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Abstract. Ontology design is known to be a dicult task, requiring much more
than expertise in an area; legal ontology design, due to the complexity of its domain,
makes those di culties worse. That may be partly due to poor requirement analy-
sis in existing tools, but there is also an inherent gap between the purely logical
constructs and methods that are expected to be used, and the actual competences
and thought habits of domain experts. This paper preserts somesolutions, basedon
content ontology design patterns, which are intended to make life of legal ontology
designerseasier. An overview of the typical tasks and servicesfor legal knowledge is
preserted, the notion of ontology design pattern is intro duced, and some excerpts
of a referenceontology (CLO) and its related patterns are included, showing their
utilit y in a simple legal modeling case
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1. Intro duction

A new breed of sematrtically-explicit applications is getting momertum
through the Semaric Web programme and beyond. Legal practice can
take advantage from them e.g. in the form of dynamically integrated
Semarnic Web Services(SWS) (Motta et al., 2003), directed towards
citizens, institutions, and companies.

The core of semartically-explicit applications is constituted by so-
called ontologies which are strongly-typed logical theoriesthat formal-
ize the assumptionsunderlying various kinds of knowledge, including
physical and sccial objects, as well as legal procedures,norms, roles,
cortracts, etc. Ontologiesare usually expressedn rst-order languages
or fragmerts of them, although some typical modal and meta-lewel
primitiv es are usually added to them, e.g. in description logics like
OWL(DL) (McGuinnessand van Harmelen (editors), 2004).

Ontologies can be designedby meansof various methodologies(e.g.
(Gruninger et al., 1994)(Gangemiet al., 2004)), encompassingop-down
expertise elicitation from humans, bottom-up learning from documerts,
and middle-out application of content patterns (specializedfrom domain-
independert ontologies, elicited in a top-down way, or learnt from pat-
terns found in experts' documerts), which can be called Content On-
tology Design Patterns (CODeP, also known as conceptual ontol-
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ogy design patterns) (Gangemi et al., 2005). In large-scale,realistic
applications, CODePs are core componerts for ontology design.

The legal domain is very complex comparedto others, becauseit

involves knowledge of the physical and scocial worlds, as well astypical
legal knowledgethat actually createsa novel layer over the scocial world
(Moore, 2002).
Due to the autonomy (on one hand) and dependence(on the other
hand) of the legal knowledge on both physical and sccial knowledge,
legal reasoningtasks have ewlved in a peculiar way, which include e.g.
the norm structure basedon CODePslike Requirement! Consguen@
(if the factual knowledgeis P, then the legal knowledgeis Q), Oblig-
ation! Right (if A has an obligation towards B, then B has a right
towards A), Norm$ Case (if a situation fulls a the conditions for
violating a norm, it becomesa legal case),CrimeScaenario (a crime is
committed by a perpetrator and comesto the attention of authorities
that pursue a criminal process),etc. The CODePs that are assumed
by legal experts can be formalized by specializing or composing other
existing patterns for the scocial world.

This work introducessomeuse casesfor legal ontologies, as well as
someCODePsthat can be specializedto support ontology-driven solu-
tions to those use cases.The CODePs have beende ned on top of the
DOLCE foundational ontology library (Masolo et al., 2004)(DOLCE, -),
the Core Legal Ontology (CLO) (Gangemi, Sagri and Tiscornia, 2004)
(CLO, -), and JurWordNet (Sagri, 2003).

In section 1. someontology design/engineeringuse casesn the legal
domain are introduced. In section 2. the CODeP idea is preseried. In
section 3. The Core Legal Ontology is briey summarized and some
more legal CODePs sketched with an exampleon a usecase.

2. Legal Ontology Engineering: Functionalites and
Techniques

Within ICT, ontology designis dependent on (ontology) engineering
applications, which involve the statemert of functionalities and their
implemertation as techniques and tools. For a comprehensie frame-
work of ontology design,and its relations to cortent, related data, for-
mal languages,design patterns, sccial practices, organizations, teams,
and functionalities, see(Gangemi et al., 2007). The ontology encaling
of a metamodel for describing collaborative ontology design activities
and data can be found at: http://www.loa- cnr.it/ontologies/OD/
codolib.owl .
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Ontology engineeringdeals with designing, managing, and exploit-
ing ontologies (to be intended as strongly-typed logical theories) within
information systems.Ontologiesare usually hybridated with other com-
ponerts in order to build semarically-explicit applications; e.g., when
usedjointly with:

i theorem provers, consistency checking can be performed to logi-
cally validate the set of assumptionsencaded in an ontology

i subsumption and instance classi ers against a logical language of
known and manageablecomplexity, like OWL (in the Lite and
DL species),automatic inferences can be derived from taxonomical
reasoning as well as for the classi cation of instances and facts
(Gangemi et al., 2001) (Gangemi, Sagri and Tiscornia, 2004)

i computational lexicons, NLP tools, and machine-learning algorithms,
legal ontologies can enhance information extraction from semi-
structured and non-structured data, adding a new dimension to
knowledge managemen and discovery in Law (Gilardoni et al.,
2005)

i  planning algorithms, ontologies can assist or automatize negotia-
tion or exeution e.g.for contracts, regulations, servies etc. (Gil
et al., 2005)

i case-basedeasonersontologiescanformalize caseabstractions within
more general frameworks, or can classify cases according to pre-
designeddescriptions (Forbus et al., 2002)

i rule-basedengines facts can be inferred e.g. for causal resmpnsi-
bility assessmentconformity checking, conict detection and in
generalfor fact composition (Gangemiet al., 2001).

