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AN INFORMATION NETWORK FOR LEGISLATIVE ENGINEERING1
Jaap Hage
Summary
This paper identifies three representation-modes of legal knowledge that are relevant
for legislative engineering2. It introduces a tool that assists in relating these representation-modes to each other. This tool, called an Information Network, is shown to
support legislative drafting, maintenance of knowledge bases, version management,
documentation of rationales of legislation and linking related information. At the end of
the paper some psychological considerations with regard to information networks are
presented.
1.

Three modes of representation

The law that is to be laid down in a new statute will be represented in at least two
forms. Almost everybody is familiar with one form: the 'natural' language formulation
in which the sections of statutes are cast. This natural language formulation is preceded
by another one. The legislator will have types of cases in mind, to which he intends the
new legislation to apply. Moreover, he will also have cases in mind to which the
legislation should not apply3. This 'mental model'4 of cases that fall or fall not under the
new law, is to be translated into the natural language formulations of the statute. The
legislator aims at such a formulation of the statute, that all the cases he intends to cover,
and only those, fall under the formulation in which the statute casts the law.
1.1. Extensional representations of the law
Let us call the representation of the law in terms of cases the extensional representation. What such an extensional representation amounts to, is most easily demonstrated
by means of an example. Sections 3:86 and 3:87 of the Dutch Civil Code deal with the
case that somebody obtains some good from a person that does not have the power to
dispose over this good. Whether, and under what conditions, the obtainer becomes the
new owner of the good depends on a number of circumstances. These circumstances
include whether the obtainer acted in good faith, whether he got hold of the good,
whether the good is moveable, is money, or is a note to hand or a note of bearer,
whether the good was stolen, whether the obtainer paid a reasonable price, etc.
By means of these characteristics, it is possible to identify a number of generic cases,
and indicate for each of these cases whether the obtainer has become the new owner. In
this manner we obtain a table with on the left hand side an enumeration of all relevant
types of cases, and on the right hand side for each type of case an answer to the
question whether the obtainer has become the new owner. The table gives no
information about how the characteristics on the left hand side contributed to the legal
effect on the right hand side; it only enumerates the possible types of cases and their
corresponding legal effects. Such a pure enumeration is an extensional representation of
the law in this particular domain5.
1.2. Intensional representations of the law
Only in very simple domains it is possible to translate an extensional representation
literally into a natural language representation that describes the table. In our example,
such a translation would lead to an extensive list of possible situations that provides
little insight into the rationales behind the legal effects. Therefore the legislator prefers
to formulate rules that specify which factors contribute to the legal effects and in what
manner they do so.
J.S. Svensson, J.G.J. Wassink and B. van Buggenhout (eds.) (1993). Legal Knowledge Based Systems:
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The rules that are formulated reflect the underlying legal principles and indicate how
the legislator weighed these possibly conflicting principles. As a consequence, the rules
can be read on different levels: they give the main rule, but also exceptions and
exceptions to exceptions etc. The final result of the interacting rules should be identical
to the results that are extensionally represented in the table. But in this case, the legal
information is represented intensionally, that is, in the form of rules that indicate how
the factors mentioned in the rule conditions contribute to the effects mentioned in the
rule consequents. Natural language representations in the form of legal rules are
intensional representations of the law.
Ideally, the intensional representation of a legal domain leads to the same results as the
extensional representation. If this ideal is achieved, the wordings and the purpose of the
regulation coincide. However, it is possible that for some cases the intentional
representation leads to other results than the extensional representation. In those cases
the wordings of the regulation deviate from the regulation's purpose. It goes without
saying that a legislator will try to avoid such a discrepancy between wordings and
purpose6.
1.3. The need for a formal intensional representation
It is not so easy to make an intensional natural language representation of a piece of law
that coincides with its intended extensional representation. The main reason for this is
that the mental model of the domain will be incomplete. It is easily imaginable that the
legislator has a few stereotypical cases in mind that occur relatively frequent, and to
which he wants the regulation to apply. The formulated rules cover these stereotypes,
but also a number of cases the legislator did not have in mind. Often this will not cause
problems, because if the legislator had thought of these cases, the rules would not have
been different. Sometimes, however, the legislation in its natural language form covers
cases that the legislator, had he thought of them, would not have wanted to be covered.
The same counts, of course, for cases that are not covered, but should have been
covered.
To avoid these situations, it would be useful to have a tool that spells out the
extensional representation of a domain on the basis of an intensional representation.
The legislator is then in a position to compare the extensional representation with his
mental model and draw conclusions as seems fit. Such tools have already been
developed [Nieuwenhuis, 1990, p. 93 f.], but they presuppose a formal intensional
representation of the domain7. There are as yet no tools available that understand
natural language representations of rules, and translate them into extensional models of
the domain. So, if we want to use tools that automatically generate extensional domain
models, we also need a language to describe a legal domain both formally and
intensionally. Such a language amounts to a third form in which the domain can be
represented. The three resulting forms of representation are:
1. extensional representation;
2. intensional representation in a formal language;
3. intensional representation in natural language.
1.4. The connection between the three forms of representation
During the process of legislative drafting, it should be possible to use the three forms of
representation alternatingly and without a fixed order. The legislator should dispose of
a formal language in which he can make drafts of a piece of legislation. Rules in this
formal language have counterparts in natural language formulations, but also in parts of
tables that give extensional representations.
The relations between elements of these different representation forms will not always
have a one to one nature. (Cf. fig. 1) One statutory section in natural language form
may have several formal rules as its counterparts. Similarly, one formal rule may have
effects on several entries in the extensional table. A legislator will want to know what
are the extensional effects of a reformulation on natural language level. Therefore, it
should be possible to jump easily from one representation mode of the legal domain to
another one, in such a manner that the jumping is guided by important relationships
which exist between parts of the different representations.
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Extensional representation

