
Legal Ontologies: A Functional ViewJoost Breuker1 and Andre Valente2 and Radboud Winkels11Dept. of Computer Science & Law, University of AmsterdamPO Box 1030, 1000 BA Amsterdam, the Netherlandse-mail: fbreuker,winkelsg@lri.jur.uva.nl2Information Sciences Institute, University of Southern California4676 Admiralty Way, Marina del Rey, CA 90292, USAe-mail: valente@isi.eduAbstractThe ontology of law that we present here is one `in be-tween' a completely general top ontology and ontolo-gies of legal domains. It adopts a functional perspec-tive | that is, the Law is analysed and interpretedthrough a functional point of view. We propose anumber of primitive functions of legal sources and cor-responding categories of legal knowledge: normativeknowledge, world knowledge, responsibility knowledge,reactive knowledge, creative knowledge and meta-legalknowledge. Together, these functions realize the mainfunction of the legal system: to regulate social be-haviour. The ontology is illustrated with examplesfrom Dutch labour law.Ontology and ontological engineeringIn the new-born discipline of ontological engineer-ing, the term \ontology" has another meaning thanas originally conceived in philosophy. Wol� (1679 {1754) elaborated on Leibniz's systematization and in-troduced the term `ontology' to distinguish the es-sential from the incidental, the real thing from itsappearance.1 Ontological engineering is hardly inter-ested in the question of existence (or its representa-tion, see e.g. (Hirst, 1991) for an exception), but it isconcerned with the speci�cation of content of knowl-edge. Epistemological or semantic engineering mayhave been more appropriate terms.The `engineering' denotes the fact that there is a fo-cus on the construction of methods and tools, in partic-ular computational ones for all kinds of application ar-eas. Therefore, many (applied) disciplines are involvedin and supported by ontological engineering: informa-tion (library) science, (computational) linguistics, cor-porate knowledge management, data base technology(schemas), professional terminological standardization1(Kant, 1787, B.874) who was interested in Leibnizwork, learned about Leibniz via Wol� (\the Leibniz/Wol�system") classi�ed ontology as one of the four componentsof metaphysics.

(e.g. medicine), and last but not least: knowledge en-gineering. In this paper we will focus on the last,in particular in the context of arti�cial legal reason-ing and information serving. Each of these applica-tion areas bring di�erent views and requirements tothe ontology arena. Linguistic ontologies like Word-Net (Miller, 1990) or SENSUS (Knight et al., 1995)contain more than 50.000 concept de�nitions that canbe used e.g. for translation. At the other extreme arethe specialised domain ontologies (re)used in knowl-edge engineering as e.g. deposited at the Ontolinguaserver (Gruber et al., 1996). In the latter, the de�ni-tions of the terms are much more detailed than in theformer. However, in both cases there is the assumptionthat more abstract terms should constrain the inter-pretation of these de�nitions. Terms which re-occur inevery domain and in our common sense understandingof the world, like time, space, cause etc. are part of atop ontology e.g. (Hobbs, 1995), (Sowa, 1995), (Guar-ino, 1995). The ontology of law that we present here isneither a top ontology, nor a domain ontology, but it is`in between': it intermediates between the completelygeneral top ontologies and ontologies of legal domains.After (vanHeijst et al., 1997) who developed a similarkind of ontology for medical domains we call such anontology a core ontology. Before presenting our coreontology of law in section we will �rst discuss the no-tion of ontology in general and the role ontologies canplay in knowledge engineering.A Notion of OntologyIt is impossible to represent the world in its full richnessof detail. In order to represent a certain phenomenonor a part of the world (which is called a domain), it isnecessary to restrict the attention to a small number ofconcepts which are meaningful and su�cient to inter-pret the world and provide a representation adequateto a certain task or goal at hand. As a consequence,a central part of knowledge representation consists ofelaborating a conceptualisation: a set of abstract ob-



jects, concepts and other entities which are assumed toexist in a certain domain, as well as the relations thatmay hold between them (Genesereth & Nilsson, 1987).The commitments which are implied by the choice ofone set of concepts instead of another to describe a cer-tain phenomenon are called ontological commitments.A conceptualisation thus also carries a set of ontologi-cal commitments.Elaborating conceptualisations (and thus selectingontological commitments) is an essential component ofthe task of representing knowledge, because conceptu-alisations select which things are relevant to be repre-sented and which are not (Davis et al., 1993). Repre-senting knowledge involves both the design of a knowl-edge representation language and the formulation ofa speci�c set of sentences in this language which de-scribe certain things in the world | such set of sen-tences is usually called a knowledge base. Ontologi-cal commitments precede the elaboration of both theknowledge representation language and the knowledgebase: the distribution being that the representationlanguage o�ers a minimal set where the consequencesof the commitments emerge as organization and infer-ence services.A conceptualisation is an abstract entity which isonly implied in a knowledge representation. An on-tology is a speci�cation of a conceptualisation (Gru-ber, 1994). It comprises a description (e.g. throughde�nitions) of the concepts, objects, relations andso forth which make up a conceptualisation. Oneof the basic roles of an ontology is to enable thestudy of conceptualisations and ontological commit-ments in their own right, i.e. dissociated from theknowledge representations they may yield. Anotherimportant role is to support knowledge sharing andre-usability (Neches et al., 1991; Patil et al., 1992;Gruber, 1994). Particularly relevant are domain on-tologies, i.e. ontologies which describe a part of theworld or a human activity such as medicine, law orengineering.The Role of OntologiesThree kinds or levels of ontology can be distinguishedin knowledge engineering: top, core and domain.22(vanHeijst et al., 1997, p. 193) proposes four levels: ap-plication, domain, generic, representation. We believe thatthere is no real distinction between application and domainontology. The distinction is made because (vanHeijst et al.,1997) believe that an application ontology fully matches aknowledge base and a domain ontology may only have apartial match with the knowledge base of some domain ap-plication. We do not hold such a view and argue that realapplication ontologies are impossible to construct (see also(Motta et al., 1996)). The generic ontology is the same as