Ontology engineeringtechniquesare exploited in the context of ge-
neric usecases de ned for a domain of application. The main typesof
usecaseghat canbeimplemerted or assistedby meansof semariically-
explicit applications in the legal domain (Fig. 1) are summarizedin the
following.

Intersubjective agreement and meaning negotiation
De nition : the task of getting consensus(or of discovering disagree-
ment) about the intended meaning of a legal term, legal text unit, etc.
Approach: the formal encading of (part of) the intended meaning as-
sumedby ead of the parties involved in the task.
Issues given the traditional practices of consensusreadiing in Law,
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this task is usually consideredintrusive, and could require a mindset
shifting in order to acquire somerelevance. Nonetheless,encaing in-
tended meaningof a legaltext is preliminary to all other tasks presened
here. This obsenation seemsparadaxical, since, if we cannot consider
the formal encaling of legal meaning as an interpretation with legal
validity, all the other tasks result to be basedon an arbitrary (in the
worst case)or a weak (in the best case)set of assumptions.Due to the
current state of legal ontology, most tasks are carried out as if that
formal encaing had legal validity, thus providing results that can be
consideredonly as heuristical meansfor legal professionalsor citizens.

Knowledge extraction

De nition : the processof extracting concepts,relations, namedertities,
and complex knowledge patterns from a database,a documert, or a
corpus.

Approach: data- and text-mining, madine-learning, and NLP algo-
rithms that can extract linguistic objects from a corpus, and semi-
automated methods that match them to semaric objects.

Issues this task is highly incremenal, becausethe approadtes need
a training phase or an extensive data entry procedure, so that the
extracted knowledgecan be usedto build a repository of patterns that
can be usedto improve further extraction processesBest results can
be achieved on very large corpora (for statistical reasons),or on well-
delimited, possibly semi-structured corpora and tasks; for example,
typical expressionsthat are found in legal drafting can be used to
formalize expectation patterns in corpora consisting of homogeneous
texts (Basili et al., 2005).

Conformity checking

De nition : the task aimed at verifying if a social situation (known in
someway compliant with legal regulations) satis es a legal descrip-
tion (norm, principle, regulation, etc.). In the generalized case, also
situations already known to be legally relevant for somereason(e.g. a
crime situation) can be deded for conformity against a further legal
description (e.g. an appeal judgment procedure).

Approach: the represenation of social or legal situations as well as of
legal regulations. Reasonerdo cluster/classify/abstract situations.
Issues Reasoning the typical inferencessupported by semaric web
enginesfor OWL (McGuinnessand van Harmelen (editors), 2004) (e.qg.
FaCT++ (Horrocks,)) currently include only concept subsumptionand
instance classi cation. The expressivity is alsolimited sothat e.g.fact
classi cation (also called materialization) is only performed by some
engines(e.g. Pellet (Sirin et al., 2007)). Moreover, compositions bet-
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ween facts cannot be inferred unlessan additional rule engineis added
(extensions for rule languagessupporting fact composition are pro-
vided by additional languages:SWRL(Horrocks et al., 2005), SPARQL
(Prud’hommeaux et al., 2005), F-Logic (Hustadt et al., 2004),and their
related implementations, e.g. KA ON2 (Hustadt et al., 2004). Moreover,
clustering and abstraction of situations requiresdi erent reasonersg.g.
induction engines(Basili et al., 2005) and case-basedeasonergForbus
et al., 2002). Finally, approximate inferences(Domingos and Richard-
son, 2004) should also be supported in the generalizedcaseof partial
knowledgeabout situations.

Represetation: a homogeneoudanguageto represen both situations
and the constraints from a legal description is highly desirable, other-
wise a higher-order logic would be required to expressconstraints on
contraints on constraints etc. on situations. The proposalin (Gangemi,
Sagri and Tiscornia, 2004), briey summarizedin next sections,shows
a viable approad to represen both constraints and instance data in a
same,partitioned rst-order domain of quarti cation.

Legal advice

De nition : the investigation of the relations between legal casesand
common sensesituations.

Approach: subsumption/instantiation classi cation, or case-basedea-
soning.

Issues in large scale applications, legal advice involves crucial prob-
lems such as causality and responsibility assessmen open-textured
concepts,interpretation aspects, which are still being investigated from
an onological perspective. A typical scope for legal ontology designis
to encade only weak constraints for terminological clari cation. Legal
advice requires more than that.

Norm comparison
De nition : the matchmaking betweendi erent norms. Norm compari-
sonincludestasks sud as: (i) normative con ict checking and handling
between norms about a samesituation type, (i) discovery of implicit
relations betweena norm and other norms from a known corpus.
Approach: approximate classi cation algorithms (i-ii), including legal
text annotation and classi cation on large corpora (ii). (Gangemi, Sagri
and Tiscornia, 2004) and (Gangemi et al., 2001) shov simpler ap-
proaches to the classi cation of norm dynamics and con icts within
a nite setof norms after their rst-order encaing.