A, B

C

A, ~B

~C

~A, B

~C

~A, ~B

C

Formal intensional
representation

R1: (A & B) -> C
R2: (A & ~B) or (~A & B) -> ~C
R3: (~A & ~B) -> C

Natural language
intensional representation
13.1 If and only if A and B, then C.
13.2 In contradiction to the previous subsection,
holds that C if neither A nor B.

Figure 1: connections between three representation forms
It is not the purpose of this paper to discuss the characteristics of a formal language that
is powerful enough to formalize legal rules, or to derive extensional knowledge
representations from. Instead I will describe a tool that, amongst others, enables the
legislative drafter to keep track of the relations that exist between knowledge elements
in the three forms of representation. This tool is the information network.
2.

Introducing the information network

An information network can best be thought of as a network of links between pieces of
information. The pieces of information are contained in independent data- or
knowledge bases. By means of the network, related pieces of information are connected
to each other, and are made accessible by means of uniform programming and user
interfaces.
The connections between independent data and knowledge bases are realized by
creating counterparts of information elements. These counterparts do not contain
information themselves, but have pointers that indicate where the real information is to
be found, and methods to fetch the information and present it to the user. The links
between information elements are really links between counterparts.
Let me illustrate these ideas by means of the example of three representational modes.
Assume that each mode of representation is held in a database. One database holds
plain text; this is the one that contains the natural language representation of the statute.
Another database consists of a number of table entries; it holds the extensional
representation of the statute. And finally there is a knowledge base that contains rules in
a formal language; it contains the formal intensional representation.
All of these data- and knowledge bases retain their original form. They should remain
accessible to programs that are suited to their original formats, such as word processors,
knowledge base-editors, and database-applications. At the same time, the related
elements from each of these information-carriers should be linked to each other. This is
done by creating counterparts of each element and connecting these counterparts to
each other.
The counterparts in the information network are dealt with in an object-like fashion.
This is reflected in their name: they are called information objects. The links between
information objects are typed, where the link-types indicate the nature of the relation
between the linked information objects. For instance, the relation between a natural
language rule in the form of a subsection of a statute is linked to a formal rule by a link
of type 'is_formalised_by'. The inverse of this link type is 'formalizes'. The relation
between intensional representations of the law and an extensional representation can be
dealt with by links of the type 'effects' and, inversely, 'is_effected_by'. One row in a
table may be effected by more than one rule, formalized or not 8.
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Figure 2 illustrates these aspects of an information network for legislative drafting. The
little circles and (rounded) rectangles above the horizontal dashed line represent the
information objects. They are the counterparts of parts of the data-and knowledge bases
depicted at the bottom of the illustration. The rounded rectangles are counterparts of
formalized rules, the circles represent natural language rules, and the squares stand for
table entries.
Notice that the elements of the data and knowledge bases (let us call them the external
information bases) are not connected themselves, but that all connections are made in
the network by counterparts of the original information. Moreover, the external
information bases need not be internally structured along the lines suggested by the
network. It is possible that the information objects, by means of their pointers to parts
of the information bases, impose a structure on them that is not otherwise present9.
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3.

