact that both of them refer to the same EU-concept EU-1. In the Italian
legal system, Term-Ita-A has the meaning Ita-2. In the German legal system,
Term-Ger-A has the meaning Ger-3. The EU translations of the directive is
correct insofar no terms exist in Italian and German that characterize precisely
the concept EU-1 in the two languages (i.e., the “associated” concepts Ita-4 and
Ger-5 have no corresponding legal terms). A practical example of such a situa-
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EU-50

Consumer
INTERPRETED_AS
INTERPRETED_AS

EU-25
Description:

EU-28
Description:

...

...

References:

References:

93/13/EEC, Art. 1

02/65/EC, Art. 2

Fig. 3. Umeanings Eu-25 and Eu-28 are interpreted by the more abstract umeaning
Eu-50, the link between Eu-50 and the term “consumer” is implicit.

tion is reported in Fig. 2, where we can see that the ontologies include different
types of arcs. Beyond the usual is-a (linking a category to its supercategory),
there are also the arcs purpose, which relate a concept to the legal principle motivating it, and concerns, which refer to a general relatedness. The dotted arcs
represent the reference from terms to concepts. Some terms have links both to a
National ontology and to the EU Ontology (in particular, withdrawal vs. recesso
and difesa del consumatore vs. consumer protection).
The last item above is especially relevant: note that this configuration of
arcs specifies that: 1) withdrawal and recesso have been used as equivalent terms
(concept EU-2) in some European Directives (e.g., Directive 90/314/EEC). 2) In
that context, the term involved an act having as purpose some kind of protection
of the consumer. 3) The terms used for referring to the latter are consumer
protection in English and difesa del consumatore in Italian. 4) In the British
legal system, however, not all withdrawals have this goal, but only a subtype
of them, to which the code refers to as cancellation (concept Eng-3). 5) In the
Italian legal system, the term diritto di recesso is ambiguous, since it can be used
with reference either to something concerning the risoluzione (concept Ita-4),
or to something concerning the recesso proper (concept Ita-3).
3.2

Enhancing LTS with interpretation and abstraction

As described in Section 2.1, different pieces of legislations can bear different
definitions of terms. Having different detailed definitions is important during the
interpretation of very sectorial legal cases, but for the general case it is important
to have a view that abstracts from the peculiarities of specific domains.
In order to solve this problem we introduced a new kind of ontologic relation
called INTERPRETED AS : it is a non transitive relation where the more general
umeaning, that we will call group leader represents the abstracted concept that
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groups the meaning of a number of more specific umeanings, that are the sectorial
umeanings defined in the individual EUDs or national laws (see Fig. 3).
We have also introduced a number of constraints and integrity checks to
ensure that the semantics of the grouping concept is respected and to improve
the usability of the system: i ) each umeaning can belong to a single group; ii ) a
group leader cannot exist without group members; iii ) when the user searches
into the umeaning database, more specific umeanings are excluded from the
results unless the user explicitly asks to show them, i.e. only the group leaders
are shown in the results. The need to contextualize concepts to the EUDs defining
them leads to the need of more complex instruments to deal with the language
of the norms. An umeaning is defined by the legal texts themselves; this makes
clear that the creation of umeaning is a quite long task, because it requires from
the user searching and reading a very large number of documents.
In order to ease this process, we developed a database that contains the
full versions of the desired EUDs and national laws. In this way, the user can
carry out his task according to the following workflow. 1 ) The user creates a
new umeaning linked with the term he wants to define; 2 ) He selects relevant
citation from legal text; consequently, the browser is redirected to a search page
and the main term attached to the umeaning is used as the default query; 3 )
After choosing one of the search results, the full text of the legal document is
displayed, with the search terms highlighted; 4 ) Finally, the user selects the text
that will go in the citation with the mouse and confirms the insertion in the
references database. Lastly, when the user searches for a term in the documents
database, the search is not performed upon the exact words, rather with their
roots, so for instance when performing the search on the term “contracts” also
documents containing only “contract” will be found, this seems to enhance the
information retrieval performance as shown in [11].
3.3

LTS with normative change

When a new normative is approved and enacted it can define a number of new
umeanings; moreover it can happen that the same law can change a number
of old umeanings defined by old laws. In particular, these old umeaning can
become obsolete and no longer valid. We are aware of the difficulties concerning
the modelling of the time in artificial intelligence and in formal ontology too5 .
Anyway, in LTS we adopted a naive solution in order to manage the simpler
situation concerning t In the LTS it was necessary to delete all old umeanings,
causing the loss of all historic informations from the database, informations that
are quite valuable to better understand the evolving of the normative. This
problem was resolved by using the same solution adopted for the interpretation
and abstraction of the norms (Section 3.2), i.e. empowering LTS with a new
ontological relation called REPLACED BY.
When the paragraph of an EUD defining an umeaning has been modified by a
new EUD, the new one defines a new umeaning that will replace the old umean5

E.g. see [3] for a general survey and [12] for normative systems
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Eu38: consumer

REPLACED_BY
Date: september, 23 2002

IS_A

Eu50: consumer

IS_A

Eu38: final consumer
Explicitly inserted relations
Automatically generated relations

Fig. 4. An example of use of the REPLACED BY relation.

ing in the ontology. There will be a relation of type REPLACED BY between
the two umeanings, where the child umeaning is replaced by the more general
umeaning. Also in this case the new ontological relation has some peculiar characteristics that distinguishes it from the usual ontological relations (Figure 4):
i ) a REPLACED BY relation brings with it a new data field not present in the
other relations: the substitution date; ii ) when the user performs a search in the
umeanings database the replaced ones will not be shown, unless the user asks
for a certain past date, thus obtaining a snapshot of the legal ontology that was
valid in that particular moment; iii ) when a new umeaning replaces an old one
all the ontological relations where the old umeaning appeared are automatically
copied in the new umeaning. If some of them are no longer valid with the new
umeaning, manual intervention from the user is required.

4

Conclusions

In this paper we discuss some features that have recently been introduced in
the LTS, a tool for building multilingual conceptual dictionaries for the EU law.
The tool is based on lightweight ontologies to emphasize the distinction between
concepts and terms. Different ontologies are built at the EU level and for each
national language, to deal with polysemy and terminological and conceptual
misalignment.
The present work illustrates how to distinguish between concepts as they are
defined in the text of the directives and the concepts representing the doctrinal
interpretation of the terms. Moreover, we point out how to deal with normative
change by introducing a temporal dimension in ontologies.
Future work will involve exploring how to extend the LTS ontology, with
special focus on the issue of populating it at the various levels by semi-automatic
approaches [7].
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Abstract. In order to manage the conceptual representation of European law we have proposed the Legal Taxonomy Syllabus (LTS) and
the related methodology. In this paper we consider further legal issues
that emerged during the testing and use of the LTS, and how we take
them into account in the new release of the system. In particular, we
consider the problem of representing interpretation of terms besides the
definitions occurring in the directives, the problem of normative change
and the process of planning legal reforms of European law. In particular,
we show how to include into the Legal Taxonomy Syllabus the Acquis
Principles - which have been sketched by scholars in European Private
Law from the so-called Acquis communautaire -, how to take the temporal dimension into account in ontologies, and how to apply techniques
of natural language processing to the legal texts uploaded in the LTS.

1

Introduction

European Union Directives (EUDs) are sets of norms that have to be implemented by the national legislations and translated into the language of each
Member State. The general problem of multilingualism in European legislation has recently been addressed by using linguistic and ontological tools, e.g.
[13,10,16,29,30]. The management of EUD is particularly complex, since the implementation of a EUD does not correspond to a straight transposition into a
national law. By converse, managing this kind of complexity with appropriate
tools can facilitate the comparison and harmonization of national legislation [7].
For instance, LOIS Project aims at extending EuroWordnet with legal information, thus adopting a similar approach to multilinguism, with the goal of
connecting legal ontology to a higher level ontology [29].

14

In previous work we proposed the Legal Taxonomy Syllabus4 (LTS), a tool to
build multilingual conceptual dictionaries aimed at representing and analysing
terminologies and concepts from EUDs [2,1,3,4]. In some respect, the target of
LTS is similar to the one of the European project LOIS, but while the final goal
of LOIS is to support applications concerning information extraction, the LTS is
concerned with the access of human experts to the EU documents. LTS is based
on the distinction between terms and concepts. The latter ones are arranged into
ontologies that are organised in levels. In [4] only two levels were defined: the
European level –containing only one ontology deriving from EUDs annotations–,
and the national level –hosting the distinct ontologies deriving from the legislations of EU member states.
While annotating the EUDs, testing and using the system, some more requirements emerged from users expert in law, demanding for a more sophisticated approach along with further developmental efforts: first, we noted that it
is frequent the case of concepts which are the result of a doctrinal interpretation
process rather than of the definition in directives. If, on the one hand, the definitions in directives and their relation with the actual text are required by legal
scholars to have a precise model of European law, the layman is more interested
in the concepts which results from the doctrinal interpretation. Second, laws are
typical objects evolving through time. A big open issue to cope with in building
legal frameworks both at the European and at the national level is the normative change [23,9]. Concepts in the legal ontologies should not only represent the
consolidated legal text, but should also keep trace of the evolution of meaning.
Finally, besides the actual directives, the European Union aims to harmonize
law by reformulating terminology in a more coherent way. The European Commission provide in various way common principles, terminology, and rules for
law to address gaps, conflicts, and ambiguities emerging from the application of
European law, and this effort should be taken into account in the LTS as well.
Thus, in this paper we address the following research questions:
– How to consider not only the terms defined in the directives but also the
interpretation process of legal scholars in the LTS? How to better integrate
concepts and the text of EUDs in the LTS?
– How to extend the ontology with a temporal dimension to be able to represent normative change? How to allow users to search also for past meanings
of terms and the modified norms introducing them?
– How to extend the levels of the LTS from European and national to new
ones representing the possible reforms of European law? How to represent
the relation between the existing European law and the planned revisions?
We answer the first question by introducing concepts called abstract, in that
they are not related to a single directive, which should be conveniently recognized
4

LTS is a dictionary of Consumer Law, which has been carried out within the broader
scope of the Uniform Terminology Project, http://www.uniformterminology.
unito.it [24]. The implemented system can be found at the URL: http://www.
eulawtaxonomy.org.
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as a grouping of concepts. The users will be allowed to navigate the ontology at
different levels of details depending on their goals. Moreover, we use natural language processing techniques to facilitate the management of legal text associated
to concepts.
We answer the second question by introducing time into the ontology and by
allowing to have new concepts replacing the old ones while keeping the latter in
the system as well.
We answer the third question by introducing new levels in the LTS and show
how can they manage a set of principles (namely, the Acquis Principles) which
is gaining in popularity to the ends of ameliorating the quality of EUDs national
implementations by Member States.
The paper is structured as follows. In Section 2 we introduce the new legal
requirements we take into account in the revision of the LTS. In Section 3 we
first summarize the LTS (Sec. 3.1) and then we explain how the new system
satisfies the additional requirements previously outlined (Sections 3.2 to 3.4).
Conclusions end the paper.

2

Multilingual and Multilevel Ontologies for European
Directives

In this Section we start by briefly summarizing the motivations which lead to the
development of the LTS (Section 2.1), and then we introduce new requirements
which have been raised by legal experts using the LTS (Sections 2.2 to 2.4).
2.1

Terminological and conceptual misalignment

Comparative Law has identified two key points in dealing with EUD, which
make more difficult dealing with the polysemy of legal terms: we call them the
terminological and conceptual misalignments.
In the case of EUD (usually adopted for harmonising the laws in the Member
States), the terminological matter is complicated by the need to implement them
in the national legislations. In order to have a precise transposition in a national
law, a Directive may be subject to further interpretation. A single concept in a
particular language can be expressed in a number of different ways in a EUD and
in the national law implementing it. As a consequence we have a terminological
misalignment. For example, the concept corresponding to the word reasonably
in English, is translated into Italian as ragionevolmente in the EUD, and as con
ordinaria diligenza into the transposition law.
In the EUD transposition laws a further problem arises from the different national legal doctrines. A legal concept expressed in an EUD may not be present
in a national legal system. In this case we can talk about a conceptual misalignment. To make sense for the national lawyers’ expectancies, the European legal
terms have not only to be translated into a sound national terminology, but
they also need to be correctly detected when their meanings refer to EU legal
concepts or when their meanings are similar to concepts which are known in the
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Member states. Consequently, the transposition of European law in the parochial
legal framework of each Member state can lead to a set of distinct national legal
doctrines, that are all different from the European one. In the case of consumer
contracts (like those concluded by the means of distance communication as in
Directive 97/7/EC, Art. 4.2), a related example of this phenomenon concerns the
notion of providing in a clear and comprehensible manner some elements of the
contract by the professionals to the consumers represents a specification of the
information duties which are a pivotal principle of EU law. Despite the pairs of
translation in the language versions of EU Directives (e.g., klar und verständlich
in German - clear and comprehensible in English - chiaro e comprensibile in
Italian), each legal term, when transposed in the national legal orders, is influenced by the conceptual filters of the lawyers’ domestic legal thinking. So, klar
und verständlich in the German system is considered by the German commentators referring to three different legal concepts: 1) the print or the writing of the
information must be clear and legible (Gestaltung der Information), 2) the information must be intelligible by the consumer (Formulierung der Information), 3)
the language of the information must be the national of consumer (Sprache der
Information). In Italy, the judiciary tend to control more the formal features of
the concepts 1 and 3, and less concept 2, while in England the main role has been
played by the concept 2, though considered as plain style of language (not legal
technical jargon) thanks to the historical influences of plain English movement
in that country.
Note that this kind of problems identified in comparative law has a direct
correspondence in the ontology theory. In particular Klein [19] has remarked
that two particular forms of ontology mismatch, are terminological and conceptualization ontological mismatch which straightforwardly correspond to our
definitions of misalignments.
2.2

Concepts Abstraction

The LTS system relies on the concept of unitary-meaning or umeaning: such
atomic concepts can be derived from excerpts of the text of legal norms, such
as European directives or national laws, and are arranged into two separate
categories of umeanings, as described in [4].
EUDs provide rigorous definitions of some terms, such as the definition of
the Italian term consumatore (consumer ), in the Italian version of the EUD
93/13/EEC, Art. 2 is:
[. . . ](b) “consumatore”: qualsiasi persona fisica che, nei contratti oggetto
della presente direttiva, agisce per fini che non rientrano nel quadro della
sua attività professionale; [...]
[. . . ](b) “consumer”: means any natural person who, in contracts covered
by this Directive, is acting for purposes which are outside his professional
activity; [. . . ] (our literal translation)
However, two facts must be pointed out. Different EUDs might affect different
aspects of the legislation: thus the definition of a term in a EUD only applies
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to a specific context. Furthermore, EUDs could be written at different points in
time, and they can introduce diverging definitions. Let us consider the definition
of consumatore, as it appears in the Italian version of the EUD 2002/65/EC,
Art. 1:
[. . . ](d) “consumatore”: qualunque persona fisica che, nei contratti a distanza, agisca per fini che non rientrano nel quadro della propria attività
commerciale o professionale; [. . . ]
[. . . ](d) “consumer”: means any natural person who, in distance contracts covered by this Directive, is acting for purposes which are outside
his business or professional activity; [. . . ] (our literal translation)
We remark that in contrast with English, in Italian the second definition of consumatore is broader than the first one, since the term professionale (professional )
does not include commerciale (business). This divergence of term definitions can
often occur, since EUDs have usually a sectorial specific target. In this way, EUDs
covering different sectors can provide different definitions, and as many views on
the same concept. Lawyers and legislators started to put together highly sectorial concepts into more abstract concepts with broader meaning, in order to
describe (complex) entities, such as the consumatore in all of its aspects.
In recent years, in the Italian legislation EUDs are not being implemented
as single laws, but rather as groups of EUDs. The juridical concepts are defined
as the union of all the sectorial concepts provided by the individual EUDs, as a
result of the doctrinal interpretation process of directives.
We remark that these problems are common to all European languages. Consider, for instance the definition of consumer, in the English version of the EUD
1999/44/EC, Art. 1.2 is:
[. . . ] (a) consumer: shall mean any natural person who, in the contracts
covered by this Directive, is acting for purposes which are not related to
his trade, business or profession; [. . . ]
that has a different meaning with respect to the definition of consumer given in
the Council Directive 90/314/EEC, Art. 2.4:
[. . . ] “consumer” means the person who takes or agrees to take the package (‘the principal contractor’), or any person on whose behalf the principal contractor agrees to purchase the package (‘the other beneficiaries’)
or any person to whom the principal contractor or any of the other beneficiaries transfers the package (‘the transferee’) [. . . ]
The LTS should be able to represent both the more specific dimension related
to the definitions in EUDs and the more abstract one which results from the
doctrinal interpretation of European law. The LTS allows inserting the text
paragraphs where umeanings are defined. However, to gain better understanding
of legal concepts, it is often required to consider a broader fragment. For example,
in the case of consumer the definition is not enough, and it is necessary to
collect multiple paragraphs where consumer protection norms are presented and
discussed.
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2.3

Normative Change

Another big open issue to cope with in building tools for describing legal frameworks both at the European and at the national level is the normative change [23].
One major problem, well-known in the literature, is the update of non-monotonic
ontologies and knowledge bases [9]. In other words, not necessarily ontologies and
knowledge bases have a structure constant through time (e.g., see [28]): concepts
and relations present in the ontology can become obsolete as new concepts and
relations are added. This is indeed the case of legal frameworks, that are continuously modified as new laws can modify paragraphs of old ones.
We can have two types of normative change: explicit change and implicit
change. In the first case the new norm explicitly states the abrogation of a
specific paragraph of an old law (for details on this line of investigation, please
refer to [11,8]). Alternatively, the newer law can state a concept in contradiction
to previous laws, but without mentioning them explicitly. In this case the concept
stated by the new law becomes the current one; also, the parts of the old laws
affected by changes (no longer updated) become obsolete.
2.4

Reforming European Law: toward a Common Frame of
Reference

In February 2003, the European Commission adopted a further communication
entitled “A More Coherent European Contract Law - An Action Plan” [14]. One
of the key measures proposed in the Action Plan was the elaboration of a Common Frame of Reference (CFR). According to the Action Plan, in which the
idea of a CFR was developed for the first time, a major aim of the forthcoming
CFR is to serve as a tool for the improvement of the EC law. The future CFR
was described in more detail in the Commission’s Communication on “European Contract Law and the Revision of the Acquis: The Way Forward” [15]. It
proposed that the CFR should provide fundamental principles of contract law,
definitions of the main relevant abstract legal terms and model rules of contract
law; its main purpose being to serve as a legislators’ toolbox.
In drafting the Action Plan the Commission emphasized that the CFR would
eliminate market inefficiencies arising from the diverse implementation of European directives, providing a solution to the non-uniform interpretation of European contract law due to vague terms and rules, now present in the existing
Acquis.
In particular, two issues arise from the vague terminology of EUDs. First,
directives adopt broadly defined legal concepts, therefore leaving too much freedom in their implementation to national legislators or judges. Second, directives
introduce legal concepts that are different from national legal concepts. Thus,
when judges face vague terms, they can either interpret them by referring to the
broad principles of the acquis communautaire, or they can refer to the particular goals of the directive in question. To respond to the Action Plan, in the last
few years, within the general framework of a “Network of Excellence” European
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Project, a research group aiming at consolidating the existing EC law is working on the “Principles of the Existing EC Private Law” or “Acquis Principles”
(ACQP). These Principles will be discussed and compared with other outcomes
from different European research groups and, during a complex process of consultation with stakeholders under the direction of EC Commission, the CFR will
be set up. The Acquis Principles should provide a common terminology as well
as common principles to constitute a guideline for uniform implementation and
interpretation of European law [5,26]. One outcome of such project is the Acquis
Principles glossary, i.e., a set of interconnected terms and concepts.
The Acquis Principles have been sketched by scholars in European Private
Law from the so-called Acquis communautaire, the existing body of EU primary
and secondary legislation as well as the European Court of Justice decisions [5].
Nowadays such corpus contains some 80, 000 pages. Notwithstanding the importance of this existing body of settled laws, the Acquis is also a far wider notion,
encompassing an impressive set of principles and obligations, going far beyond
the internal market and including areas, such as agriculture, environment, energy
and transports.
In this paper we show how the multilevel architecture of LTS allows us to
relate the Acquis Principles with the legal concepts defined into the directives.