Issues in Civil Law corpora, the task (i) is sometimes relevant
as much as in Common Law corpora, becauseof the strati cation of
laws that do not explicitly delete or even refer to previous ones (e.qg.
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in Italy). In Common Law, implicit relations can be discosered more
easily becausecaseabstraction has always a clear referenceto a case,
while in Civil Law, implicit relations appear at the purely normative
level.

Norm rephrasing

De nition : expressionof norms' content in di erent terms, which canbe
either translations in a di erent natural language,or in a di erent form
within a samenatural language,e.g.for the purposeof popularization.
Approach: translation between di erent languagesrequires a prelim-
inary mapping between terms, like the EuroWordNet-oriented work
performedin the LOIS project (Peterset al, 2006), classi cations based
on statistical NLP techniques,and subsumption classi cation for a close
matching betweencontent patterns and linguistic patterns.

Contract managementand execution

De nition : a serviceassistingparties in the tasks of managing cortract
agreemen and de nition, and of following cortract execution.
Approach: the semartic speci cation of contract cortent, aswell asalgo-
rithms to managethe matching of parties' constraints and preferences,
and a planning algorithm for the generationof optimal obligations that
parties could undertake (Gil et al., 2005).

(Information) serviee matchmakingand composition

De nition : operations carried on the description of services,in order
to ched e.g.if an o ered service matchesthe requestedservice,or to
orchestrate two servicesto get a more complexone.

Approach: in the legal domain, these tasks require the semaric spec-
i cation of serviceswith referenceto the legal knowledge involved in
the execution of the service. Appropriate reasonersand planners are
required.
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Figure 1. A taxonomy of ontology-driv en tasks and related techniques for legal
information

3. Content Ontology Design Patterns

Semarically-explicit applications in the legal domain presen us with
conceptualanalysisand integration problemsthat require appropriately
designedegalformal ontologies.Part of the designproblemscanbe sim-
plied by creating or extracting Conceptual Ontology DesignPatterns

(CODeP) for a domain of application (Gangemi, Sagri and Tiscornia,
2004) (Gangemi et al., 2004). An intuitiv e characterization of CODePs
is provided here:

i A CODeP is a template to represen, and possibly solve, a mod-
elling problem. For example,a Norm $ Case CODeP (Fig.3)
facilitates the modelling of legal norms and cases(as well as their
componerts and dependencies)in logical languagesthat require
constraint rei cation. E.g. in OWL(DL), relations with an arity
=2 arenot allowed, therefore OWL(DL) modelling requiresarei -
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cation of thoserelations. A vocabulary for rei cation hasbeende-
signedin the Descriptionsand Situations ontology ( ExtendedDnS
in Fig. 4, seebelow), which is specializedin the Norm $ Case
pattern.

A CODeP extracts a connected fragment of a referenceontology,

which constitutes its background . For example,a connectedpath

of two relations and three classeqA(x) 3 B(y) 3 C(z) 3 R(x,y) 3

S(y,z)) can be extracted as a sub-theory of an ortology O because
of its relevancein adomain. Therefore,a CODeP livesin areference
ontology, which providesits taxonomic and axiomatic cortext. E.g.

in the Norm $ Case CODeP a foundational distinction is reused
from DOLCE (Masolo et al., 2004), while the cardinalities for the

relations are provided by the Core Legal Ontology (CLO, (Gan-

gemi, Sagri and Tiscornia, 2004) (CLO, -)). DOLCE and CLO

together form the referenceontology for the CODeP.

Mapping and composition of patterns require a referenceontology,
in order to ched the consistencyof the composition, or to compare
the setsof axiomsthat areto be mapped. Operations on CODePs
depend on operations on the referenceontologies. Howewer, for a
pattern user, these operations should be (almost) invisible.

A CODeP can be represened in an ontology represetation lan-
guage whatsoever (depending on its referenceontology), but its
intuitiv e and compact visualization is an essetial requiremert.
It requires a critical size, so that its diagrammatical visulization
is aesthetically acceptableand easily memorizable. For example,
the Norm $ Case CODeP only includes eight classeswith sev-
eral, systematic relations betweenthem: this makesit dense but
manageable

A CODeP canbean elemert in a partial order, wherethe ordering
relation requires that at least one of the classesor relations in
the pattern is specialized. A hierarchy of CODePscan be built by
specializing or generalizingsomeof the elemerts (either classesor
relations). For example, the participation pattern (of an object in
an even) canbe specializedto the taking part in a public enterprise
pattern (of an agen in a sccial activity with public relevance).

A CODeP should be intuitiv ely exempli ed, and should catch rele-
vant, core notions of adomain. Independertly of the generality at
which a CODeP is singled out, it must cortain the certral notions
and bestpracticesthat makerational thinking move for an expert
in a given domain for a given task.
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A CODeP can be often built from informal or simplied schemata
usedby domain experts, together with the support of other reusable
CODePsor referenceontologies,and a methodology for domain on-
tology analysis. Typically, experts spontaneously develop schemata
to improve their business,and to store relevant know-how. These
schematacanbereengineeredvith appropriate methods(e.g.(Gan-
gemi et al., 2004)).

