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Abstract. This paper presents a four layer model for working with legal knowledge in expert systems. It distin- 
guishes five sources of knowledge. Four contain basic legal knowledge found in published and unpublished sources. 
The fifth consists of legal metaknowledge. In the model the four basic legal knowledge sources are placed at the low- 
est level. The metaknowledge is placed at levels above the other four knowledge sources. The assumption is that the 
knowledge is represented only once. The use of metaknowledge at various levels should make it possible to use the 
appropriate knowledge for the problem presented to the system. The knowledge has to be represented as closely to 
the original format as possible for this purpose. Suitable representation formalisms for the various types of knowl- 
edge in the five knowledge sources are discussed. It is not possible to indicate a 'best' representation formalism for 
each knowledge source. 

1. I n t r o d u c t i o n  

1.1. POINTS OF DEPARTURE 

M a n y  projects  on the use o f  exper t  systems in law tend to focus on one  very  specific legal  

task and on deve lop ing  an exper t  sys tem for  that part icular  task. In this way  it is possible  

to conf ine  the research to a l imi ted  amount  o f  k n o w l e d g e  as wel l  as to a restr icted use o f  

this knowledge .  This  paper  looks at the subject  f rom a different  point  o f  v iew.  It starts 

f rom the knowledge  itself. This  leads to the fo l lowing  quest ions  that are looked  into in 

this paper.  Wha t  kinds o f  k n o w l e d g e  could,  or  should,  a legal  exper t  system use? Wha t  

does  this k n o w l e d g e  look l ike? H o w  can such knowledge  be  implemen ted  in and be ade- 

quate ly  used by an exper t  system, taking into account  the nature o f  the knowledge?  These  

quest ions  are dealt  wi th  in a general  way.  They  are not  related to ei ther  a specific domain  

or  a specific task. The  examples  in this paper  for the mos t  part do not  refer  to legal  pol icy  

making.  Rather ,  the examples  emphas ize  the task o f  g iv ing  legal  advice.  

This  paper  is predica ted  on the be l i e f  that as m u c h  as possible  exper t  systems should 

e m b o d y  the same k n o w l e d g e  as a human exper t  wou ld  use to pe r fo rm the same task. 

But  there exist  certain ineluctable  l imits  to the amount  of  k n o w l e d g e  that an exper t  

sys tem can conta in  because  human  experts  possess  vast  amounts  o f  c o m m o n  sense know-  

ledge;  and their  expert ise  traverses m a n y  levels  o f  knowledge  and covers  a wide  range of  

topics. 
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1.2. THE NEED TO MODEL KNOWLEDGE FOR LEGAL EXPERT SYSTEMS 

It is clear to every lawyer (as well as to many non-lawyers) that applying legal rules to 

the facts of  a specific cases is not a simple process. Statutory rules, for instance, are meant 

to refer to many different situations and, therefore, are put in general terms. Applying 

these rules to a specific case requires the interpretation of  both the legal rule itself and the 

terms used in it. Using only statutory rules is not sufficient for law application. Other 

types of  legal knowledge are needed, as well as common sense knowledge. Therefore, as 

Sergot rightly suggests [Sergot 1991, p. 11], expert systems performing legal tasks need 

different kinds of  knowledge.  Without  further means of  interpretation, a legal expert  

system may only be able to give a schematic overview of  the legal rules in the domain 

chosen. In certain cases it could mechanical ly  follow the applicable rules and by mere 

deduction come to a conclusion. This might solve easy cases when the circumstances of  

the case strictly match the conditions of  the rules. 1 Even then, most choices and interpre- 

tations will have be to made by the user of  the system. She will have to decide whether the 

facts match the conditions of  the rules. These systems by setting forth a narrow frame- 

work to be filled in by the user often provide a rather clear overview of the rules within a 

certain domain. But they only offer the user very restricted paths within which those rules 

can be applied. 

A few legal expert  systems have been constructed in this way and are already commer-  

cially available. Susskind explains that the paucity of  such legal expert  systems 

... is explicable partly in terms of the nature of the legal knowledge that has so far been input to the systems; the 
coverage of legal domains has invariably been shallow with emphasis solely on statute law. Yet it is clear to all 
who have engaged in legal problem-solving that statutes often provide no more than a starting point for legal 
research, and recourse to case law and the commentaries of legal scholars must generally be made [Susskind 
1987, p. 74]. 