3

The Legal Taxonomy Syllabus

In this Section we first summarize the functionalities of the existing LTS [4], and
then we explain how it has been extended to cope with the new requirements
described in the previous Section.
3.1

The basic LTS

The main assumptions of our methodology come from studies in comparative
law [24] and ontologies engineering [19]:
– Terms –lexical entries for legal information–, and concepts must be distinguished; for this purpose we use lightweight ontologies [17], i.e. simple
taxonomic structures of primitive or composite terms together with associated definitions. They are hardly axiomatized as the intended meaning of
the terms used by the community is more or less known in advance by all
members, and the ontology can be limited to those structural relationships
among terms that are considered as relevant [22].
– We distinguish the ontology implicitly defined by EUD, the EU level, from
the various national ontologies. Each one of these “particular” ontologies
belongs to the national level : i.e., each national legislation refers to a distinct
national legal ontology. We do not assume that the transposition of an EUD
automatically introduces in a national ontology the same concepts that are
present at the EU level.
– Corresponding concepts at the EU level and at the national level can be
denoted by different terms in the same national language.
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Term-Ita-A

Term-Ger-A

Ger-5
EU-1
Ita-2

Ger-3

Ita-4

Fig. 1. Relationship between ontologies and terms. The thick arcs represent the interontology “association” link.

A standard way to properly manage large multilingual lexical databases is
to make a clear distinction among terms and their interlingual acceptions (or
axies) [27,21].
In the LTS project to properly manage terminological and conceptual misalignment, we distinguish the notion of legal term from the notion of legal concept
and we build a systematic classification based on this distinction. The basic idea
in our system is that the conceptual backbone consists in a taxonomy of concepts (ontology) to which the terms can refer in order to express their meaning.
One of the main points to keep in mind is that we do not assume the existence of a single taxonomy covering all languages. In fact, the different national
systems may organize the concepts in different ways. For instance, the term contract corresponds to different concepts in common law and civil law, where it
has the meaning of bargain and agreement, respectively [25]. In most complex
instances, there are no homologous between terms-concepts such as frutto civile
(legal fruit) and income, but respectively civil law and common law systems can
achieve functionally similar operational rules thanks to the functioning of the
entire taxonomy of national legal concepts [18]. Consequently, the LTS includes
different ontologies, one for each involved national language plus one for the
language of EU documents. Each language-specific ontology is related via a set
of association links to the EU concepts, as shown in Fig. 1.
Although this picture is conform to intuition, in the basic LTS it has been
implemented by taking two issues into account. First, it must be observed that
the various national ontologies have a reference language. This is not the case
for the EU ontology. For instance, a given term in English could refer either to
a concept in the UK ontology or to a concept in the EU ontology. In the first
case, the term is used for referring to a concept in the national UK legal system,
whilst in the second one, it is used to refer to a concept used in the European
directives. This is one of the main advantages of LTS. For example klar und
verständlich could refer both to concept Ger-379 (a concept in the German
Ontology) and to concept EU-882 (a concept in the European ontology). This is
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Conclusione del contratto
Difesa del consumatore
Diritto di recesso
Risoluzione
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EU-1

Eng-1

EU-2
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Eng-3

Ita-1
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Eng-2

Ita-2

purpose

purpose

Ita-3

Ita-4

concerns

is-a
Eng-4

Ita-5

concerns
Ita-6

Fig. 2. An example of interconnections among terms.

the LTS solution for facing the possibility of a partial correspondence between
the meaning of a term in the national system and the meaning of the same term in
the translation of a EU directive. This feature enables the LTS to be more precise
about what “translation” means. It makes available a way for asserting that two
terms are the translation of each other, but just in case those terms have been
used in the translation of an EU directive: within LTS, we can talk about direct
EU-to-national translations of terms, and about implicit national-to-national
translations of terms. In other words, we distinguish between explicit and implicit
associations among concepts belonging to different levels. The former ones are
direct links that are explicitly used by legal experts to mark a relation between
concepts. The latter ones are indirect links: if we start from a concept at a given
national level, by following a direct link we reach another concept at European
level. Then, we will be able to see how that concept is mapped onto further
concepts at the various national levels.
The situation enforced in LTS is depicted in Fig. 1, where it is represented
that the Italian term Term-Ita-A and the German term Term-Ger-A have been
used as corresponding terms in the translation of an EU directive, as shown by
the fact that both of them refer to the same EU-concept EU-1. In the Italian
legal system, Term-Ita-A has the meaning Ita-2. In the German legal system,
Term-Ger-A has the meaning Ger-3. The EU translations of the directive is
correct insofar no terms exist in Italian and German that characterize precisely
the concept EU-1 in the two languages (i.e., the “associated” concepts Ita-4 and
Ger-5 have no corresponding legal terms). A practical example of such a situation is reported in Fig. 2, where we can see that the ontologies include different
types of arcs. Beyond the usual is-a (linking a category to its supercategory),
there are also the arcs purpose, which relate a concept to the legal principle motivating it, and concerns, which refer to a general relatedness. The dotted arcs
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represent the reference from terms to concepts. Some terms have links both to a
National ontology and to the EU Ontology (in particular, withdrawal vs. recesso
and difesa del consumatore vs. consumer protection).
The last item above is especially relevant: note that this configuration of
arcs specifies that: 1) withdrawal and recesso have been used as equivalent terms
(concept EU-2) in some European Directives (e.g., Directive 90/314/EEC). 2) In
that context, the term involved an act having as purpose some kind of protection
of the consumer. 3) The terms used for referring to the latter are consumer
protection in English and difesa del consumatore in Italian. 4) In the British
legal system, however, not all withdrawals have this goal, but only a subtype
of them, to which the code refers to as cancellation (concept Eng-3). 5) In the
Italian legal system, the term diritto di recesso is ambiguous, since it can be used
with reference either to something concerning the risoluzione (concept Ita-4),
or to something concerning the recesso proper (concept Ita-3).
The LTS is a theoretical instrument as well as a software platform that is
at the present time yet working. The actual number of annotated terms and
concepts are provided in Tables 1 and 2, respectively. Terms were initially extracted from a corpus of 24 EC directives, and 2 EC regulations, reported in
Appendix 4. Occurrences of such entries were detected from national transposition laws of English, French, Spanish, Italian and German jurisdictions.
Table 1. Number of terms
Language National European
French
8
47
28
52
Italian
English
71
75
Spanish
41
60
66
98
German
total
214
332

Table 2. Number of concepts

Language National European
French
7
43
Italian
24
45
English
54
71
Spanish
34
56
German
52
75
total
171
290
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INTERPRETED_AS
INTERPRETED_AS

EU-25
Description:

EU-28
Description:

...

...

References:

References:

93/13/EEC, Art. 1

02/65/EC, Art. 2

Fig. 3. Umeanings Eu-25 and Eu-28 are interpreted by the more abstract umeaning
Eu-50, the link between Eu-50 and the term “consumer” is implicit.

Finally, it is possible to use the LTS to translate terms into different national
systems via the transposed concepts at the European level, i.e. by using the
implicit associations. For instance suppose that we want to translate the legal
term credito al consumo from Italian to German. In the LTS credito al consumo
is associated to the national umeaning Ita-175. We find that Ita-175 is the
transposition of the European umeaning EU-26 (contratto di credito). EU-26 is
associated to the German legal term Kreditvertrag at European level. Again,
we find that the national German transposition of EU-26 corresponds to the
national umeaning Ger-32 that is associated with the national legal term Darlehensvertrag. Then, by using implicit links in the European ontology, we can
translate the Italian legal term credito al consumo into the German legal term
Darlehensvertrag.
3.2

Enhancing LTS with interpretation and abstraction

As described in Section 2.2, different pieces of legislations can bear different
definitions of terms. Having different detailed definitions is important during the
interpretation of very sectorial legal cases, but for the general case it is important
to have a view that abstracts from the peculiarities of specific domains.
In order to solve this problem we introduced a new kind of ontologic relation
called INTERPRETED AS : it is a non transitive relation where the more general
umeaning, that we will call group leader represents the abstracted concept that
groups the meaning of a number of more specific umeanings, that are the sectorial
umeanings defined in the individual EUDs or national laws (see Fig. 3).
We have also introduced a number of constraints and integrity checks to
ensure that the semantics of the grouping concept is respected and to improve
the usability of the system:
– Each umeaning can belong to a single group.
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– A group leader cannot exist without group members.
– When the user searches into the umeaning database, more specific umeanings
are excluded from the results unless the user explicitly asks to show them,
i.e. only the group leaders are shown in the results.
The need to contextualize concepts to the EUDs defining them leads to the
need of more complex instruments to deal with the language of the norms. An
umeaning is defined by the legal texts themselves; this makes clear that the
creation of umeaning is a quite long task, because it requires from the user
searching and reading a very large number of documents.
In order to ease this process, we developed a database that contains the full
versions of the desired EUDs and national laws. In this way, the user can carry
out his task according to the following workflow.
– The user creates a new umeaning linked with the term he wants to define.
– He selects relevant citation from legal text; consequently, the browser is
redirected to a search page and the main term attached to the umeaning is
used as the default query.
– After choosing one of the search results, the full text of the legal document
is displayed, with the search terms highlighted.
– Finally, the user selects the text that will go in the citation with the mouse
and confirms the insertion in the references database.
Lastly, when the user searches for a term in the documents database, the
search is not performed upon the exact words, rather with their roots, so for
instance when performing the search on the term “contracts” also documents
containing only “contract” will be found, this seems to enhance the information
retrieval performance as shown in [20].
3.3

LTS with normative change

When a new normative is approved and enacted it can define a number of new
umeanings; moreover it can happen that the same law can change a number
of old umeanings defined by old laws. In particular, these old umeaning can
become obsolete and no longer valid. We are aware of the difficulties concerning
the modelling of the time in artificial intelligence and in formal ontology too5 .
Anyway, in LTS we adopted a naive solution in order to manage the simpler
situation concerning t In the LTS it was necessary to delete all old umeanings,
causing the loss of all historic informations from the database, informations that
are quite valuable to better understand the evolving of the normative. This
problem was resolved by using the same solution adopted for the interpretation
and abstraction of the norms (Section 3.2), i.e. empowering LTS with a new
ontological relation called REPLACED BY.
When the paragraph of an EUD defining an umeaning has been modified
by a new EUD, the new one defines a new umeaning that will replace the old
5

E.g. see [6] for a general survey and [23] for normative systems
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Eu38: consumer

REPLACED_BY
Date: september, 23 2002

IS_A

Eu50: consumer

IS_A

Eu38: final consumer
Explicitly inserted relations
Automatically generated relations

Fig. 4. An example of use of the REPLACED BY relation.

umeaning in the ontology. There will be a relation of type REPLACED BY
between the two umeanings, where the child umeaning is replaced by the more
general umeaning. Also in this case the new ontologic relation has some peculiar
characteristics that distinguishes it from the usual ontologic relations (Fig. 4):
– A REPLACED BY relation brings with it a new data field not present in
the other relations: the substitution date.
– When the user performs a search in the umeanings database the replaced
ones will not be shown, unless the user asks for a certain past date, thus
obtaining a snapshot of the legal ontology that was valid in that particular
moment.
– When a new umeaning replaces an old one all the ontologic relations where
the old umeaning appeared are automatically copied in the new umeaning. If
some of them are no longer valid with the new umeaning, manual intervention
from the user is required.
3.4

Representing a new perspective in LTS: the Acquis Principles
Level

One major feature of the LTS approach relies on distinguishing legal information
as belonging to different levels. At the current stage of development, the system
manages terms and meanings at both EU and national levels. The former one
is an ontology of legal concepts derived from the EUDs; the latter one includes
national legal ontologies coming from the various national legal systems. The
current approach has been devised to be general enough to account for heterogeneous legal sources (like, e.g., EUDs and “Decreti Legislativi” for European
and Italian national levels respectively), and flexible enough to be extended by
adding further levels. To add a new level into the system, we connect a new
legal ontology to an exiting one. The new level is linked via explicit associations
connecting a concept belonging to the new ontology and a concept belonging to
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Acquis level

Spa-110

Ita-2
Ita-124

National level:
Italian

National level:
Spanish

Fig. 5. LTS augmented with the Acquis level. Thick lines indicate explicit associations;
thin lines indicate implicit associations.

the existing level ontology. We are applying this procedure in order to define an
Acquis level to the LTS.
We introduce the Acquis level into the LTS by defining explicit associations
between Acquis Principles concepts and EU-level concepts. For example, in Fig. 5
we have that the concept EU-25 (corresponding to the English legal term creditor) present in a EUD is explicitly associated to the national legal concepts
Ita-124 (finanziatore) and Spa-110 (prestamista) for Italian and Spanish, respectively. We can add the term creditor from the Acquis Level by inserting
an explicit association between the Acquis legal concept AC-72 and the European legal concept EU-25. As a consequence, the concept AC-72 is implicitly
associated to the legal concepts Ita-124 and Spa-110. This fact has deep consequences on the way one can build systems for reasoning, that are allowed to
make paths passing through more than two levels, thereby offering new insights
(and ready-to-use associations between terms) to scholars in comparative law.

4

Conclusions

In this paper we discuss some new features that have recently been introduced in
the LTS, a tool for building multilingual conceptual dictionaries for the EU law.
The tool is based on lightweight ontologies to emphasize the distinction between
concepts and terms. Different ontologies are built at the EU level and for each
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national language, to deal with polysemy and terminological and conceptual
misalignment.
The present work illustrates how to distinguish between concepts as they are
defined in the text of the directives and the concepts representing the doctrinal
interpretation of the terms. Moreover, we point out how to deal with normative
change by introducing a temporal dimension in ontologies. Finally we show how
to add further levels of representation to the EU and national levels. In particular, we described a methodology enabling to insert into the LTS platform
a novel set of principles, called Acquis principles. The Acquis principles can be
encoded into a number of legal concepts (along with a terminology), and belong
to a new level of representation, called Acquis priciples level. These concepts
can be integrated into the LTS by new explicit (and implicit) associations, that
connect the Acquis principles level with European and national levels.
Two main problems arise in our approach: the first one is theoretical, and it
concerns the issue of evaluating the performance of system with more massive
data. We would like to show with some quantitative measure the theoretical
adequacy of LTS. Secondly, the amount of work needed to annotate the EUDs
with concepts, terms and their transpositions, is huge. Future work will involve
exploring ways to extend the LTS ontology and populating it at the various
levels by semi-automatic approaches [12].
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APPENDIX A: List of EC directives
Core directives
– 84/450/EEC concerning misleading advertising
– 85/374/EEC concerning liability for defective products
– 85/577/EEC to protect the consumer in respect of contracts negotiated away
from business premises
– 87/102/EEC concerning consumer credit
– 90/88 concerning consumer credit
– 90/314/EEC on package travel, package holidays and package tours
– 93/13/EEC on unfair terms in consumer contracts
– 94/47/EC on the protection of purchasers in respect of certain aspects of
contracts relating to the purchase of the right to use immovable properties
on a timeshare basis
– 97/7/EC on the protection of consumers in respect of distance contracts
– 97/55/EC concerning misleading advertising so as to include comparative
advertising
– 98/6 on consumer protection in the indication of the prices of products offered to consumers
– 98/7 concerning consumer credit
– 98/27/EC on injunctions for the protection of consumers’ interests
– 99/44/EC on certain aspects of the sale of consumer goods and associated
guarantees
– 2000/13/EC relating to labelling, presentation and advertising of foodstuff
– 2001/95 on general product safety
– 2002/65/EC concerning the distance marketing of consumer financial services
– Regulation 2006/2004/EC on co-operation between national authorities responsible for the enforcement of consumer protection laws
– Directive 2005/29/EC on Unfair Commercial Practices
Ancillary directives
–
–
–
–
–
–

76/768/EEC relating to cosmetic products
88/378/EEC on toy safety
89/552/EEC on TV broadcasting activities
96/74/EC on textile names
97/5/EC on cross border credit transfers
Recommendation 98/257 on the principles applicable to bodies responsible
for the out-of-court settlement of consumer disputes
– 2000/31/EC on electronic commerce
– Regulation 2560/2001/EC on cross-border payments in Euro
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Abstract. We present an extension EL+ T of the description logic
⊥
EL+ for reasoning about prototypical properties and inheritance with
⊥
⊥
exceptions. EL+ T is obtained by adding to EL+ a typicality operator
T, which is intended to select the “typical” instances of a concept. In
⊥
EL+ T knowledge bases may contain inclusions of the form “T(C) is
subsumed by P ”, expressing that typical C-members have the property
⊥
P . We show that the problem of entailment in EL+ T is in co-NP.