Each of these levels has its speci�c roles or use. Most ofthese roles may be subsumed under the term `knowl-edge sharing' (Gruber, 1994), but the di�erent pur-poses of (re)use of ontologies also put di�erent require-ments on ontologies. The qualitative demands increasewith the order presented below, i.e. the need for carefuland valid analysis and in particular for a formal basebecomes greater.Domain ontologies contain the concepts of some do-main of application:� Domain ontologies may be used not directly re-lated to building knowledge systems, but as repos-itories for (organizing) knowledge and informa-tion. Ontologies may refer to distributed knowl-edge in organizations (`corporate knowledge'),orto common, standardized terminology in profes-sional or scienti�c communities.� A second role, related to the previous one is inknowledge acquisition where teams have to worktogether and an ontology becomes a common,agreed upon understanding of the terms in a do-main, that can be read by team members withdi�erent background knowledge (Gruber, 1994).� Ontologies make explicit to what conceptualiza-tion of terms a particular knowledge base(d sys-tem) is committed. In constructing a knowledgebase one has to make commitments anyway, somaking them explicit in an ontology enables morecontrolled development and also maintenance ofa KBS. An (application) ontology is more thana simple documentation. It has a strong justi�-cation and quality assurance 
avour, because anontology supports consistent use of terms. Thisrole is the standard one in the context of knowl-edge engineering methodology (see e.g. (Wielingaet al., 1992), (vanHeijst et al., 1997))� The most often cited role is in enabling reuse ofknowledge for building (new) applications. Al-though the previous role is probably the most fre-quently used nowadays in knowledge engineering,the major future bene�t is to be expected fromconsulting repositories (libraries) of ontologies ag-gregated from earlier experiences or projects. Thea top ontology. However, the term `core' is borrowed from(vanHeijst et al., 1997) where they de�ne the categoriesthat index a library of medical domain ontologies: thesecategories are generic for medicine. We do not distinguishbetween generic and representation ontologies because theyhave the same nature. Whether a generic (= top) ontologyis the basis for developing a KR formalism and related in-ference services or not is in the use of an ontology, in thesame way as a domain ontology may be used to constructa knowledge base.24



Ontolingua server is an example, but one may alsothink about a company speci�c library that is or-ganized around the types of industry served, etc.As (re)use of a domain ontology for constructingknowledge bases is by far the most important role,one should be aware that there is not a simple trans-fer or transformation that turns an domain ontologyinto a knowledge base. There are at least two rea-sons that complicate this process:1. A representational mismatch. Ontologies are in-dexed by (the names of) concepts and some ter-minological (description) logic is used to representthese concepts and their relations. However mostknowledge bases are cast in rule formats, wherethis indexing is absent or of secondary importance.The advantage of rule formats is that they eas-ily express the reasoning, while the terminologi-cal version better clari�es what the epistemolog-ical { pardon, ontological { commitments are tothe domain knowledge, as is well demonstrated by(Clancey, 1985)'s studies. In knowledge represen-tation systems that combine terminological andassertional views on knowledge, such as LOOM,the transfer may be semi-automatic. However, theuse of description logic based knowledge represen-tation services is rather limited to academia.2. A knowledge mismatch. This problem is more se-rious than the former. Not all knowledge thatis used in solving problems in an application do-main can be expressed in an ontology. For in-stance, heuristic, compiled-out knowledge is gen-erally not part of an ontology. Either it can onlybe expressed in an ontology in a very complex,de-compiled way, or the ontology becomes com-pletely method dependent, i.e. it will look ratherlike knowledge base and is not reusable for otherkinds of tasks or methods (see (Motta et al., 1996)for an illuminating case study).Also the reverse is true. Many of the de�nitionsin an ontology are of no relevance in the reasoningof a knowledge system. A medical diagnosis pro-gram that uses heuristic classi�cation to identifya kind of disease with a patient does not need to`understand' that a disease is a process that inter-feres with normal biochemical processes and thatchanges over time, etc. (Clancey, 1985)).Another kind of knowledge mismatch that is some-what less structural than the heuristic \contami-nation" in (e�cient) knowledge bases, is the factthat the ontological requirements of problem solv-ing methods | the \method ontology" of a PSMdoes in general not seamlessly �t a domain on-

tology (Coelho & Lapalme, 1996). More in gen-eral, domain ontologies themselves may overlapand exhibit lots of mismatches, as e.g. classi�edby (Visser et al., 1997).3 It should be noted thatthese kind of mismatches are generally not dueto errors in one of the ontologies, but are ratherinherent to the fact that the requirements for on-tological modelling leave a large \design space" formultiple, correct solutions.Core ontologies contain the categories that de�newhat a �eld is about. A �eld is some discipline, indus-try or area of practice that uni�es many applicationdomains, as e.g. (some sub�eld of) medicine, law,engineering etc. The categories are not some com-mon denominator of a set of application domains,but constrain what is relevant in these domains. Aswe will argue in section , core ontologies have a func-tional perspective. As intermediates between genericand domain ontologies they have a double-faced role:1. Core ontologies are to be used for indexing li-braries of domain ontologies. (Valente & Breuker,1996) describe requirements for a core ontology tobe able to play this role.2. Core ontologies are the ontological basis for con-structing special representation language and in-ference services for a �eld. A full understand-ing (and formalisation) of the inferential conse-quences (calculus) from the relationships betweenthe terms that make up the abstract \top" of acategory is required (Davis et al., 1993), (Guar-ino, 1995).Top ontologies The role of a top ontology is that itcan make explicit what the ontological commitmentsare of some domain ontology. The most rigourousway to `import' a top ontology into a domain ontol-ogy is when the domain ontology is expressed by topontologies, i.e. when the top ontologies have beenoperationalized as a representation formalism annexinferential calculus. This role also occurs for core on-tologies. A core ontology may entail its own, specialformalisms, but may also modify or extend the moregeneric versions of a top ontology. For instance, le-gal causality is a modi�ed view on the more genericnotions of physical causality and intention (see thenext section).A Functional Ontology of LawA core ontology should re
ect what a �eld is about. In�elds concerned with the design and use of physical ar-tifacts, i.e. engineering, this means that the categories3The term \knowledge mismatch" matches more or lesstheir term \conceptual mismatch".25