A CODeP can be similar to a databasesdema, but a pattern is
de ned wrt to a referenceontology, and has a general character,
independerily of systemdesign.In this senseijt is closerto so-called
data modelling patterns (Hay, 1996), but a CODeP should be con-
textualized in a referenceontology, making it more interoperable
than a data modelling pattern, at leastin principle.

Figure 2. The CODeP annotation pattern

Conceptual Ontology DesignPatterns (CODePs) are a resourceand

designmethod for engineeringontology content over the Semaric Web.

A template (Fig. 2, also available in OWL from (CODeP, )) can be

used to annotate CODePs as sub-theories of referenceontologies, in
order to sharethem in pre-formatted documerts, aswell asto describe,
visualize, and make operations over them them appropriately.

The CODeP template consistsof:

Two slots for the generic use case and the local use cases which
includesa description of context, problem, and constraints/require-
merts.



74 Aldo Gangemi

i Two slots for the addressedogic, and the reference ontologies used
as a badkground for the pattern.

i Two slots for -if any- the specialized pattern and the composel
patterns (by inheritance, and inverseinheritance, it's possibleto
obtain the closure of specializedand expanding patterns).

i  Two slotsfor the maximal relation that encalesthe casespace,and
its intended axiomatization: a full rst-order logic with meta-lewvel
is assumedhere, but the slot can be empty without a ecting the
functionality of a CODeP frame.

i Two slots for explanation of the approad, and its enading in the
logic of choice.

i A last slot for a class diagram that visually reproducesthe ap-
proach.

The template can be easily encadedin XSD or in richer frameworks,
like semartic web services(e.g. Motta et al. 2003) or knowledgecontent
objects (Behrendt et al. 2005),for optimal exploitation within Semaric
Web technologies. The high reusability of CODePs and their formal
and pragmatic nature make them suitable not only for isolated on-
tology engineering practices, but ideally in distributed, collaborative
environments like intranets, the Web or the Grid.

CODePscan also be usedto generateintuitiv e, friendly Uls, which
can preseri the userwith only the relevant pattern diagram, avoiding
the awkward, entangled graphscurrently visualizedfor medium-to-large
ontologies.

The advantagesof CODePsfor ontology lifecycle over the Sematriic
Web are straightforward: rstly , patterns make ontology design easier
for both knowledge engineersand domain experts (imagine having a
meru of pre-built, formally consistert componerts, pro-actively sug-
gested to the modeller); secondly patterned design makes it easier
ontology mapping - perhapsthe most di cult problem in ontology en-
gineering. For example,the time-indexed participation preserned in this
paper requiresnon-trivial knowledgeengineeringability to be optimally
represerted and adaptedto a usecase:a CODeP within an appropriate
ontology managemen tool can greatly facilitate sud represenation.

The CODeP examplesand the related frame and methodsintro duced
in this paper have beenapplied for two years(someof them even before)
in several administration, businessand industrial projects, e.g.in shery
information systems(Gangemiet al., 2004),insuranceCRM, biomedical
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ontology integration (Gangemiet al., 2004),anti-money-laundering sys-
temsfor banks(Gangemiet al., 2001),service-leel agreemets for infor-
mation systems,biomolecular ontology learning (Ciaramita et al 2005),
legal norms formalization (Gangemi, Sagri and Tiscornia, 2004)(Sagri
et al., 2004).

Current work focuseson building a tool that assistsdevelopmen,
discussion, retrieval, and interchange of CODePs over the Semairic
Web, and towards establishing the model-theoretical and operational
foundations of CODeP manipulation and reasoning.In particular, for
CODePs to be a real advantage in ontology lifecycle, the following
functionalities should be available:

i Categorization of CODePs, based either on the use casesthey
support, or on the conceptsthey encale.

i Pattern-matching algorithms for retrieving the CODeP that best
ts asetof requiremerts, e.g.from a natural languagespeci cation,
or from a draft ontology.

i  Support for specialization and composition of CODePs.A CODeP
p2 speializes another p; when at least one of the classesor pro-
perties from py is a sub-classor a sub-property of someclassresp.
property from pi, while the remainder of the CODeP is identical.
A CODeP p, exmnds p; when p; cortains p1, while adding some
other class,property, or axiom. A CODeP pz composesp; and p
when p3 contains both p; and py. The formal semartics of these
operationsis ensuredby the underlying (reference)ontology for the
patterns. Notice that CODePs dieren tly from knowledge pat-
terns in (Clark et al., 2000), which are characterized as invariant
under signature transformation areintendedto be downwad con-
servative under signature transformation, meaning that a pattern
semartics is structure-preserving when the pattern is specialized,
exmnded, or composal, but this consenativenessholds only in the
downward taxonomical ordering. On the contrary, logical ontology
design patterns are consenative under signature transformation
both down- and up-wardly.

i Interfacing of CODePsfor visualization, discussion,and knowledge-
basecreation.

i A rich set of metadata for CODeP manipulation and exploitation
within applications.
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4. The Core Legal Ontology and its Related Patterns

The needfor an extendedtypology of legal ertities is becominga pres-
sure,even from traditionally bottom-up approades.For example,the
needto pair case-basedeasoningwith an ontology of rst-principles
should be investigated in order to represen the two kinds of struc-
tures employed in reasoning:abstraction from casesand satisfaction of
constraint sets(e.g. norms) (Forbus et al., 2002).