1

Introduction

In Description Logics (DLs) the need of representing prototypical properties
and of reasoning about defeasible inheritance of such properties naturally arises.
The traditional approach is to handle defeasible inheritance by integrating some
kind of nonmonotonic reasoning mechanism. This has led to study nonmonotonic
extensions of DLs [2–6, 12]. However, finding a suitable nonmonotonic extension
for inheritance with exceptions is far from obvious.
⊥
In this work we introduce a defeasible extension of the description logic EL+
⊥
called EL+ T, continuing the investigation started in [7], where we extended the
logic ALC with a typicality operator T. The intended meaning of the operator T
is that, for any concept C, T(C) singles out the instances of C that are considered as “typical” or “normal”. Thus assertions as “typical football players love
football” are represented by T(FootballPlayer ) ⊑ FootballLover . The semantics
of the typicality operator T turns out to be strongly related to the semantics of
nonmonotonic entailment in KLM logic P [11].
In our setting, we assume that the TBox element of a KB comprises, in
addition to the standard concept inclusions, a set of inclusions of the type
T(C) ⊑ D where D is a concept not mentioning T. For instance, a KB may contain: T(Dog ) ⊑ Affectionate; T(Dog ) ⊑ CarriedByTrain ; T(Dog ⊓ PitBull ) ⊑
NotCarriedByTrain ; CarriedByTrain ⊓ NotCarriedByTrain ⊑ ⊥, corresponding
to the assertions: typically dogs are affectionate, normally dogs can be transported by train, whereas typically a dog belonging to the race of pitbull cannot
(since pitbulls are considered as reactive dogs); the fourth inclusion represents
the disjointness of the two concepts CarriedByTrain and NotCarriedByTrain .
Notice that, in standard DLs, replacing the second and the third inclusion with
Dog ⊑ CarriedByTrain and Dog ⊓ PitBull ⊑ NotCarriedByTrain , respectively,
we would simply get that there are not pitbull dogs, thus the KB would collapse.
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This collapse is avoided as we do not assume that T is monotonic, that is to say
C ⊑ D does not imply T(C) ⊑ T(D).
By the properties of T, some inclusions are entailed by the above KB, as for
instance T(Dog ⊓ CarriedByTrain ) ⊑ Affectionate. In our setting we can also
use the T operator to state that some domain elements are typical instances
of a given concept. For instance, an ABox may contain either T(Dog)(fido) or
T(Dog ⊓ PitBull )(fido). In the two cases, the expected conclusions are entailed:
CarriedByTrain (fido) and NotCarriedByTrain (fido), respectively.
In this work, we present some preliminary results on low complexity Description Logics extended with the typicality operator T. In particular we focus on
⊥
the logic EL+ of the well known EL family. The logics of the EL family allow
for conjunction (⊓) and existential restriction (∃R.C). Despite their relatively
low expressivity, a renewed interest has recently emerged for these logics. Indeed, theoretical results have shown that EL has better algorithmic properties
than its counterpart F L0 , which allows for conjunction and value restriction
(∀R.C). Also, it has turned out that the logics of the EL family are relevant for
several applications, in particular in the bio-medical domain; for instance, medical terminologies, such as GALEN, SNOMED, and the Gene Ontology used in
bioinformatics, can be formalized in small extensions of EL.
⊥
We present some results about the complexity of EL+ T. We show that,
⊥
given an EL+ T KB, if it is satisfible, then there is a small model whose size is
polynomial in the size of KB. The construction of the model exploits the facts
that (1) it is possible to reuse the same domain element (instance of a concept
C) to fulfill existential formulas ∃r.C w.r.t. domain elements; (2) we can restrict
our attention to a class of models in which the preference relation < is multilinear and polynomial, that is it determines a set of disjoint chains of elements
of polynomial length. The construction of the model allows us to conclude that
⊥
the problem of deciding entailment in EL+ T is in co-NP.
Technical details and proofs can be found in the accompanying report [10].

2

⊥

The Logic EL+ T

We consider an alphabet of concept names C, of role names R, and of individuals
⊥
O. The language L of the logic EL+ T is defined by distinguishing concepts and
extended concepts as follows: (Concepts) A ∈ C, ⊤, and ⊥ are concepts of L; if
C, D ∈ L and r ∈ R, then C ⊓D and ∃r.C are concepts of L. (Extended concepts)
if C is a concept, then C and T(C) are extended concepts of L. A knowledge
base is a pair (TBox,ABox). TBox contains (i) a finite set of GCIs C ⊑ D, where
C is an extended concept (either C ′ or T(C ′ )), and D is a concept, and (ii) a
finite set of role inclusions (RIs) r1 ◦r2 ◦· · ·◦rn ⊑ r. ABox contains expressions of
the form C(a) and r(a, b) where C is an extended concept, r ∈ R, and a, b ∈ O.
In order to provide a semantics to the operator T, we extend the definition of a
⊥
model used in “standard” terminological logic EL+ :
Definition 1 (Semantics of T). A model M is any structure h∆, <, Ii, where
∆ is the domain; < is an irreflexive and transitive relation over ∆, and satisfies
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the following Smoothness Condition: for all S ⊆ ∆, for all a ∈ S, either a ∈
M in< (S) or ∃b ∈ M in< (S) such that b < a, where M in< (S) = {a : a ∈ S
and ∄b ∈ S s.t. b < a}. I is the extension function that maps each extended
⊥
concept C to C I ⊆ ∆, and each role r to a rI ⊆ ∆I × ∆I . For concepts of EL+ ,
C I is defined in the usual way. For the T operator: (T(C))I = M in< (C I ). A
model satisfying a KB (TBox,ABox) is defined as usual. Moreover, we assume
the unique name assumption.
Notice that the meaning of T can be split into two parts: for any a of the
domain ∆, a ∈ (T(C))I just in case (i) a ∈ C I , and (ii) there is no b ∈ C I
such that b < a. In order to isolate the second part of the meaning of T, we
introduce a new modality . The basic idea is simply to interpret the preference
relation < as an accessibility relation. By the Smoothness Condition, it turns
out that  has the properties as in Gödel-Löb modal logic of provability G. The
interpretation of  in M is as follows: (C)I = {a ∈ ∆ | for every b ∈ ∆, if
b < a then b ∈ C I }. We have that a is a typical instance of C (a ∈ (T(C))I )
iff a ∈ C I and, for all b < a, b 6∈ C I , namely we have that a ∈ (T(C))I
iff a ∈ (C ⊓ ¬C)I . From now on, we consider T(C) as an abbreviation for
C ⊓ ¬C. The Smoothness Condition ensures that typical elements of C I exist
whenever C I 6= ∅, by preventing infinitely descending chains of elements.

3

⊥

Complexity of EL+ T
⊥

In order to give a complexity upper bound for the logic EL+ T, we show that,
given a model M = h∆, <, Ii of a KB, we can build a small model of KB whose
size is polynomial in the size of the KB.
⊥

Theorem 1 (Small model theorem). Let KB=(TBox,ABox) be an EL+ T
knowledge base. For all models M = h∆, <, Ii of KB and all x ∈ ∆, there exists
⊥
a model N = h∆◦ , <◦ , I ◦ i of KB such that (i) x ∈ ∆◦ , (ii) for all EL+ T
I
I◦
◦
concepts C, x ∈ C iff x ∈ C , and (iii) | ∆ | is polynomial in the size of KB.
Due to space limitations, here we only give a sketch of the proof, whose details
can be found in [10]. The construction comprises three steps.
(step A) First of all, in order to reduce the size of the model, we cut a portion of
it that includes x. We build a model M′ by means of the following construction.
For each atomic concept C ∈ C and for each role r ∈ R we let S(C) and R(r) be
the mappings computed by the algorithm defined in [1] to compute subsumption
by means of completion rules. As usual, for a given individual a in the ABox, we
write aI to denote the element of ∆ corresponding to the extension of a in M.
We make use of three sets of elements: ∆0 will be part of the domain of the model
being constructed, and it contains a portion of the domain ∆ of the initial model.
All elements introduced in the domain must be processed in order to satisfy the
existential formulas. Unres is used to keep track of not yet processed elements.
Finally, ∆1 is a set of elements that will belong to the domain of the constructed
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model. Each element wC of ∆1 is created for a corresponding atomic concept
C and is used to satisfy any existential formula ∃r.C throughout the model. In
the following by wC we mean the domain element of ∆1 which is added for the
atomic concept C. We provide an algorithmic description of the construction of
model M′ from the given model M. Observe that M can be an infinite model.
1. ∆0 := {x} ∪ {aI ∈ ∆ | a occurs in the ABox }
2. Unres:={x} ∪ {aI ∈ ∆ | a occurs in the ABox }
3. ∆1 :=∅
4. while Unres 6= ∅ do
5.
extract one y from Unres
6.
for each ∃r.C occurring in KB s.t. y ∈ (∃r.C)I do
7.
if ∄wC ∈ ∆1 then
8.
choose w ∈ ∆ s.t. (y, w) ∈ r I and w ∈ C I
9.
∆0 := ∆0 ∪ {w}
10.
Unres :=Unres ∪ {w}
11.
create a new element wC associated with C
12.
∆1 := ∆1 ∪ {wC }
13.
add w <′ wC
′
14.
add (y, wC ) to r I
15.
else
′
16.
add (y, wC ) to r I
17.
for each yi ∈ ∆ such that yi < y do
18.
∆0 := ∆0 ∪ {yi }
19.
Unres:=Unres ∪{yi }
20. for each wC , wD ∈ ∆1 with C 6= D do
′
21.
if (C, D) ∈ R(r) then add (wC , wD ) to r I

The model M′ = h∆′ , <′ , I ′ i is defined as follows:
– ∆′ = ∆0 ∪ ∆1
– we extend <′ computed by the algorithm by adding u <′ v if u < v, for each
u, v ∈ ∆′ ;
– the extension function I ′ is defined as follows: • for all atomic concepts
C ∈ C, for all domain elements in ∆′ , we define: for each u ∈ ∆0 , we let
′
′
u ∈ C I if u ∈ C I ; for each wD ∈ ∆1 , we let wD ∈ C I if C ∈ S(D). •
I′
for all roles r, we extend r constructed by the algorithm by means of the
′
following role closure rules: for all inclusions r ⊑ s ∈ TBox, if (u, v) ∈ rI
′
′
then add (u, v) to sI ; for all inclusions r1 ◦ r2 ⊑ s ∈ TBox, if (u, v) ∈ r1I
′
′
and (v, w) ∈ r2I then add (u, w) to sI . • I ′ is extended so that it assigns aI
to each individual a in the ABox.
M′ is not guaranteed to have polynomial size in the KB because in line 18 we
add an element yi for each yi < y, then the size of ∆0 may be arbitrarily large.
(step B) We refine our construction in order to obtain from M′ a multi-linear
model with a polynomial number of chains. Intuitively, a model is multi-linear if
the relation < forms a set of chains of domain elements, that is, for every u, v, z
of the domain, we have that: (i) if u < z and v < z and u 6= v, then u < v or
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v < u; (ii) if z < u and z < v and u 6= v, then u < v or v < u. From M′ we
can obtain a multilinear model M′′ that preserves the interpretation of atomic
concepts with respect to common elements of the domain and has a polynomial
number of chains.
(step C) We finally construct a model N from M′′ whose domain has polynomial
size in the size of KB. The idea is as follows. Let us consider a chain w0 , w1 , w2 , . . .
in the multi-linear model. We can observe that, given wi and wj in the chain such
that wi < wj , the set of negated box formulas ¬¬C of which wi is an instance
is a subset of the set of negated box formulas of which wj is an instance. We can
thus shrink each chain by retaining only the elements wi , wj such that wi < wj
implies there exists a formula ¬¬C such that wj is an instance of ¬¬C and
wi is not an instance of ¬¬C. As there is only a polynomial number of such box
formulas ¬¬C, each chain will contain only a polynomial number of elements.
Since the number of chains is polynomial in itself (by step B), the resulting
model N has a polynomial size.
Given Theorem 1 above, when evaluating the entailment, we can restrict our
consideration to small models, namely, to polynomial multi-linear models of the
KB. We write KB |= α to say that a query α holds in all the models of the KB.
A query α is either a formula of the form C(a) or a subsumption relation C ⊑ D.
We write KB |=s α to say that α holds in all polynomial multi-linear models of
the KB. It holds that KB |= α if and only if KB |=s α. As a consequence, we
⊥
can give an upper bound on the complexity of EL+ T:
⊥

Theorem 2. In EL+ T, the problem of deciding whether KB |= α is in coNP. The problems of satisfiability of a KB and of concept satisfiability are in
NP. The problems of subsumption and of instance checking are in co-NP.

4

Conclusions and future issues

⊥

⊥

We have presented the description logic EL+ T, that is EL+ extended by a
tipicality operator T intended to select the “most normal” instances of a concept. Whereas for ALC + T deciding satisfiability (subsumption) is EXPTIME
⊥
complete (see [9]), we have shown here that for EL+ T the complexity is significantly smaller, namely it reduces to NP for satisfiability (and co-NP for
subsumption). This result is obtained by a “small” model property (of a particular kind: multi-linear) that fails for the whole ALC + T as well as for ALC. We
believe that this bound is also a lower bound, but we have not proved it so far.
Although validity/satisfiability for KLM logic P is known to be (co)NP hard, in
⊥
EL+ T, we can only directly encode nonmonotonic assertions A |∼ B where A
is a conjunction of atoms and B is either an atom or ⊥. As far as we know, the
⊥
complexity of this fragment of P is unknown. Thus a lower bound for EL+ T
cannot be obtained from known results about KLM logic P.
⊥
The logic EL+ T in itself is not sufficient for prototypical reasoning and inheritance with exceptions, in particular we need a stronger (nonmonotonic) mechanism to cope with the problem known as irrelevance. Concerning the example
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of the Introduction, we would like to conclude that typical red dogs are affectionate, since the color of a dog is irrelevant with respect to the property of
being affectionate. However, as the property of being red is not a property nei⊥
ther of all dogs, nor of typical dogs, in EL+ T we are not able to conclude
T(Dog ⊓ Red ) ⊑ Affectionate. One possibility is to consider a stronger (non⊥
monotonic) entailment relation EL+ Tmin determined by restricting the en⊥
tailment of EL+ T to “minimal models”, as defined in [8] for ALC + T. Intuitively, minimal models are those that maximise “typical instances” of a concept.
As shown in [8], for ALC + Tmin , minimal entailment can be decided in co⊥
NExpNP . We believe that for EL+ Tmin we can obtain a smaller complexity
upper bound on the base of the results presented here.
Acknowledgements. The work was partially supported by Regione Piemonte,
Project “ICT4Law - ICT Converging on Law: Next Generation Services for Citizens, Enterprises, Public Administration and Policymakers”.
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Abstract. The paper deals with the problem of agents conformance
with multiparty protocols. We introduce a notion of conformance of a
set of k agents with a multiparty protocol with k roles, which requires
the agents to be interoperable and to produce correct executions of the
protocol. We introduce conditions that enable each agent to be independently verified with respect to the protocol. We assume that protocols
are specified in a temporal action theory and we show that the problem
of verifying the conformance of an agent with a protocol can be solved
by making use of automata based techniques. Protocols with nonterminating computations, modeling reactive agents, can also be captured in
this framework.

1

Introduction

In an open environment, the interaction of agents is ruled by interaction protocols on which agents commonly agree. An important issue, in this regard, concerns agent conformance with the protocol. Although agent policy may somehow
deviate from the behavior dictated by the protocol, in some cases we want, nevertheless, to regard the policy as being compatible with the protocol. A related
issue concerns the interoperability of agents in an open environment. The need
for conditions to guarantee that a set of agents may interact properly, has led to
the introduction of diﬀerent notions of compatibility among agents [4] as well as
to the deﬁnition of notions of conformance of an agent with a protocol [2,5,11,17].
In this paper, we deﬁne a notion of agent conformance for the general case
of multiparty protocols. This notion must assure that a set of agents, that are
conformant with a protocol, interoperate (in particular, they do not get stuck)
and that their interactions produce correct executions of the protocol.
In our proposal, the speciﬁcation of agents and protocols is given in a temporal
action theory [9,13], by means of temporal constraints, and the communication
among agents is synchronous. Protocols are given a declarative speciﬁcation consisting of: (i) the speciﬁcation of communicative actions by means of their eﬀects
and preconditions on the social state which, in particular, includes commitments; (ii) a set of temporal constraints, which specify the wanted interactions
(and, under this respect, our approach to protocol speciﬁcation is similar to the
M. Fisher, F. Sadri, and M. Thielscher (Eds.): CLIMA IX, LNAI 5405, pp. 17–36, 2009.
c Springer-Verlag Berlin Heidelberg 2009


38

18

L. Giordano and A. Martelli

one proposed in DecSerFlow [21]). Protocols with nonterminating computations,
modeling reactive services [8], can also be captured in this framework.
We deﬁne a multiparty protocol P with k roles, by separately specifying the
behavior of all roles P1 , . . . , Pk in the protocol. We then introduce a notion of
interoperability among a set of agents, which guarantees the agents to interact properly. More precisely, each agent can freely choose among its possible
emissions without the computation getting stuck.
Given a multiparty protocol P , we deﬁne a notion of conformance of a set
of agents A1 , . . . , Ak with P : agents A1 , . . . , Ak interoperate and their interaction only produces runs of the protocol P . Verifying the conformance of a
set of agents all together, however, is not feasible in an open environment, as,
in general, the internal behavior of all agents participating in a protocol is not
known. The veriﬁcation of each agent participating in the protocol must be done
independently.
In this paper, we introduce a deﬁnition of conformance of a single agent Ai
(playing role i) with the protocol P . We will see that verifying an agent Ai with
respect with its role Pi is not suﬃcient to guarantee the interoperability of a set
of conformant agents in the multiparty case, unless a rather narrow notion of
conformance is adopted. Indeed, our notion of conformance of an agent Ai with
a protocol P is deﬁned by comparing the runs of agent Ai , when executed in the
context of the protocol, and the runs of P itself. We prove that a set of agents
which are independently conformant with the protocol P are guaranteed to be
interoperable and to produce correct executions of P .
Starting from a speciﬁcation of the protocol in a temporal logic, the problem
of verifying the conformance of an agent with a protocol can be solved by making
use of an automata based approach. In particular, interoperability can be checked
by working on the Büchi automaton which can be extracted from the logical
speciﬁcation of the protocol.

