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Abstract

The 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 interpreted
through a functional point of view. We propose a
number of primitive functions of legal sources and cor-
responding categories of legal knowledge: normative
knowledge, world knowledge, responsibility knowledge,
reactive knowledge, creative knowledge and meta-legal
knowledge. Together, these functions realize the main
function of the legal system: to regulate social be-
haviour. The ontology is illustrated with examples
from Dutch labour law.

Ontology and ontological engineering

In the new-born discipline of ontological engineer-
ing, the term “ontology” has another meaning than
as originally conceived in philosophy. Wolff (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 its
appearance.! 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 is
concerned with the specification of content of knowl-
edge. Epistemological or semantic engineering may
have 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 involved
in and supported by ontological engineering: informa-
tion (library) science, (computational) linguistics, cor-
porate knowledge management, data base technology
(schemas), professional terminological standardization

!(Kant, 1787, B.874) who was interested in Leibniz
work, learned about Leibniz via Wolff (“the Leibniz/Wolff
system”) classified ontology as one of the four components
of 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 artificial legal reason-
ing and information serving. FEach of these applica-
tion areas bring different views and requirements to
the ontology arena. Linguistic ontologies like Word-
Net (Miller, 1990) or SENSUS (Knight et al, 1995)
contain more than 50.000 concept definitions that can
be used e.g. for translation. At the other extreme are
the specialised domain ontologies (re)used in knowl-
edge engineering as e.g. deposited at the Ontolingua
server (Gruber et al, 1996). In the latter, the defini-
tions of the terms are much more detailed than in the
former. However, in both cases there is the assumption
that more abstract terms should constrain the inter-
pretation of these definitions. Terms which re-occur in
every domain and in our common sense understanding
of the world, like time, space, cause etc. are part of a
top ontology e.g. (Hobbs, 1995), (Sowa, 1995), (Guar-
ino, 1995). The ontology of law that we present here is
neither a top ontology, nor a domain ontology, but it is
‘in between’: it intermediates between the completely
general top ontologies and ontologies of legal domains.
After (vanHeijst et al., 1997) who developed a similar
kind of ontology for medical domains we call such an
ontology a core ontology. Before presenting our core
ontology of law in section we will first discuss the no-
tion of ontology in general and the role ontologies can
play in knowledge engineering.

A Notion of Ontology

It is impossible to represent the world in its full richness
of detail. In order to represent a certain phenomenon
or a part of the world (which is called a domain), it is
necessary to restrict the attention to a small number of
concepts which are meaningful and sufficient to inter-
pret the world and provide a representation adequate
to a certain task or goal at hand. As a consequence,
a central part of knowledge representation consists of
elaborating a conceptualisation: a set of abstract ob-



jects, concepts and other entities which are assumed to
exist in a certain domain, as well as the relations that
may hold between them (Genesereth & Nilsson, 1987).
The commitments which are implied by the choice of
one 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 selecting
ontological commitments) is an essential component of
the 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 of
a specific 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 the
knowledge representation language and the knowledge
base: the distribution being that the representation
language offers a minimal set where the consequences
of the commitments emerge as organization and infer-
ence services.

A conceptualisation is an abstract entity which is
only implied in a knowledge representation. An on-
tology is a specification of a conceptualisation (Gru-
ber, 1994). Tt comprises a description (e.g. through
definitions) of the concepts, objects, relations and
so forth which make up a conceptualisation. One
of the basic roles of an ontology is to enable the
study of conceptualisations and ontological commit-
ments in their own right, i.e. dissociated from the
knowledge representations they may yield. Another
important role is to support knowledge sharing and
re-usability (Neches et al., 1991; Patil et al, 1992;
Gruber, 1994). Particularly relevant are domain on-
tologies, 1.e. ontologies which describe a part of the
world or a human activity such as medicine, law or
engineering.

The Role of Ontologies

Three kinds or levels of ontology can be distinguished
in knowledge engineering: top, core and domain.?

2 (vanHeijst et al., 1997, p. 193) proposes four levels: ap-
plication, domain, generic, representation. We believe that
there is no real distinction between application and domain
ontology. The distinction is made because (vanHeijst et al.,
1997) believe that an application ontology fully matches a
knowledge base and a domain ontology may only have a
partial match with the knowledge base of some domain ap-
plication. We do not hold such a view and argue that real
application ontologies are impossible to construct (see also
(Motta et al., 1996)). The generic ontology is the same as
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Each of these levels has its specific roles or use. Most of
these roles may be subsumed under the term ‘knowl-
edge sharing’ (Gruber, 1994), but the different pur-
poses of (re)use of ontologies also put different require-
ments on ontologies. The qualitative demands increase
with the order presented below, i.e. the need for careful
and valid analysis and in particular for a formal base
becomes greater.