The level of granularity is also a core issuein deweloping formal

ontologies, specially becausea decerralized architecture is emerging
for ontologiesaswell: how to compare/integrate/transform two ontolo-
giesabout a closedomain, but with a di erent detail encaded in their
vocabulary and axioms?
The Core Legal Ontology (CLO) (Gangemi, Sagriand Tiscornia, 2004)
(CLO, -) is deweloped on top (Fig.3) of DOLCE (Masolo et al., 2004)
and Descriptions and Situations (Gangemiand Mika, 2003) (Masolo et
al., 2004) ontologies within the DOLCE+ library (DOLCE, -). CLO
allows for the represeration of rst principles (by means of a rich
axiomatization), and granularity (by meansof its rei cation vocabulary
and axioms) in the legal domain.

Figure 3. CLO depends on other ontologies: DOLCE, ExtendedDnS, Informa-
tionOb jects, Temporal and Spatial relations, etc. The Norm$ Case CODeP is a
componert within the CoreLegal (CLO) module.

The two pillars of CLO as a plugin to DOLCE+ are: strati ¢ ation
and rei c ation.

Basedon the strati cation principle, CLO provides typesand rela-
tion for the heterogeneousertities from the legal domain, be it about
the physical, cognitive, sccial, or properly legal worlds (cf. (Moore,
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2002) (Gangemi, Sagri and Tiscornia, 2004)). According to strati ca-
tion, ertities from dierent layers can be spatio-temporally co-located,
yet being completely di erent and (mutually or one-way) dependert.
For example, a physical personpertains to the physical world as a bio-
logical organism, but the properties of the organismare not su cien t to
characterizeit asa scocial person.On its turn, the properties of a social
person are not su cient to characterize it as a legal person. Clearly,
there are dependenciesamong those properties, but if the properties
from ead layer are simply summedup in a sameertity, an ontology
designercan get undesirable results, e.g. it would be possibleto infer
that an organism(physical layer) canbe acting after its death because
of the legal existence (legal layer) of a person until its legal e ects
disappear.

In DOLCE, the solution includes a very general pattern, expressed
as a disjointness axiom between the class of physical vs. sccial ob-
jects, whereaslegally-relevant ertities are mostly in the sccial realm
(seeFig.s 5,6,7,8,9,which also include some use of CLO for the Jur-
WordNet lexical ontology (Sagri, 2003) (Gangemi, Sagri and Tiscornia,
2004)). Among sacial objects, agentive and non-agentive are disjoint,
and among non-agertiv e ones,legal descriptions, concepts, facts, collec-
tives, persons and information objects are also disjoint. Among legal
descriptions, constitutive vs. regulative descriptions are distinguished
from principles, rationales, modal descriptions (e.g. duties, powers, lia-
bilities, etc.), aswell asmixed regulations such ascortracts and bundles
of norms. Among legal facts, natural, human, cognitive, and strictly
legal casesare distinguished. Legally-relevant circumstanes are further
distinguishedfrom legalfacts asbeingancillary to primary facts. Among
legal persons,organizations natural persons and legal subjects are also
distinguished.

Basedon the rei cation principle, CLO enablesan ortology engineer
to quartify either onlegalrulesor relations (typerei cation) (Masolo et
al., 2004) (Galton, 1991), or on legal facts (tokenrei cation) (Gangemi
and Mika, 2003) (Galton, 1991). CLO extends the Descriptions and
Situations vocabulary for rei cation. For example, intensional speci-
c ations like norms, contracts, subjects, and normative texts can be
represened in the same domain as their extensional realizations like
casescortract executions,agerts, physical documerts.

A rei cation-based pattern modelsthe structure of an intensional spec-
i cation, called Description in (Masolo et al., 2004), as composedof its
conceptsand their internal dependencies.For example, the structure
of a norm (a legal description) employs that pattern. Another pattern
models the matching between a description and its extensional real-
ization, called a Situation in (Gangemi and Mika, 2003), which can
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be described as the con guration of a set of ertities accordingto the
structure of a description. A legal application of this pattern can be
found in the dependenciesamong the rules in a contract, when they
can be matched to a legal case (a legal situation or fact) or a contract
exeution. The matching is typically performed when cheding if eah
entity in a legal fact is compliant to a conceptin a legal description.
CLO is currently usedto support the de nition of legal domain ontolo-
gies (Sagri et al., 2004), the de nition of a juridical wordnet (Sagri,
2003), and the designof legal semartic web services.

In order to describe someof the ontological expressienessof CLO,
a complex CODeP is introduce here which has CLO as its reference
ontology. This is isthe Norm $ Case CODeP (Fig. 4): it is usedasa
pattern for represeting legal casesjs specializedfor typesof normsand
casesg.g.for crime investigation, and is composedwith other patterns,
e.g.for norm conict cheding.

Figure 4. The Norm $ Case CODeP: norms use tasks, roles, and parameters; legal
casesconform to norms when actions, objects and values are classi ed by tasks,
roles, and parameters respectively. Moreover, relations between legal roles, tasks
and parameters correspond to relations between objects, actions and values. For
example, an obligation for a role towards a task should correspond to a particip ation
of an agen (object) in an action; a spatial parameter that is requisite for an object
should correspond to an exact location of an object in a spatial value region that is
classi ed by that parameter.