2

Protocol Specification

The speciﬁcation of interaction protocols we adopt is based on Dynamic Linear
Time Temporal Logic (DLTL) [15], a linear time temporal logic which extends
LTL by allowing the until operator to be indexed by programs in Propositional
Dynamic Logic (PDL). DLTL allows until formulas of the form αU π β, where
the program π ∈ P rg(Σ) is a regular expression built from a set Σ of atomic
actions. More precisely, P rg(Σ) ::= a | π1 + π2 | π1 ; π2 | π ∗ , where a ∈ Σ and
π1 , π2 , π range over P rg(Σ).
As for LTL, DLTL models are inﬁnite linear sequences of worlds (propositional
interpretations), each one reachable from the initial world by a ﬁnite sequence
τ of actions in the alphabet Σ. More precisely, a model M = (σ, V ) consists
of an inﬁnite sequence of actions σ over Σ (the sequence of actions executed
from the initial world) and a valuation function V , deﬁning the interpretation
of propositions at each world τ (where τ is a preﬁx of σ).
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In the following, we denote by prf (σ) the set of all ﬁnite preﬁxes of σ (the
worlds) and, for each regular program π, we denote by [[π]] the set of ﬁnite
sequences associated with π. Given a model M = (σ, V ), a ﬁnite word τ ∈ prf (σ)
and a formula α, the satisﬁability of a formula α at τ in M , written M, τ |= α,
is deﬁned as usual for the classical connectives. Moreover:
– M, τ |= p iﬀ p ∈ V (τ );
– M, τ |= αU π β iﬀ there exists τ  ∈ [[π]] such that τ τ  ∈ prf (σ) and M, τ τ  |=
β. Moreover, for every τ  such that ε ≤ τ  < τ  , M, τ τ  |= α.
A formula αU π β is true at a world τ if “α until β” is true on a ﬁnite stretch
of behavior which is in the linear time behavior of the program π.
The derived modalities π and [π] can be deﬁned as follows: πα ≡ U π α
and [π]α ≡ ¬π¬α. When π is Σ ∗ (representing all ﬁnite actions sequences),
we replace π with  
and [π] with . Furthermore, the  (next) operator can
be deﬁned as α ≡ a∈Σ aα. As shown in [15], DLTL(Σ) is strictly more
expressive than LTL(Σ). The satisﬁability and validity problems for DLTL are
PSPACE complete problems [15].
In this paper, we make use of the Product version of DLTL, DLT L⊗ [14],
which allows to describe the behavior of a network of sequential agents which
coordinate their activities by performing common actions together. There are k
agents 1, . . . , k, and a distributed alphabet Σ̃ = {Σi }ki=1 , a family of (possibly
non-disjoint) alphabets, with each Σi a non-empty, ﬁnite set of actions (Σi is
the set of actions which require the participation of agent i).
Atomic propositions are introduced in a local fashion, by introducing a nonempty set of atomic propositions P. For each atomic proposition p ∈ P and
agent i, pi represents the “local” view of the proposition p at i, and is evaluated
in the local state of agent i. The formulas of the language are obtained as the
boolean combination of the formulas of DLT L⊗
i which can be constructed on
the alphabet (actions and propositions) of each agent i, using the modalities Uiπ ,
πi , [π]i , i , i and i . A DLT L⊗ model is a pair (σ, V ), where V = {Vi }ki=1
is a family of valuation functions, one for each agent i. The satisﬁability of the
formulas of DLT L⊗
i is evaluated by making use of Vi and of the projection σ|i
of σ to Σi (where σ|i is the sequence obtained by erasing from σ all occurrences
of symbols that are not in Σi ).
We illustrate how a protocol can be speciﬁed in this framework trough the
speciﬁcation of a Purchase protocol.
Example 1. We have three roles: the merchant (mr), the customer (ct) and
the bank (bk). ct sends a request to mr ; mr replies with an oﬀer or by saying
that the requested good is not available. If ct receives the oﬀer, it may either accept the oﬀer and send a payment request to bk, or refuse the oﬀer. If ct accepts
the oﬀer, then mr delivers the goods. If ct requires bk to pay mr, bk sends the
payment. ct can send the request for payment to bk even before it has received
the goods.
In this example, all actions are communicative actions:sendRequest, sendOﬀer,
sendNotAvail, sendAccept, sendRefuse, sendPaymentReqest, sendPayment, each
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one belonging to the action alphabet of the sender and of the receiver. For
instance, action sendRequest is both in Σct (as ct is the sender of the request)
and in Σmr (as mr is the receiver of the request). Communication is synchronous:
roles communicate by synchronizing on the execution of communicative actions.
The Purchase protocol P u is given by specifying separately the protocols of
the three participating roles: Pct , Pmr and Pbk . The role Pi in the protoocol is
speciﬁed by a domain description Di , which is a pair (Πi , Ci ), where Πi is a set
of formulas describing the eﬀects and preconditions of the actions (the action
theory) of role i, and Ci is a set of constraints that the executions of role i must
satisfy. The approach is a generalization of the one proposed in [13].
Let us deﬁne, for instance, the domain description Dmr = (Πmr , Cmr ) of the
merchant. We adopt a social approach where an interaction protocol is speciﬁed
by describing the eﬀects of communicative actions on the social state. The social
state contains the domain speciﬁc ﬂuents describing observable facts concerning
the execution of the protocol (request, the customer has requested a quote,
accepted, the customer has accepted the quote, etc.), but also special ﬂuents
to model commitments (and conditional commitments) among the roles [22,20]:
C(i, j, α) says that role i is committed to role j to bring about α. Furthermore,
a conditional commitments CC(i, j, β, α) says that role i is committed to role j
to bring about α, if the condition β is brought about.
The action theory Πmr consists of action laws, causal laws, precondition laws,
and an initial state. Action laws ALmr describe the eﬀects of the execution of
actions on the state. The action laws:
mr ([sendOﬀer]mr (oﬀer ∧ CC(mr, ct, accept, goods)))
mr (request → [sendOﬀer]mr ¬request)
say that: when mr sends the quote for the good, then it commits to send the
goods if ct accepts the request; and when mr sends the quote for the good, if
there is a request, the request is cancelled.
Causal laws CLmr are intended to expresses “causal” dependencies (or ramiﬁcations) among ﬂuents. In this framework they are used to rule the dynamics
of commitments. For instance, the causal law:
mr (mr α → mr ¬C(i, j, α))
says that a commitment to bring about α is cancelled when α holds. Other causal
laws are needed for dealing with conditional commitments.
Precondition laws PL have the form: (α → [a]⊥), meaning that the execution of an action a is not possible if α holds. The precondition law
mr (¬request → [sendOﬀer]mr ⊥)
says that an oﬀer cannot be sent if a request has not been issued.
The initial state IS of the protocol deﬁnes the initial value of all the ﬂuents.
Here, we assume that the initial state is complete.
Action laws and causal laws describe the changes to the state. All other ﬂuents which are not changed by action execution are assumed to persist unaltered
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to the next state. To cope with the frame problem [18] we use a completion construction Comp, which is applied given a domain description, introduces frame
axioms in the style of the successor state axioms proposed by Reiter [19]. The
completion construction Comp is only applied to the action laws and to the
causal laws [13]. Thus Πmr is deﬁned as Comp(AL ∧ CL) ∧ PL ∧ IS.
The second component Cmr of the domain description Pmr deﬁnes constraints
as arbitrary temporal formulas of DLTLmr . For instance, to model the fact that
the merchant cannot send more than one oﬀer, we introduce the constraint:
¬mr sendOﬀermr mr sendOﬀermr .
We are interested in those execution of the purchase protocol in which all
commitments of all the roles have been fulﬁlled. In particular, for each commitment C(i, j, α) of which the merchant is a debtor or a creditor (i.e., i = mr or
j = mr), we add in Cmr the constraint: mr (C(i, j, α) → mr (α ∨ ¬C(i, j, α))),
meaning that a commitment has to be fulﬁlled unless it is cancelled.
Given Dmr = (Πmr , Cmr ) as deﬁned above, we let Pmr = Πmr ∧ Cmr . Once
the protocols Pct , Pmr and Pbk have been deﬁned, the speciﬁcation P u of the
Purchase protocol can be given as: P u = Pct ∧Pmr ∧Pbk . The runs of the protocol
are then deﬁned to be the linear models of P u. They are all the runs that can
be obtained by interleaving the actions of the runs of Pct , Pmr and Pbk , while
synchronizing on common actions. By projecting the runs of the protocol P u to
the alphabets of the participating roles, we get runs of each role Pct , Pmr and
Pbk . As the properties we will consider in this paper regard only the sequence
of communicative action exchanged between agents, in the following, we will
consider protocol runs as inﬁnite sequences of actions, and disregard worlds.
Note that protocol runs are always inﬁnite, as logic DLTL is characterized
by inﬁnite models and we assume that all agents have inﬁnite runs. Therefore,
inﬁnite protocols can be easily modelled in our framework. For instance, to model
the inﬁnite protocol in which the customer repeatedly issues a request, we can
add to the speciﬁcation above the constraint: ct ct sendRequestct , requiring
that the message request is issued inﬁnitely many times. When we want to model
terminating protocols, as the Purchase protocol above, we assume the domain
description of each role of the protocol to be suitably extended with an action
noopi which does nothing and which can be executed forever after termination
of the protocol. Hence, in the following, we will assume that, for all i, the i-th
projection of a run σ of a protocol P is an inﬁnite run σ|i of Pi .
A protocol speciﬁcation similar to the one above has been used in [12] to deal
with problem of service composition. As a diﬀerence, here we use the product
version of DLTL so to specify the role of each role Pi independently, while in
[12] a global speciﬁcation of the protocol was given, including all roles.
A protocol deﬁned as above, is not guaranteed to be well behaved, and we
must impose some constraints on its structure to guarantee that the diﬀerent
roles participating in the protocol interoperate. To deﬁne the interoperability of
a set of roles, we will put conditions on the computations of the interacting roles,
which can be described by making use of Büchi automata.
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2.1

Automata Based Verification

As usual for LTL, a DLTL formula can be mapped into a Büchi automaton
so that the accepting runs of the automaton correspond to the models of the
formula.
We recall that a Büchi automaton has the same structure as a traditional
ﬁnite state automaton, with the diﬀerence that it accepts inﬁnite words. More
precisely a Büchi automaton over an alphabet Σ is a tuple B = (Q, →, Qin , F )
where:
•
•
•
•

Q is a ﬁnite nonempty set of states;
→⊆ Q × Σ × Q is a transition relation;
Qin ⊆ Q is the set of initial states;
F ⊆ Q is a set of accepting states.

Let σ ∈ Σ ω be an inﬁnite word on Σ. Then a run of B over σ is a mapping
a
ρ : prf (σ) → Q such that ρ(ε) ∈ Qin and ρ(τ ) → ρ(τ a) for each τ a ∈ prf (σ).
The run ρ is accepting iﬀ inf(ρ)∩F = ∅, where inf(ρ) ⊆ Q is given by q ∈ inf (ρ)
iﬀ ρ(τ ) = q for inﬁnitely many τ ∈ prf (σ). Informally, a run is accepting if it
goes inﬁnitely many times trough a ﬁnal state.
As described in [15], the satisﬁability problem for DLTL can be solved in
deterministic exponential time, as for LTL. Given a domain description (Π, C),
a corresponding Büchi automaton can be obtained such that all runs accepted
by the automaton represent runs of the protocol, and vice versa. An algorithm
for constructing on-the-ﬂy a Büchi automaton from a DLTL formula has been
proposed in [10], by generalizing the tableau-based algorithm for LTL. In general,
this Büchi automaton is non-deterministic.
Let P = P1 ∧ . . . ∧ Pk be a protocol such that each role Pi is speciﬁed by
a nondeterministic Büchi automaton Mi = (Qi , →i , Qin
i , Fi ), whose accepting
runs provide all the correct executions of the role. We assume that these automata have been “pruned” by eliminating all the states which do not occur on
any accepting run. This can be achieved by starting from the accepting states,
and by propagating backwards the information on the states for which a path
to an accepting state exists.
The interactions of P1 , . . . , Pk can be described by the runs of a product
automaton M over Σ̃. The states of M will be k-tuples s1 , . . . , sk  of states of
the automata M1 , . . . , Mk . Let QM = Q1 ×. . .×Qk be the set of global states of
M. The transitions of M correspond to the execution of shared actions. The ilocal transition relations induce a global transition relation →M ⊆ QM ×Σ ×QM
as follows:
a
a
q →M q  iﬀ q[i] →i q  [i], for each i ∈ Ag(a)
q[i] = q  [i], for each i ∈ Ag(a)
where q[i] denotes the ith component of q = q1 , . . . , qk , and Ag(a) is the set
in
of agents sharing action a. Moreover, Qin ⊆ Qin
1 × . . . × Qk is the set of global
initial states of M.
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A run of M over σ ∈ Σ ∞ is a mapping ρ : prf (σ) → QM such that ρ(ε) ∈ Qin
a
and ρ(τ ) →M ρ(τ a) for each τ a ∈ prf (σ). The run is accepting if, for all i =
1, . . . , k, σ|i is inﬁnite and ρ(τ )[i] ∈ Fi for inﬁnitely many τ ∈ prf (σ). The runs
of M describe the interleaving of the executions of P1 , . . . , Pk , synchronizing on
common actions.
Observe that, in an accepting run of M, each Mi is executing a loop containing at least an accepting state in Fi . We will call such a loop in Mi an accepting
loop for Pi . Vice-versa, a loop in Mi which does not contain any state in Fi will
be called a non accepting loop for Pi . In the following section we introduce a
notion of interoperability of a set of roles P1 , . . . , Pk by putting conditions on
(accepting and non accepting) runs of M and of the Mi ’s.

3

Interoperability


Let us consider an alternative speciﬁcation Pct
of the customer role, according to
which, after sending a request, the customer has to wait for an oﬀer and it does
not expect to receive from the merchant the answer “goods is not available”. In

would not interact properly with the merchant
such a case, the customer role Pct
role Pmr as deﬁned in the previous section. If the merchant, after receiving a
request from the customer, chooses to reply with sendNotAvail, the computation

gets stuck, as the customer role Pct
cannot receive this message.
This example shows that, as the diﬀerent roles of the protocol are deﬁned
separately, some requirement is needed to guarantee that such roles interact
properly, so that the protocol as a whole is well deﬁned. In particular, the interaction of the roles in the protocol should not produce deadlock. Similarly,
we want to avoid inﬁnite executions in which some role Pi of the protocol is
not executing an accepting run as, either, from some point onwards, Pi does
not execute any action, or Pi is executing inﬁnitely many actions, but on a non
accepting run for Pi .
In the following, given the roles P1 , . . . , Pk of a protocol, as introduced in
Section 2, we say that roles P1 , . . . , Pk are interoperable when they are free of
choosing their actions at each step avoiding deadlock and non accepting executions. Let us point out that here we are considering in two diﬀerent ways
the nondeterministic choices concerning emissions (the customer can accept or
refuse an oﬀer) and those concerning receptions (the customer can receive the
messages sendOﬀer or sendNotAvail). As usual in agent and web service applications, we assume that, in the ﬁrst case, the choice is internal to the role
(internal non determinism), while, in the second case, the choice is external to
the agent and depends on the environment, namely on the interleaving of actions
of partner agents (external non determinism). Hence, we postulate that a role
can choose which message to send among the messages it can send in a state (the
customer can decide whether to accept or refuse an oﬀer), but that it cannot
chose which message to receive among the messages he can receive in a state
(the customer waits for sendOﬀer or sendNotAvail, but it cannot choose which
one it will receive).
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We can now deﬁne a notion of interoperability. We will denote by m(i, j)
a
a
a
the communicative action m sent from i to j. Let πi = q0 →1 q1 →2 . . . →v qv
be the preﬁx of a run of Mi . To model the fact that each Pi must be able to
choose which action to execute after πi , we introduce a function choice(Pi , πi ),
whose value is deﬁned as follows: either choice(Pi , πi ) = m(i, j), where m(i, j)
is a send action that can be executed after πi on an accepting run of Mi
a

a

a

m(i,j)

(i.e., there is an accepting run of Pi with preﬁx q0 →1 q1 →2 . . . →v qv → qv+1 );
or the value choice(Pi , πi ) = receiveR, where R = {m1 (j1 , i), . . . , mn (jn , i)}
contains all the receive actions that can be executed after πi on an accepting
run of Mi . In the last case, Pi expects to receive a message from another agent
after πi but it doesn’t know which one it will receive among those messages
{m1 (j1 , i), . . . , mn (jn , i)} it is able to receive after πi . Observe that the choice
of agent Pi in πi may depend on the state qv but also on the sequence of actions
a1 , a2 , . . . , av executed by Pi up to qv .
While we have assumed that agents can choose among the messages they can
send, we have postulated that they cannot decide which message they will receive
among those they are able to receive in a given state.
As a matter of notation, in the following, we say that σ is an execution of
a
a
P when there is a (not necessarily accepting) run q0 →1 q1 →2 . . . of M over
σ = a1 , a2 , . . . (representing a possible computation of P1 , . . . , Pk ). We say that
π is a ﬁnite execution of P when π is a ﬁnite preﬁx of an execution of P . We say
that σ is an accepting run of P when there is an accepting run of M over σ.
We say that σ is an execution of P1 . . . Pk respecting the function “choice” if
σ is an execution of P1 . . . Pk such that, for each preﬁx πm(i, j) of σ, it holds
that choice(Pi , π|i ) = m(i, j) and choice(Pj , π|j ) = receiveR, with m(i, j) ∈ R.
We say that a choice function is fair for Pi if there is no execution of Pi
respecting the choice function, in which Pi executes inﬁnitely many times a nonaccepting loop of Mi , although there is a send action m(i, j) that Pi can execute
in some state of the loop leading outside the loop. A choice function is fair if it
is fair for all the Pi ’s. We say that σ is a fair execution of P1 . . . Pk if σ is an
execution of P1 . . . Pk respecting a fair choice function.
In essence, according to a fair choice function, role Pi cannot choose to execute
inﬁnitely many times a non accepting loop, if it can exit the loop by executing a
send action: Pi cannot be willing to execute inﬁnitely many times a non-accepting
loop. The interoperability of a set of roles is deﬁned as follows:
Definition 1. P1 . . . Pk are interoperable if the following conditions hold:
(i) For any function choice and any ﬁnite execution π of P1 . . . Pk , there exists
an action m(i, j), such that choice(Pi , π|i ) = m(i, j) and choice(Pj , π|j ) =
receiveR (with m(i, j) ∈ R), and m(i, j) is the ﬁrst action executed after π
on an execution σ of P1 . . . Pk with preﬁx π 1 .
(ii) For each fair choice, each inﬁnite execution σ of P1 . . . Pk respecting choice,
is an accepting run of P1 . . . Pk .
1

Remember that π|i is the projection of π on the alphabet of Pi .
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According to the above deﬁnition, any preﬁx obtained by the execution of
P1 , . . . , Pk can be extended by executing a new action according to the choice
function. In particular, each agent can choose which action it wants to execute
at each stage of the computation and, whatever the choice might be, the computation does not get stuck (condition(i)) and, eventually, each agent can execute
his choice in an accepting run (condition (ii)).
Observe that the choice of a role Pi after a sequence π of execution steps only
depends on the actions of Pi up to that point (namely, on π|i ). Hence, the choice
of Pi is left unchanged by the execution of communicative actions not involving
Pi . As a consequence, the choice of agent Pi remains unchanged until eventually
it is fulﬁlled by the execution of the chosen action.
The conditions above guarantee that the choice of an agent cannot be delayed
forever by the choices of other agents. The following proposition follows easily
from the deﬁnition of interoperability above:
Proposition 1. (a) For each fair choice functions, for each ﬁnite executions
π of P1 . . . Pk , if choice(Pi , π|i ) = m(i, j) (or choice(Pi , π|i ) = receiveR),
then there is an accepting run σ of P1 . . . Pk respecting the choice function,
such that σ has preﬁx ππ  m(i, j) (respectively, ππ  m(j, i), with m(j, i) ∈ R),
where π  does not contain actions of Pi .
(b) If P1 . . . Pk are interoperable, then P1 . . . Pk have an accepting run.
Proof. By condition (i), the ﬁnite execution π can be extended to an inﬁnite
execution σ respecting the fair choice function. By condition (ii) the fair execution σ respecting the fair choice function is an accepting run of P1 . . . Pk . As Pi
must execute inﬁnitely many actions on σ, it will eventually execute an action
after π according to his choice in π. Namely, Pi will eventually execute m(i, j)
(respectively, m(j, i)) as its ﬁrst action after π. The proof of point (2) is similar.
Let us consider the example in Figure 1. Role P1 can repeatedly either send
message m(1, 2) to P2 or message m(1, 3) to P3 . Role P1 can go on choosing to
send m(1, 2) to P2 , so that P3 is not executing any action. This choice is fair.
P2 and P3 have the only (fair) choice of executing the receive m(1, 2) and the
receive m(1, 2), respectively. P1 , P2 , P3 are not interoperable. According to the
above fair choices, P1 and P2 can go on exchanging message m(1, 2), and they
P1
m(1,2)

P2

P3
m(1,2)

m(1,3)
Fig. 1.

m(1,3)
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P1

P2

m1(1,2)

m2(1,2)

m1(1,2)

m1(1,2)
Fig. 2.

produce an execution σ which is an accepting run of P1 and of P2 , but is not an
accepting run of P3 (P3 does not execute any action on σ). σ is a fair execution
of P1 , P2 , P3 , but it is not a run of P1 , P2 , P3 . Condition (ii) fails.
As a diﬀerent example, let us consider the example in Figure 2. The runs of P2
are those sequences obtained by repeating inﬁnitely many times: a (nonempty)
ﬁnite sequence of actions m1 (1, 2) followed by an action m2 (1, 2). P1 and P2 can
go on by exchanging the message m1 (1, 2), thus producing a fair execution σ 
(in each state, P2 has the fair choice of executing a receive, but it cannot control
which message is received). While for P1 σ  an accepting run, for P2 it is not.
Although P2 executes inﬁnitely many actions in σ  , it does not execute a run.
P1 and P2 are not interoperable, as condition (ii) is not satisﬁed.