By adding other types of  knowledge expert systems will improve their value by being able 

to perform more complicated tasks. As Bench-Capon [1989, p. 41] observes, the systems 

should not operate merely on a syntactic level, as the deductive systems do, but also take 

into account the semantic level. 

These observations are far from new. They apply to most research projects on legal 

expert  systems. However,  often the decision as to which knowledge to implement in a 

specific expert system is taken on an ad hoc basis. The contents of  a knowledge base are 

determined according to the domain and the task the system is to perform. Although these 

should be the main criteria for choosing the knowledge,  they may also severely limit the 

applicabil i ty of  the system. Conversely,  a model  giving more general guidelines will 

make it possible to make the choices consciously. This can improve the range of  applica- 

bil i ty of  the system.  It also offers the possibil i ty to reuse parts of  the knowledge bases. 

By this I mean that a careful ordering and representation of  the knowledge could make it 

possible to use part of the knowledge base for expert  systems that perform different tasks 

within the same domain. This paper presents such a model. 

1 But note [Gardner 1989, p. 19]. 
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1.3. THE BASIS OF THE MODEL 

Several ideas lay behind this model. The first is that a legal expert system should have 

almost the same knowledge at its disposal as a human lawyer. The second is that the re- 
presentation of the knowledge should be as isomorphic as possible. By identifying the 

knowledge with the source one preserves valuable information about the knowledge 

[Haft et  al. 1987, p. 79; Biagioli et al. 1987, p. 243]. The third is that the knowledge can 
be used for different kinds of situations, in different sequences and in different combinations. 
This is necessary to apply the law according to the circumstances, and 'take into account 

the purposes behind the rules' [Berman & Hafner 1987, p. 6]. 
There exist more general requirements for robust legal knowledge bases. The user must 

be able to retreive the knowledge quickly, effectively and accurately. The system has to 
operate in a transparent, clearly structured and flexible way. Finally, it should be easy to 

maintain. The model proposed in this paper offers the possibility to fulfil these requirements. 

There are two cornerstones of this model. First, it is based on the use of different forms 

of legal knowledge. This knowledge is implemented in the knowledge base according to its 
original source. There are five different sources to be distinguished. This is described in Sec- 

tion 2. The second cornerstone is that the knowledge base is built in four layers, each with 
a specific kind of knowledge. This is described in Section 4. Building on these comer- 
stones, Section 5 describes the format in which the knowledge is to be inserted in the system. 

The model proposed in this article has not yet been implemented. Rather, I have com- 

posed a theoretical model to enable the building of flexible and maintainable legal knowl- 
edge bases, containing as much knowledge as possible. Should one have to take into 

account the possibility of practical application, this would imply making concessions. For 

this reason I have restricted myself to indicating the ideas on which the model is based. I 
am aware of the fact that the practical realization of these ideas will be far from easy. For 

instance, problems of a technical nature might occur as the model proposed will ask for 
powerful computer systems because the amount of knowledge contained in such systems 

may result in unacceptable response times when the system manipulates the knowledge. 

This model only gives guidelines. Many problems still have to be solved in order to 
make a system based on this model function in an optimal way. For example, problems 

referring to the possibility of enhancing isomorphism [Prakken & Schrickx 1991] need to 
be addressed. Therefore, this model cannot be seen as more than a point of departure and 
an indication for further research. Such research is currently being carried out within the 

Prolexs-project at the Computer/Law Institute of the Free University in Amsterdam. This 
paper is based on a research project that was part of the Prolexs project, 2 but it is not a 

description of the Prolexs system. For a description of the Prolexs system see [Walker & 

2 This research project resulted in my thesis, which was finished in the summer of 1989. It was published, in 
Dutch, by Kluwer  Deventer  [Oskamp 1990]. This paper is a revision of a part of this thesis. It is updated, espe- 
cially with respect to relevant literature and to some developments  in the field. However,  it remains a reflection 
of ideas that were mainly formed in the period 1986-1989.  Therefore, some parts may be slightly outdated. I 
tried to avoid this as much as that was possible without  affecting the line of thought which lies underneath the 
model  presented in this paper. For the points were it does occur I ask the reader to consider it as an example  of 
the rapid progress in the field. 
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van den Berg 1988; Walker et al. 1989; Walker et al. 1991]. This paper describes a 

theory that goes further than the currently implemented Prolexs system, which was based 
on an earlier version of this theory [Oskamp, 1989]. Nevertheless, I was able to extract 

many examples from the Prolexs project and it will be referred to several times in this paper. 