like design descriptions (component-model, process-model, and mathematical-model) constitute the coreontology (Borst & Akkermans, 1997). For instance,in commenting on the ontologies that make up theelevator domain (VT), which is a typical engineeringdomain, (Gruber et al., 1996, p. 570) state: \Ontolo-gies such as these can be designed (italics Gruber etal.), with respect to explicit design goals and objec-tive criteria (Gruber, 1995)". The categories used are\component assemblies" and \parametric constraints",which match the component-model and mathematical-model of (Borst & Akkermans, 1997). Their `process-model' is not present, because in elevator con�gura-tion the process descriptions are already completelyparameterized. In other words, the VT-con�gurationdoes not exhibit the full engineering design categories,which can be summarised by the following dependen-cies string:component � model ! process � model !mathematical �modelThis functional perspective on engineering alsoshows what the \natural" tasks are that are performedin engineering: modelling, design and con�guration(Breuker, 1994). In engineering one is no longer di-rectly concerned with the actual production and use(and repair!) of the artifacts that are designed. Themanufacturing and maintenance of devices have be-come separate `�elds', having their own functional per-spectives.The ViewTo a large extent, law is also an artifact, so a func-tional perspective is strongly implied already by theobjects (concepts) it uses. However, we cannot borrowthe same categories as in engineering for several rea-sons. The law as a social system cannot be `designed'over and over again: a social system emerges by local\designs", which means in law such activities as draft-ing laws, justifying legal decisions, legal policies etc.Therefore, the total \design" of the law is rather pre-supposed and the focus in legal reasoning and practiceis on the way the law is applied and how it a�ects itsenvironment: a society.The functional ontology of law, as the name indi-cates, adopts a functional perspective | that is, theLaw is analysed and interpreted through a functionalpoint of view. This perspective can be summarised asfollows:The legal system as a system It is assumed thatthe legal system as a whole (and therefore each ofits components) exists to accomplish a certain func-tion, in order to obtain certain social goals. The

legal system is thus viewed as an entity with a cer-tain internal structure, behaving in an environment,and that was designed to work in a certain way inorder to be able to accomplish speci�ed social goals.The main function of the legal system The legalsystem is one instrument to change or in
uence so-ciety in speci�c directions, determined by certain so-cial goals. The main function of the legal system isto react to social behaviour. In this sense, the legalsystem can be regarded as a kind of social deviceoperating within society and on society, and whosemain function is to regulate social behaviour.4It isimportant to note, however, that this `device-like'view does not imply that the ontology is based on asimulation of the actual behaviour of the legal sys-tem.Functions of law = functions of legal sourcesThe legal sources (the elements accepted as bind-ing law in a legal system) are the knowledge whichspeci�es how the legal system works. Therefore, thefunctions that legal knowledge may perform corre-spond to roles of legal sources. In other words, thecategories of legal knowledge provide a direct clas-si�cation principle for legal sources. Important tonote that the proposed classi�cation is in principleindependent of (and in fact orthogonal to) the formor structure of these sources | they may be regu-lations, precedents, statutes, etc. Further, a legalsource does not necessarily perform a single func-tion: an elementary legal source (e.g. an article in aregulation) may express (contain) knowledge of morethan one type.From functions to roles Like a knowledge-basedsystem, the legal system executes a number of tasks,for which it uses extensive knowledge. Consequently,each piece of knowledge used by the legal system hasa speci�c role distinguished by the legal system inthe operationalisation of its functions and tasks. Inthis way, the functions which are identi�ed to distin-guish types of legal knowledge have a dual charac-ter: they point out sub-functions (and sub-tasks) ofthe legal system, and at the same time divide legalknowledge into a number of basic categories whichprovide support for each of these functions/tasks.As described above, the main function of the legalsystem corresponds to a macro-argument from so-cial behaviour to legal consequences. This means4Enacting legislation is not the only way to change socialbehaviour. One can change the world physically so that thebehaviour cannot occur (e.g. building cars that only driveat less than 100 km/h) or simply convince people througheducation or propaganda that the behaviour is `bad'.26



that these subtasks are connected to the generationof micro-arguments which together compose the de-sired macro-argument, and not necessarily to actualtasks in the legal system.The OntologyGiven the view described above, an ontology of lawcan be built by identifying these functions and usingthem to distinguish categories of legal knowledge. Inthe following sections, a number of primitive functionsof legal sources and corresponding categories are pro-posed and described. Some of these categories areprimitive, while others are de�ned using the primi-tive categories. The primitive categories are: norma-tive knowledge, world knowledge, responsibility knowl-edge, reactive knowledge, creative knowledge and meta-legal knowledge. It was shown in (Valente, 1995) thatmost of the important non-primitive categories, suchas rights, can be de�ned based on the primitive ones.This issue, however, is outside the scope of this paper.While this ontology has been inspired by the work ofmany legal theorists, (Hart, 1961) and (Kelsen, 1991)in particular, it diverges from their work in signi�-cant ways. In particular, the separation we make be-tween responsibility, causal and normative knowledgeis quite non{standard, and to some extent de�nes anovel legal{theoretical position. However, it is outsidethe scope of this paper to defend these ideas, or eventhe legal theoretical soundness of our ontology. Theinterested reader can �nd a detailed discussion in (Va-lente, 1995).Normative Knowledge Normative knowledge isthe most characteristic category of legal knowledge, tosuch an extent that to many authors `normative' and`legal' are practically the same thing. From an ontolog-ical perspective, however, it may be interesting to dif-ferentiate more types of legal knowledge and thus giveto normative knowledge a more speci�c structure, con-tent and role. Nevertheless, the restricted scope thatis adopted for normative knowledge retains its impor-tance as the central knowledge type in law.Normative knowledge is seen in the legal theory lit-erature as having two functions: prescribing behaviourand de�ning a standard of comparison for the socialreality. These functions are clearly related. One canthink that norms prescribe behaviour by de�ning astandard or, the other way around, set up a standardby prescribing behaviour. Which side is the central oneis an issue subject to debate in legal theory. In thisontology we adopt the conceptualization that the de�-nition of a standard is the central characteristic of nor-mative knowledge, and the prescription of behaviour isone of its e�ects.

