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Abstract. In this paper we first briefly summarize the process used for 
building ontology from a legal corpus given in natural language. Current 
ontology-building supposes a particular structure and a finite number of 
relation types. The corresponding architecture is mainly driven by tree-like 
structures that capture a part of the full complexity that is effectively at work 
in any legal system. We propose to endow a legal ontology with further 
functionalities related to its mapping in a given corpus. We define posterior 
probability functions related to the frequency of occurrence of any term or 
concept, and information functions that measure the mutual information 
shared by terms in the corpus, whatever might be the a priori links 
represented between them in the ontology. We then show how these 
probabilistic tools can be also associated with a scale-dependent view on the 
network structure of a legal corpus (from the larger scale of the network of 
all codes or laws of a legal system, to the much finer scale of articles). New 
perspectives mixing semantic web and some properties of complex systems 
are described. 

Keywords. Legal ontology, natural language, hermeneutics, enactive web, legal 
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1. Introduction  

The need for the development of legal ontology is increasing together with the diversity of 
applications of legal knowledge management (Casanovas et al., 2007), ranging from document 
retrieving, data and text mining, computer-assisted legal drafting, rationalization of legal fields 
(e. g. codification), modeling legal reasoning, multi-agent simulations, development of decision 
support system for environmental or resource management, etc. The design of a particular 
ontology depending on the targeted application, we postulate – in quite elusive terms – that the 
complexity attached to any ontology is mirroring the complexity of the application field. At the 
same time the training in and practice of the modeling of complex systems develop a particular 
sensibility in the approach of scientific issues. For example the possibility to build universal 
tools for the analysis and management of such systems is often considered with suspicion. 
Indeed on one hand the a priori setting of a time-independent frame representing a system is 
discarded for the accounting of its truly dynamical - and eventually idiosyncratic - nature; on the 
other hand the isolation of a sub-system from its wider context – even when justified on 

DRAFT

pierre
Note
Mazzega P., Bourcier D., Bourgine P., Nadah N. and R. Boulet (2010) A complex-system approach: legal knowledge, ontology, information and networks. In Approaches to Legal Ontologies. Theories, Domains, Methodologies. G. Sartor, P. Casanovas, M. Biasiotti & M. Fernández Barrera eds., Springer, in press.



 

2 
 

methodological arguments – is revisited with care and possibly criticized, relying on the idea 
that the whole is only seldom just the sum of the parts. 

We will introduce two main ideas. First, concerning the legal field, jurists deplore the 
complexity of Law and claim for a better quality of the knowledge management (see e.g. Surden 
et al., 2007) able to deal with legal systems as complex systems (Doat et al., 2007). In particular 
it is believed that the complexity is threatening the legal security (see e. g. in the French context, 
Conseil d’Etat, 2006; de Claussade, 2007). A legal corpus is also difficult to manage because it 
is a dynamical network (Zhang and Koppaka, 2007). Consequently, any ontology-building 
process should include the complexity of the relationship between ontology and corpus.  

Second, the web-based technologies and their applications are ever more requiring a 
complete access to the available information which is heterogeneous and distributed. Legal 
ontology has been based on close retrieval-based systems. But applications are now evolving 
toward the exploitation of operational multi-agent systems. Moreover, the need for linking 
source texts and legal contents becomes more pressing. For example, the French legal data bank 
LEGIFRANCE (2008), able to facilitate free access to Codes and Laws does not provide links 
to jurisprudence (judge’s cases) or author’s literature on the web.  

From these introductive remarks we consider in Section 2 the production of legal ontology 
and comment on cases of ontology building (with the automatic treatment of natural languages 
or via differential principles) and uses. In Section 3 we precise the new needs emerging from the 
process of building ontology in connection with their use in the automated exploitation of large 
textual data bases structured in complex networks. A complementary approach is proposed in 
Section 4 that actually maps an ontology in a corpus of legal texts via a probability measure. 
More precisely we first associate to every concept in the ontology-tree or network a posterior 
probability of occurrence in the various parts of the legal corpus of interest. Then it is possible 
to estimate the mutual information given by one concept about another concept in this particular 
corpus, independently from the cognitive or logical links represented between them in the prior 
ontology. An information function has already been used in relation to ontology building but 
with no connection to the complex cognitive and structural properties inherent to a legal corpus 
(Lame and Desprès, 2005). 