4

Conformance

Let A1 , . . . , Ak be a set of agents. The speciﬁcation of each agent Ai can be either
given through a logical speciﬁcation as the one introduced in Section 2 for roles,
or by introducing the automaton describing the possible behaviors of the agent.
We assume that the actions of each agent Ai are deterministic and that the
automaton describing its possible behaviors is a deterministic Büchi automaton.
The notions of execution of A1 , . . . , Ak and of accepting run of A1 , . . . , Ak are
deﬁned as for P1 , . . . , Pk in Section 3.
Given a protocol P = P1 ∧ . . . ∧ Pk with k roles, we deﬁne the conformance
of a set of agents A1 , . . . , Ak with P , as follows:
Definition 2. Agents A1 , . . . , Ak are conformant with P if:
(a) A1 , . . . , Ak are interoperable, and
(b) all accepting runs of A1 , . . . , Ak are accepting runs of the protocol P .
In this section we want to introduce a notion of conformance of a single agent
Ai with the protocol P , so that the conformance of each Ai , proved independently, guarantees the conformance of the overall set of agents A1 , . . . , Ak with
P , according to Deﬁnition 2.
Given the deﬁnition of interoperability given in the previous section, this
notion of conformance can be based on the policy: less emissions and more
receptions [4,2,11]. Consider, for instance, a customer agent Act whose behavior
diﬀers from that of the role “customer” of protocol P u as follows: whenever it
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receives an oﬀer from the merchant, it always accepts it; after accepting the oﬀer
it expects to receive from Pmr either sendGoods or cancelDelivery. Although the
behavior of Act and that of the corresponding role of the protocol are diﬀerent,
we could consider however the agent to be conformant with the protocol, since
the customer can choose which messages to send, and thus it is not forced to
send all the messages required by the protocol. Also, the agent can receive more
messages than those required by the protocol, since these receptions will never
be executed.
Let Mi be the automaton specifying role Pi and MA
i the automaton specifying agent Ai . We can formulate the policy “less emissions and more receptions”
with the following condition. Let π be a ﬁnite execution common to Ai and Pi :
(C1) [Correctness of emissions of Ai ]
If πm(i, j) is a ﬁnite execution of Ai (where m(i, j) is a send action of Ai ),
then πm(i, j) is a ﬁnite execution of Pi .
(C2) [Completeness of receptions of Ai ]
If πm(j, i) is a ﬁnite execution of Pi (where m(j, i) is a receive action of
Pi ), then πm(j, i) is a ﬁnite execution of Ai .
Unfortunately, the policy “less emissions and more receptions” only works for
two-party protocols, as shown in the next example.
Example 2. Consider protocol P u. The customer ct, at some point, may accept
the oﬀer of mr and require bk to send the payment to mr. Assume that mr
has the requirement that it can receive the payment from bk only after it has
received the acceptance of the oﬀer from ct. Namely, the speciﬁcation of Pmr
contains the constraint:
(*) mr (¬accepted → [sendP ayment]mr ⊥).
According to the protocols of ct and bk the message sendP ayment can be
sent from bk to mr either before or after the message sendAccept is sent from ct
to mr. It is clear that, although ct and bk do not put constraints on the order
in which they send the acceptance of the oﬀer and the payment to mr, in the
overall protocol P u they are forced to respect the constraint of the merchant,
and only the runs in which sendAccept is executed before sendP ayment are
accepted as runs of P u.
Let us now consider an agent Amr , playing the role of the merchant, whose
behavior is the following: either it receives a message sendAccept followed by
a message sendP ayment, or receives a message sendP ayment followed by a
message sendAccept. Agent Amr allows for more receptions with respect to its
role Pmr (in fact, Amr receives the additional message sendP ayment followed
by a message sendAccept). When Amr interacts with a customer and a bank
agents behaving as stipulated by Pct and Pbk , it may produce an execution in
which sendP ayment comes before sendAccept, which is not a run of protocol
P u (as it does not satisfy the constraint (*) above). Conversely, if we consider

and of the
a variant P u of the P u protocol in which the roles of the bank Pbk

customer Pct coordinate their executions so that they execute sendAccept before
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sendP ayment, the interaction of agent Amr with the other roles cannot produce
the unwanted execution in which sendP ayment comes before sendAccept.
In this example, Amr can be regarded to be non-conformant with protocol P u,
but conformant with the protocol P u , although Pmr is the same in both protocols. The case in which Amr is non-conformant with P u, is similar to the example discussed in [17], where the problem of conformance checking is analyzed
for models of asynchronous message passing software. The solution adopted in
[17] is that of requiring that an agent Ai cannot do more receptions than those
established by protocol Pi , so that: Ai can do less emission and exactly the
same receptions as stated by Pi . In the example above, this would correspond
to take Amr as being non-conformant. We believe that this policy is too restrictive: as we see from Example 2, the conformance of Amr depends on the overall
protocol, including other roles. In the following, we propose a deﬁnition of the
conformance of an agent Ai with respect to the overall protocol P , rather than
to its role Pi . We are ready to admit additional receptions in Ai , if we are sure
that such receptions cannot give rise to unwanted executions when Ai interacts
with agents respecting protocol P .
In the following, besides referring to the executions and runs of a protocol P , we need to refer to the executions and runs of an agent Ai in the
context of the protocol P . We will denote by P [Ai ] the set of roles/agents
P1 , . . . , Pi−1 , Ai , Pi+1 , . . . , Pk . P [Ai ] represents the protocol obtained from P by
replacing role Pi with agent Ai . Also, we will refer to the executions (accepting
runs) of P1 , . . . , Pi−1 , Ai , Pi+1 , . . . , Pk as executions (accepting runs) of P [Ai ].
To guarantee that an agent Ai is conformant with a protocol P , we need to
introduce, besides (C1) and (C2) above, further conditions which ensure that Ai
interacts properly with the other roles in the protocol P :
(C3) [Interoperability] P [Ai ] interoperate
(C4) [Correctness of the receipts of Ai in the context of P] All accepting runs
of P [Ai ] are accepting runs of P .
Condition (C3) says that P [Ai ] is interoperable, that is Ai interacts with
with P1 , . . . , Pi−1 , Pi+1 , . . . , Pn so that each role can make its choices without
the computation getting stuck or ending up in non accepting loops.
Condition (C4) requires that the executions of Ai are correct when Ai is interacting with other agents respecting the protocol P . In particular, this ensures
that although Ai can execute more receptions than Pi , such additional receptions
are not executed when Ai interacts with the other roles in P .
Observe that condition (C4) can be equivalently expressed in the logic by
saying that the formula P [Ai ] → P has to be valid.
According to the above deﬁnition of conformance, the merchant agent Amr in
Example 2 is conformant with P u , while Amr is non-conformant with protocol
P u. In fact, although P u[Amr ] is interoperable (and, in particular, Amr can
interact with other agents executing the protocol without getting stuck), there
is a run of P u[Amr ], in which sendPayment comes before sendAccept, that is
not a run of P u (and therefore (C4) is violated). This last case shows that the
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interoperability of Ai with the other roles in P is not suﬃcient to guarantee the
correctness of the resulting runs with respect to P .
Are conditions (C1) to (C4) suﬃcient to guarantee the conformance of an
agent with a protocol? What we expect is that, given an interoperable protocol P
and a set of agents A1 , . . . , Ak , if each agent Ai is conformant with P (according
to (C1)...(C4)) then the agents A1 , . . . , Ak interoperate and their accepting runs
are runs of P .
Consider the roles P1 and P2 and the agents A1 and A2 in Figure 3. P1 and P2
interoperate. A1 has the same receptions and less emissions than P1 (the send
action m3 (1, 2) is not present in A1 ). A1 is conformant with P (according to
conditions (C1),..,(C4)). In particular, A1 and P2 interoperate: for any fair
choice function, P2 cannot produce the inﬁnite execution σ = m1 (1, 2), m2 (2, 1),
m1 (1, 2), m2 (2, 1), . . ., as P2 must eventually execute the send action m4 (2, 1).
Similarly, A2 is conformant with P and it has the same receptions and less
emissions than P1 (it misses the send action m4 (2, 1)). However, A1 and A2 do
not interoperate: A1 and A2 have the only choice of executing σ and this is a
fair choice for A1 and A2 . However, σ is not a run of A1 , A2 , and this violates
interoperability condition (ii).
Observe that the choice of executing σ is fair for A1 , as A1 has not the choice
of executing any action to exit the non accepting loop in σ. Instead, the execution
σ is not fair for P1 , as P1 can choose to exit the non accepting loop by executing
the send action m3 (1, 2). We introduce the following condition:
(C5) For each σ execution of both Ai and Pi , if σ is a fair execution of Ai , then
σ is a fair execution of Pi .
Condition (C5) is violated by A1 (and by A2 ) in Figure 3. The choice of
executing σ is fair for A1 , as there is no send action that agent A1 can execute
to exit from the non accepting loop. Instead, the choice of executing σ is not fair
for P1 which can execute action m3 (1, 2) to exit from the non accepting loop.
The veriﬁcation of condition (C5) requires reasoning on non accepting loops
in the automata of Ai and Pi . The idea is that, although Ai can contain less
m5(1,2)

m3(1,2)

m4(2,1) m (1,2)
3

m3(1,2)

m5(1,2)

m5(1,2)

m5(1,2)

m4(2,1)

m4(2,1)
m2(2,1)

m2(2,1)

m1(1,2)

m1(1,2)

m1(1,2)

P2

A1

A2

m2(2,1)

m2(2,1)

m1(1,2)
P1

Fig. 3.

50

30

L. Giordano and A. Martelli

emissions than Pi , it must contain al least those emissions allowing to go out
from non accepting loop and to go on with an accepting run, if this is possible
for Pi .
Finally, we introduce the following conditions to deal with inﬁnite computations, which requires that, when Ai and Pi produce a common action sequence,
then either they both accept it or they both do not accept it.
(C6) For all σ that are both executions of Ai and of Pi , σ is an accepting run
of Ai if and only if σ is an accepting run of Pi .
The notion of conformance of an agent with a protocol is then deﬁned as
follows:
Definition 3. [Conformance of agent Ai with protocol P ] Ai is conformant with
a protocol P = P1 ∧ . . . ∧ Pk if the conditions (C1),. . . , (C6) above are satisﬁed.
Let P = P1 ∧ . . . ∧ Pk be an interoperable protocol. P has at least one accepting
run. Let an execution of A1 , . . . , Ak be a run of the product automaton A deﬁned
as the product automaton M in Section 2.1. Let an accepting run of A1 , . . . , Ak
be an accepting run of the product automaton A. We can prove that, given
k agents A1 , . . . , Ak , if each Ai is conformant with P according to Deﬁnition
3, then the accepting runs of A1 , . . . , An are accepting runs of protocol P and
A1 , . . . , An interoperate.
Theorem 1. Let A1 , . . . , Ak be k agents. If, for each i = 1, . . . , k, agent Ai is
conformant with protocol P according to Deﬁnition 3, then agents A1 , . . . , Ak
are conformant with P according to Deﬁnition 2.
In order to prove the result above, we prove the following lemmas. Lemma 1 says
that any ﬁnite execution π of a set of agents A1 , . . . , Ak , with each Ai conformant
with P , is a preﬁx of a run of P .
Lemma 1. Assume that, for all i = 1, . . . , k, agent Ai is conformant with protocol P = P1 ∧ . . . ∧ Pk according to Deﬁnition 3. If there is a ﬁnite execution π
of A1 , . . . , Ak , then there is an accepting run ρ of P with preﬁx π.
Proof. We prove that there is an accepting run of P with preﬁx π by induction
on the length l of π. If π = , the theorem holds, as there exists an accepting
run of P , by Proposition 1(b).
For the inductive case, let πm(i, j) be an execution of A1 , . . . , Ak of length
l + 1. We show that there is an accepting run of P with preﬁx πm(i, j). By
inductive hypothesis, there is an accepting run of P with preﬁx π. As Ai can
execute action m(i, j) after π|i , by the correctness of the send of Ai with respect
to Pi , condition (C1), also Pi can execute action m(i, j) just after π|i .
From the hypothesis we know that Aj can receive m(i, j) as its ﬁrst action after
π. As Pi can emit m(i, j) as its ﬁrst action after π, Aj and Pi can synchronize to
execute m(i, j) after π in P [Aj ]. Hence, πm(i, j) is a ﬁnite execution of P [Aj ].
Let us consider any fair choice function such that the ﬁnite execution πm(i, j)
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respects the choice function. By (C3) P [Aj ] interoperate and, by Proposition 1,
πm(i, j) can be extended to an accepting run ρ of P [Aj ] respecting the choice
function. By (C4), ρ is also a run of P . Hence, there is an accepting run of P
with preﬁx πm(i, j).

Lemma 1 can be generalized to prove that, if there is a ﬁnite execution π of
P [A1 , . . . , Ah ] (with h ≤ k), then there is an accepting run ρ of P with preﬁx π.
We can now prove the following interoperability result.
Lemma 2. Assume that, for all i = 1, . . . , k, agent Ai is conformant with protocol P according to deﬁnition 3. If the roles of P , P1 . . . Pk , are interoperable,
then also A1 . . . Ak are interoperable.
Proof. Assume that P1 . . . Pk , are interoperable. To show that A1 . . . Ak are interoperable, we have to prove that A1 . . . Ak satisfy conditions (i) and (ii) of
Deﬁnition 1.
Let us prove (i). Let choiceA be any choice function for A1 . . . Ak , and let π
be any ﬁnite execution of A1 . . . Ak . We want to prove that there exists an action
m(i, j), such that choiceA (Ai , π|i ) = m(i, j) and choiceA (Aj , π|j ) = receiveR
(with m(i, j) ∈ R), and m(i, j) can be executed by A1 . . . Ak just after π.
By Lemma 1, π is preﬁx of an accepting run σ of P1 . . . Pk . Therefore, for all
i, Pi has a run σ|i with preﬁx π|i . We want to exploit the fact that P1 . . . Pk are
interoperable and show that choiceA can be taken as the choice function for the
Pi ’s in π. Let I be the set of all i such that choiceA (Ai , π|i ) = m(i, j), that is,
all i such that agent Ai wants to execute a send after π.
Let i ∈ I. As choiceA (Ai , π|i ) = m(i, j), then Ai can execute m(i, j) after
π|i on some of its runs. By the correctness of the send of Ai with respect to Pi ,
condition (C1), also Pi can choose to execute the send action m(i, j) after π|i .
Hence, we can take m(i, j) as the choice of Pi after π.
Let j ∈ I, that is choiceA (Aj , π|j ) = receiveR. We want to show that also
Pj can choose to execute a receive action after π. As π is a ﬁnite execution
of A1 . . . Ak and the preﬁx of an accepting run of P1 . . . Pk , then π is a ﬁnite
execution of P [Aj ]. By (C3), P [Aj ] interoperate. Let us consider any fair choice
function ch for P1 . . . Pk such that ch (Aj , π|j ) = choiceA (Aj , π|j ) = receiveR.
By interoperability of P [Aj ] there is an accepting run ρ of P [Aj ] with preﬁx
ππ  m(i, j), where m(i, j) ∈ R and π  does not contain actions of agent j. By
(C4) ρ is an accepting run of P . As Pi executes the receive m(i, j) as its ﬁrst
action after π in ρ, Pi can choose to execute a receive after π.
Now, let choiceP be a choice function for P1 . . . Pk , such that choiceP (Pi , π|i ) =
choiceA (Ai , π|i ). By the interoperability of P1 . . . Pk there is an action m(i, j)
which can be executed by the Pi ’s after π according to the choice function
choiceP . Action m(i, j) is the choice of agent Ai after π, so that Ai can send
m(i, j) after π. Since Pj receives message m(i, j) after π, by the conformance
of Aj to P , condition (C2), also agent Aj can receive message m(i, j) after π.
Hence, m(i, j) can be executed by A1 . . . Ak after π according to the choice
function choiceA . This concludes the proof of point (i).
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Let us prove (ii). We have to prove that, for each fair choice, each inﬁnite
execution σ of A1 , . . . , Ak respecting choice, is an accepting run of A1 , . . . , Ak .
Let σ be an inﬁnite execution of A1 , . . . , Ak respecting choice. It is easy to see
that σ is also an execution of P . In fact, by Lemma 1 we know that each preﬁx
π of an execution of A1 , . . . , Ak is also a preﬁx of a run of P . Hence, σ is also
an execution of P1 , . . . , Pk . Given condition (C5), the choice function, which is
fair for A1 , . . . , Ak , must also be a fair choice function for P1 , . . . , Pk . As P is interoperable and the choice function is fair for P1 , . . . , Pk , by the interoperability
condition (ii), σ is an accepting run of P . Observe that, for all i, σ|i is both an
execution of Ai and of Pi . By condition (C6), as σ|i is an accepting run of Pi ,
σ|i must also be an accepting run of Ai . It follows that σ is an accepting run of

A1 , . . . , Ak .
Lemma 3. Assume that, for all i = 1 . . . k, agent Ai is conformant with protocol
P according to deﬁnition 3. If σ is an accepting run of A1 . . . Ak , then σ is an
accepting run of P .
Proof. By induction on h, we prove that: If σ is an accepting run of P [A1 , . . . , Ah ,
Ah+1 ], then σ is an accepting run of P [A1 , . . . , Ah ]. For h = 0, by (C4), if σ is
an accepting run of P [A1 ], then σ is an accepting run of P .
For h > 0, assume that σ is an accepting run of P [A1 , . . . , Ah , Ah+1 ] and that
σ is not an accepting run of P [A1 , . . . , Ah ]. It must be that σ|i is an accepting
run of Ah+1 , while σ|i is not an accepting run of Ph+1 .
Observe that, by (C1), all the send actions of Ah+1 in σ are correct and
can be executed by Ph+1 , but Ah+1 could receive a message m(j, h + 1) in σ
which cannot be received by Ph+1 . If this is not the case, σ is an execution of
P [A1 , . . . , Ah ] and, by (C6), σ is an accepting run of P [A1 , . . . , Ah ].
If there is a receive m(j, h + 1) in σ which is not executable by Ph+1 , then
there must be a preﬁx πm(j, h + 1) of an execution of P [A1 , . . . , Ah , Ah+1 ] which
is not a preﬁx of an accepting run of P (as it is not a preﬁx of an accepting run

of Pi ). This contradicts Lemma 1.
Observe that, although the interoperability of Ai with P (condition (C3)), guarantees that Ai is able to receive the messages sent to it from the other roles
in P , it does not enforce condition (C2). If (C2) were omitted in Deﬁnition 3,
Theorem 1 would not be provable. In fact, in such a case, it might occur that,
although agent A1 is interoperable with other roles in P and the same holds for
agent A2 , the two agents A1 and A2 do not interoperate with each other and
with the other roles in P .
Let, for instance, P be an interoperable protocol with 4 roles, where each role
has the following runs:
P1
P2
P3
P4