In the following template (Tab. I, seeFig. 2 for its datamodel),
the Limit $ ViolationC ase CODeP is compactly introduced as a
specialization of the genericNorm $ Case CODeP:
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Table I.
Slot V alue
Generic use Legal situations to be checked for (non)conformit y to existing norms that establish
case limits.

Lo cal use cases

Legally-de ned roles, functions, and parametric values exist to control the social life
of a country . When talking about agents and social action, there is a network of
senses implying a dep endence on roles, functions (or tasks), and parametrized value
ranges within a normativ e description. Intended meanings include the possible roles
played by certain objects and agents, the actual actions occurring during social life,
as well as parametric limits over value types, such as age limits, speed limits, etc.
Therefore, both class- and instance-v ariables are present in the maximal relation for
this pattern.

Logic addressed

OWL, DL species

Reference DOLCE-Lite-Plus, Core Legal On tology

ontologies

Sp ecialized Norm $ Case

CODeP

Comp osed Time-Indexed-P  articipation, Concept $ Description, Description $ Situation

CODePs

Formal relation CaseConformsT  oLimitViolation( ', AAx,y,z,t,cq,c0,c3,d,8), where A(x) is an agent

class, A(y) is a pro cess class, A(z) is a class of values within a value range, t is a time
interv al, c1, cp and c3 are three reied intensional concepts, dis areied intensional
relation, and sis a reied extensional relation.

Sensitiv e CaseConformsT  oLimitViolation(s,d) = gf 8x; y;z(" (x) ~ Ay) ~ A@)*
axioms participan tin( x,y,t) ~ locationOf( z,y,t) ~ (Ob ject( x) _ Agent(x)) ~ Action( y) *
Speed(z) ~ Timeln terv al(t)) $ 9cjp,c2,c3(CF( x,c1,t) » MT( c1,c2) » CF(y,co,t) *
: CF( z,c3,t) » REQ( c3,c2) » (DF( d,c1) ~ DF( d,cp) » DF( d,c3) » 8s(SAT(s,d) $
(SETF( s,x)* SETF( s,y) A SETF( s,t))
Explanation Since OWL(DL) does not support relations with >2 arit y, reication is re-
quired. The Description $ Situation pattern provides typing for such reication.
Since OWL(DL) does not supp ort classes in variable position, we need reication for
class-v ariables. The Concept Description pattern pro vides typing for such reication.
Similarly , since participation is time-indexed, we need the time-indexed-participation
pattern, whic h is here merged with the previous two patterns (time indexing app ears
in the setting of the general normativ e situation).
OWL(DL) Class(CaseConformsT  oLimitViolation complete
enco ding Description
(abstract restriction(de nes someValuesF rom(Ob ject))
syn tax) restriction(de nes someV aluesF rom(A ction))
restriction(de nes someValuesF rom(Timeln terv al)))
Class(LegalAgen t complete
Role
restriction(used-b  y someValuesF rom(CaseConformsT  oLimitViolation))
restriction(classi es allv aluesF rom(Ob ject))
restriction(attitude-to wards someValuesF rom(LegalT ask)))
Class(LegalT ask complete
Task
restriction(used-b  y someValuesF rom(CaseConformsT  oLimitViolation))
restriction(classi es allV aluesF rom(A ction))
restriction(attitude-target-of someV aluesF rom(LegalAgen t)))
Class(LimitViolation complete
Parameter
restriction(used-b  y someValuesF rom(CaseConformsT  oLimitViolation))
restriction(classi es allV aluesF rom(complemen tOf LimitV alueRegion))
restriction(requisite-for someV aluesF rom(unionOf(LegalT ask LegalAgen t)))
Class(ViolationCase complete
Situation
restriction(satis es someV aluesF rom(CaseConformsT  oLimitViolation))
restriction(setting-for someValuesF rom(Ob ject))
restriction(setting-for someValuesF rom(A ction))
restriction(setting-for someV aluesF rom(Limit))
restriction(setting-for someV aluesF rom(Time-In  terv al)))

Class diagram
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5. Conclusions

An overview of the relevance of ontology patterns for legal knowledge
engineering(LKE) hasbeenpresered.

For somegenericLKE use cases(conict cheding, information ex-
traction, etc.), some solutions and issues,both on the reasoningand
(content) modelling sides, have been mentioned. While the reasoning
side of LKE is a fast-moving target, with interesting solutions com-
ing from e.g. hybridating di erent inferenceenginesand classi ers, the
modelling side is far less developed, despite the huge literature that
focuseson legal and jurisprudential content, let alone the work in for-
mal ontology and beyond. This is not surprising. Currently, very few
ontologies are actually reusal, againstthe great expectations that have
beengrown in the eld of reusability of semartic componerts.

In the past, the needfor structures that grant systematicity to con-
tent modelling have mainly focusedon so-calledtop-level ontologies,
but the power of a small set of categoriesis not enough for realistic
ontology projects like those presenied to LKE. A top-level can even be
a problem when its categoriesare brittle with respect to the domain
task.