In Section 5 we show how such endowing of an ontology with information functions 
provides any ontology with some plasticity and adaption capacity that responds to their use in 
complex cognitive environments. Indeed endowing ontology with information functions allows 
to estimate the pertinence of some general ontology with regard to any particular legal corpus, 
to evaluate the strength of the links between concepts of the ontology on the basis of their use in 
the corpus or by comparison in different corpuses, and possibly to update and/or recover new 
concepts as well as concept links unsuspected in the a priori ontology, and correlatively to tie 
an ontology par specific applications to a particular corpus of texts. In Section 6 we couple the 
view on a large legal corpus as a complex network with explicit or latent structures, with the 
mapping of ontological terms and the association of probability and information functions at 
different organizational levels. Finally in the last Section 7 this complex-system approach to 
legal ontology, information and networks is recast in the present-day evolution of the 
information technologies and impacts on the practice of Law, in particular the enactive web in 
the field of legal ontology. 

2. Ontology Development: Dealing with Natural Language 

Before building an ontology for knowledge management, it is necessary to specify the 
specific field that we want to represent and the goal of the representation, this choice 
commanding the selection of the pertinent concepts and of their mutual links. 
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Ontology building is performed in a collaborative workspace involving at least a computer 
scientist and an expert of the (legal) domain. The expert has the theoretical and practical 
knowledge of the field and the computer scientist brings methods and tools to represent it. They 
share data (ontology resources like textual corpuses, transcription of interviews, formalized 
knowledge, other prior ontologies, etc.) but also their respective knowledge and skill by the 
mediation of a natural language. The natural language is a fundamental component in this 
process and a vector for knowledge sharing in ontology development. Indeed, the many 
subtleties of the Natural Language allow to define and to emphasis the complexity of a field. 

Technically speaking, building ontology means indexing a corpus and/or defining some 
relationships between a set of terms of the corpus. In some cases the ontology building process 
relies on larger knowledge fields or disciplines like philosophy or legal theory. Anyway at this 
technical level too, the good practice for ontology building consists in delimiting a field and an 
applicative aim. In our research team, (Nadah et al., 2007), current ontology designs are based 
on a particular structure and a finite number of logical relation types, say: 

• Generic structure: tree-like graphs + references; 
• Small set of relations: list + references. 

 

 
Figure 1 : Differential principles at work in the Differential Ontology Editor. 

Many legal ontologies use the resources of automatic treatment of natural languages or 
alternatively the guidelines of differential principles. The methods for training ontologies from 
texts or Web pages may be classified according to the following criteria: (i) the type of sources 
(textual corpus, documentation from the Web, etc.); (ii) using or not using existing sources 
(taxonomy, thesaurus, other ontologies); (iii) technical ways used to extract the concepts, 
relations, axioms and instances. The linguistic methods are based on tools for corpus analysis 
(see e.g. SYNTEX, Bourigault et al., 2005). They take for input a corpus and provide a list of 
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terms which are suitable for being concepts of the ontology. After this grammatical and 
terminological analysis, other tools (e.g. Terminae; Després and Szulman, 2006) allow to start 
building ontologies from the results of the terms extractors. Some of these tools (like Terminae) 
provide a link between the termino-ontological resources and the corpus. Unfortunately, most 
common ontology editors do not provide a way to keep this link during the ontology 
development. 

In Nadah et al. (2007), we describe an example of an ontology designed for licensing digital 
contents1, based on the concept of differential ontology. We intended to seek the relevant level 
for a generic ontology between existing formats and legal systems. It is obvious that, according 
to this goal, we had to start working from the existing standards, from uses-cases and from law 
rules. Existing standards (RELs) are based on Right Data Dictionaries (RDD). Those are not 
based on ontologies, neither on legal rules. So, we had first to define the relevant notions to be 
kept in the ontology of licenses by giving a definition to each notion in natural language. 
Because of the resources we had to work with, it was not possible to start building the ontology 
with an automatic or semi-automatic system. We did not have at our disposal a corpus that 
would be used for Automatic Treatment of Natural Language. So we decided to build the 
ontology manually. Furthermore, this ontology has been built using the Differential Ontology 
Editor (DOE, Troncy et Isaac, 2002)2 according to the ARCHONTE3 approach (Bachimont, 
2004).  