A norm expresses an idealisation: what ought to bethe case (or to happen), according to the will of theagent that created the norm. This idealisation is ex-pressed by reference to a description of the reality (theworld) in which some con�gurations of facts and be-haviour are `cut out' to make it an ideal world. Sincethey express an ideal world, norms can be either ob-served or violated. A norm is observed when the be-haviour in the real world does not con
ict with its spec-i�cation in the ideal world, and violated otherwise. Toapply a norm means to verify or compare the realitywith the ideal world de�ned in the norm, classifyingthe reality as either compliant or non-compliant withthe norm. This classi�cation is the normative statusof the behaviour with respect to the norm.Meta-legal Knowledge Normative systems are de-�ned on the basis of individual norms in the sense thatthe standard de�ned by the normative system is de-�ned in terms of the standards de�ned by the indi-vidual norms. The di�erence between the standardde�ned by the normative system on the one hand andthe standards de�ned by the norms on the other handis fundamental to understanding the role of normativeknowledge in law, and it is accounted for by knowledgeabout individual norms. This distinction is capturedby de�ning the categories of primary norms and meta-legal knowledge. Primary norms are entities that referto human behaviour, and give it a normative status.This normative status is, in principle, either allowed(legal, desirable, permitted) or disallowed (illegal, un-desirable, prohibited). However, each norm refers onlyto a few types of behaviour, in the sense that it is onlyable to provide a status if applied to some types ofcases. For the remaining types of cases, the norm issaid to be silent.There may be a di�erence between the normativestatus given by a single norm and the one given bythe normative system. The normative status with re-spect to the normative system is based on the norma-tive status with respect to the primary norms. One ofthe functions of meta-legal knowledge is to specify howthis process occurs, i.e. how the normative status withrespect to the normative system is built from the nor-mative status with respect to the primary norms. Thebasic mechanism involved is the solution of con
ictsbetween primary norms. Another function of meta-legal knowledge is to specify which legal knowledge isapplicable. Applicability is a concept which can be usedboth for specifying the dynamics of the legal systemand its limits.World Knowledge By its very nature, law dealswith behaviour in the world. Therefore, it must con-27



tain some description of this behaviour. For instance,in order to describe how the world should (ought to)be, primary norms must describe how things are or canbe. This description is not directly available from thelegislation, but is usually implicit. However, this typeof knowledge is distinct from (albeit connected to) nor-mative knowledge | that is, primary norms describean ideal world based on the description of reality. Thisseparation between the knowledge used to describe theworld and the normative knowledge was �rst explicitlyproposed by Breuker (Breuker, 1990), who called thiscategory world knowledge.In addition to adopting a category of legal knowl-edge which describes the world, we propose that thisknowledge constitutes a structured model. Thus, theterm legal abstract model or LAM is used as a synonymfor world knowledge when its model character is to bestressed. Also, this term stresses that this model isa `double abstraction': as discussed below, the LAMgives a more restricted meaning to common sense con-cepts which are already abstract.The legal abstract model is an interface between thereal world and the legal world. Its role is to de�nea model of the real world which is used as a basis toexpress normative and other categories of legal knowl-edge. The bulk of the LAM consists of de�nitions ofconcepts that represent entities and relations in theworld. These concepts are usually organised in classhierarchies, i.e. some concepts are subsumed by others.In de�ning concepts and relations based on other con-cepts and relations, it occurs naturally that some con-cepts are taken as primitive, i.e. are not de�ned. Theseconcepts are supposed to be interpreted by people. In-deed, since the law is supposed to be comprehensible tothe people who are addressed by it, every concept usedin general legislation is supposed to be comprehensibleto any person.5That means these concepts are sup-posed to be part of this `consensus reality' mentionedby (Lenat & Guha, 1990) | that is, these terms arein fact supposed to be interpreted using common senseknowledge. This means that the legal abstract modelis not complete or self-contained: the LAM is in facta layer of de�nitions of concepts and relations builton top of a large layer of common sense knowledge.The primitive (non-de�ned) concepts and relations inthe LAM are the interface between the world knowl-edge and the common sense knowledge. For instance,it is possible to de�ne in detail the characteristics ofan intellectual work to be used in a copyright law.It is also possible to de�ne it referring to other con-cepts, such as books, sculpture, etc. However, if the5Except for the obvious categories of people like infantsor mentally retarded people.

concept book is left unde�ned (primitive) the only wayto interpret it is to rely on common sense knowledge.Therefore, a concept within the LAM is de�ned in twosteps: �rst de�ning it in terms of other concepts in theLAM until the level of primitive concepts is reached,and second the common sense `de�nition' of the primi-tive concepts. When one retraces the way back | ver-ifying whether or not a certain legal concept (a con-cept in the LAM) applies to a certain entity in theworld | there are again two interpretive steps. Firstthere is the interpretation of the reality in the prim-itive terms of the legal abstract model, e.g. assertingthat a speci�c thing in the world is a book. Second,there is the interpretation of the primitive terms withrespect to the de�ned ones, e.g. asserting that a bookis a type of intellectual-work. The �rst process in-volves purely common sense knowledge, while the sec-ond is supported by world knowledge. The processfrom an entity in the world to primitive concepts orvice-versa is called common sense interpretation. Theprocess from a primitive (or de�ned) concept to a de-�ned concept within the LAM or vice-versa is calledlegal interpretation. The view just described is shownin Fig. 1.The legal abstract model is not only a static descrip-tion of salient features of society, but a model of socialbehaviour. For instance, legislation is passed as a formof social control, under the supposition that it will af-fect social behaviour in a certain way, and this suppo-sition is to some extent embedded in the legal abstractmodel. Therefore, a LAM should ideally allow pre-dictions about behaviour in the world. Nevertheless,this requires more than de�nitions, because these arepurely static. The de�nitions alone are a domain on-tology which falls short of a model, because it does notenable such predictions. The view imposed in the lawabout behaviour is thus largely a static description ofpossible or relevant behaviours, but the full reasoningabout them is left to common sense.Apart from describing the world, what is behavioralreasoning used for in law? We propose that this de-scription of possible and relevant behaviours is builtaround the concept of cause, in order to allow the as-signment of responsibility of an agent for a certaincase. Since these responsibility assignments actuallyform a separate category of legal knowledge, they arediscussed in more detail below. 6Causal knowledge,however, refers to or uses a static description of the6This is not a standard way of viewing causality in law.In most legal systems causal knowledge and responsibilityknowledge is mixed, often even with normative knowledge,and so is the reasoning with these types of knowledge. Wepropose to separate it for clarity and e�ciency reasons.28
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Figure 1: The role of the legal abstract model.world (e.g. to model world states). Accordingly, wepropose that the world model is actually composed oftwo related types of knowledge: de�nitional knowledgeand causal knowledge. The de�nitional knowledge isused by the normative knowledge to describe the idealworld they de�ne. The causal knowledge is used bythe responsibility knowledge to describe who or whathas caused a given state of a�airs, and can thus beconsidered responsible for it.Responsibility Knowledge It is commonplace toa�rm that cause and responsibility are important con-cepts in law, but it is not equally simple to provide amore concrete account of how these concepts enter therealm of law. We see responsibility knowledge as a cate-gory of legal knowledge that has as a function to assignor limit the responsibility of an agent over a given (dis-allowed) state of a�airs | i.e. to (dis)establish a linkbetween the violation of a norm and an agent whichis to be considered responsible (accountable, guilty, li-able) for this violation. This responsibility link may beestablished by a causal connection between the agentand the disallowed behaviour, but this is not the onlyway to establish responsibility.Responsibility is the intermediary concept betweennormative and reactive knowledge, since a reaction canonly occur if the agent is is held responsible for a cer-tain norm violation. Responsibility knowledge playsthe role of linking causal connections with a responsi-bility connection | i.e. that connection which makes