A more sophisticated approad, which ensuresa much higher level
of cognitive interoperability, is constituted by foundational ontologies
like DOLCE. Nonetheless,although their rich axiomatization makes
foundational ontologies ideally suited for building a partial-order of
reference ontologies, they require a substartial cognitive load to be
accessednd then successfullyreused.

A new dimension of reusability has beenintroduced in ontology engi-
neering (and hereextendedto LKE) which revisits somegood practices
from Al (knowledge patterns) and databases(data model patterns), by
providing a meta-model, someoperations, and a generalizedcharacter-
ization to conceptual ontology designpatterns (CODePs). A foundation
to CODePsis supposedto enhancethe construction of toolsfor ontology
design,ase.g.envisagedin the NeOn project (NeOn, ), and to facilitate
the collaborative and distributed negotiation of meaning acrossthe
menbers of a sameor of su cien tly closecommunities.

For LKE, CODePsappearslightly more complexthan in other domains,
mostly becausehe usecasesn LKE involve a layering of meaning(from
the physical to the social, cognitive, and nally legal realms), which
alsorequire an extendedrei cation of ertities such asnorms, cortracts,
cases,egal text corpora, etc. A complex network of dependenciesbet-
weenroles and tasks, agents, normative positions, validity parameters,
assumedgoals, cognitive attitudes, etc. makes the modelling task in
LKE harder than elsewhere.A few steps toward the creation of a
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repository of legal CODePs have been sketched, together with some
possibledirections for further developmern.

References

Gangemi, A., Sagri M.T., Tiscornia D.: A Constructiv e Framework for Legal On-
tologies. In R. Benjamins, P. Casanovas, J. Breuker, A. Gangemi (eds.): Law
and the Semartic Web, Springer, Berlin (2004).

Gangemi, A., Borgo, S. (eds.): Proceedingsof the EKAW*04 Workshop on Core On-
tologies in Ontology Engineering. http://sunsite.informatik.rwth- aachen.
de/Publications/CEUR- WS//Vol-118/ ((2004)).

Gangemi, A., F. Fisseha, J. Keizer, J. Lehmann, A. Liang, |. Pettman, M. Sini,
M. Taconet: A Core Ontology of Fishery and its Use in the FOS Project, in
(Gangemi and Borgo, 2004) (2004).

Masolo, C., A. Gangemi, N. Guarino, A. Oltramari and L. Schneider: WonderWeb
Deliverable D18: The WonderWeb Library of Foundational Ontologies (2004).

Sagri M.T., Tiscornia D., Gangemi A., An Ontology-based Approach for Repre-
serting Bundle-of-rights, M. Jarrar & A. Gangemi (eds.), 2nd International
Workshop on Regulatory Ontologies, in OTM Workshops, Springer, 2004.

Sagri M.T.: Progetto per lo svilupp o di una rete lessicalegiuridica on line attra verso
la specializzazionedi ItalW ordnet, in Informatica e Diritto, ESI, Napoli, 2003.

Motta, E., Domingue, J., Cabral, L., Gaspari, M. (2003) IRS-1I: A Framework
and Infrastructure for Semartic Web Services. 2nd International Semartic Web
Conference (ISW C2003) 20-23 October 2003, Florida, USA (2003).

Gruninger, M., and Fox, M.S.: The Role of Competency Questions in Enterprise En-
gineering. Proceedingsof the IFIP WG5.7 Workshop on Benchmarking - Theory
and Practice, Trondheim, Norway (1994).

Masolo, C., L. Vieu, E. Bottazzi, C. Catenacci, R. Ferrario, A. Gangemiand N. Guar-
ino: Social Roles and their Descriptions. In C. Welty (ed.): Proceedingsof the
Ninth International Conferenceon the Principles of Knowledge Represeration
and Reasoning, Whistler (2004).

Gangemi, A., Catenacci, C., Battaglia, M.: Inammation Ontology Design Pattern:
an Exercise in Building a Core Biomedical Ontology with Descriptions and Sit-
uations. D.M. Pisanelli (ed.) Ontologies in Medicine, 10S Press, Amsterdam
(2004).

Galton, A.: Reied Temporal Theories and How To Unreify Them. Proceedingsof
the International Joint Conferenceon Articial Intelligence (IJCAI), 1991.
Clark, P., Thompson, J., Porter, B.: Knowledge Patterns. Proceedings of KR0OO

(2000)

Gangemi, A., Ontology Design Patterns for Semartic Web Content. Y. Gil, E.
Motta, R. Banjamins, M. Musen, Proceedingsof 4" International Semartic Web
Conference, ISWCO05 (2005).

McGuinness D.L. and van Harmelen F. (editors), OWL Web Ontology Language
Overview, W3C Recommendation, 10 February 2004, http://www.w3.org/TR/
2004/REC-owl- features-20040210/ (2004).

Moore M.S. Legal Reality: A Naturalist Approach to Legal Ontology. Law and
Philosophy 21: 619 705, 2002.

Forbus, K., Mostek. T., Ferguson,R., An analogy ontology for integrating analogical
processingand rst principles reasoning, in Proceedingsof AAAIO2, 2002.