There exist different methodologies for building ontologies (Guarino and Welty, 2002). 
ARCHONTE is more a guide for structuring the concepts of the ontology than a methodology to 
find the concepts. Moreover it is based on semantics and so, the ontology built according to 
ARCHONTE is primarily a “linguistic ontology”. The methodology consists in the use of four 
differential principles to help structuring the ontology (Figure 1). We give for each concepts of 
the ontology his similarities and dissimilarities with the “parent” concept and the “brothers” 
concepts: 

• SWP: Similarity with parent; 
• DWP: Difference with parent; 
• SWS: Similarity with siblings; 
• DWS: Difference with siblings. 

 
This information is given in Natural Language, so the resulting ontology called “differential 

ontology” is at a linguistic level. Then, the ontology was formalized using Protégé4. Protégé 
does not provide specific fields for linguistic information. So we changed the DOE OWL-export 
to allow the user to keep the linguistic fields while using Protégé (see Figure 2). By this way, it 
is possible to continue building and formalizing the ontology with the Protégé Editor though 
referring to the linguistic notions. These notions are relevant for the development of the 
ontology because they give information about the semantics associated to the ontological 
concepts. The DAFOE5 project aims at developing an open-source platform that will take into 
account the results of term extractors and provide to the user a link between the corpus and the 
ontology. It will be a further step to capture the information extracted from the natural 
language .during the ontology building process.  
 

                                                           
1 The aim was to create a Right Expression Language (REL) based on an ontology, taking both the 

existing standards (ODRL, Ianella 2002;  XrML CONTENT GUARD, 2002; Creative Commons) and 
applicable legislations into consideration. 

2 http://homepages.cwi.nl/~troncy/DOE/ 
3 ARCHtecture for ONTOlogical Elaborating 
4 http://protege.stanford.edu/  
5 http://www.dafoe4app.fr/  
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Figure 2 : Linguistic information at work in Differential Ontology Editor. 

However most of the time, the rich expertise gained during the ontology-building process is 
partly lost when the ontology is represented in a machine. Ontology builders ever more need to 
keep a full track of the cognitive process that led to the selection of particular links in the 
ontological structure. In brief, natural language is relevant to emphasis relationships between 
concepts of the ontology. However even in this new generation of linguistic ontology, some 
relevant relations or notions of the field may remain implicit within the text and do not take into 
account the likely evolution of the corpus and then, the dynamics of the ontology. We will show 
how these characteristics – dynamics is at the core of the legal knowledge – can be integrated in 
an extended approach of ontology-building.  

3. A complex-systems approach applied to legal corpus and legal ontology 

Legal knowledge has a main feature: though well-structured (easily available for designing 
“logical” ontology) it is generally considered as being scattered in a complex way in large 
textual corpuses. We have already proposed to objectively define the complexity in legal 
domains by: a) a large number of interacting components; b) a partial knowledge of the 
(dynamical) links between components; c) a limited predictability of the system evolution 
and/or outputs; d) a dependency of the system properties when observed at different levels 
(scales) of its organization (Bourcier and Mazzega, 2007a). Note that so doing we do not 
separate the two main sources limiting our representation of a complex system, say its 
organization or structure intricacy and its intrinsic instability and our limited knowledge of the 
components ties and evolution rules. 

More importantly this general approach opens the possibility to define quantitative measures 
of the legal complexity inspired from numerous studies dedicated to the analysis and 
characterization of complex systems (continuous or discrete, natural or artificial; see e.g. Badii 
and Politi, 1997). Can the legal complexity deplored by jurists be measured and visualized? 
What are the effects of this configuration on the ontology of a field? 
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Usually a rich diversity of cognitive patterns and conceptual neighborhoods or clusters is 
emerging during the process of ontology-building. Such forms exceed the possibilities offered 
by the traditional representation of operational ontology in basically tree-like structures. In spite 
of recent improvements in legal knowledge, such limits in the representation of legal ontology 
correlatively constrain the way complex legal corpuses are exploited or mined. Indeed we 
observe that legal corpuses are structuring complex networks of inter-relationships that are 
legally meaningful and rationally based (Ost and van de Kerchove, 2002).  