Uses of the information network

It is possible to distinguish two aspects of an information network. One aspect is the
software that makes it possible to create, modify and delete information objects and
links between them. The other part consists of the information contained in the
network. (The information in the information bases can be accessed from the network,
but is strictly not part of it.) The software part is a kind of 'information network shell' 10.
It is a software library which can be used by applications that make a particular use of
the shell.
Depending on the nature of the application, the information network can be used for
legislative drafting, maintenance of legal knowledge systems, version management of
legislation, and developmental documentation of legislation. I will shortly discuss these
possible applications in turn to illustrate the potential uses of information networks for
legislative engineering.
3.1. Legislative drafting
The use of an information network for legislative drafting has already been hinted at.
The network makes it possible to link connected pieces of information from different
representations of the law. The following example shows how an application can use
the information network to support legislative drafting through such connections.
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Suppose that we have a formal language which is, on the one hand, powerful enough to
represent legal rules, and which, on the other hand, allows the (semi-)automatic
generation of an extensional representation of the formalized rules. The program that
creates the extensional representation can be adapted to let it generate also counterparts
in the information network of both the formal rules that it processes and the table
entries it creates. Moreover, the program should create links between the counterparts
of the rules and the counterparts of the table entries, to document the rules on which the
table entries are based. (Cf. fig. 3)
In this manner the information network is partly filled during the creation of the
extensional representation. This part of the information network is useful in case the
comparison between the generated table and the mental model of the legislator urges
changes in the draft of the legislation. It is easy to follow back the links from the
'wrong' table entries to the rules that caused them. Moreover, if one or more of these
rules are changed, the effects in the extensional representation can simply be traced by
following the links from the changed rules to the corresponding table entries.
The generated network can also be used as a stepping-stone for the natural language
representation of the law. An editor in which the natural language version of the law is
created can be made to update the information network by creating counterparts of the
natural language rules (sections or subsections) and linking them to the counterparts of
the formal rules to which they correspond. (Cf. fig. 1 and 2) As a result of this added
information in the information network, it has become possible to trace changes in the
logical design of the legislation (the formal rules and/or the table entries) to the natural
language version of the draft, and the other way round. Moreover, this connection also
forms the basis for the maintenance of a legal knowledge base with regard to this
particular domain of the law.
3.2. Maintenance of legal knowledge bases
It has often been noticed that the relatively frequent changes of the law pose a problem
for the maintenance of legal knowledge bases [e.g. Weusten, 1993]. One of the
measures that are proposed to keep this problem manageable is the so-called
'isomorphic' or 'one-to-one' representation of the law [Karpf, 1989; Nieuwenhuis, 1990,
p. 53 f.; Routen and Bench-Capon, 1991; Prakken and Schrickx, 1991]. The idea is that
one rule in the knowledge base corresponds to one rule in the natural language version
of the law, and that the structure of the legislation (cross-references, exceptions etc.) is
reflected in the formal representation. In this manner it would be relatively easy to trace
changes in the legislation to necessary changes in the knowledge bases.
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It is, however, not very clear what exactly amounts to one rule in a natural language
version of the law. The natural division of this version is in books, titles, sections,
subsections etc. and none of these units necessarily corresponds to what intuitively is
called a rule. Moreover, legal theorists are divided over the question what counts as a
(full) rule [Raz, 1980, p. 70 f.]. And even if we assume that an intuitive understanding
of what counts as a rule suffices for practical purposes, it has turned out that it is not
always possible to use a 'one-to-one' representation of the law [Nieuwenhuis, 1990, p.
56].
The information network provides a way out of the difficulties connected to isomorphic
representations of the law. Even if it is not possible to identify a matching unit for each
knowledge base rule in the natural language version of the law, the connection between
natural language rules and formal rules can be maintained by links in the information
network. The network makes it possible to have one to one, one to many, many to one,
and many to many relations between arbitrary units on the natural language level and
rules in the knowledge base. As a consequence, it is not necessary anymore to force the
formal representation of the law into an isomorphic correspondence to natural language