82 Aldo Gangemi

DOLCE + library, available in OWL from: http://dolce.semanticweb.org
Directly loadable from: http://www.loa- cnr.it/ontologies/DLP.owl

Core Legal Ontology, loadable from: http://www.loa- cnr.it/ontologies/CLO/
CorelLegal.owl

Gangemi, A., Pisanelli, D.M., Steve G. A Formal Ontology Framework to represert
Norm Dynamics. Proc. Of SecondInternational Workshop on Legal Ontologies,
Amsterdam, 2001.

Gil, R., Garcia, R., Delgado, J. An interoperable framework for IPR using web on-
tologies, J. Lehmann, E. Biasiotti, E. Francesconi,M.T. Sagri(eds.), Proceedings
of the First LOAIT Workshop, Bologna, Italy (2005).

Evren Sirin and Bijan Parsia and Bernardo Cuenca Grau and Aditya Kalyan-
pur and Yarden Katz Pellet: a practical owl-dl reasoner, Available at
http://www.mindsw ap.org/pap ers/P elletJWS.p df

Gilardoni, L., Biasiuzzi C., Ferraro, M, Fonti, R., Slavazza, P. LKMS A Legal
Knowledge Managemert System Exploiting Semartic Web Tednologies. Y.
Gil, E. Motta, R. Banjamins, M. Musen (eds.), Proceedingsof 4™ International
Semartic Web Conference, ISWCO05 (2005).

Prud'hommeaux E., Sealorne A. SPARQL Query Language for RDF,
http://www.w3.org/TR/rdf-sparql-query/

lan Horrocks, Peter F. Patel-Schneider, Harold Boley, Said Tabet, Benjamin
Grosof, Mike Dean  SWRL: A semartic web rule language combining
owl and ruleml, W3C Member Submission, 21 May 2004. Available at
http://www.w3.org/Submission/SWRL/.

Basili, R., Pennacdiotti, M., Zanzotto, F.M. Language Learning and Ontology
Engineering: an integrated model for the Semartic Web. B. Magnini (ed.),
Proceedingsof Meaning Workshop (2005).

Horrocks, |. Fact++ web site. http://owl.man.ac.uk/factplusplus/

Hustadt, U., Motik, B., Sattler, U. Reducing SHIQ Description Logic to Disjunctiv e
Datalog Programs. Proc. of the 9th International Conference on Knowledge
Represeration and Reasoning(KR2004), June 2004, Whistler, Canada, pp. 152-
162.

Domingos, P., Richardson, M. Markov Logic: A Unifying Framework for Statistical
Relational Learning. Proceedingsof the ICML-2004 Workshop on Statistical
Relational Learning and its Connectionsto Other Fields (pp. 49-54),2004.Ban ,
Canada: IMLS.

Peters W., Sagri M.T., Tiscornia D. and Castagnoli S. The LOIS Project. LREC
2006, Genova, 2006.

Hay, D.C. Data Model Patterns. Conventions of Thought. Dorset House,NY (1996).

CODeP Repository, available from http://www.loa-  cnr.it/codeps/index.html

Gangemi A., Mika P. Understanding the Semartic Web through Descriptions and
Situation, Meersman R, et al. (eds.), Proceedings of ODBASEOQ3, Springer,
Berlin, 2003.

NeOn Project EU-IST 27595. http://www.neon- project.org

A. Gangemi, V. Presutti, C. Catenacci, J. Lehmann, M. Nissim, C-ODO: an OWL
meta-model for collaborativ e ontology design. Noy et al. (eds.): Proceeding of
First CKC workshop, WWW2007 Conference,Ban, 2007.



Design patterns for legal ontology construction 83

App endix: some excerpts from the Core Legal Ontology

Figure 5. An excerpt of CLO taxonomy: legal norm types. ili classesare from the
JurW ordNet ontology (Sagri, 2003)(Peters et al, 2006). The Norm $ Case CODeP
is the generically related CODeP for legal descriptions

Figure 6. An excerpt of CLO taxonomy: legal fact and circumstance types as sit-
uations. The Norm $ Case CODeP is the generically related CODeP for legal
facts.

Figure 7. An excerpt of CLO taxonomy: legal roles. The Norm $ Case CODeP is
the generically related CODeP for legal roles.
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Figure 8. An excerpt of CLO taxonomy: legal subjects (or persons).In Fig. 9 a
related CODeP for socially-constructed personsis provided.

Figure 9. The ScciallyConstructedPerson CODeP. Persons can be legal subjects
(either natural personsor not), including organizations, or legal entities deputed to
law enforcemert. For example, an organization is de ned by meansof a constitutiv e
norm that also uses concepts that either classify the organization or other legal
subjects. An organization designatesat least one role that can classify agerts. For
classi ed agerts, we can say that they actFor the organization when they are in the
setting of a contract execution that de nes the organization's role.

Figure 10. An excerpt of CLO taxonomy: legal informations and collections. In Fig.
11 a related CODeP is preserted for information realizations and collections.
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Figure 11. The LegallnformationR ealization&Col lection CODeP. A normativ e text
is an information object, member of a corpus of laws, and realized by at least onelegal
documert (its support). A text expressesa legal description (the public meaning of
a law). For any legal casethat conforms to the description, the text is about the
legal subjects in the setting of the legal case.