Domain ontologies contain the concepts of some do-
main of application:

e 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’),or
to common, standardized terminology in profes-
sional or scientific communities.

e A second role, related to the previous one is in
knowledge acquisition where teams have to work
together and an ontology becomes a common,
agreed upon understanding of the terms in a do-
main, that can be read by team members with

different background knowledge (Gruber, 1994).

e Ontologies make explicit to what conceptualiza-
tion of terms a particular knowledge base(d sys-
tem) is committed. In constructing a knowledge
base one has to make commitments anyway, so
making them explicit in an ontology enables more
controlled development and also maintenance of
a KBS. An (application) ontology is more than
a simple documentation. It has a strong justifi-
cation and quality assurance flavour, because an
ontology supports consistent use of terms. This
role 1s the standard one in the context of knowl-
edge engineering methodology (see e.g. (Wielinga
et al., 1992), (vanHeijst et al., 1997))

e The most often cited role is in enabling reuse of
knowledge for building (new) applications. Al-
though the previous role is probably the most fre-
quently used nowadays in knowledge engineering,
the major future benefit is to be expected from
consulting repositories (libraries) of ontologies ag-
gregated from earlier experiences or projects. The

a top ontology. However, the term ‘core’ is borrowed from
(vanHeijst et al., 1997) where they define the categories
that index a library of medical domain ontologies: these
categories are generic for medicine. We do not distinguish
between generic and representation ontologies because they
have the same nature. Whether a generic (= top) ontology
is the basis for developing a KR formalism and related in-
ference services or not is in the use of an ontology, in the
same way as a domain ontology may be used to construct
a knowledge base.



Ontolingua server is an example, but one may also
think about a company specific library that is or-
ganized around the types of industry served, etc.

As (re)use of a domain ontology for constructing
knowledge 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 ontology
into 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 represent
these concepts and their relations. However most
knowledge bases are cast in rule formats, where
this 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 clarifies what the epistemolog-
ical — pardon, ontological — commitments are to
the domain knowledge, as is well demonstrated by
(Clancey, 1985)’s studies. In knowledge represen-
tation systems that combine terminological and
assertional views on knowledge, such as LOOM,
the transfer may be semi-automatic. However, the
use 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 that
is used in solving problems in an application do-
main can be expressed in an ontology. For in-
stance, heuristic, compiled-out knowledge i1s gen-
erally not part of an ontology. Either it can only
be expressed in an ontology in a very complex,
de-compiled way, or the ontology becomes com-
pletely method dependent, i.e. it will look rather
like knowledge base and is not reusable for other
kinds of tasks or methods (see (Motta et al., 1996)
for an illuminating case study).

Also the reverse is true. Many of the definitions
in an ontology are of no relevance in the reasoning
of a knowledge system. A medical diagnosis pro-
gram that uses heuristic classification to identify
a 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 that
changes over time, etc. (Clancey, 1985)).

Another kind of knowledge mismatch that is some-
what less structural than the heuristic “contami-
nation” in (efficient) knowledge bases, is the fact
that the ontological requirements of problem solv-
ing methods — the “method ontology” of a PSM
does in general not seamlessly fit a domain on-
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tology (Coelho & Lapalme, 1996). More in gen-
eral, domain ontologies themselves may overlap
and exhibit lots of mismatches, as e.g. classified
by (Visser et al., 1997).3 It should be noted that
these kind of mismatches are generally not due
to errors in one of the ontologies, but are rather
inherent to the fact that the requirements for on-
tological modelling leave a large “design space” for
multiple, correct solutions.

Core ontologies contain the categories that define
what a field is about. A field is some discipline, indus-
try or area of practice that unifies many application
domains, as e.g. (some subfield of) medicine, law,
engineering etc. The categories are not some com-
mon denominator of a set of application domains,
but constrain what i1s relevant in these domains. As
we will argue in section | core ontologies have a func-
tional perspective. Asintermediates between generic
and domain ontologies they have a double-faced role:

1. Core ontologies are to be used for indezing li-
braries of domain ontologies. (Valente & Breuker,
1996) describe requirements for a core ontology to
be able to play this role.

2. Core ontologies are the ontological basis for con-
structing special representation language and in-
ference services for a field. A full understand-
ing (and formalisation) of the inferential conse-
quences (calculus) from the relationships between
the terms that make up the abstract “top” of a
category is required (Davis et al., 1993), (Guar-
ino, 1995).

Top ontologies The role of a top ontology is that it
can make explicit what the ontological commitments
are of some domain ontology. The most rigourous
way to ‘import’ a top ontology into a domain ontol-
ogy is when the domain ontology is ezpressed by top
ontologies, i.e. when the top ontologies have been
operationalized as a representation formalism annex
inferential calculus. This role also occurs for core on-
tologies. A core ontology may entail its own, special
formalisms, but may also modify or extend the more
generic versions of a top ontology. For instance, le-
gal causality is a modified view on the more generic
notions of physical causality and intention (see the
next section).

A Functional Ontology of Law
A core ontology should reflect what a field 1s about. In
fields concerned with the design and use of physical ar-
tifacts, 1.e. engineering, this means that the categories

*The term “knowledge mismatch” matches more or less
their term “conceptual mismatch”.



like design descriptions (component-model, process-
model, and mathematical-model) constitute the core
ontology (Borst & Akkermans, 1997). For instance,
in commenting on the ontologies that make up the
elevator domain (VT), which is a typical engineering
domain, (Gruber et al., 1996, p. 570) state: “Ontolo-
gies such as these can be designed (italics Gruber et
al.), 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 configura-
tion the process descriptions are already completely
parameterized. In other words, the VT-configuration
does not exhibit the full engineering design categories,
which can be summarised by the following dependen-
cies string:

—  process — model —

component — model
mathematical — model

This functional perspective on engineering also
shows what the “natural” tasks are that are performed
in engineering: modelling, design and configuration
(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. The
manufacturing and maintenance of devices have be-
come separate ‘fields’, having their own functional per-
spectives.