The mapping of the concepts of an ontology on a corpus and its endowing with (sets of) 
information functions present several advantages: 1) they conserve and exploit the existing 
ontology, whatever the limits set on its representation (like tree-like structures); 2) they allow to 
automatically retrieve links between any pair (or m-elements groups) of concepts even not a 
priori expected form the ontology; 3) they can be represented as a weighted complex graph with 
the corpus as support (see below) in an informative layer. These functionalities preserve the full 
complexity of the legal field as illustrated in the following sections. 

4. Mapping an ontology on a corpus via a probability measure 

We assume that various properties of an ontology can be measured by information functions 
in a corpus of texts. Statistical tools, namely those presented in the following section, can map 
dynamics and interaction between terms, set of terms and contexts either in the same corpus, or 
between corpuses. In the following example, we show how the tangled meanings of the 
“reproduction”, “representation” and “placing at the disposal” (mise à disposition) that are 
difficult to represent in a legal ontology of the field of the Intellectual Property Rights, can be 
tracked in a legal corpus (here the French Code of the Intellectual Property, CIP for short) and 
their mutual information sharing measured. 

The French legal codes, like the CIP which is the corpus C in our example, are usually 
divided in a legislative and a regulatory part. The legislative part of main interest for us is 
subdivided in books, titles, chapters, sections and articles. This hierarchical organization of a 
code corresponds to a tree-like structure. Now let x be a notion or a concept in an ontology (in 
our example x=”reproduction” or ”representation”, etc.), and ka  the kth leaf (e. g. the kth 
article) in the corpus C. We associate with x the number n of its occurrences in the text ka , say: 

( )[ ] =kaxn number of occurrences of x in ka     (eq.1) 
( )[ ]Cxn  being the total number of occurrences of the concept x in the corpus C (the union 

of all the ka ), we can associate to x the probability P of occurrence over any text ka  (or union 
of texts) of the corpus by estimating the ratio: 

( )[ ] ( )[ ] [ ])(/ CxnaxnaxP kk =       (eq.2) 
Obviously if x is not appearing in ka  the associated probability is 0. If x is not appearing in 

some subset Cc ⊂  we similarly have ( )[ ] =cxP 06. Conversely if x is appearing in ka only we 
have ( )[ ] 1=kaxP . Several comments are worth developing from here. In the way we build it, 
the probability P is neither a theoretical nor an a priori probability function but an empirical or 
posterior probability, estimated from the observed frequency of occurrence of x on a definite 
corpus C7. Nevertheless some theoretical properties of P are valid, and more elaborate statistics 

                                                           
6 Note that if C is a large legal corpus, the zero occurrence of a concept x somewhat disqualifies x as a 

component of the legal ontology (though x is likely to belong to a core ontology). 
7 We find the intuitive notion of a measure that was elaborated by E. Borel in the development of a 

mathematical theory of measure funding the probability theory (see Halmos, 1974). 
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can be used as shown below (information functions). Indeed, by construction, we necessarily 
have 10 ≤≤ P , and the probability of the union of two independent events is the sum of the 
probabilities associated to each event. But the most decisive step we have accomplished is 
elsewhere. By using a legal corpus C as a support for the definition of a probability function 
associated to events of concept-occurrence, we directly link an ontology with a corpus through a 
measure (as schematized in Figure 3).  

 
Figure 3 : Schema of the association of probability measures to concepts in an ontology. In 
this particular example “representation” and “reproduction” are concepts of an ontology 
developed from the Intellectual Property Rights, related by some ontological link (for ex. 
they are instances of the same class “exploitation rights”). These concepts are looked for in 
the corpus (mapping) and the posterior probabilities of occurrence are estimated. Finally 
the average mutual information between these two terms in the whole corpus or local 
mutual information in part of it is estimated and used to weight the a priori ontological 
link. 