an agent accountable for a norm violation and possiblysubject to legal reactions (see also reactive knowledgebelow). As (Hart & Honore, 1985) point out, however,responsibility does not have \any implication as to thetype of factual connection between the person held re-sponsible and the harm" | that is, causal connectionsare only a \non-tautologous ground or reason for say-ing that [an agent] is responsible" (Hart & Honore,1985, pag. 66).In principle, common sense says that one is only re-sponsible for what one causes. Naturally, there is ana priori link between these two relations: in principle,all agents are legally responsible (and only responsible)for that which they cause. But this causal connectionis not always necessary or always su�cient for estab-lishing responsibility in a legal context. The role ofresponsibility knowledge is exactly to `interfere' withthis prima facie connection between causing and beingresponsible. This interference is made so that legal sys-tems \extend responsibility [or] cut it o� in ways whichdiverge from the simpler principles of moral blame"(Hart & Honore, 1985, pag. 67). This mechanismhas rather practical motives. Given the innumerableproblems in establishing, proving and reasoning withcausal connections, the assignment of legal responsibil-ities which bypass these connections to some extent isused to give more precision in situations where the useof the common sense or moral concept of responsibil-ity by the law can lead to inconsistencies or undesired29



results, or when there is a practical interest (based onan implicit of explicit policy) that a frontier should bedrawn so that it becomes easier to de�ne what are thelimits of responsibility under certain circumstances.There are two basic mechanisms which are used inresponsibility knowledge. First, the law may estab-lish a responsibility connection independent of a causalconnection | i.e. a responsibility assignment. This canbe seen in a rule used in e.g. French, German or Brazil-ian law, by which parents are held responsible for thethe damage done by their children even if there is nospeci�c causal link between their attitudes or actionsand the damage. That is, the parents are held respon-sible even though they have not necessarily caused thedamage. Second, the law may limit the responsibilityof an agent under certain circumstances, disregardingsome possible causal connections | i.e. a responsibil-ity restriction. For instance, in England a man is notguilty of murder if the victim dies more than one yearafter the attack, even if the death was a consequenceof this attack. Other well-known factors that may in-
uence the establishment of responsibility connectionsin law are knowledge and intention.Reactive Knowledge To reach the conclusion thata certain situation is illegal (based on normative knowl-edge), and that there is some agent to blame for it(responsibility knowledge) would be probably uselessif the legal system could not react towards this agent.That knowledge that speci�es which reaction shouldbe taken and how is what we call reactive knowledge.Usually this reaction is a sanction, but in some situ-ations it may be a reward. The penal codes, whichare usually a fundamental part of legal systems of theRomano-Germanic tradition, contain basically respon-sibility and reactive knowledge only.Creative Knowledge A legislator may indirectlycreate some entity that did not exist before in theworld, using what we call creative knowledge. It is usu-ally stated in imperative terms, designating an agencythat previously did not exist as part (or not) of the re-ality from a certain point of the time on. The creativefunction has a somewhat exceptional (or even abnor-mal) status when compared to the other ones. In thiscase, the law not only wants to classify or react to cer-tain agents that already exist in the real world, butattempts to create a new agent. A simple example isthe creation of a department within the governmentor a company. Note that the department created isitself an abstract entity which will later be `�lled' withworkers, facilities, etc. to become a concrete, physicalentity. Creative knowledge is not necessarily restrictedto the State: the creation of organisations by contracts

and agreements can also be considered creative knowl-edge. This type of knowledge appears at a �rst glanceto be almost negligible, but it has in practice a veryimportant role. The legal system must regulate itselfas any other social organisation. There is an importantdi�erence, though: the law can design the structure ofthe legal system as an organisation, in much the sameway as companies design their structure by their in-ternal regulations. The creative knowledge is what isused to perform this function.The Big PictureSo far, a set of categories that divide legal knowledgelike pieces of a puzzle was presented. These categoriesare distinguished by their function or role in the le-gal system, and together realize the main function ofthe legal system as discussed in section . However, itstill remains to be shown how these pieces togethermake the whole puzzle, i.e. why they are su�cient torepresent legal knowledge. In order to do that, thissection tries to put these functions together and showthat they perform the function the whole legal systemperforms. That is the coherence of the ontology, andto some extent its completeness.Fig. 2 shows how the functions/categories identi�edcompose together the main function of the legal sys-tem. Of course, it is not meant that there is a oneto one correspondence between the abstract processesof Fig. 2 and the actual social processes and proce-dures in a legal system. Instead, they are functionaldependencies which describe how the main function isdecomposed in sub{functions which together performit. In Fig. 2, the rounded boxes represent functions(or, alternatively, bodies of knowledge which performthe function), and the solid arrows indicate functionaldependencies, i.e. the inputs and outputs of these func-tions. The dependencies which correspond to actualinteractions with the society are indicated in the �g-ure in non-solid arrows. The entities in the society arespeci�c social agents, e.g. the University of Amsterdam(a school), Joost Breuker (a private person), the Min-istry of Education (a government agency), Philips BV(a company), etc.A cycle starts with a real world situation, which isinterpreted in order to generate an abstract descrip-tion of the case in the terms that the legal sourcesuse. This abstract case description is called a legal sit-uation, and the knowledge used to produce this stepis the world knowledge, which forms the legal abstractmodel. Then, the legal situation is analysed against thenormative knowledge to verify whether it violates anynorm, thus producing what is called a classi�ed situ-ation (a situation classi�ed as either `allowed' or `dis-30