The View

To a large extent, law is also an artifact, so a func-
tional perspective is strongly implied already by the
objects (concepts) it uses. However, we cannot borrow
the 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 practice
is on the way the law 1s applied and how it affects its
environment: a society.

The functional ontology of law, as the name indi-
cates, adopts a functional perspective — that 1s, the
Law is analysed and interpreted through a functional
point of view. This perspective can be summarised as
follows:

The legal system as a system It i1s assumed that
the legal system as a whole (and therefore each of
its components) exists to accomplish a certain func-
tion, in order to obtain certain soctal goals. The
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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 in
order to be able to accomplish specified social goals.

The main function of the legal system The legal
system is one instrument to change or influence so-
ciety in specific directions, determined by certain so-
cial goals. The main function of the legal system is
to react to social behaviour. In this sense, the legal
system can be regarded as a kind of social device
operating within society and on society, and whose
main function is to regulate social behaviour.*It is
important to note, however, that this ‘device-like’
view does not imply that the ontology is based on a
simulation of the actual behaviour of the legal sys-
tem.

Functions of law = functions of legal sources
The legal sources (the elements accepted as bind-
ing law in a legal system) are the knowledge which
specifies how the legal system works. Therefore, the
functions that legal knowledge may perform corre-
spond to roles of legal sources. In other words, the
categories of legal knowledge provide a direct clas-
sification principle for legal sources. Important to
note that the proposed classification is in principle
independent of (and in fact orthogonal to) the form
or structure of these sources — they may be regu-
lations, precedents, statutes, etc. Further, a legal
source does not necessarily perform a single func-
tion: an elementary legal source (e.g. an article in a
regulation) may express (contain) knowledge of more
than one type.

From functions to roles Like a knowledge-based
system, the legal system executes a number of tasks,
for which it uses extensive knowledge. Consequently,
each piece of knowledge used by the legal system has
a specific role distinguished by the legal system in
the operationalisation of its functions and tasks. In
this way, the functions which are identified to distin-
guish types of legal knowledge have a dual charac-
ter: they point out sub-functions (and sub-tasks) of
the legal system, and at the same time divide legal
knowledge into a number of basic categories which
provide support for each of these functions/tasks.
As described above, the main function of the legal
system corresponds to a macro-argument from so-
cial behaviour to legal consequences. This means

*Enacting legislation is not the only way to change social
behaviour. One can change the world physically so that the
behaviour cannot occur (e.g. building cars that only drive
at less than 100 km/h) or simply convince people through
education or propaganda that the behaviour is ‘bad’.



that these subtasks are connected to the generation
of micro-arguments which together compose the de-
sired macro-argument, and not necessarily to actual
tasks in the legal system.

The Ontology

Given the view described above, an ontology of law
can be built by identifying these functions and using
them to distinguish categories of legal knowledge. In
the following sections, a number of primitive functions
of legal sources and corresponding categories are pro-
posed and described. Some of these categories are
primitive, while others are defined using the primi-
tive categories. The primitive categories are: norma-
twe knowledge, world knowledge, responsibility knowl-
edge, reactive knowledge, creative knowledge and meta-
legal knowledge. Tt was shown in (Valente, 1995) that
most of the important non-primitive categories, such
as rights, can be defined based on the primitive ones.
This issue, however, is outside the scope of this paper.

While this ontology has been inspired by the work of
many legal theorists, (Hart, 1961) and (Kelsen, 1991)
in particular, it diverges from their work in signifi-
cant ways. In particular, the separation we make be-
tween responsibility, causal and normative knowledge
is quite non—standard, and to some extent defines a
novel legal-theoretical position. However, it is outside
the scope of this paper to defend these ideas, or even
the legal theoretical soundness of our ontology. The
interested reader can find a detailed discussion in (Va-

lente, 1995).

Normative Knowledge Normative knowledge is
the most characteristic category of legal knowledge, to
such 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 give
to normative knowledge a more specific structure, con-
tent and role. Nevertheless, the restricted scope that
is 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 behaviour
and defining a standard of comparison for the social
reality. These functions are clearly related. One can
think that norms prescribe behaviour by defining a
standard or, the other way around, set up a standard
by prescribing behaviour. Which side is the central one
is an issue subject to debate in legal theory. In this
ontology we adopt the conceptualization that the defi-
nition of a standard is the central characteristic of nor-
mative knowledge, and the prescription of behaviour is
one of its effects.
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A norm expresses an idealisation: what ought to be
the case (or to happen), according to the will of the
agent that created the norm. This idealisation is ex-
pressed by reference to a description of the reality (the
world) in which some configurations of facts and be-
haviour are ‘cut out’ to make it an ideal world. Since
they express an ideal world, norms can be either ob-
served or wiolated. A norm is observed when the be-
haviour in the real world does not conflict with its spec-
ification in the ideal world, and violated otherwise. To
apply a norm means to verify or compare the reality
with the ideal world defined in the norm, classifying
the reality as either compliant or non-compliant with
the norm. This classification is the normative status
of the behaviour with respect to the norm.