units. Adaptation of the formal representation because of changes in the legislation is
simplified by links between counterparts of the several representation forms in the
information network.
3.3. Version management11
Both during the drafting stage of a particular statute and in the development of a piece
of legislation over time, there may be different versions of a (proposed) piece of law.
These versions will usually have many elements in common, while other elements
differ in different versions. An information network makes it possible to keep track of
the several versions of a piece of law as it develops in time. The use of compound
information objects provides an efficient way to do this.
A compound information object is the counterpart of a piece of information that
consists of parts that have counterparts of their own. The compound object contains
information about the mutual relations between its components. The counterpart of a
statute, for instance, contains information about the order of the section-counterparts
that are part of it. The components are not actual parts of the compound object, but are
linked to it by means of composition-links.
Assume that we have the counterpart of a statute. This counterpart is linked to its
composing section-objects. Each of these section-objects has a time-stamp. If a section
changes, a new section-counterpart is inserted in to the network, with a new timestamp. At the same time, a new statute-counterpart is added. This statute-counterpart
has composition-links to the unchanged section-counterparts of the old statute and to
the new section-counterparts. Moreover, the related changed sections in the two
versions are linked too. In this way it is clear how the old and the new version of the
statute are related to each other. (Cf. fig. 4.)
It goes without saying that these natural language counterparts can at the same time also
be linked to the formal and the extensional representation of the law. Several functions
of an information network are realized by different applications which can make use of
a common content of the network. The information in the network that is not relevant
for an application can remain hidden for that application 12.
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3.4. Developmental documentation
The need to draft a piece of legislation does (at least most of the times) not fall out of
the blue. The legislation must serve particular purposes, such as for instance political
goals, or perceived defects in present legislation. One view of legislative drafting is that
it is a kind of problem solving, where the problem is how the purpose of the legislation
is served best. Often there will be different possible solutions to this problem, each with
its own advantages and disadvantages. Moreover, each solution can bring new
problems with it. For instance, it may be that the legislator decides to allow a person,
who obtains a moveable good in good faith from somebody lacking the power to
transfer property, to become the new owner. In that case, the resulting problem is how
to protect the former owner who lost his good by theft. Such new problems have
possible solutions of their own, which in their turn may bring problems with them13.
Legislative drafting asks for a number of decisions that must be taken and that are not
independent of each other. The decision to adopt a particular solution for one problem
may cause the need to take a decision for a resulting new problem. Moreover, the
solution adopted for one problem may constrain the solutions of other problems. It is,
for example, not possible to protect fully both the original owner who lost his good by
theft, and the new obtainer who acted in good faith.
As a result, there is a number of problems, possible solutions, and decisions regarding
solutions which are mutually related and which together document the rationale behind
the development and the design of a piece of legislation. This documentation can be
used for the creation of the preparatory documents. It can also be used to support later
changes in the legislation, for instance to avoid inconsistencies in legislative purposes.
The mutual relation between problems, solutions and decisions can be represented as a
graph in an information network. Such a representation is in keeping with the version
management function of the network, since decisions are laid down in legal texts, while
alternative solutions are often alternative versions of the legislation and are therefore
also laid down in legal texts.
If the development of a piece of legislation is documented in an information network, it
becomes possible to add more information to the documentation. If there are scientific
publications with regard to the subject of the legislation, they may be attached
electronically to those parts of the documentation to which they relate. For instance, if a
particular problem with a piece of legislation has been described in the legal literature,
references to this literature may be added to the information network. The same counts
for comments in the literature on earlier drafts of a statute. If the relevant literature is
available in an electronic form, the references can consist of pointers to the relevant
parts of the external information bases that contain the concerning publications. In that
case, the relevant literature will be available on-line.
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A graph for developmental documentation is pictured in figure 5, where the grayed
rectangle is the preferred solution.
4.