SOCIETY

LEGAL
SYSTEM

legally qualified
behaviour description

legal
reaction

classified
behaviour

(allowed/disallowed)

social behaviour
(states of affairs, stories)

DEFINITIONAL KNOWLEDGE

CAUSAL KNOWLEDGE WORLD KNOWLEDGE 
(Legal Abstract Model) 

NORMATIVE
KNOWLEDGE

RESPONSIBILITY
KNOWLEDGE

REACTIVE
KNOWLEDGE

CREATIVE
KNOWLEDGE

agent(s) that
caused the
behaviour

agent(s) that
are responsible

for the behaviour

abstract
legal agency

COMMONSENSE
KNOWLEDGE

META-LEGAL KNOWLEDGE

PHILIPS B.V.
JOOST

BREUKER

UNIVERSITY
OF AMSTERDAM

MINISTERY OF
EDUCATIONFigure 2: Functional roles of legal knowledge in the operation of the legal system.

31



allowed'). In another path, the situation is analysedusing again world knowledge (but here particularly itscausal component) in order to �nd out which agentsin the world (if any) have caused the situation. Thisinformation is then used as input to the responsibilityknowledge which determines which agents (if any) areto be held responsible for the situation. The results ob-tained in these two paths (the classi�ed situation andthe responsible agents) are then used as inputs for afunction that de�nes a possible legal reaction using re-active knowledge. Further, outside this cycle, the lawmay also create an abstract entity (part of the legalsystem) using creative knowledge; this entity is alsoadded to the legal abstract model. Finally, meta-legalknowledge refers to all these entities.Another way to see the interdependencies shown inFig. 2 is that they provide the connections between the(sub)functions from a reasoning point of view. That is,legal reasoning can be made modular, with each func-tion corresponding to a module and the dependenciesbetween the modules being provided by the dependen-cies between the functions. Such dependencies mustof course be detailed. Moreover, the main path in thepicture can be also seen as the global structure of legalarguments: starting from the `facts of the case' andgoing up to sentencing, with each function providingthe source for argument steps in speci�c places withinthe global argument.The scheme shown in Fig. 2 can also be seen as thebasic structure of legal arguments. Each category cor-responds to a type of argument that has as antecedentsthe inputs and as conclusions the outputs of each func-tion, and as warrants the knowledge belonging to thatcategory. For normative knowledge, for instance, theconclusion is whether a situation is allowed or dis-allowed, and the warrants are normative knowledge.Moreover, the conclusions in a legal argument are con-catenated as shown by the dependencies in the �gure;for instance, an argument involving world knowledge(say, concluding that a certain person is considered a`minor' according to a certain de�nition) being used assubsidiary for an argument involving normative knowl-edge (say, concluding that a situation in which thisperson was driving a car is disallowed according to acertain norm). Legal reasoning can be thus seen as theproduction and analysis of arguments involving one ormore of these categories.An ExampleWe will illustrate the di�erent types of knowledge, andhow the are related to legal sources, by an examplefrom Dutch Labour law. Figure 3 presents an excerptfrom Dutch civil law concerning labour arrangements.

Art. 1637aThe labour contract is the agreement in which oneparty, the employee, commits itself to perform labourin the service of the other party, the employer, in re-turn for payment, for a certain period of time.Art. 1637bThe undertaking of work of a material nature is theagreement in which one party, the undertaker, com-mits itself to bring about a particular work for theother party, the out-contractor, for a particular price.Art. 1637c 1.When an agreement has the characteristics of a labourcontract, and of some other type of agreement, boththe provisions of the labour contract and of the otheragreement will apply; in the case of a con
ict betweenthe provisions, those of the labour contract will apply.Art. 1637zThe provisions of this title are not applicable to per-sons in the service of the state, province, council [: : : ].Art. 1639a- 1. The employee is obliged to perform the labourpersonally [: : : ]Art. 1639daThe employee who causes damage to the employer[: : : ] during the realization of the agreement, is notto be held responsible by the employer, unless thedamage was caused on purpose, or is a consequenceof deliberate rashness.Art. 1639o 1.All parties involved can end the agreement withoutnotice [: : : ], but the party that does so without consentof the other party, has to give compensation, unless hedoes so for a pressing reason of which the other partyis informed immediately.Art. 1639r 1.The compensation, mentioned in article 1639o, [: : : ] isequal to the amount of wages for the time the agree-ment had lasted if it were terminated in a legitimateway.Figure 3: Articles from Dutch civil law (BW 7A) con-cerning labour arrangements.To introduce this domain, we will start with discussingthe world knowledge in these articles, before we moveon to the other categories.World Knowledge The core issue in the domain oflabour law is some sort of `agreement' between twoparties concerning some `labour' to be performed byone of the parties, in return for a reward (usuallymoney) payed by the other party. In this agree-ment, written or verbal, things can be settled likeworking hours, pay, holidays, etc. In some branchesof industry collective labour contracts exist, nego-tiated between the unions and the employers. Forindividual workers there can be many individual ar-rangements, but the law only de�nes one sort of con-tract: a `labour contract' (art. 1637a, Fig. 3), and32