Meta-legal Knowledge Normative systems are de-
fined on the basis of individual norms in the sense that
the standard defined by the normative system is de-
fined in terms of the standards defined by the indi-
vidual norms. The difference between the standard
defined by the normative system on the one hand and
the standards defined by the norms on the other hand
is fundamental to understanding the role of normative
knowledge in law, and it is accounted for by knowledge
about individual norms. This distinction is captured
by defining the categories of primary norms and meta-
legal knowledge. Primary norms are entities that refer
to 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 only
to a few types of behaviour, in the sense that it is only
able to provide a status if applied to some types of
cases. For the remaining types of cases, the norm is

Saiﬁﬁf&eb%ﬁ%@e a difference between the normative
status given by a single norm and the one given by
the 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 of
the functions of meta-legal knowledge is to specify how
this process occurs, 1.e. how the normative status with
respect to the normative system is built from the nor-
mative status with respect to the primary norms. The
basic mechanism involved is the solution of conflicts
between primary norms. Another function of meta-
legal knowledge is to specify which legal knowledge is
applicable. Applicabilityis a concept which can be used
both for specifying the dynamics of the legal system
and its limits.

World Knowledge By its very nature, law deals
with behaviour in the world. Therefore, 1t must con-



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 can
be. This description is not directly available from the
legislation, but is usually implicit. However, this type
of knowledge is distinct from (albeit connected to) nor-
mative knowledge — that is, primary norms describe
an ideal world based on the description of reality. This
separation between the knowledge used to describe the
world and the normative knowledge was first explicitly
proposed by Breuker (Breuker, 1990), who called this
category world knowledge.

In addition to adopting a category of legal knowl-
edge which describes the world, we propose that this
knowledge constitutes a structured model. Thus, the
term legal abstract model or LAM is used as a synonym
for world knowledge when its model character is to be
stressed. Also, this term stresses that this model is
a ‘double abstraction’: as discussed below, the LAM
gives a more restricted meaning to common sense con-
cepts which are already abstract.

The legal abstract model is an interface between the
real world and the legal world. Its role is to define
a model of the real world which is used as a basis to
express normative and other categories of legal knowl-
edge. The bulk of the LAM consists of definitions of
concepts that represent entities and relations in the
world. These concepts are usually organised in class
hierarchies, i.e. some concepts are subsumed by others.
In defining 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 defined. These
concepts are supposed to be interpreted by people. In-
deed, since the law is supposed to be comprehensible to
the people who are addressed by it, every concept used
in general legislation is supposed to be comprehensible
to any person.’That means these concepts are sup-
posed to be part of this ‘consensus reality’ mentioned
by (Lenat & Guha, 1990) — that is, these terms are
in fact supposed to be interpreted using common sense
knowledge. This means that the legal abstract model
is not complete or self-contained: the LAM is in fact
a layer of definitions of concepts and relations built
on top of a large layer of common sense knowledge.
The primitive (non-defined) concepts and relations in
the LAM are the interface between the world knowl-
edge and the common sense knowledge. For instance,
it is possible to define in detail the characteristics of
an intellectual work to be used in a copyright law.
It is also possible to define it referring to other con-
cepts, such as books, sculpture, etc. However, if the

®Except for the obvious categories of people like infants
or mentally retarded people.
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concept book is left undefined (primitive) the only way
to interpret it is to rely on common sense knowledge.
Therefore, a concept within the LAM is defined in two
steps: first defining it in terms of other concepts in the
LAM until the level of primitive concepts is reached,
and second the common sense ‘definition’ 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 the
world — there are again two interpretive steps. First
there is the interpretation of the reality in the prim-
itive terms of the legal abstract model, e.g. asserting
that a specific thing in the world is a book. Second,
there 1s the interpretation of the primitive terms with
respect to the defined ones, e.g. asserting that a book
is a type of intellectual-work. The first process in-
volves purely common sense knowledge, while the sec-
ond is supported by world knowledge. The process
from an entity in the world to primitive concepts or
vice-versa 1s called common sense interpretation. The
process from a primitive (or defined) concept to a de-
fined concept within the LAM or vice-versa is called
legal interpretation. The view just described 1s shown
in Fig. 1.

The legal abstract model is not only a static descrip-
tion of salient features of society, but a model of social
behaviour. For instance, legislation is passed as a form
of 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 abstract
model. Therefore, a LAM should ideally allow pre-
dictions about behaviour in the world. Nevertheless,
this requires more than definitions, because these are
purely static. The definitions alone are a domain on-
tology which falls short of a model, because it does not
enable such predictions. The view imposed in the law
about behaviour is thus largely a static description of
possible or relevant behaviours, but the full reasoning
about them is left to common sense.

Apart from describing the world, what is behavioral
reasoning used for in law? We propose that this de-
scription of possible and relevant behaviours is built
around the concept of cause, in order to allow the as-
signment of responsibility of an agent for a certain
Since these responsibility assignments actually
form a separate category of legal knowledge, they are
discussed in more detail below. ®Causal knowledge,
however, refers to or uses a static description of the

case.

5This is not a standard way of viewing causality in law.
In most legal systems causal knowledge and responsibility
knowledge is mixed, often even with normative knowledge,
and so is the reasoning with these types of knowledge. We
propose to separate it for clarity and efficiency reasons.