2. Legal knowledge for legal expert systems 

2.1. THE LEGAL KNOWLEDGE SOURCES 

This section distinguishes among the various forms of knowledge that are used for apply- 

ing the law to specific facts and sets forth the proper ordering of the knowledge. Finally, 
it constitutes the basis of the different layers of the model described in Section 4. 

The knowledge necessary to perform legal tasks comes initially from traditional legal 
sources. These written sources include: legislation, case law and the various forms of 

legal literature. Whenever these sources exist in a specific domain, using them is a conditio 

sine qua non for the performance of many legal tasks. Hence, they are indispensable for an 

expert system that will have to perform such a tasks. The application of these legal sources 
calls upon legal expertise as well as common sense knowledge. This knowledge can not be 

found in traditional sources. Rather, it resides with experts in the domain. Expert knowl- 

edge can be divided into two groups: factual expert knowledge and expert metaknowledge. 

This leads us to the observation that five separate knowledge sources can be distinguished. 
Three of them, i.e. legislation, case law and knowledge based on legal literature, guidelines, 
etc., find their origin in widely accepted written materials. The fourth, expert knowledge, 

consists of experiential knowledge that is mostly factual knowledge that is relevant to a 

specific domain. The fifth source, legal metaknowledge, consists of knowledge that makes 
it possible to optimize the use of the knowledge coming from the other sources. Hereafter 

I will indicate these sources as the five knowledge sources of a legal expert system. 

2.2. THE KNOWLEDGE SOURCES: LEGISLATION, CASE LAW AND LEGAL LITERATURE 

The knowledge source 'legislation' contains all legislation relevant in the domain. In 

Dutch law this includes the constitution and other statutes, but also lower laws, such as 
treaties, decrees and by-laws from county councils and municipal councils. 

The knowledge source 'case law' contains the judgements of a variety of courts. In this 
knowledge source it has to be possible to refer to a part of a specific case and to use it as 
an argument. All knowledge not based on one specific identifiable case will either be part 
of the knowledge source called 'legal literature' (if it is published) or part of the knowl- 
edge source called 'expert knowledge'. One form of expert knowledge is produced by 
deducing an 'average' of a series of cases rather a compiling rules found in individual 
cases [Susskind 1987, p. 98]. Such secondary sources are often published materials that 
contribute to a better understanding and more appropriate application of legislation. 

Examples of legal literature include the written history of statutes, such as the Ex- 
planatory Memorandum; a Memorandum in Reply and other forms of direct explanation 
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tO legislation, such as guidelines to and from regional and local authorities. Further exam- 
ples of the legal literature are text books and papers in legal journals. 

2.3. EXPERT KNOWLEDGE AND LEGAL METAKNOWLEDGE 

The fourth knowledge source is 'expert knowledge' and the fifth 'legal metaknowledge'. 
They are both expert knowledge, although they each represent a different form of expert 
knowledge. Susskind distinguishes two forms of 'experiential knowledge'. First, there is 

'juristic knowledge', 'the informal, judgemental, experimental and often procedural knowledge' and in the 
second place 'non-juristic procedural knowledge', by which he means 'knowledge about how to go about the 
administration of the law' [Susskind 1987, p. 57] 

However, Susskind's categories do not correspond to my classification. The larger part of 
Susskind's groups are better classified as 'metaknowledge'. In this knowledge source I 
place all forms of knowledge that give some information on the handling other legal 
knowledge. It consists of rules of thumb and strategies; the overview that an expert has of 
the domain; and the weight one should attach to the knowledge from a specific source. It 
is absolutely necessary that legal expert systems embody metaknowledge [cf. Susskind 
1987, p. 106]. Without this knowledge one can not adequately apply the 'rough' knowl- 
edge from the legal sources. 