another type of arrangement called `undertaking ofwork' (art. 1637b). These two articles clearly con-tain world knowledge, and more precisely the de�ni-tional part of it; they describe concepts the legislatorwishes to see in the world of labour arrangements.Apart from the types of arrangements, they men-tion parties that have the agreement, the work thatis subject of the agreement, time, and a price orpayment. Terms like `labour' and `work' are prim-itives; their interpretation is left to common sense.The articles also refer to actions that can occur inthe world of labour arrangements: Agreements canbe ended (art. 1639o), employees can cause damage(art. 1639da), etc. These are also part of the worldknowledge, but they represent dynamics in the worldand belong to the causal knowledge.Normative knowledgeThe working agreements themselves contain norms:they describe all kinds of rights and duties for theparties involved. Moreover, the law contains normsabout these types of arrangements. Article 1639a(Fig. refbw), for instance, states that the employeeis obliged to perform the labour personally. This isa clear example of a primary norm. As we have seenabove, an `employee' is de�ned in the world knowl-edge as one of the parties in a labour contract. Sothey `ideal' situation represented in this article isone in which the employee in the case of a labourcontract performs his labour personally. Should helet some other person perform his labour, then heviolates the norm.Meta-Legal Knowledge The part of Dutch labourlaw presented above, contains two di�erent examplesof meta-legal knowledge. First of all, art. 1637c con-tains a domain speci�c version of the `lex superior'principle. In the case the provisions of a labour con-tract con
ict with those of some other type of agree-ment, the provisions of the labour contract `win'.7The second example is art. 1637z, which limits theapplicability of the legislation.Responsibility Knowledge Art. 1639da containsresponsibility knowledge, though the norm that isviolated is left implicit here (i.e. there is no norm inthis section stating one should not cause damage tosomeone else). The situation in which the employeecauses damage to the employer during the workingrelation, is `not ideal', does not comply with somenorm, but provided it was not done intentionally,7This looks like a standard meta rule, only in this casethe `object' level are norms in contracts, not in the legisla-tion itself.

the employee will not be held responsible for thedamage.Reactive Knowledge Given a violation of a norm,and an agent that is held responsible, a legal reac-tion can be taken. Article 1639o and 1639r specifythat in the situation in which one party ends a work-ing agreement unilaterally without notice (therebyviolating a norm speci�ed in art. 1639e �. not citedhere), that party has to give compensation equal toa certain amount of wages. In other words, thesearticles contain knowledge about a (possible) legalreaction to a norm violation.Creative Knowledge Creative knowledge, �nally, isnot easy to �nd in Dutch Labour law. A related law,however, the \Law on labour councils"8 has creativeknowledge as its core. It is a law, which main pur-pose is to establish the legal entity of `works council',that did not exist before, and specify how it shouldbe organized, etc.Discussion and conclusionsA `principled' core ontologyThe typical roles for core ontologies as put forward insection are the indexing of libraries of ontologies andthe development of representation formalisms. The�rst role of our ontology is discussed in (Valente &Breuker, 1996), where it is argued that this role canonly be performed if the core ontology is well con-structed, or \principled" as is summarized as follows:1. It is parsimonious in that, despite trying to coverthe whole of legal knowledge it departs from only sixbasic categories, which cover at most a few conceptseach.2. It has a theoretical basis, in our case derived largelyfrom the literature in legal theory. The ontology canalso be seen as a contribution to legal theory, andthis role has been explored extensively in the longerdescription the reader can �nd in (Valente, 1995).3. It is complete in that it provides a self containedset of basic (primitive) categories of legal knowledgesuch that all types of legal knowledge can be de-�ned based on them. For example, we have no spe-ci�c de�nition equivalent to the principle that onecan only be judged once for an accusation, but thisprinciple can be found to play the role of meta-legalknowledge. It must be noted that we do not meanthat all legal concepts can be de�ned solely using theconcepts de�ned here, only that their role can. For8\Wet op de ondernemingsraden".33



instance, there is a large amount of legal sources inthe US legal system pertaining to civil rights. Whilewe do not have a concept civil-right in the ontol-ogy, we can show (see (Valente, 1995, Chapter 3))that rights in general can be expressed in terms ofcomposing normative and responsibility knowledge.94. It was shown that the basic categories in the func-tional ontology of law are coherent by the fact thatthey are related to each other in a consistent wayto perform the main function of the legal system asdiscussed in Section .The second role is in developing representation for-malisms. For normative knowledge in the legal ontol-ogy we have developed formalisms for representing andinterpreting the deontic modalities (forbidden, permit-ted, obliged). It appeared that the ontological basisfor handling these modalities by some (extended) formof (classical) deontic logic was rather shaky. There-fore, new logical formalisms were developed and op-erationalized in the ON-LINE shell (see next section).The formalization is reported in (Valente, 1995, chap-ter 5).Some additional advantagesHowever, some other advantages of taking a principledcore ontology for developing arti�cial legal reasoningsystems can be pointed out, based upon the fact thatthe ontology provides the handle for divide and con-quer strategies. Since an ontology de�nes how one seesthe world in terms of primitive knowledge categoriesand their interrelations, it divides the world into pieceswhich can be solved separately | provided, of course,that care is taken of their dependencies. For exam-ple, the ontological commitment to the six categoriesproposed in the functional ontology of law naturally di-vides the study and representation of legal knowledgein six parts. This leads to several interesting conse-quences.First, a degree of 
exibility is added by the fact thatthe solutions given to the parts may not be at thesame level of detail. One can be formal and principledstudying one category and pragmatic and symbol-levelstudying another. For example, while we were ableto propose a formal theory for reasoning with norma-tive and meta-legal knowledge (in fact detailing thispart of the ontology), the many challenges in propos-ing a general solution to the representation of com-mon sense and world knowledge refrained us from do-ing the same to these categories. Instead, we proposed9The \civil" part de�nes a type of right based on thetype of agent who has it | a de�nition that can be ex-pressed using world knowledge.