WORLD
KNOWLEDGE

COMMONSENSE S .
KNOWLEDGE

legal interpretation

< — —» commonsense interpretation
O defined concept
@) primitive concept
o commonsense concept
O entity in the world

Figure 1: The role of the legal abstract model.

world (e.g. to model world states). Accordingly, we
propose that the world model is actually composed of
two related types of knowledge: definitional knowledge
and causal knowledge. The definitional knowledge is
used by the normative knowledge to describe the 1deal
world they define. The causal knowledge is used by
the responsibility knowledge to describe who or what
has caused a given state of affairs, and can thus be
considered responsible for it.

Responsibility Knowledge It is commonplace to
affirm that cause and responsibility are important con-
cepts 1n law, but it is not equally simple to provide a
more concrete account of how these concepts enter the
realm of law. We see responsibility knowledge as a cate-
gory of legal knowledge that has as a function to assign
or limit the responsibility of an agent over a given (dis-
allowed) state of affairs — i.e. to (dis)establish a link
between the violation of a norm and an agent which
is to be considered responsible (accountable, guilty, li-
able) for this violation. This responsibility link may be
established by a causal connection between the agent
and the disallowed behaviour, but this is not the only
way to establish responsibility.

Responsibility i1s the intermediary concept between
normative and reactive knowledge, since a reaction can
only occur if the agent is is held responsible for a cer-
tain norm violation. Responsibility knowledge plays
the role of linking causal connections with a responsi-
bility connection — i.e. that connection which makes
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an agent accountable for a norm violation and possibly
subject to legal reactions (see also reactive knowledge
below). As (Hart & Honore, 1985) point out, however,
responsibility does not have “any implication as to the
type of factual connection between the person held re-
sponsible and the harm” — that is, causal connections
are 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 an
a priort link between these two relations: in principle,
all agents are legally responsible (and only responsible)
for that which they cause. But this causal connection
i1s not always necessary or always sufficient for estab-
lishing responsibility in a legal context. The role of
responsibility knowledge is exactly to ‘interfere’ with
this prima facie connection between causing and being
responsible. This interference is made so that legal sys-
tems “extend responsibility [or] cut it off in ways which
diverge from the simpler principles of moral blame”
(Hart & Homnore, 1985, pag. 67). This mechanism
has rather practical motives. Given the innumerable
problems in establishing, proving and reasoning with
causal connections, the assignment of legal responsibil-
ities which bypass these connections to some extent is
used to give more precision in situations where the use
of the common sense or moral concept of responsibil-
ity by the law can lead to inconsistencies or undesired



results, or when there is a practical interest (based on
an implicit of explicit policy) that a frontier should be
drawn so that it becomes easier to define what are the

limpiti ol Heep owsi ALY WRAGTaSAEANWATEHIBEARSE]: in
responsibility knowledge. First, the law may estab-
lish a responsibility connection independent of a causal
connection — 1i.e. a responstbility assignment. This can
be seen in a rule used in e.g. French, German or Brazil-
ian law, by which parents are held responsible for the
the damage done by their children even if there is no
specific causal link between their attitudes or actions
and the damage. That is, the parents are held respon-
sible even though they have not necessarily caused the
damage. Second, the law may limit the responsibility
of an agent under certain circumstances, disregarding
some possible causal connections — i.e. a responsibil-
ity restriction. For instance, in England a man is not
guilty of murder if the victim dies more than one year
after the attack, even if the death was a consequence
of this attack. Other well-known factors that may in-
fluence the establishment of responsibility connections
in law are knowledge and intention.

Reactive Knowledge To reach the conclusion that
a certain situation is illegal (based on normative knowl-
edge), and that there is some agent to blame for it
(responsibility knowledge) would be probably useless
if the legal system could not react towards this agent.
That knowledge that specifies which reaction should
be taken and how is what we call reactive knowledge.
Usually this reaction is a sanction, but in some situ-
ations 1t may be a reward. The penal codes, which
are usually a fundamental part of legal systems of the
Romano-Germanic tradition, contain basically respon-
sibility and reactive knowledge only.

Creative Knowledge A legislator may indirectly
create some entity that did not exist before in the
world, using what we call creative knowledge. It 1s usu-
ally stated in imperative terms, designating an agency
that previously did not exist as part (or not) of the re-
ality from a certain point of the time on. The creative
function has a somewhat exceptional (or even abnor-
mal) status when compared to the other ones. In this
case, the law not only wants to classify or react to cer-
tain agents that already exist in the real world, but
attempts to create a new agent. A simple example is
the creation of a department within the government
or a company. Note that the department created is
itself an abstract entity which will later be ‘filled” with
workers, facilities, etc. to become a concrete, physical
entity. Creative knowledge is not necessarily restricted
to the State: the creation of organisations by contracts
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and agreements can also be considered creative knowl-
edge. This type of knowledge appears at a first glance
to be almost negligible, but it has in practice a very
important role. The legal system must regulate itself
as any other social organisation. There is an important
difference, though: the law can design the structure of
the legal system as an organisation, in much the same
way as companies design their structure by their in-
ternal regulations. The creative knowledge 1s what is
used to perform this function.