The probability P can be associated to any other concept y. When y is an instance of x 
considered as a class of object, we intuitively understand that looking at the way the mapping 
over C of the probability ( )[ ]kaxP changes into the mapping of ( )[ ]kayP  provides a kind of 
visualization of the downscaling process in the ontology levels over C (respectively up scaling 
process when substituting the map associated to y for the map associated to x). Of course such 
transformation must be operationally defined. For example, we can translate the definition of 
the generic event “class x is appearing in ka ” by a univocal definition “class x appears in ka  if 
any of the instances of x appears in ka ”, and we count as an individual event every such 
occurrence. More specific counting rules – and so forth probability definitions – can be 
proposed depending on the purpose of the combined corpus and ontology analysis. 

Within the ontology the link between x and y (if any) can also be of a general type of 
relation (e.g. subsumption that induces tree-like graphs, or meronymy that induces directed 
acyclic graphs in the ontology) or of a specific type related to the analyzed context8. As 

                                                           
8  For example we might be interested in analyzing the legal relationships between the various 

administrative courts or between different legal bodies in charge of the management of the Intellectual 
Property Rights in the French or European legal systems. These relationships are themselves relevant 
legal concepts. 
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explained now, the statistical significance of such link over C can also be measured with the 
appropriated tools. 

From the joint event of x and y occurring in the text ka , we define the joint 
probability )](),([ kk ayaxP . Considering the sum of the contributions of the constitutive 
texts ka  we also have the joint probability over the corpus C, say 

∑=
k

kk ayaxPCyCxP )](),([)](),([  

In the case x and y only seldom appear together in the texts, the joint probability will be near 
zero (exactly 0 if they never occur together in any text ka ). Now we can define the averaged 
mutual information (hereafter AMI for short) function AMII between x and y over the corpus C 
by: 

[ ] ∑
⎭
⎬
⎫

⎩
⎨
⎧

=
k kk

kk
kkCAMI ayPaxP

ayaxP
ayaxPyxI

)]([)]([
)](),([

ln)](),([,    (eq.3) 

Note that removing the sum provides the estimate of the information content over the single 
text ka (with a lower level of statistical significance). If the occurrence of x and y are 
independent from each other, then the average mutual information drops to zero (the argument 
of the logarithm ln function is 1). An interesting property of AMII  is that it can reach quite high 
values even when the probabilities of occurrence of x and of y are low: if the joint probability is 
of much larger than ][xP  and ][yP , then the mutual information is high. Indeed in such case 
the rare events of occurrence of x or of y tend to happen simultaneously, a clue for a high local 
level of mutual information. AMII is an average information measure because it sums the 
information content over a set of texts (sum over the articles ka ).  

It is a mutual information because it is symmetric in x and y (formally, 
[ ] [ ]CAMICAMI xyIyxI ,, = ). In other words, x says on average as much about y as y says, on 

average about x9. The AMI function is a measure of the information that x (resp. y) contains 
about the concept y (resp. x) over the corpus C. It is also an abstract measure of the reduction of 
uncertainty that the knowledge of concept x brings to the knowledge of concept y (or the 
reverse). The AMII  function can be mapped or visualized over the corpus C by representing its 
value on each constitutive text ka . Moreover the definition of AMII  is compatible with any 
geometry of the probability support: C can be a tree-like graph like in Figure 4, a network of 
texts, a non organized set of texts, etc. 

Before shifting to the interpretation and meaning of this figure, it should be noted that the 
information function (eq.3) can be easily generalized at least in two main directions. First, in the 
same way we are estimated the joint probability of 2-component events “x and y”, it is possible 
to evaluate the joint probability of a m-component event. For m=3, we count the number of 
occurrence of the three terms x, y and z in each article ka and then normalize this number by its 
total number of occurrence in the corpus C. This gives us the joint probability 
[ ])(),(),( kkk azayaxP . The definition of the 3-component average mutual information 

function is then easily derived from such a m-variables joint probability (see eq.3). Second, 
conditional information functions can be also estimated, starting from conditional probability 
functions and proceeding similarly. The conditional event )()( kk ayax is counted when 

                                                           
9 [ ]CAMI xxI ,  the self-information function is not trivially 1 and can be mapped as well on a corpus. 
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)( kay occurs if )( kax  has occurred. Conditional probabilities can be estimated from the 
counting and normalization of the occurrence of conditional events. 