Concluding psychological considerations

The previous sections illustrated how information networks can support several tasks
that belong to the field of legislative engineering. It is no accident that information
networks can be used for several legislative tasks. On the contrary, these networks are
prone to be useful for a much wider area of applications than legislative support alone.
Let me explain why.
The human mind/brain contains an enormous amount of information on all kinds of
different subjects and of a nature that would, if it were presented to human senses
(where possible), have many different formats. Think for instance, of sound, images,
texts, procedural knowledge, motor skills etc. These pieces of information are not
neatly stored in different compartments of the brain, nor are they disconnected.
Activation of one piece of information can lead to activation of connected other pieces
by means of links which are called associative links. These links are essential for the
way in which humans process information.
However, most available software tools that provide humans with information are not
capable of handling the multifarious interconnections between strongly diverging types
of information. Software tends to be orderly in its information handling. But order is
alien to the human mind, as appears from the difficulties most humans have with 'clear
thinking'14. Therefore there will also be a place for software that leaves room for the
chaos of human information processing. In the field of information retrieval, such
software should enable the user as much as possible to follow associative links in the
unpredictable ways the human mind asks for.
Recent developments in the fields of neural nets and hypertext applications reflect, in
very different ways, this need for associative information processing15 However, neural
nets are not yet sufficiently powerful to represent the detailed information humans need.
Hypertext applications fare a lot better. In a sense, information networks are hypertext
applications, because of the links that connect information items of very diverse kinds.
Although there are important similarities between information networks and hypertext
applications, there are also at least two connected differences. One difference concerns
the amount and the diversity of the links between information objects. Hypertext
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applications are meant for interactive use by humans. The limited information
processing capabilities of humans limit the number of hypertextual links that can
usefully be exploited in software systems. Moreover, if the links are of a very diverse
nature, this may confuse users. On the other hand, large amounts and great diversity of
links, respectively link types are characteristic for the way in which humans link
information in their mind. Therefore in information networks, many links of many
types should be exploited16.
The tension that derives from this opposition leads to the second difference between
information networks and hypertext applications. information networks are to be used
by software applications and not necessarily directly by human users17. T h e
applications selectively make use of the many links and link types that are available in
the network and avoid in that way that the enormous amount of information leads to
confusion. However, since the information network may contain very diverging kinds
of information and links, it does not pose severe restrictions to the information
processing capabilities of the applications using the network.
Concluding, I dare to predict that information networks, complemented by applications
that make effectively use of the 'associative links' between the information objects in
the network, have a promising future in the fields of information retrieval and
information processing, including the field of legislative engineering.
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Notes
1. This paper is partly the result of a conversation with J. Svensson about tools for
legislative drafting. Svensson is, however, not responsible for the contents of this
paper. The author thanks B. Verheij, G. Span and A. Lodder for valuable comments on a draft of this paper.
2. The term 'legislative engineering' is used as an analogon of 'software engineering'.
The idea behind this analogy is that the development and the maintenance of
legislation has a lot in common with the development and the maintenance of
software. This was pointed out to me by A.H.J. Schmidt in personal conversation.
Cf. also Schmidt, 1985.
Stretching the analogy between the development of legislation and the
development of software, we can speak of intelligent CALE-tools, tools for
computer assisted legal engineering.
3. Vgl. aanwijzing 7 onder 2 van de Aanwijzigingen voor regelgeving, waar
nadrukkelijk wordt verwezen naar de doelstellingen van de te maken regelgeving.
4. The role of mental models in human information processing is extensively
discussed by Johnson-Laird, 1983.
5. Cf. Reichenbach, 1947, p. 27 f. on the distinction intensional/extensional.
6. Cf. the account of how the wordings of legislation can be contrary to the purpose
of the legislation by Hage, 1992.
7. Moreover, the possibility of such tools presupposes that the formal language
satisfies rather severe constraints.
8. Examples of other link types which may be relevant for legal information networks
can be found in Verheij, 1993.
9. A more extensive description of INs and their role in legal and medical
applications is to be found in Hage et al. forthcoming.
10. An information network shell is under development at the University of Limburg
in connection with the ARCHIMEDES-project.
11. This section was inspired by the work on the INCA-project. This project is
described in Braspenning et al., 1990.
12. Cf. the concluding section of this paper.
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13. The description of the legislative process in terms of problems, possible solutions,
and decisions regarding the possible solutions, is inspired by a comparable
approach to software design and maintenance. This approach is described in
Desclaux e.a., 1990.
14. Cf. Minsky, 1985 and the 'pandemonium architecture' as described in Dennett,
1991, with references.
15. On the associationist interpretation of neural nets, cf. Bechtel and Abrahamsen,
1991.
16. Cf. Sowa's discussion about the functioning of the mind, and the consequences he
draws from this discussion for knowledge representation by means of conceptual
graphs in Sowa, 1984.
17. However, one application might be a 'browser' of the network, that uses filters on
object and link types to prevent the user to get lost in 'hyperspace'.
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