The Big Picture

So far, a set of categories that divide legal knowledge
like pieces of a puzzle was presented. These categories
are distinguished by their function or role in the le-
gal system, and together realize the main function of
the legal system as discussed in section . However, it
still remains to be shown how these pieces together
make the whole puzzle, i.e. why they are sufficient to
represent legal knowledge. In order to do that, this
section tries to put these functions together and show
that they perform the function the whole legal system
performs. That is the coherence of the ontology, and
to some extent its completeness.

Fig. 2 shows how the functions/categories identified
compose together the main function of the legal sys-
tem. Of course, it is not meant that there is a one
to one correspondence between the abstract processes
of Fig. 2 and the actual social processes and proce-
dures in a legal system. Instead, they are functional
dependencies which describe how the main function is
decomposed in sub—functions which together perform
it. In Fig. 2, the rounded boxes represent functions
(or, alternatively, bodies of knowledge which perform
the function), and the solid arrows indicate functional
dependencies, i.e. the inputs and outputs of these func-
tions. The dependencies which correspond to actual
interactions with the society are indicated in the fig-
ure in non-solid arrows. The entities in the society are
specific 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 is
interpreted in order to generate an abstract descrip-
tion of the case in the terms that the legal sources
use. This abstract case description is called a legal sit-
uation, and the knowledge used to produce this step
is the world knowledge, which forms the legal abstract
model. Then, the legal situation is analysed against the
normative knowledge to verify whether it violates any
norm, thus producing what is called a classified situ-
ation (a situation classified as either ‘allowed’ or ‘dis-
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Figure 2: Functional roles of legal knowledge in the operation of the legal system.
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allowed’). In another path, the situation is analysed
using again world knowledge (but here particularly its
causal component) in order to find out which agents
in the world (if any) have caused the situation. This
information is then used as input to the responsibility
knowledge which determines which agents (if any) are
to be held responsible for the situation. The results ob-
tained in these two paths (the classified situation and
the responsible agents) are then used as inputs for a
function that defines a possible legal reaction using re-
active knowledge. Further, outside this cycle, the law
may also create an abstract entity (part of the legal
system) using creative knowledge; this entity is also
added to the legal abstract model. Finally, meta-legal
knowledge refers to all these entities.

Another way to see the interdependencies shown in
Fig. 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 dependencies
between the modules being provided by the dependen-
cies between the functions. Such dependencies must
of course be detailed. Moreover, the main path in the
picture can be also seen as the global structure of legal
arguments: starting from the ‘facts of the case’ and
going up to sentencing, with each function providing
the source for argument steps in specific places within
the global argument.

The scheme shown in Fig. 2 can also be seen as the
basic structure of legal arguments. Each category cor-
responds to a type of argument that has as antecedents
the inputs and as conclusions the outputs of each func-
tion, and as warrants the knowledge belonging to that
category. For normative knowledge, for instance, the
conclusion 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 figure;
for instance, an argument involving world knowledge
(say, concluding that a certain person is considered a
‘minor’ according to a certain definition) being used as
subsidiary for an argument involving normative knowl-
edge (say, concluding that a situation in which this
person was driving a car is disallowed according to a
certain norm). Legal reasoning can be thus seen as the
production and analysis of arguments involving one or
more of these categories.

An Example

We will illustrate the different types of knowledge, and
how the are related to legal sources, by an example
from Dutch Labour law. Figure 3 presents an excerpt
from Dutch civil law concerning labour arrangements.
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Art. 1637a
The labour contract is the agreement in which one
party, the employee, commits itself to perform labour
in the service of the other party, the employer, in re-
turn for payment, for a certain period of time.

Art. 1637b
The undertaking of work of a material nature is the
agreement in which one party, the undertaker, com-
mits itself to bring about a particular work for the
other party, the out-contractor, for a particular price.

Art. 1637c 1.
When an agreement has the characteristics of a labour
contract, and of some other type of agreement, both
the provisions of the labour contract and of the other
agreement will apply; in the case of a conflict between
the provisions, those of the labour contract will apply.

Art. 1637z
The 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 labour
personally [...]

Art. 1639da
The employee who causes damage to the employer
[...] during the realization of the agreement, is not
to be held responsible by the employer, unless the
damage was caused on purpose, or is a consequence
of deliberate rashness.

Art. 16390 1.
All parties involved can end the agreement without
notice [...], but the party that does so without consent
of the other party, has to give compensation, unless he
does so for a pressing reason of which the other party
is informed immediately.

Art. 1639r 1.
The compensation, mentioned in article 16390, [...]is
equal to the amount of wages for the time the agree-
ment had lasted if it were terminated in a legitimate
way.

Figure 3: Articles from Dutch civil law (BW 7A) con-
cerning labour arrangements.

To introduce this domain, we will start with discussing
the world knowledge in these articles, before we move
on to the other categories.