 
Figure 4 : Part of the structure of the Code of the Intellectual Property is represented: the 
3rd Title of the 3rd Book of the Legislative part of the CIP is the root of the tree structure. 
This Title (triangle T3) is subdivided in 6 chapters (round rectangles C1 to C6). Each 
chapter is composed of several articles (round rectangles A’number’). The posterior 
probability of occurrence of the term “representation” (respectively “reproduction”) is 
given in the ellipse (respectively octagon). The local mutual information between these two 
terms in this corpus is given in the diamond-shaped vertices. (Note that no symbol is 
drawn for zero probabilities or information). 

Then in a way similar to eq.3, conditional average mutual information functions can be 
estimated. Here also, m-component conditional probabilities and information function can be 
formed and used too for a finer mapping of the groups of ontological concepts in the corpus. 

5. Ontology, information and legal corpus 

Some very interesting applications of the AMI function can be foreseen. Indeed the 
functional link so created can be used in two ways: 1) from the ontology to its mapping support 
(the corpus); 2) from the corpus to the ontology. 

First it is observed that the meaning of some concept tends to evolve under the pressure of 
historical or social transformations. For example among many others, the concept of “family” is 
subject to an internal transformation due to the nowadays possibility to have surrogate mothers; 
our concept of the environment is surely much changed with regard to the dominant acceptation 
in the 60’s or even 80’s; intellectual property rights are facing the completely new opportunities 
of reproduction, representations and placing at the disposal of many individuals thanks to the 
development of new information technologies, etc. The probability mapping over a large legal 
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corpus efficiently identifies those parts of the Law system the most prone to direct impacts, 
consecutive to the semantic changes. Further considering the graph structures associated to text 
hierarchy (tree-like) and cross-quotations (network), the areas where these impacts are likely to 
propagate into the corpuses are also identified. The mutual information function provides clues 
about the mutually informative concepts related – in our simple example – to the reproduction 
or to the representation that will be necessarily revisited. This effect of information propagation 
is most unpredicted when looking at the sole ontology, but efficiently anticipated when 
considering the mutual information of pairs (or m-plets) of concepts on a given large legal 
corpus10. 

Second, let us consider the link from the corpus to the ontology. It is likely that a legal 
ontology – even a complex one – lacks some important relations between concepts (implicit 
relations). From a legal cognitive point of view two concepts can be issued from very different 
parts of Law, or have emerged from more or less independent historical process but still be 
mutually informative, or “close”, over a given corpus. Such mutual information content can be 
automatically detected over a corpus, matching in turn all pairs of terms in the ontology, 
irrespective of the eventual links (whatever they represent) or absence of links being a priori set 
between them (see Fig. 3 where the ontological link and the informative link are intentionally 
distinguished).  

Let us work a short illustration. In the French Code of the intellectual Property the concepts 
of reproduction and representation are distinguished. Obviously there is no direct or trivial link 
between the two notions (neither can we identify a short path of relations leading from one 
concept to the other), except at the level of root classes. In Figure 4, we limit the representation 
of the analyzed corpus to the 3d Title (see the central node named T3) of the 3d Book of the 
CIP 11  (version of April 2009). We count 35 (resp. 86) valid occurrences of the term 
“representation” (resp. “reproduction”) in the whole CIP. Consequently the probability 
associated to a single occurrence in an article is 1/35= 0,0286 or in percentage 2,86% (resp. 1/86 
or 1,16%). The average mutual information over the CIP is 

[ ] 51,3, =CIPAMI onreproductitionrepresentaI     (eq.4) 
This is the measure of a significant mutual information content (remember that the mutual 

information between independent terms drops to zero) between these two terms. But proceeding 
to the estimate of the AMI between the terms “reproduction” and “placing at the disposal of” 
we find an even higher level of mutual information12 (say 5,80). This higher AMI level or 
loosely speaking, higher proximity of these two last terms is likely to result from the corpus, say 
a code regulating the Intellectual Property Rights. In this context the reproduction of a work of 
art for example is, from a legal point of view, directly related to its placing at the disposal of the 
public for example. Conversely at the ontological level, the concepts of representation and 
reproductions will be much probably felt as in a narrower neighbourhood. 