: {m(1, 3), m(1, 4)}
: {m(2, 4), m(2, 3)}
: {m(1, 3), m(2, 3) + m(2, 3), m(1, 3)}
: {m(1, 4), m(2, 4) + m(2, 4), m(1, 4)}
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Let us consider now the agents A1 , A2 , A3 , A4 , such that A1 = P1 , A2 = P2 ,
while A3 and A4 have the following runs:
A3 : {m(2, 3), m(1, 3)}

A4 : {m(1, 4), m(2, 4)}

It can be seen that A3 satisﬁes conditions (C1) and (C3), but not (C2), and the
same holds for A4 . The agents A1 , A2 , A3 , A4 do not interoperate, since A1 and
A2 must emit respectively m(1, 3) and m(2, 4) as their ﬁrst message, but none
of them can be received by A3 or A4 .
Observe that some conditions in the deﬁnitions of interoperability and conformance can be easily veriﬁed, as for instance, the interoperability condition (i),
which requires to check some conditions on all the states of the product automaton: from each state it must always be possible to execute some action according
to the choices of the agents. This veriﬁcation requires polynomial time in the
size of the product automaton M. However, the veriﬁcation of other conditions,
like the interoperability condition (ii) and of conditions (C4) and (C5) is rather
complex. For instance, the veriﬁcation of condition (ii) requires to execute a
check on all loops in the automaton M, that are non accepting loops for some
role Pi . Also, the veriﬁcation of condition (C4), that all the runs of P [Ai ] are
runs of P , requires to check language inclusion between two non deterministic ω
automata. This problem is, in the general case, PSPACE-hard [7].
We may wonder whether the addition of simplifying assumption may lead to a
simpliﬁed deﬁnition of the notions of conformance and interoperability. Several
simpliﬁcations naturally arise: the assumption that the agents have the same
receptions as the corresponding roles; the assumption that the role and agent
automata are deterministic; the assumption that all protocol are ﬁnite and that
ﬁnite automata can be used rather then Büchi automata to model protocols.
Concerning the ﬁrst simpliﬁcation, if agent Ai has that same receptions as
Pi , conditions (C1) and (C3) can be replaced by the single condition (C1’) All
the runs of Ai are runs of Pi stating that both emissions and receptions of Ai
are correct with respect to Pi . Verifying this condition, requires to verify the
validity of the entailment Ai → Pi , which for DLTL (as for LTL) is a problem in
PSPACE-hard. With this simpliﬁcation however condition (C5) is still needed
to guarantee interoperability, as shown, for instance by the example in Figure 3.
If we restrict our consideration to protocols described by deterministic Büchi
automata, rather than to non deterministic ones, the veriﬁcation of some condition becomes simpler (as, for instance, the veriﬁcation of (C4)), although the
conditions for interoperability and conformance remain unaltered.
In the case we are considering ﬁnite state automaton, some conditions, like
(C6), are not needed. Also, the interoperability conditions (i) and (ii) gets simpliﬁed. However, to guarantee interoperability of the agents which are individually
conformant with the protocol, some condition playing the role of (C5) is still
needed, as shown by the example in Figure 3, which can be easily adjusted for
ﬁnite state automata.

54

34

5

L. Giordano and A. Martelli

Related Work

The paper deals with the problem of agents conformance with multiparty protocols. The notion conformance we have introduced guarantees the interoperability
of a set of agents which are conformant with the protocol. We have assumed that
the speciﬁcation of the protocol is given in a temporal action logic and we have
shown that the veriﬁcation of conformance can be done independently for each
agents, by making use of automata-based techniques. The proposed approach
deals with both terminating and non-terminating protocols.
The paper generalizes the proposal in [11], where a notion of conformance
for two-party protocols has been deﬁned based on the policy “less emissions
and more receptions”. Such policy, however, is not suﬃcient to guarantee stuckfreeness in the multiparty case. Indeed, the notion of conformance we propose
here requires in addition: 1) the correctness of the receipts an agent can do, when
it is interacting with other roles of the protocol, and 2) the interoperability of the
agent with the other roles of the protocol. The notion of conformance proposed
here is also stronger that the notion of compliance in [13]. There, an agent
Ai is said to be compliant with a protocol P if, in all interactions of Ai with
other roles in the protocol, Ai satisﬁes its commitments and permissions. This
condition essentially corresponds to the correctness condition (C2) in Deﬁnition
3. The notion of compliance in [13] does not guarantee stuck-freeness.
Several other proposals have been put forward in the literature for dealing
with agent and agent conformance and interoperability.
In [4], several notions of compatibility and substitutability among agents have
been analyzed, in which agents are modelled by Labelled Transition Systems,
communication is synchronous, and models are deterministic. Substitutability
is related to the notion of conformance. [4] introduces two distinct notions of
substitutability (related with conformance): a ﬁrst one, based on the policy “less
emissions and more receptions”, which does not preserves deadlock-freeness, and
a second more restrictive one requiring “the same emissions and receptions”.
Agent executions are always terminating.
In [2] an automata based approach is used for conformance veriﬁcation, by
taking into account the asymmetry between messages that are sent and messages
that are received. Agents and protocols are represented as deterministic ﬁnite
automata, and protocols have only two roles. The approach has been extended
to the multiparty case in [3], which also accounts for the case of nondeterministic
agents and roles producing the same interactions but having diﬀerent branching
structures. Such a case cannot be handled in the framework in [2] as well as in
our framework, due to the fact that our approach is based on a trace semantics.
A similar approach is also used in [1], where an abductive framework is used to
verify the conformance of agents to a choreography with any number of roles.
As a diﬀerence with the above proposals, our proposal deals with protocols with
inﬁnite runs and guarantees stuck-freeness also in the multiparty case.
In [17] a notion of conformance is deﬁned to check if an implementation model
I conforms with a signature S, in the case both I and S are CCS processes,
and communication is asynchronous. The policy “less emissions and the same
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receptions” is introduced to guarantee stuck-freeness. Our approach provides
a solution to guarantees stuck-freeness without requiring an agent to have the
same receptions as its role in the protocol.
The notions of conformance, coverage and interoperability are deﬁned in [5]. A
distinctive feature of that formalization is that the three notions are orthogonal
to each other. Conformance and coverage are based on the semantics of runs
and relies on the notion of run subsumption, concerning the single agent and
its role in the protocol. Interoperability among agents is based upon the idea of
blocking and depends on the computation that the agents can jointly generate.
The paper only considers two-party protocols and agents with ﬁnite runs.
In [6] a notion of constitutive interoperability is proposed, which ”abstracts
from the process-algebraic notion of interoperability and makes commitment
alignment the sole criteron” so to capture the business meaning of the business
processes. As said in [6], this notion is complementary to a notion of regulative
interoperability, which takes into consideration message order, occurrence and
data ﬂow. The work we have presented here falls within the context of regulative
interoperability.
In [16] Web Services are modelled as MAS and model checking is used for
verifying temporal epistemic properties of OWL speciﬁcations. An OWL speciﬁcation of a service is mapped to ISPL (the language of the model checker
MCMAS), and a coloring of states as compliant (green) or non compliant (red)
is assumed for the veriﬁcation. The paper does not provide formalization of
contracts (or protocols) and it does not provide techniques for automatically
computing, for given a service, the states which are compliant or non compliant
with a contract.
[8] focuses on the realizability problem of a framework for modeling and specifying the behaviors of reactive electronic services. In that framework, services
communicate by asynchronous message passing, and are modeled by means of
Büchi automata. The authors show that not every conversation protocol is realizable in the framework, and give some realizability conditions and show that
each conversation protocol satisfying those conditions is realizable.
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Abstract. As a growing number of economic transactions tend to happen in the Web, their
legal implications and assumptions need to be made explicit in the proper way, in order to
facilitate interoperability across different normative systems, encourage transparency towards
the end users and ultimately promote trust in automated services. In particular, potentially ambiguous terms (and often apparently unproblematic ones) mentioned in these transactions need
to be carefully analyzed in order to clarify the distinctions between slightly different meanings, describing hidden relationships and implicit constraints. One of these terms, highly overloaded nowadays, is “service”. Indeed, the very fact that services are now offered through the
Web, and that the notion of service is at the core of a wholly new organizational paradigm –
service-oriented systems – suggests the need to carefully (re)consider this notion. In this paper
we shall attempt this analysis under the perspective of formal ontology, with a special attention
to the legal aspects. The approach we take is that services are complex temporal entities
(events) based on the central notion of commitment. Analyzing services as complex events allows us to clarify the relationships between the various agents that participate to these events
playing specific roles, with specific responsibilities; moreover, this analysis explains a classic
economic (and legal) distinction between services and goods, based on the fact that goods are
both transactable and transferable, while services are transactable but not transferable. Assuming that transferability is intended as transferability of ownership, we argue that the ontological reason why services are not transferable is exactly because they are events: you cannot
own an event, since if owning implies being in control of temporal behaviour, then, strictly
speaking (at the token level), the temporal behaviour of an event is already determined, and
changing it would result in a different event. So events are not transferable simply because
they are not “ownable”. Since services are events, they are not transferable as well. Of course,
this implies a shared understanding of what ownership, responsibility, duty, right etc. mean,
and the paper is a first effort in this direction.

Keywords. Ontology, Services Science, Social Service, Service Content, Service Process, Service Description, e-Government, Responsibility.
1 Introduction and state of the art
Despite the ubiquity of the notion of service and the recent proposals for a unified Services
Science [1], multiple inconsistencies between definitions of service from different disciplines
(and even within the same discipline) still exist ([2], [3]). In particular, despite the general
goal of this science is –arguably- to allow people and computers to smoothly interact with
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services in the real life, many modelling approaches (especially those focusing on Web services) seem to focus mainly on the aspects related to data and control flow, considering services as black boxes whose main characteristic is to interoperate in a well-specified way (see,
for instance, [4], [5], [6], [7]). This black box model has certainly its own advantages, but,
according to a recent paper by Petrie and Bussler [8], apparently it seems to work well only
within service parks, where run-time interoperability is technically feasible because services
are very constrained. As the authors put it, “some interoperability among service parks might
emerge, but it could take a long time”.
Focusing on services as business processes, on the other hand, has its own problems. Overall, the limits of the two approaches (Web services vs. business processes) are well described
in a recent note by Katia Sycara [9], who observed that, on one hand,
“current Web services proposals don’t enable the semantic representation of business relations, contracts, or business rules in a machine-understandable way”,
while, on the other hand,
“current business-process languages […] are at a low abstraction level and don’t provide
formal business semantics”. In conclusion, “a need exists to model informal business requirements in ways that make it feasible to translate them into precise business-service specifications, including operational interfaces and rules for procedures, timing, integrity, and
quality. Such modelling must be driven from the top down, directly from business requirements […]. The modelling would provide a functionality that’s entirely understandable from
a business perspective; it would depend on business context, goals, and operational standards, but shouldn’t depend on the technology used to implement them. The models would
provide business value directly relating to business purposes and could be understood and
used without knowledge of underlying IT artefacts”.
This is exactly the perspective we are adopting in this paper, which calls for a broad, interdisciplinary effort such as that envisioned by services science [1]. Under this perspective, we
are convinced that a proper, general ontological foundation for the notion of service is a fundamental requirement for such endeavour. This is the long term goal of our work.
The present paper has two main purposes: first of all, we want to explore the foundations
of a new ontology of services aiming at establishing a common, unifying framework for representing services according to different views, based on a vision that considers services as
complex systems of commitments and activities, involving real people, organizations, and
actual circumstances. In other words, we believe it is crucial to take into account the whole
service system [2] that interacts with Web services through complex chains involving people
and computers, which however have always people at their ends. That’s why in this paper –
while trying to be general enough to account for any kind of service – we mostly emphasize
the role of social and business-oriented services, adopting a global view which, in a sense,
goes against the strict separation between the external and the internal view advocated by
semantic Web services standards such as WSMO [10], [11].
The second goal of the paper is that of understanding how responsibility is distributed
among different agents playing different roles in the whole service system. In order to do so,
it is necessary to perform a comprehensive analysis of the notions connected to responsibility, including the juridical implications, which become particularly important in cases
where services do not meet the customers’ expectations.
A first reason for a global, transparent box approach to service modelling comes from the
observation that the terminology needed to properly expose, retrieve and interact with a ser-
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vice, and especially that needed to understand and negotiate Service Level Agreements
(SLAs), unavoidably requires a common understanding of the general service process structure, and the related activities involving the value exchange process between the producer
and the customer (see [12] and [13]). Of course, in some cases service producers may have
very good reasons for not exposing their internal workflow details, but the point is that, in
general, SLAs may refer to some details concerning the way the service is implemented,
whose nature is not specified in advance. So, since the boundaries between the external and
the internal service description cannot be defined in advance for all kinds of service, a global
approach seems to be the only viable alternative for a foundational ontology of services.
A further reason for a global approach focused on responsibilities lies in the fact that, in
many cases, it is important to account for the way a service-based architecture impacts the
organizational structure (indeed, service process re-engineering typically impacts organizational re-engineering). In this case, it is crucial to model in the proper way the links between
services, people and organizations, where responsibilities play a crucial role.
For sure, modelling services according to this global view is not an easy task, however.
The notion of service is so subtle and ambiguous that many researchers simply have given up
adopting a clear definition, relying on a variety of intuitive notions mainly coming from practical considerations, which lack unfortunately a coherent framework. In other words, we are
still facing the general question: what is a service? Is there a single notion behind this term?
And if there are multiple aspects, how are they related? How is the internal view of services
as business processes related to the external view of services as exposed (aggregates of) functionalities?
In this paper we shall address these questions by introducing a novel, general approach to
service modelling founded on the basic principles of ontological analysis, centred on the notion of service commitment as a temporal state resulting from an agent’s promise to guarantee
the execution of certain actions in the interest of potential beneficiaries in correspondence of
certain triggering events. In this view, services are modelled by means of a layered set of
interrelated temporal activities, each one with its own participants and spatiotemporal location. Under this respect this approach shares many similarities, in its main inspirations,
with Alter’s work on service systems [2], as well as O’Sullivan’s work on non-functional requirements for services [14], and Baida, Gordijn and Akkerman’s work on the service value
chain [15]. This proposal is meant to be a first concrete step towards a unified, rigorous and
principled ontology. The analysis of the service system’s structure and of the responsibilities
distribution across this structure is necessary in order to build a model which is as faithful as
possible to the social, business and legal perspectives.
The legal perspective, which is the main focus of this paper, is especially important in a
world where international economic and political interaction requires communication between different legal systems, and ensuring mutual understanding becomes a strategic goal
for guaranteeing conflict prevention and resolution. Indeed, the lack of unified conceptualizations in legal discourse can flaw the whole communication process, giving place to legal uncertainty, diverging interpretations of legal relations and – consequently – impasse situations
that can only be solved through costly judicial procedures. Since the notion of service is a
central one both for private and public law, the development of a foundational ontology of
services plays an important role in the construction of a conceptual language for legal analysis. This paper aims therefore at providing a framework for the design of an abstract service
model potentially applicable to different legal systems, where the notions of responsibility,
liability and delegation are structured together, thus enabling the analytic description of services together with their juridical implications. Such detailed description, based on general
legal notions such as duty, right and obligation, offers a formal framework useful to assess
real life interactions and draw conclusions on the responsibility and liability of different ac-
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tors. This is especially relevant nowadays where the puzzling complexity of contractual relations makes the task of liability allocation particularly intricate.
2 The proposed approach
2.1 The Basic Idea
If we start from the simple question “what is a service?”, it is immediately very evident that
there is a huge confusion, not only in the layman’s common sense, but also in the way the
term is used in the literature. Sometimes the term “service” is used to indicate an action (actually performed by somebody), or a generic type of action (including in this category data
manipulation procedures such as those typically described as Web services), or perhaps the
capability to perform some action; other times it refers to the result of such action, which is
typically a change affecting an object or a person, or just the (subjective) value, or utility of
such change; moreover, in certain settings (like Public Administrations) the term often denotes an organization acting (or in charge of acting) in a certain way in the interest of somebody.
In our opinion, all these notions are somehow connected, and contribute to better specify
the notion of service, but none of them can be properly identified with what we believe people are commonly referring to when asking for a service. More or less “official” definitions
occurring in the ICT literature do not help much (some relevant exceptions are [2], [14], [15]
and [16]).
To see how these various definitions are related, let us start with some simple questions,
focusing on very general public services such as fire-and-rescue, snow removal, children
care, etc. What do we pay for, when we fund such services with our taxes? What does it mean
that, for instance, in a municipality there are such services, at a certain time? Is anybody extinguishing a fire or removing some snow at that time? No, certainly not necessarily. We can
legitimately say that here and now both a fire-and-rescue service and a snow removal service
are present, even though there are no lit fires, nor is it snowing. It suffices to say that there is
someone (firemen, snow removal operators) who is prepared to perform precise actions in
case something happens (fire, snow). So our core notion of service is based on the following
statement:
A service is present at a time t and location l iff, at time t, an agent is explicitly committed to
guarantee the execution of some type of action at location l, on the occurrence of a certain
triggering event, in the interest of another agent and upon prior agreement, in a certain way.
So, in a sense, at the core of any service there is a commitment situation in which someone
(the service provider) guarantees the execution of some kind of action(s)1 in the interest of
1

Alternatively, instead of focusing on actions to be executed, one can decide to treat commitment as directed
towards conditions to be achieved, as it happens in [1]. In this case, the commitment’s content can be expressed
by a proposition. In the perspective of services, this difference amounts to focusing on the actions that must be
executed in order to reach a certain desired state or directly on the achievement of such desired state. We could
in fact leave this choice open, as the two alternatives seem both very reasonable: sometimes the customer is just
interested in some particular state to hold, disregarding how it has been reached, other times the commitment
concerns the action to be performed, even independently of the actual achievement of a specific result. In any
case, we believe the latter case is more frequent and thus representing a commitment with respect to actions is
more in line with our analysis.
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somebody who agrees (the service customer), at a certain cost and in a certain way. This action is executed by the a service producer, who may coincide with the service provider, may
be somebody else delegated by the service provider, or even coincide with the service customer (e.g. in rental services, where the action of using the rented good is actually performed
by the service customer).
From the ontological point of view, this commitment situation is a static temporal entity,
i.e. a static event in the sense of the DOLCE ontology2 [17], which involves the participation
of a single agent, the provider. This commitment state typically starts at the time of the commitment act, and its duration is determined by the commitment’s act itself3, which typically
specifies some constraints concerning the way the commitment will be fulfilled.
As we shall argue in the rest of the paper, service commitment needs to be distinguished
from service content, which concerns the kind of action(s) the provider commits to guarantee,
and service process, which is a set of business processes implementing the service commitment (see Figure 1). In turn, we distinguish service commitment from service availability,
which involves a service process running at a certain time and location: this allows us to account for malfunctioning periods or working pauses, where the commitment still holds but
the service is not available. Following [18], [19], [20] and [21], the commitment act can be
seen as a speech act that most of the times is codified in a document, i.e. in an institutional
object that can assume many different forms: a contract, an official declaration or deliberation, a service level agreement4, etc.
In institutional settings, the provider, the agent who commits, is typically a Public Administration. On the other hand, the service producer, who actually executes the action(s) guaranteed by the provider, may not necessarily coincide with the provider, and can be either a PA
or another kind of (private) organization, delegated by the provider; in some exceptional
cases even an individual agent. The same holds for the service customer, who can in turn be a
PA, an organization, or an individual agent, the latter being much more common than in the
previous case.5
The last element present in the definition is the triggering event; two kinds of triggering
events can be singled out. The first one, more trivial, is a simple request made directly by the
customer (like a parent in need who requires children care); in this case the service invocation
coincides with the triggering event. The second one is the occurrence of a particular event
kind, like the lighting of a fire in a wood, or a difficult situation observed by a social assistant, that triggers the action6. Of course, since the occurrence of the triggering event is not
known in advance, the action time is in general much shorter than the availability time, so a
service may be available at a certain time even if none of its foreseen actions do actually occur.
2

Although the term “event” has often a dynamic connotation, we use such term in the more general sense of entity which
occurs in time (also called perdurant in the DOLCE ontology). In this understanding, states and processes are considered as
special event kinds.