World Knowledge The core issue in the domain of
labour law is some sort of ‘agreement’ between two
parties concerning some ‘labour’ to be performed by
one of the parties, in return for a reward (usually
money) payed by the other party. In this agree-
ment, written or verbal, things can be settled like
working hours, pay, holidays, etc. In some branches
of industry collective labour contracts exist, nego-
tiated between the unions and the employers. For
individual workers there can be many individual ar-
rangements, but the law only defines one sort of con-
tract: a ‘labour contract’ (art. 1637a, Fig. 3), and



Responsibility Knowledge Art.

another type of arrangement called ‘undertaking of
work’ (art. 1637b). These two articles clearly con-
tain world knowledge, and more precisely the defini-
tional part of it; they describe concepts the legislator
wishes to see in the world of labour arrangements.
Apart from the types of arrangements, they men-
tion parties that have the agreement, the work that
is subject of the agreement, time, and a price or
payment. Terms like ‘labour’ and ‘work’ are prim-
itives; their interpretation is left to common sense.
The articles also refer to actions that can occur in
the world of labour arrangements: Agreements can
be ended (art. 16390), employees can cause damage
(art. 1639da), etc. These are also part of the world
knowledge, but they represent dynamics in the world
and belong to the causal knowledge.

Normative knowledge

The working agreements themselves contain norms:
they describe all kinds of rights and duties for the
parties involved. Moreover, the law contains norms
about these types of arrangements. Article 1639a
(Fig. refbw), for instance, states that the employee
is obliged to perform the labour personally. This is
a clear example of a primary norm. As we have seen
above, an ‘employee’ is defined in the world knowl-
edge as one of the parties in a labour contract. So
they ‘ideal’ situation represented in this article is
one in which the employee in the case of a labour
contract performs his labour personally. Should he
let some other person perform his labour, then he
violates the norm.

Meta-Legal Knowledge The part of Dutch labour

law presented above, contains two different examples
of meta-legal knowledge. First of all, art. 1637¢ con-
tains a domain specific version of the ‘lex superior’
principle. In the case the provisions of a labour con-
tract conflict with those of some other type of agree-
ment, the provisions of the labour contract ‘win’.”
The second example is art. 1637z, which limits the

applicability of the legislation.

1639da contains
responsibility knowledge, though the norm that is
violated is left implicit here (i.e. there is no norm in
this section stating one should not cause damage to
someone else). The situation in which the employee
causes damage to the employer during the working
relation, is ‘not ideal’, does not comply with some
norm, but provided it was not done intentionally,

"This looks like a standard meta rule, only in this case

the employee will not be held responsible for the
damage.

Reactive Knowledge Given a violation of a norm,
and an agent that is held responsible, a legal reac-
tion can be taken. Article 16390 and 1639r specify
that in the situation in which one party ends a work-
ing agreement unilaterally without notice (thereby
violating a norm specified in art. 1639e ff. not cited
here), that party has to give compensation equal to
a certain amount of wages. In other words, these
articles contain knowledge about a (possible) legal
reaction to a norm violation.

Creative Knowledge Creative knowledge, finally, is
not easy to find in Dutch Labour law. A related law,
however, the “Law on labour councils”® has creative
knowledge 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 should
be organized, etc.

Discussion and conclusions
A ‘principled’ core ontology

The typical roles for core ontologies as put forward in
section are the indexing of libraries of ontologies and
the development of representation formalisms. The

first role of our ontology is discussed in (Valente &

Breuker, 1996), where it is argued that this role can
only be performed if the core ontology is well con-
structed, or “principled” as is summarized as follows:

1. Tt is parsimonious in that, despite trying to cover

the whole of legal knowledge it departs from only six
basic categories, which cover at most a few concepts
each.

2. It has a theoretical basis, in our case derived largely

from the literature in legal theory. The ontology can
also be seen as a contribution to legal theory, and
this role has been explored extensively in the longer
description the reader can find in (Valente, 1995).

3. It is complete in that it provides a self contained

set of basic (primitive) categories of legal knowledge
such that all types of legal knowledge can be de-
fined based on them. For example, we have no spe-
cific definition equivalent to the principle that one
can only be judged once for an accusation, but this
principle can be found to play the role of meta-legal
knowledge. It must be noted that we do not mean
that all legal concepts can be defined solely using the
concepts defined here, only that their role can. For

the ‘object’ level are norms in contracts, not in the legisla-

tion itself. 8«Wet op de ondernemingsraden”.
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instance, there is a large amount of legal sources in
the US legal system pertaining to civil rights. While
we 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 of
composing normative and responsibility knowledge.”

4. Tt was shown that the basic categories in the func-
tional ontology of law are coherent by the fact that
they are related to each other in a consistent way
to perform the main function of the legal system as
discussed 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 and
interpreting the deontic modalities (forbidden, permit-
ted, obliged). It appeared that the ontological basis
for handling these modalities by some (extended) form
of (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 advantages

However, some other advantages of taking a principled
core ontology for developing artificial legal reasoning
systems can be pointed out, based upon the fact that
the ontology provides the handle for divide and con-
quer strategies. Since an ontology defines how one sees
the world in terms of primitive knowledge categories
and their interrelations, it divides the world into pieces
which can be solved separately — provided, of course,
that care is taken of their dependencies. For exam-
ple, the ontological commitment to the six categories
proposed in the functional ontology of law naturally di-
vides the study and representation of legal knowledge
in six parts. This leads to several interesting conse-
quences.