only that a certain type of representation formalisms(terminological or concept languages) were particularlyadequate. This is specially important in the design of�eld-speci�c representation formalisms. In general, on-tologies are an excellent basis for designing specializedlanguages or representation formalisms for a certaindomain. In principle, di�erent languages may be builtbased on a certain ontology. These languages may dif-fer for instance in syntax or notation, varying fromsemi-formal languages to mathematical logic, or in us-ing other (additional) ontological commitments, for in-stance to using defaults as allowed (and stimulated) byframe-based representations. In the functional ontol-ogy of law, we proposed languages varying from formalto semi-formal for representing most of the categoriesproposed (see (Valente, 1995)).Because a principled core ontology partitions the do-main in reasonably self-contained pieces, one does notneed to �nd a single general formalism to reason withthem. For instance, it is commonly proposed in AI& law that the use of rule-based formalisms or someform of deontic logics can be enough to represent le-gal knowledge. This departs from the assumption thatwe are looking for a single, unifying reasoning engine.In the operationalization of the functional ontology oflaw we have proposed di�erent reasoning engines foreach category, depending on the speci�c representationused. Although this was not proven in formal terms,this strategy has the clear potential to make generalreasoning with legal knowledge more tractable, sinceeach basic category has speci�c requirements and re-strictions which can be explored in building e�cientreasoning mechanisms. In other words, the use of aprincipled core ontology such as the functional ontol-ogy of law can simplify the study of domain speci�creasoning, and can potentially improve the tractabil-ity of the reasoning engines proposed.Finally, principled core ontologies naturally con-strain the types of arguments and explanations usedin the domain. For example, the scheme shown inFig. 2 can also be seen as the basic structure of le-gal arguments. Each category corresponds to a typeof argument that has as antecedents the inputs and asconclusions the outputs of each function, and as war-rants the knowledge belonging to that category. Fornormative knowledge, for instance, the conclusion iswhether a situation is allowed or disallowed, and thewarrants are normative knowledge. Moreover, the con-clusions in a legal argument are concatenated as shownby the dependencies in the �gure; for instance, an argu-ment involving world knowledge (say, concluding thata certain person is considered a `minor' according to acertain de�nition) being used as subsidiary for an ar-34



gument involving normative knowledge (say, conclud-ing that a situation in which this person was drivinga car is disallowed according to a certain norm). Touse Toulmin's terminology (Toulmin, 1969), an ontol-ogy de�nes what types of conclusions, warrants andargument chains are commonly used and/or held valid.This may be an important factor if domain-speci�c rea-soning is viewed as the production and evaluation ofarguments (as it is indeed the case in law) .These advantages were explored in designing theON-LINE architecture for legal problem solving (Va-lente & Breuker, 1995). ON-LINE represents the func-tional ontology in the description logic/system LOOM(MacGregor, 1991), and uses this representation tode�ne specialized representations for objects in eachof the categories of the ontology. However, the mainadvantage of using a principled core ontology as pro-posed in this paper appears when de�ning reasoningmechanisms. Di�erent mechanisms are used to reasonwith each category. For world knowledge, for exam-ple, we borrowed LOOM's classi�cation/subsumptionreasoning engine.10 For normative reasoning, on theother hand, we devised a speci�c algorithm for apply-ing norms to cases (Valente, 1995) (in contrast withe.g. using a deontic reasoning engine). In other words,instead of trying to de�ne an all-encompassing formal-ism and reasoning mechanism that �ts all types of legalknowledge, the functional ontology of law provided abasis for de�ning specialized representations and algo-rithms that are easier to handle and potentially moretractable.Comparing core ontologiesOurs is not the only core ontology. We have already re-ferred to the PhySys ontology developed to cover engi-neering in electro-mechanical domains (Borst & Akker-mans, 1997). For medical domains van Heijst devel-oped a core ontology that is aimed at the indexingof the domain ontologies in the GAMES library. Be-sides a functional center that views the core business ofmedicine as the diagnosis and remedying of diseases,other categories refer to the various disciplines thatmake up the theoretical aspects of medicine. In (Va-lente & Breuker, 1996) we have argued that this hybridview on a core ontology makes it less suitable for in-dexing.Although originally not intended this way, the on-tology of law as proposed by (Visser, 1995) and(vanKralingen, 1995) can also be viewed as a core on-tology. This (K-V) ontology is of the same level of10This decision is not arbitrary; on (Valente, 1995) weshow why description logics are particularly adequate torepresent and reason with world knowledge.

abstraction as ours (B-V) and is intended to cover thesame �eld. Indeed, there is a strong conceptual overlapbetween both ontologies, i.e. the semantic similarity isremarkable, which would suggest that in the �eld oflaw there is a large consensus of what constitute law.Such a conclusion would come as a shock to many alegal theorist. There is more dispute over terms therethan in legal practice that is characterized by disputerather than problem solving. Indeed, it is not di�cultto point to subtle di�erences between similar terms inthe K-V and the B-V ontologies, but it is more impor-tant to point to structural di�erences. The �rst one isthat the K-V ontology is not a functional one. It listsa number of categories, or rather slots in a frame withvalue restrictions, but it does not specify how thesecategories are dependent on one another. Second, K-Vdoes not distinguish between common sense knowledgeand the way the law looks at events in the world. Forinstance, there is no distinction between causality incommon sense terms and the way the law restricts orextends causality in order to de�ne legal causality (re-sponsibility). Similarly, the law often makes its spe-ci�c de�nitions that may con
ict with common sensedescriptions. This is of importance, because, for in-stance, the case descriptions that have to be legallyassessed, are framed in common sense terms, while theinterpretation of such a case has to make use of thelegal view on the objects, events and states.ReferencesP. Borst and H. Akkermans. Engineering ontologies.International Journal of Human Computer Interaction,46:365 { 408, 1997. special issue on using explicit on-tologies in kbs development.J. Breuker. Towards a workbench for the legal practi-tioner. In C. van Noortwijk, A. Schmidt, and R. Winkels,editors, Legal Knowledge Based Systems: Aims for Re-search and Development, pages 25{36. Koninklijke Ver-mande, 1990.J.A. Breuker. A suite of problem types. In J.A. Breukerand W. Van de Velde, editors, CommonKADS Library forExpertise Modelling, pages 57 { 88. IOS-Press/Ohmsha,Amsterdam/Tokyo, 1994.W.J. Clancey. Heuristic classi�cation. Arti�cial Intelli-gence, 27:289{350, 1985.E. Coelho and G. Lapalme. Describing reusable prob-lem solving methods with a method ontology. In B.R.Gaines and M. Mussen, editors, Proceedings of the KAW-96, Ban�, Ca, 1996.R. Davis, H. Shrobe, and P. Szolovits. What is a knowl-edge representation? AI Magazine, pages 17{33, spring1993.M. Genesereth and N. Nilsson. Logical Foundations ofArti�cial Intelligence. Morgan Kaufmann, Los Altos, CA,1987.35
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