The posterior probability of occurrence of the “representation” and “reproduction” terms in 
the articles of the 3d Title 3d Book of the CIP are mapped in Figure 4 together with the AMI 
level found at the scales of the articles. The article L332-1 of the CIP (noted A332-1 in Fig.4) is 
simultaneously exhibiting the higher probabilities for the separate terms and the higher local 
AMI level. This article is mainly presenting legal dispositions to be taken in the case of 

                                                           
10 Considering these examples, the jurisprudence would be a very interesting corpus to explore with such 
information mapping tools, with also the possibility to consider particular periods of special social interest 
or technological developments. 
11 In this work we only consider the Legislative Part of the CIP. 
12 It is interesting to note that this higher mutual information level is still resulting from a smaller number 
of occurrence of the joint event [reproduction , placing at the disposal of] with regard to the joint event 
[representation , reproduction]. The reason is that the systematic joint occurrence of rare terms is highly 
mutually informative. 
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infringement. It is obvious that it is this context of occurrence that enhances the mutual 
information between these two terms, a configuration that could be hardly anticipated from any 
ontology-building process. 

Many other tools can be designed and implemented in order to link an ontology and its 
mapping. Among others: a) looking for the concept that maximizes the mutual information with 
a chosen concept x; b) building higher level information functions like conditional mutual 
information (mutual information between x and y conditioned by the occurrence of z), chain 
rules for information (the mutual information between the chain of concepts qxxx ..21 and the 
concept y), etc., these functions basically evaluating the information brought by one concept 
about groups of concepts (in a conditional or non conditional manner).  

Note that the probability and AMI functions can be defined on any support geometry, on 
trees as in Figure 4, but also on networks or mixed graphs. The difficulty – and interest – is well 
illustrated on the estimation of joint probabilities. There are at least two ways for their 
estimation. We can consider as an event the presence of both the x and y concepts in the same 
article, a computational strategy corresponding to a statistically-based estimate of the AMII  
function. Or we only consider as a countable event their simultaneous occurrence within a 
semantic link (as in the present example). The second option is computational much more 
difficult to implement but allows to proceed to semantically-based estimates of the mutual 
information between ontological concepts in a corpus. 

6. Scaling issues in the ontology mapping 

The smaller scale objects that are represented in Figure 4 are law articles. Because the 
French legal codes are internally organized as a hierarchy of levels (from the bottom up: articles, 
chapters, titles, books and parts), the corpus is a tree-like structure, the articles being the leaves. 
Basically we also associate the posterior probability of occurrence of a term to the supporting 
articles, as well as we do for the AMI between any pair of terms. The too large number of 
articles in the CIP13 dissuaded us from representing this corpus up to the resolution of the 
articles. An alternative representation would be to aggregate the probability (or information) at 
the scale of chapters and draw the resulting map, as illustrated in Figure 5.  

Now imagine that we take a look at a larger scale. The first larger scale entity that we shall 
see will be the whole CIP itself: in this picture (not drawn), all the chapters of the CIP will 
appear with the associated probabilities of the ontological terms of interest. Looking further at a 
larger scale we shall see the “nearest” codes as can be seen from a map of the code locations in 
some abstract space. Indeed in a recent study we have shown that considering the quotations 
between codes, the set of the French codes presents an underlying structure (Mazzega et al. 
2009): ten codes are constituting the kernel of the legal system (a code community that, 
following the expression in use in the analysis of social networks, we call the rich club) as being 
strongly tied together and the most quoted and quoting codes. Then two stable communities of 
respectively 12 and 11 codes also appear, the first one most relevant for the social and 
economical issues, the second one rather centred on the territories and resources (Boulet et al., 
2009). However the CIP is preferentially linked to the first community but without being in the 
stable pool of codes: depending on the formal criterion used to partition the graph into 
community, the CIP does or does not belong to this community of “socio-economical” codes. 