3

We assume that the commitment act (the speech act) is instantaneous, and occurs at a time which does not necessarily
coincide with the beginning of the availability state.

4

In the actual practice, the term “service level agreement” typically refers to the negotiation that the producer conducts with
the user; here we are using the locution in a coarser sense, which includes also the provider-producer and provider-user
agreements, as well as, possibly, those between the provider and the community to which services are provided.

5

In some cases, like in rental services, the service customer may coincide with the service producer. We do not discuss this
case here, however.

6

To be more precise, it is the observation of such event that triggers the action. It is worth noting that, for this reason, many
services include among their supporting activities an explicit monitoring activity, which can be executed by the producer
itself or delegated to another agent.
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It is worth stressing an original feature of our definition, namely the inclusion of the triggering event. Traditionally, approaches on services are goal oriented; take for instance the
definition from [22]: “A service delivers a process to achieve a certain goal by using resources”. Note however that actually the goals may in some cases be just implicit, or even
different if you compare the producer’s perspective with the customer’s perspective. In such
cases, specifying the service also in terms of the triggering event and the action to be performed in correspondence of such event seems to be less ambiguous. The service’s goal
doesn’t disappear in our approach, and indeed it is present in what has been called the service
content, but the triggering event allows to justify the passage from service availability to service invocation. Moreover, note that a triggered action may not necessarily succeed. What the
provider guarantees may in some cases be only the action’s performance, not its result. This
changes also the mechanisms for the evaluation of service quality, which must distinguish
between actions/processes and resulting states.
2.2

Services and goods

To better understand the nature of our proposal – that services are temporal entities (events)
based on commitments – let us briefly discuss the difference between services and goods.
According to the World Trade Organization, services are a sort of intangible goods, so that a
service might be defined as anything you can buy, but “you can’t drop on your foot”. Yet,
Ted Hill [23] insists on the fact that services are not a special kind of goods, because goods
and services belong to quite different ontological categories: goods are both transactable and
transferable, while services are transactable, but not transferable. In Hill’s own words, “a
surgical operation is not some kind of immaterial drug”: when you buy the drug you become
an owner of it, in the sense that you can decide about its behaviour (i.e., assuming it in your
body), while when you pay for the surgical operation you are not actually becoming the
owner of it7. In support to this argument, we argue that the ontological reason why services
are not transferable is exactly because they are events: you cannot own an event, since if
owning implies being in control of temporal behaviour, then, strictly speaking (at the token
level), the temporal behaviour of an event is already determined, and changing it would result
in a different event. So events are not transferable simply because they are not “ownable”.
Since services are events, they are not transferable as well.
So, in conclusion, it seems legitimate to assume that goods are objects (endurants, in
DOLCE’s terms), while services are events (perdurants). One may observe however that our
economy is full of examples of transactions involving services, where the service seems to
pass from hand to hand: certainly somebody may buy Amazon, for instance: our point is that
in this case the transaction involves the Amazon company, not Amazon’s service: there is a
change of ownership concerning the service producer, but not the service itself, which remains the same (as long as the Amazon company doesn’t change its legal identity, and its
service content – the actions it offers – remains the same).
Transferability of services as transferability of a right
We have seen that a service, being an event, is not transferable. However, certainly we can
transfer a right to a service. In the context of services, a right to a service implies a deontic
position, in the sense that someone has a right if there exists a certain corresponding duty. A
right of A of receiving a service would correspond then to the duty of B to provide the service, namely, to the duty of participating (as the main agent) in the commitment event that is
7

An interesting analysis of the notion of ownership can be found in [24].
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at the basis of every service. A right can be reified, that is, considered as an object, and this is
actually a common move in the legal domain8. And a right can be owned, in the sense that
somebody can decide how to affect its “behaviour” (e.g., deciding when the right is claimed).
What is the conclusion of this conceptual analysis with regard to the notion of service?
That even if a service is not directly transferable, since it is an event, rights to services are
transferable: the object of the transmission is in this case the right, and the service is the event
which the right refers to. In other words, having the right to a service is the same as being
able to legitimately claim the performance of a certain service (set of actions) by some other
party. And what can be transferred, from a legal perspective, is precisely this legal position
that enables someone to legitimately claim the performance of a service.
A similar analysis can be applied to the notion of “good”. In this case however the ownership (intended as the capability to influence the temporal behaviour) concerns the good itself,
and not just the right to use it. In other words, we can own a good in addition to owning the
right to exploit it, while for services the only thing we can own is the right to exploit them.
Note that, although in many cases ownership transfer for goods implies a physical transfer
(change in physical location), this is not always so, as in the case of real estates.
Transferability of services as transfer of a duty
From the provider’s point of view, a service transfer might be understood as well as the
transmission of the duty to provide the service content. However, we should distinguish between total transfers of this duty from an agent to another (including all related responsibilities towards the service customer), and partial transfers (i.e., delegations), which maintain
some responsibilities on the side of the delegating agent. The latter case is typical of public
services, whose content is to be guaranteed by the state. Indeed, the public entity can transfer
a part of the duties that compose its obligation to a private entity –namely, the obligation to
actually produce the services in specific circumstances- but not its general duty and it will
therefore keep part of the responsibility. Let us imagine health services. Health service can be
a public service in the sense that the State has the responsibility of guaranteeing it. The State
can, however, agree with a private party (private medical company) that whenever citizens
need health assistance, the private party will provide it. The responsibility over the service
remains in the State, since it cannot completely delegate this duty9. However, the particular
duty of satisfying concrete needs arising from specific situations (e.g. concrete medical care
needs derived from the situation in which someone breaks his leg) is assigned to the private
entity to which the service is entrusted. The duties related to health services are thus split between the state (the provider) and a private actor (the producer). A similar situation occurs in
the case of subcontracting, by which the general contractor delegates to the subcontractor the
performance of a specific task, keeping nonetheless responsibility towards the client.
On the contrary, a total transfer of duty can happen in the private sector, where we can distinguish two cases, depending whether the duty comes from a generic commitment towards
potential customers, or a specific commitment concerning an actual customer, under specific
circumstances. In the first case, it is common to talk of business transfers. This means that, if
a business provides a private service with no special limitations on its transfer (and assuming
that the service buyer fulfils all the necessary legal requirements), the full responsibility is
simply transmitted to the acquiring party (let us imagine for instance the previously mentioned transfer of Amazon, or the transfer of a restaurant, or a hairdressing salon). In the sec8

Rights were already clearly distinguished in Gaius’ classification of the law: “Res incorporales: things which cannot be
touched, such as those consisting in rights, e.g. an inheritance, a usufruct, obligations”.

9

And this would therefore imply that complaints can still be directed to the State in case the service provided by the private
company does not work well.
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ond case, the transmission of a particular service, that is, of the concrete obligation to provide
a service to a party, will be possible if this does not substantially alter the quality of the service contracted by the party or, if otherwise, the latter provides consent (let us imagine for
instance that we reserve a room in a hotel and when we get there the hotel is full and they
send us to another hotel within the same group).
As a conclusion, let us insist that, despite the cases above can be described as service transfers in the everyday jargon, properly speaking, according to our definition, the transfer does
not involve the service itself, but rather certain normative positions (duties or obligations)
that refer to it. Moreover, we maintain that, while an internal delegation process concerning
the actual production of service content certainly does not alter the identity of a service under
our definition, a total transfer of duty implies the existence (or the creation) of another service, different from the original one. If the owner of Amazon changes, while Amazon maintains its legal status and its service content remains the same, then the service remains the
same, because the provider is still the same. On the contrary, if the provider changes (e.g.,
because the company dissolves after being bought by another), then the service changes, although the service content may remain the same. Suppose that for instance there are two
companies, A and B, providing exactly the same service content (possibly at different prices).
According to our definition, we say that there are two distinct services. If now A buys B (that
is, the company B, with all its duties and rights, is transferred to A) the result is that the service provided by B disappears, and only one of the previous services survives.
2.3 The basic ontological structure of services
Let us continue our analysis with another question: what’s happening when a service is produced? As we have seen, a service may be concretely available even if it is not actually delivered, or maybe will be never delivered: we keep paying the firemen even if no fires occur.
So, in our approach, a service has to be distinguished from its actual delivery to a particular
customer. Indeed, typically the same service guarantees multiple deliveries. By the way, to
avoid confusions, we propose an important terminological distinction: strictly speaking, it is
not the service which is delivered, but its content, i.e., the actions intended to be performed in
the interest of the customer. So a service implies first of all a concrete commitment (from the
side of a provider) to guarantee the production of a certain content, consisting in actions of a
certain kind executed in a certain way. Altogether, the various actions that ultimately lead to
service content production (performed by the service producer on behalf of the provider)
constitute the service process. We shall say that a service process implements a service commitment. The concrete delivery to a particular customer presupposes however a service acquisition activity engaged by the latter, which typically negotiates a service offer resulting
from service bundling and presentation activities on the producer’s side. Finally, to complete
the picture, we have to take into account the activities related to the value exchange chain,
which include the service exploitation from the customer’s (customer’s exploitation), the
sacrifice needed to access to the service (customer’s sacrifice), as well as the corresponding
activities from the producer’s side.
So, as illustrated in Figure 1, a service is conceived as a complex event, with five main
proper parts: service commitment, service presentation, service acquisition, service process,
and service value exchange. In the following, we shall discuss these notions in more detail,
with the aim to establish the basis for an ontology of services able to account both for service
descriptions from an external point of view (typical of Web services and Service Oriented
Architectures) and for service processes from an internal, business modelling point of view.
First of all, let us remark that all the blocks described in Figure 1 are events (perdurants, in
DOLCE’s terminology). This means that they can be characterized, roughly, by their tempo-
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ral location and by their participants, linked to the event by means of what are usually called
thematic relations: agent, patient, theme, instrument… Specifying a service (or a service
kind) amounts to constraining these events by imposing suitable restrictions on their temporal
locations and thematic relations. So, for instance, non-functional requirements such as those
discussed in [14] are represented as attributes of specific service components, each involving
a particular aspect (participant/thematic relation) of a particular service event. The resulting
analysis, which we cannot discuss in detail for reasons of space, looks very similar to Alter’s
service responsibility tables [2], where the rows correspond to service components (events),
and the columns to specific aspects to be considered (thematic relations). We give therefore a
clean ontological foundation to a business-oriented proposal. Moreover, specifying the
agents involved in each event allows for a fine-grained account of the organizational impact
of a certain service. Note that, although the relationships between these various events (for
instance, whether or not they involve the same agents) may vary according to the nature of
the service specified, there exists a systematic ordering relationship between them, so that a
service has a layered structure. This ordering relationship is not so much a temporal precedence (indeed most of these events are temporally overlapping), but rather an (existential) ontological dependence relationship: in order for an event at a certain layer to occur, some
event at the higher level has to occur. Ultimately, all the events belonging to the service process presuppose some acquisition event, which in turn presupposes the service commitment.

Figure 1: The layered structure of service activities
At this point it is important to notice the central role played by actions and events in this
account for the description of services; this is in contrast with the major trend, which is to
describe services in terms of pre-conditions and post-conditions, like in WSMO, where pro-
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cesses are represented as transitions between states [11]. Under a different perspective, the
two approaches could also work in conjunction.
There are several reasons why in our opinion it is important to explicitly represent events;
first of all, though for the front-office in most cases it is enough to know which is the starting
state and which the desired one, for the back-office it is important that the whole process be
transparent (to know who does what and when), especially when a failure is at stake. But
malfunctioning is not the only reason: without events one does not have sufficient expressiveness to distinguish two different commitments with the same content but different deadlines. Even if one sees these deadlines as non functional properties, it is hard to use them, say,
for expressing a SLA without a clear semantics.
Again, in [25] a list of service quality’s determinants is given, in which at least a couple of
these determinants are strongly space-time dependent: responsiveness, connected with timeliness of service and access, defined by (among others) three items: “waiting time to receive a
service […]; convenient hours of operation; convenient location of service facility.”
By using only pre- and post-conditions other subtle but important differences are lost. Take
for example these two scenarios: 1. an unemployed woman who becomes pregnant and 2. a
pregnant woman who becomes unemployed. In our account, the two scenarios can be distinguished by the fact that in 1 the pregnancy is the triggering event, while in 2 it is the unemployment. This difference may result in the activation of different services (for instance, a
financial aid in 1 and a help in searching a new job in 2, or a legal enquiry on the employer if
there’s a suspicion of unfairness). In a pre- post-conditions framework both scenarios have
the same pre-conditions and thus should activate the same services. Notably, the literature in
economics has since long recognized that comparing the outcomes of services is not enough
in order to evaluate their quality. See for instance [25] (similar distinctions appear in [26],
[27], and [28]):
Quality evaluations are not made solely on the outcome of a service; they also involve evaluations of the process of service delivery.
Let us now consider the various events constituting the service process internal structure. In
Fig. 1, the containment relationship between the various blocks represents the parthood relationship. The core constituent of a service process is a set of basic activities (each called customized service production10), centred on the delivery of service content to a single customer.
In addition to the core service action(s) depending on the service nature, a customized service
production may include enhancing actions intended to increase the service value or differentiate it from those of competitors [23] as well as supporting actions needed to enable the
core service consumption and follow-up actions intended to monitor the core action’s results.
In addition to customized delivery activities, the service process includes various back-office
activities concerning customized delivery planning and coordination, plus an activity we
have labelled as service context monitoring –which seems to be neglected by most current
approaches – which involves the various actions necessary to detect the event that triggers
service production, which can be an external situation or a customer’s request: without an
explicit modelling of such activity, there would be no way to account for delays or improper
management of triggering events.
As a presupposition to service production, typically some service acquisition activities are
required from the side of the customer11. These include service discovery, which is the event
10
11

In the context of public services, a single event of customized service production is often called an intervention.

Even in the case of free, public services, it is difficult to imagine a case where the customer is not required to actually
discover the service, or make a minimal sacrifice to exploit it.
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where the service provider (or producer) and the service customer first meet together; service
negotiation, which involves an agreement between the two parties, and service invocation,
which refers to the event where the customer agrees to the service (not necessarily implying
immediate production).
On the other hand, the service production results in a complex chain of transfers of value,
which are represented in Figure 1 as the event Service value exchange. With a simplification,
this is decomposed in Producer’s cost, Customer’s cost, Producer’s revenue and Customer’s
revenue.
While in the case of the producer, most of the times (both for cost and for revenue) the
value has to be intended in terms of money, in the customer’s case things are more complicated. For instance, especially for services in the social domain, the customer’s cost can be
seen as an action whose results go somehow against some of the recipient’s desires, but
which the customer is still willing to perform, like the service sacrifice mentioned in [11].
Also the customer’s revenue sometimes is not expressible in monetary terms, but only as
some wellness state. Moreover, even though there’s always an ultimate recipient of a service,
we could also have indirect recipients, like the community that pays with its taxes for the service and benefits in terms of enhancement of its social conditions.
In conclusion, we can say that a service is characterized in a prescriptive way (commitment
level), while a service process in a descriptive way (implementation level). The commitment
level is where the “rules of the game” are established: what types of action compose the service, what types of agents are entitled to execute those actions, what types of agents may
qualify as recipients, what types of events can become triggering situations. It is also the level
where legal responsibility is at stake. In fact, from the point of view of the service offering, it
is not important who in particular executes certain actions, but rather that a certain kind of
action is executed in a certain way, by an agent who displays certain features and has some
competences. The agent who is responsible that the required conditions are met is usually an
organization, such as for instance a public administration. Such responsibility is usually distributed and assigned according to some structural constraints, i.e. by devising a structure of
roles and sub-organizations. The ontological analysis of organizations is thus a topic tightly
connected to the ontological analysis of services.
When we come to the actual service process, the various kinds mentioned at the commitment level need to be instantiated in concrete tokens. Individual agents are those who realize
the core actions of service production, whose recipients are, ultimately, concrete agents (citizens); also the triggering situation is the occurrence of a precise (instance of) event. The service production level is thus characterized at the descriptive level, the one the data that are
recorded and transferred belong to.
Finally, let us mention the issue of spatio-temporal location of services. In very general
terms, one could say that in most cases when a somebody makes available a service, this
availability spans over a spatio-temporal region which includes the spatio-temporal region in
which the core service actions will (possibly) be executed; in rare cases, the two can coincide.
For some special services, the analysis can be further complicated by the fact that the service
may be delivered in a place and at a time and received in another place at another time. We
won’t enter into these details at present, but the issue needs to be investigated.
3. Responsibility, right, duty, obligation
3.1 Connections between the main notions
Before exploring in more detail the juridical implications of services in terms of the layered
structure of interrelated events described above, let us focus in this subsection on the notion
of responsibility, which is quite central in the study of services, analysing it under many re-
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spects, including its significance from a juridical point of view and its connection with the
related notions of right, duty and obligation.
For a start, a definition of responsibility that can be found on a common business dictionary12 is the following: “Duty or obligation to satisfactorily perform or complete a task (assigned by someone, or created by one's own promise or circumstances) that one must fulfil,
and which has a consequent penalty for failure.”
As we can see, this definition includes both the possible sources and the common consequences of responsibility. As possible sources it mentions both an exogenous assignment (as
in the case of delegation, that we will see in a while) and a promise coming from the same
agent who’s taking the responsibility (as in the case of commitment). Note that, if there is an
exogenous assignment, the corresponding commitment is not necessary: for instance, a government may be responsible for the population’s health without actually committing to it. In
any case, the consequence of having (undertaken) a responsibility is to become the bearer of
an obligation that, if not fulfilled, would bring about a sanction (which is the last element of
the definition above).
When responsibilities are institutionally established and codified in a contract (such as a
Service Level Agreement), then a relationship originates between the service provider and the
service customer, such that then each customer’s rights is connected to a correspondent obligation for the service provider; very often this obligation is accompanied by a possible sanction, in case the obligation is not fulfilled.
The right of the customer to have the service fulfilled, and the belief that the agent will be
sanctioned in case it is not, engenders an expectation in the customer that the service will be
delivered.
If we look at it from a juridical perspective, responsibility refers to the situation of being
accountable to someone for something. There exist many types of responsibility depending
on the kind of normative order that makes one accountable: social responsibility if the normative order is the social order, moral responsibility if the normative order is a particular moral
system and legal responsibility if the order is a legal system, among others. The core meaning
of the notion of responsibility involves therefore the existence of a certain kind of normative
order that should be observed.
In the legal domain, a difference is made between the general notion of social responsibility and a stricter notion of liability, which refers to the elements that are generally required
for incurring legal blame because of the violation of a social responsibility, and, in private
law, for being compelled to comply with a court order to pay damages or compensate in some
other way the damage done [29]. Criminal liability entails punishment, which frequently
takes the form of imprisonment. This way, legal responsibility (liability) can be seen as the
concept that enables to blame someone for unlawful action. Once the responsible subject is
declared liable, actions can be taken to compel him or her to compensate the harm done or to
punish him or her.
Legal liability requires the existence of an agent, whose conduct is considered legally relevant; a patient, affected by that conduct; the conduct or action; and the wrong or harm,
understood as the effects on the patient. Agent and patient do not necessarily have to be concrete physical persons; in private law both agents are private parties, in public law the harm is
in general terms not merely caused to an individual party, but to the community or to the general interest (this is one of the criteria for distinguishing private law and criminal law).
Note that, as observed above, legal responsibility (liability) inherently requires a preexisting normative order against which to judge the agent's conduct. This normative order
12

http://www.businessdictionary.com/
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can be translated into particular normative positions (rights and duties). These normative positions define the liability-responsibility relation and permit to allocate specific roles to the
agents involved. A landmark contribution to the notion of duty and right is [30], where an
analysis of fundamental juridical notions is presented. In this work “duty” and “right” are
considered correlative concepts that can be represented through the following scheme: “[…]
if X has a right against Y that he shall stay off the former's land, the correlative (and equivalent) is that Y is under a duty toward X to stay off the place.” [30]. If X’s duty (or obligation)
is not fulfilled, then there will possibly be legal responsibility and liability.
Taking into account this general framework and according to the model of services presented above, in the context of services provision we can envisage different sources for legal
responsibility (liability):
•
•
•

breach of contract (of obligation) [contractual responsibility]
specific damages resulting from the breach of contract [contractual responsibility]
specific damages resulting form the wrongful performance of service: civil and
criminal responsibility [extra contractual responsibility].