First, a degree of flexibility 1s added by the fact that
the solutions given to the parts may not be at the
same level of detail. One can be formal and principled
studying one category and pragmatic and symbol-level
studying another. For example, while we were able
to propose a formal theory for reasoning with norma-
tive and meta-legal knowledge (in fact detailing this
part 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 proposed

°The “civil” part defines a type of right based on the
type of agent who has it — a definition that can be ex-
pressed using world knowledge.
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only that a certain type of representation formalisms
(terminological or concept languages) were particularly
adequate. This is specially important in the design of
field-specific representation formalisms. In general, on-
tologies are an excellent basis for designing specialized
languages or representation formalisms for a certain
domain. In principle, different languages may be built
based on a certain ontology. These languages may dif-
fer for instance in syntax or notation, varying from
semi-formal languages to mathematical logic, or in us-
ing other (additional) ontological commitments, for in-
stance to using defaults as allowed (and stimulated) by
frame-based representations. In the functional ontol-
ogy of law, we proposed languages varying from formal
to semi-formal for representing most of the categories
proposed (see (Valente, 1995)).

Because a principled core ontology partitions the do-
main in reasonably self-contained pieces, one does not
need to find a single general formalism to reason with
them. For instance, it is commonly proposed in Al
& law that the use of rule-based formalisms or some
form of deontic logics can be enough to represent le-
gal knowledge. This departs from the assumption that
we are looking for a single, unifying reasoning engine.
In the operationalization of the functional ontology of
law we have proposed different reasoning engines for
each category, depending on the specific representation
used. Although this was not proven in formal terms,
this strategy has the clear potential to make general
reasoning with legal knowledge more tractable, since
each basic category has specific requirements and re-
strictions which can be explored in building efficient
reasoning mechanisms. In other words, the use of a
principled core ontology such as the functional ontol-
ogy of law can simplify the study of domain specific
reasoning, 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 used
in the domain. For example, the scheme shown in
Fig. 2 can also be seen as the basic structure of le-
gal arguments. Fach category corresponds to a type
of argument that has as antecedents the inputs and as
conclusions the outputs of each function, and as war-
rants the knowledge belonging to that category. For
normative knowledge, for instance, the conclusion is
whether a situation is allowed or disallowed, and the
warrants are normative knowledge. Moreover, the con-
clusions in a legal argument are concatenated as shown
by the dependencies in the figure; for instance, an argu-
ment involving world knowledge (say, concluding that
a certain person is considered a ‘minor’ according to a
certain definition) being used as subsidiary for an ar-



gument involving normative knowledge (say, conclud-
ing that a situation in which this person was driving
a car is disallowed according to a certain norm). To
use Toulmin’s terminology (Toulmin, 1969), an ontol-
ogy defines what types of conclusions, warrants and
argument chains are commonly used and/or held valid.
This may be an important factor if domain-specific rea-
soning i1s viewed as the production and evaluation of
arguments (as it is indeed the case in law) .

These advantages were explored in designing the
ON-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 to
define specialized representations for objects in each
of the categories of the ontology. However, the main
advantage of using a principled core ontology as pro-
posed 1n this paper appears when defining reasoning
mechanisms. Different mechanisms are used to reason
with each category. For world knowledge, for exam-
ple, we borrowed LOOM’s classification/subsumption
reasoning engine.!’ For normative reasoning, on the
other hand, we devised a specific algorithm for apply-
ing norms to cases (Valente, 1995) (in contrast with
e.g. using a deontic reasoning engine). In other words,
instead of trying to define an all-encompassing formal-
ism and reasoning mechanism that fits all types of legal
knowledge, the functional ontology of law provided a
basis for defining specialized representations and algo-
rithms that are easier to handle and potentially more
tractable.

Comparing core ontologies

Ours 1s 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 indexing
of the domain ontologies in the GAMES library. Be-
sides a functional center that views the core business of
medicine as the diagnosis and remedying of diseases,
other categories refer to the various disciplines that
make up the theoretical aspects of medicine. In (Va-
lente & Breuker, 1996) we have argued that this hybrid
view on a core ontology makes 1t 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 of

1%This decision is not arbitrary; on (Valente, 1995) we
show why description logics are particularly adequate to
represent and reason with world knowledge.
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abstraction as ours (B-V) and is intended to cover the
same field. Indeed, there is a strong conceptual overlap
between both ontologies, i.e. the semantic similarity is
remarkable, which would suggest that in the field of
law there is a large consensus of what constitute law.
Such a conclusion would come as a shock to many a
legal theorist. There is more dispute over terms there
than in legal practice that is characterized by dispute
rather than problem solving. Indeed, it is not difficult
to point to subtle differences between similar terms in
the K-V and the B-V ontologies, but it is more impor-
tant to point to structural differences. The first one is
that the K-V ontology is not a functional one. It lists
a number of categories, or rather slots in a frame with
value restrictions, but it does not specify how these
categories are dependent on one another. Second, K-V
does not distinguish between common sense knowledge
and the way the law looks at events in the world. For
instance, there is no distinction between causality in
common sense terms and the way the law restricts or
extends causality in order to define legal causality (re-
sponsibility). Similarly, the law often makes its spe-
cific definitions that may conflict with common sense
descriptions. This is of importance, because, for in-
stance, the case descriptions that have to be legally
assessed, are framed in common sense terms, while the
interpretation of such a case has to make use of the
legal view on the objects, events and states.
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