Still moving to a larger scale view, we shall find the legal system of all the French codes 
that form a dense network of corpuses. Once again, considering terms of interest for a given 

                                                           
13 This is a general property of most codes. For example there are 1266 articles in the 2007 version of 

the legislative part of the Environmental Code (Bourcier and Mazzega, 2007b). 
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enquiry, the probability of occurrence and the mutual information can be estimated and mapped 
on the network of corpuses. 

 
Figure 5: same as Figure 4 but the smaller scale objects in the corpus 
representation being chapters (articles in Fig.4). The probability estimates 
and average mutual information are aggregated at the level of chapters. 

At this level the number of chapters present in all the codes will be high and it might be 
decided to sacrifice some resolution in order to improve the readability of the ontological 
mapping, considering only Books as the identity of smaller resolution. Even larger view would 
take into the picture the legal systems of the European Union Member Sates, and then the full 
international legal system that without doubt constitutes a large complex network.  

7. Discussion and perspectives 

We will first discuss the novelty of these tools compared to the traditional approach of legal 
ontology built from natural language corpus. Then we shall pursue our discussion on the 
relevance of complex systems approach to build legal ontology. 

7.1. Discussion about information functions in ontology building 
 
Using measure to embed an ontology to a corpus is not opposed but complementary to the 

“traditional” use of ontology. The choice of the concepts for which we might wish to associate a 
probability of occurrence or estimate the mutual information may be driven by the ontology. In 
the previous sample, the concepts “representation” and “reproduction” were selected because 
any expert of the domain knows that those concepts are “linked”. Conversely, measuring the 
occurrence probability and Average Mutual Information of concepts allows finding new 
relations between the concepts of the ontology, or making implicit relations explicit. As 
explained in Section 2, traditionally the ontology building is at based on human analysis at some 
stage of its development. We do not aim at automating the building of legal ontology. However 
given the fact that some domains are cognitively and/or structurally complex, we need other 
tools to capture and preserve this complexity as a characteristic of the field. A probabilistic 
reading of such field can enrich the linguistic one. 
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In the field of legal ontology building, the logical level can be enriched by the statistical 
level to compare and improve ontology or to do ontology fusion. In our example in the domain 
of Intellectual Property Rights the terms reproduction and representation are stable : however if 
we consider beyond the context the dynamics, in the corpus in IPR the content and the 
associated links of reproduction are continuously changing (between statute law, case law, legal 
literature, any legal authoritative interpretation). Moreover the term reproduction can also link 
new various legal sets of terms or contexts (following the evolution of multimedia supports). 

7.2. The complex systems approach and the human expertise 

The objective of the complex system approach is however radically different from 
traditional approach by several aspects: we can integrate the dynamics of the legal concepts, we 
use the huge capacities of corpus on the web and we avoid the human expertise as an a priori 
construction. 

A legal ontology can be thus represented as continuous in dynamic networks such as the 
semantic web. Then we should attempt to answer the two following questions: In what way and 
to what extent the meanings of the same expression are similar and different, according to the 
context given by the whole sentence? How can this meaning move through time? Human 
experts have the remarkable skill to interpret the meaning of an expression depending on its 
context through long range interactions and on the date of the text. The increasing quantity of 
texts makes this encyclopaedic knowledge less and less tractable for human experts with 
bounded capacities of reading or memorizing  

In the next steps, a generic automatic method for transforming any corpus into a enactive 
web, continuously emerging with the activity of the experts or users communities can be applied. 
Enactive web means to represent or perform in or as if in a play; to act out. For example, any 
new configuration in a sub-field of law will be able to produce a new map. It makes possible to 
extract “bottom-up” dictionaries and continuous contextual ontology produced by the platform 
enable to measure the rates of evolution and co-evolution of law, jurisprudence, legal doctrine 
and legal dictionaries into and between different European countries. It could help the European 
legislator to compare (almost on line) the evolution of legal European ontologies. 
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