These different types of legal responsibility (liability) are connected to the breach of different
kinds of duties or obligations. Let us imagine a public service, namely, health care. We can
distinguish different duties in this regard:
1.
2.

the duty of providing particular health care services (doctor assistance, medical tests,
diagnosis, treatment, ...) at particular moments and to particular individuals. It is therefore a contractual obligation or duty.
the duty of performing the actions directed to provide health care services according to
general diligence (standards of conduct in the medical field determined by the community of medical professionals and their practices) and according to certain conditions
explicitly established in a certain context. These latter conditions can be established by
the regulation (in a particular country) for health service providers. It could be regarded
therefore as an extra-contractual obligation or duty.

If duty 1 is not fulfilled, this can be seen as a breach of contract (obligation) and as specific
damages resulting from the breach of contract; whereas if duty 2 is not fulfilled, this could be
regarded as damages resulting form the wrongful performance of the service: civil and criminal responsibility.
The previous scheme can be applied to the framework of public services. The cases presented can be understood in terms of abnormal function of the public service, according to
Principle I of the Council of Europe Recommendation R (84) 15 of the Committee of Ministers to Members States relating to public liability:
“Reparation should be ensured for damage caused by an act due to a failure of a public
authority to conduct itself in a way which can reasonably be expected from it in law
in relation to the injured person. Such a failure is presumed in case of transgression
of an established legal rule”.
However, state liability is not excluded in case the function of the service is normal, if it is
considered unfair that the citizen bears the damage. This is stated in principle II.1:
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“Even if the conditions stated in Principle I are not met, reparation should be ensured if it
would be manifestly unjust to allow the injured person alone to bear the damage, having regard to the following circumstances: the act is in the general interest, only one
person or a limited number of persons have suffered the damage and the act was exceptional or the damage was an exceptional result of the act.”
The transferability of these different responsibilities varies. Responsibility travels along with
the corresponding normative position, that is, with the specific duty. If the duty is transmitted
to a private party, the corresponding liability is as well transmitted. Nevertheless, the more
abstract statutory duty consisting in the obligation to guaranteeing the existence of a structure
or organisation that provides a particular service is not transferable. This duty is established
by laws, quite often constitutional texts, which determine that the state is responsible of guaranteeing certain public services to which citizens have a right. This is why some peculiarities
exist in the regime of public responsibility. For instance, the establishment of strict liability,
which affects not only the state, but as well the private bodies that are providing the service
on the basis of a license [31]; or, even if the service (duty 1, duty 2) has been transferred to a
private entity, complaints might have to be directed to the state (this was once the case in
Spanish regulation [32]). The state could be held liable as well, for instance, in case the statutory certification bodies had not performed well their task and had granted permission to operate to a private medical centre that did not fulfil the minimal conditions and some concrete
injury had been caused to a patient. It could be held responsible as well in case the damage
was due to a compulsory clause imposed by the state in the public contract granting permission to the private entity to provide the service.
3.2 Patterns of responsibilities, obligations and rights across service structures
The starting point of our analysis is the event of service commitment, in which a service provider commits with someone (a community, or an authority) that a certain service content
will be produced for the benefit of a designated kind of customer.
In the literature a distinction is traced between implicit and explicit (or “explicitly represented”, in Singh’s terms) commitment, that goes back to the more traditional approaches,
like that of Becker [33], who distinguishes between commitment by default and commitment
by conscious decision. In institutional settings the commitment is usually codified in a document, like a contract (and gives rise to contractual responsibility); this contract creates new
juridical entities: it creates an obligation for the provider; this may be a direct obligation to
perform certain kinds of actions or it can consist in seeing to it that such kinds of actions are
performed by someone else. In this latter case the contract envisions also a delegation action.
When a provider delegates the execution of a service to a producer, the action creates an obligation on the side of the producer (of executing the service) and a right from the side of the
provider (of having the service executed, so as to be able to fulfil its previously determined
obligations towards the community or authority whom the commitment was addressed to).
Delegation relations may be seen as responsibility transfers between agents. As noted in the
previous subsection, if the duty of executing the action is transferred (delegated), also the responsibility of that action is transferred; nonetheless, the obligation of guaranteeing that the
service is executed (which pertains the public authority that plays the role of provider) is not
transferable. It is interesting to notice that in [21] Singh explicitly lists delegation among the
operations that can be executed on commitments. He also highlights the fact that when a
commitment is delegated, agents shift their roles: he says that the role of debtor is shifted,
that is to say that the commitment passes from the provider to the producer, who has now the
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responsibility with respect to the execution of the service actions. We are aware of the fact
that this description is a simplified one, as the responsibility can sometimes be shared in
varying proportions.
In [34] a classification of different types of delegation relations based on three dimensions
is traced. In particular, along the first dimension, based on the nature of interaction, the
authors distinguish between weak, mild and strong delegation: in weak delegation there is no
agreement, no requests and no intended influence, so that the one who delegates just exploits
the actions of the other; in mild delegation there is still no agreement and no request, but the
desired behaviour is in some way induced; finally, in strong delegation there is an explicit
agreement on which the delegation is founded. It is obviously this latter type of delegation
that is at stake between service provider and producer, as the delegation in this case comes
into being just with the signature of a contract or some other formal agreement.
Another dimension that is of interest for this discussion is the one based on the degree of
task specification, that distinguishes between open, close and intermediate delegation, depending on whether the object of delegation is more or less specified, in a spectrum ranging
from open delegation with minimal specification to close delegation with complete specification, with various degrees classifiable as intermediate delegation.
The degree of specification of the delegation depends on what is written in the delegation
agreement or contract, similarly to the case of the service commitment contract, where the
commitment’s content can be more or less specified concerning the way the core actions are
executed.
Disregarding who is in charge of executing the service actions, the commitment also creates a right on the side of the customer.
Even though, as we just mentioned, in most cases public institutions make their commitment public through a contract or a deliberation, it happens very often that, while the assumption of the commitment on the side of a public entity is explicit, its acceptance by the beneficiaries is only implicit and given “by default” by their belonging to a particular social community. This default acceptance assumption ensures that the beneficiary can claim the execution of a certain service even without having signed any contract or having negotiated anything with anybody on this respect.
The chain of rights and obligations generated by the commitment event also imposes various kinds of constraints on the other events composing the service. For example, during the
activities of service bundling and presentation, the service producer is constrained in that it
cannot promise anything that is excluded by the contract signed at the time of the commitment event. Also, what is advertised in the presentation must not be anything that cannot then
be executed. The fact that the service is presented in a certain way may also give additional
rights to the customer, like the right to have it executed in the way in which it has been presented (not always, sometimes if the contract doesn’t explicitly commit to execute the service
as it is advertised in the presentation phase, it may be that the customer does not acquire such
right, but at least the producer becomes liable of being sanctioned for what it has promised
and then not fulfilled. In this case maybe the customer can be refunded, thus acquiring another, different, right).
Also the service negotiation phase is very important from a juridical standpoint, since
when a new contract with a specific customer is signed it has to comply with what established in the general commitment contract, but it can add details to that. This customized contract makes the producer’s obligations more precise (possibly adding new obligations) and
creates specific rights for individual customers (differently from the commitment, where
rights were attributed to classes of customers).
The service process is the phase in which what has been promised in the commitment and
in the negotiation phases is realized. According to the level of detail of the contracts resulting
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from these two phases, the various actions of the service process can be executed in a more or
less pre-defined and specific way.
It is important to notice that the service process also includes a service context monitoring
activity. The way this monitoring is performed is also regulated; usually, this regulation is
primarily given in the commitment, where the provider also commits on monitoring, but can
decide whether to execute such monitoring directly or to delegate it to someone else. This
delegation can be directed either to the producer of the service, or to a different entity, that is
then only in charge of the monitoring. In case it is delegated to the producer, this can further
delegate it to some other entity.
The commitment towards monitoring (be it direct commitment or a commitment acquired
via delegation) and the consequent rights and obligations that it brings with it, underline the
importance of the triggering event in the structure of the service. If the entity in charge of
monitoring fails to detect the presence of the triggering event, the service process cannot be
initiated. In this case it is not the service producer that has to be deemed responsible for the
failure of the service process, since this was not initiated due to the lack of the “start signal”
given by the detection of the triggering event.
Finally, after having verified that in the service process phase all that was promised in the
previous phases has been properly realized, a right of receiving some income on the side of
the producer arises in the service value exchange phase. Consequently, for the provider (or
the community in public services’ cases), an obligation of providing such income to the producer is created. The amount of such exchanges is usually fixed in the negotiation phase. If
the contract also specifies some constraints in the customer’s costs (for instance, the fact that
a service has to be produced in a restricted timeslot) and these are not met, a new negotiation
phase can take place.
4 A revised version of Alter’s responsibility tables
An author who also deems the concept of responsibility as central for service science is
Steven Alter, who, in a recent article [2] has presented a conceptual instrument that he
calls “service responsibility tables” (SRT); these are aimed at facilitating a better understanding of services primarily based on the responsibilities assigned to each role; moreover, Alter suggests to add as many columns as necessary in order to address different aspects of analysis. In practice, Alter isolates two orthogonal components of services: the
constituting actions and, for each of these actions, the responsibilities of the involved
stakeholders; he thus describes how such stakeholders participate to the various events.
These modes of participation individuate the role the participants play in the various
events constituting the service.
Even though the topics suggested by Alter are heterogeneous and sometimes confusing, we
are interested in his idea of representing the events composing a service and the role participants have in these events and in using the tables to represent the distribution of responsibilities across the events composing the complex structure of the service system.
In order to represent all this, we take inspiration from a notion introduced in linguistics to
account for the internal structure of events: so-called thematic relations (or thematic roles),
expressing the nature of the relationship between an event and its participants. Adding thematic relations to those linking an event to its own qualities (such as temporal and spatial location) we have a full set of attributes at our disposal, among which the following ones appear to be as especially relevant for our purposes:
•

Agent (the active role, the one who acts in the event)
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•
•
•
•
•
•

Theme/Patient (the one who undergoes the event; the patient changes its state,
the theme does not)
Goal (what the event is directed towards – typically a desired state of affairs)
Recipient/Beneficiary (the one who receives the effects of the event)
Instrument (something that is used in the performance of the event)
Location (where the event takes place)
Time/duration (when the event takes place, or how long it lasts)

As a result, in the service responsibility table we have the main composing events in the
rows (service commitment, service acquisition, service process, service value exchange…)
and the thematic relations in the columns.
In order to give an idea of the approach, we take an example and we represent it using the
tables. The example is directly taken from [23] and it is about a guy who goes to the mechanic’s garage to have his car repaired. The aim of Table 1 is that of representing in an explicit way the fundamental constraints that need to be specified in an actual service description. This can bring many advantages both in the comprehension of the service’s features and
in the many different evaluations of service quality that can be made under various viewpoints, among which the legal one, that is particularly relevant in this context.
The table describes the events in which a generic car repair service is articulated. The values we put in the various cells allow us to express the relevant constraints that distinguish this
service from others.
We start with service commitment. During the commitment event, that chronologically
comes first and is the one that all the other events depend on, the garage’s owner commits
with a Public Administration (for instance the Chamber of Commerce) with a subscription act
and his commitment consists in guaranteeing that someone (the mechanic) will execute a certain type of job (illustrated in the job description, on which he commits) according to the local rules. This commitment is valid in the whole Province (for instance) and starting from
that very moment on.
After the commitment, we have the service acquisition, which in turn is composed by three
different events: discovery, negotiation and activation. During discovery the customer looks
for a garage (that is then the theme of his search) with the goal of having his car repaired.
Note that not all the cells in this line are filled, meaning that, for instance, the instrument used
for the discovery activity is not specified. Should we describe a service based (exclusively)
on a certain mediator for the discovery process, the name of such mediator would be specified in the “Instrument” cell.
After the service is discovered, the negotiation between customer and mechanic starts; the
goal is (probably) an agreement and the negotiation is on the service customization (in other
words, how the service type in the job description is tailored to the customer’s needs). At that
point the mechanic activates the service, i.e., the related scheduling and organization activities. The last two events usually take place in the garage and the whole service acquisition
event is performed after the commitment has been taken and before the occurrence of the actual repair.
The actual service process (as can be noted from Figure 1) is a very complex one, consisting of a lot of interconnected activities; here, for simplicity reasons, we choose to represent
only the service’s core actions.
In the service process event, the mechanic, with his tools and in his garage, performs some
actions on the car aimed at having it repaired; this in the interest of the customer.
Finally, there is an articulated service value exchange event, which is constituted by a
bunch of activities corresponding to what counts as a “sacrifice” or an “exploitation” from
the producer’s and customer’s points of view. This is a complex topic, that deserves a more
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Table 1: The Garage example
Agent

Theme/Patient

Garage’s
owner

Job description

Discovery

Customer

Mechanic

Car repaired

Negotiation

Customer,
Mechanic

Service
customization

(Agreement)

Activation

Mechanic

Internal
execution plan

Mechanic

Car

Car repaired

Producer's
sacrifice

Mechanic

Working hours

Being payed

Customer's
sacrifice

Customer

Money, car's
unavailability,
time needed to
pick-up car...

Car repaired

Producer's
exploitation

Mechanic

Money

Customer's
exploitation

Customer

Car repaired/car
availability

Service
Commitment

Service
Acquisition

Service
Process
Service Value
Exchange

Goal

Recipient/
Beneficiary

Instrument

Location

Time/duration....

PA (Chamber
of Commerce)

Subscription act

Province/
Region?

Starting at fixed
date before,
opening, until the
duration of the
license
After opening and
before actual
repair

Garage
Garage
Customer

Mechanic’s tools

Garage

Period in which
the repair actually
occurs

Garage,
bank…

A certain time
(usually) after
that the car has
been repaired
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thorough examination, because both the components of cost and those of revenue can be
many and different evaluations can be conducted with different purposes. Simplifying a lot,
here we can say that the mechanic counts as a sacrifice his working hours with the goal of
being paid, while the customer counts as a sacrifice the money he pays, the time to go to the
garage, the time the car is unavailable and so on with the goal of having the car repaired; the
mechanic earns money, while the customer’s revenue consists in having his car available
again.
There are some remarks that can be made; first of all, from the knowledge representation
point of view, one thing that can be easily observed is that some values must be the same
across multiple cells; for instance, the mechanic plays a role of agent in service process,
while he plays the role of patient in service acquisition. This might be a problem, as most
languages ordinarily used to talk about services (like those based on description logics) are
not expressive enough to account for co-reference between variables.
Another remark – a methodological one – is that these tables can be further refined, for example by decomposing the service process event in its internal layers.
Even though the example is quite elementary, it is already possible to see how much additional information the table can convey. The table can also help visualizing the responsibility
relations specific to definite events that can be deduced by looking at how the thematic roles
in the event are filled. For instance, it is easy to infer from the table that the garage’s owner is
responsible of the availability of the car repair service, as it is described in the job description
according to what it is written in the subscription act signed with the Chamber of Commerce.
Similarly, the mechanic is responsible of executing the repair as it has been agreed with the
customer in the negotiation phase. As we already noted, the chain of delegation and the transfer of responsibilities are issues that are particularly relevant in the domain of services and
the table (with the due refinements) could be a useful tool to visualize all this in a clearer
way.
5 Concluding Remarks and Future Issues
In this paper we have proposed a novel framework aimed at constituting a common ontological foundation for services science. Let us briefly discuss what the main contributions
of this approach are, and what future research directions we are considering.
1. Revisitation of the difference between internal and external service views. We have
seen that the black box model of services based on external behaviour is too limited, and that a higher expressivity is necessary both to describe services in terms
of their internal structure and to properly characterize SLAs and non-functional attributes.
2. Improvement of the classic definition of services coming from economics. We have
seen that Hill’s definition based on change is not general enough, since, for instance, it does not allow to consider services which do not necessarily produce a
change, such as fire control.
3. Focus on core actions instead of pre- and post conditions. We have seen how preand post- conditions cannot by themselves capture important aspects of services,
related to the way the service process is performed.
4. Activity-based service representation. We have seen how to describe a service in
terms of a layered structure of related activities (events, in the most general sense
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of this term). The separation of the various activities described in Fig. 1 allows us
to properly account for non-functional properties, which instead of generically belonging to the service as a whole are attributes that characterize specific activities.
In this way, it is possible to determine what aspect of a given service implementation is responsible for a certain service property. In particular, spatio-temporal attributes can be easily taken into account.
5. Comprehensive business-oriented approach. We have introduced a clear distinction between service commitment, service process, and service content, taking also
into account important issues affecting service quality and evaluation, such as bundling and presentation activities, acquisition activities, and actions related to the
service value chain.
6. Conceptual analysis of the patterns of responsibilities across services. We have
conducted an analysis that takes into account the legal perspective, which is central
with respect to service level agreements.
7. Common framework to describe service according to different views, in terms of
more or less general constraints among the various service activities, providing an
ontological foundation to the technique of responsibility tables introduced by Alter.
Given the preliminary nature of the present paper, many are the directions in which the
analysis can be extended and enriched.
For sure, in order to be effective, this exploratory work needs to result in a formal
model, that will constitute an ontology of services that, as a component of a modular social ontology, should be in the end connected with an ontology of organizations.
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