Metaknowledge which controls the application of knowledge from the various legal 
sources turns systems into expert systems. 

The most important goal in expert system work is to attain the high level of  performance that a human expert 
achieves in some task. Acting like an expert means producing high quality results in minimal times, usually by 
taking advantage of tricks of the trade and high-level inference patterns (hunches) that come from years of 
experience at a given task [Hayes-Roth et al.  1983, p. 43]. 

I incorporate into the legal expert systems forms of expert knowledge which Susskind 
does not consider. This knowledge is similar to the knowledge from the first three knowl- 
edge sources. In a way it is a 'group of remainders' - everything that does not fit into the 
other three categories and does not qualify as metaknowledge falls under 'expert knowl- 
edge'. Therefore, this eclectic knowledge source consists of various and often very 
distinctive forms of knowledge. 

Its contents can vary from domain to domain, and even from task to task within the 
same domain. Although this expert knowledge is often of priceless value, it is often not 
reduced to writing and 'lives' in the head of the expert. This 'expert knowledge' does not 
even have to be pure legal knowledge. More general knowledge or common sense knowl'- 
edge, which contributes essentially to legal knowledge and by this to the quality of the 
output of the expert system, is classified as 'expert knowledge'. An example is knowl- 
edge about the meaning of 'ordinary' language, when it is used in the same way in the 
legal domain. [Cf. Bing 1987, pp. 6-10; Gardner 1987, pp. 43-44]  Another example is 
knowledge based on an understanding of the common law which cannot be readily 
extracted from the published opinions. This kind of expert knowledge can also be based 
on the expert's memory of judgements in similar cases that are often not published nor 
generally known. 
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Such knowledge can be rather specific. It can even be restricted to a specific region or 

to a precise court. One could even think of  knowledge about habits, peculiarities and 
predilections of  specific judges that may influence the result in a litigated case. Of course, 

this knowledge is the most specific knowledge that an expert system can contain. It will 
vary when the task changes or even when the group of  users changes. A large part of  this 

knowledge can hardly be used in general expert systems. It will be restricted to systems 
'tailor-made' for specific clients. 

Finally, a very specific form of  expert knowledge is the knowledge that makes it possi- 

ble to adjust the outputs of  the system for diverse uses. This form of expert knowledge 
also depends very much on the task of the system, on the domain and on the users. An 

example: an expert system gives legal advice in the domain of  landlord/tenant law. 

Considering the facts of  the case it could come to the conclusion that the client is allowed 
to refuse to pay the increase of  rent demanded by the landlord. The system could merely 

pass this outcome to the user. Another possibility would involve composing a standard 

letter using all relevant details of  the case at hand. The client could then put the letter into 
an envelope, put a stamp on it and bring it to the nearest mailbox 3 [Oskamp 1986, 

p. 702]. Such an option asks for a careful inventory of  the possible forms that the output 

can take and a careful choice of  the most suitable form of output in specific case. 

2.4. DISCUSSION 

In building a knowledge base, an obvious way of  ordering the knowledge is to reference 

the original knowledge source. This ordering provides information on value and position 

of  the original source in the hierarchy of  the knowledge sources. [Cf. Haft et al. 1987, 

p. 202; Biagioli et al. 1987, p. 243] The value of  arguments based on a specific source 

can also be determined. Information on the variety of  sources on which a specific argu- 
ment is based will not be lost. In addition, incorporating various sources of  knowledge 
also adds to the flexibility of  the system. For instance: in many cases the interpretation of  
legislation with the help of  case law is important. The facts of the present case will 

dictate which prior judgements are most relevant. In other cases the use of  legal literature 

or expert knowledge to interpret legislation will be more to the point. 
Another example: published case law says A, but the expert knows that one specific 

judge in 9 out of  10 cases says B in such circumstances. 4 When the expert knows that this 
specific judge will deal with the case, he will take into account this judge 's  preferences. 
The knowledge source 'expert knowledge'  of  a specific expert system, for instance deve- 
loped for a legal clinic in a specific jurisdiction, could contain such knowledge. However, 
such knowledge should be readily traceable in order to maintain it since these headstrong 

judges are often overruled. 

3 In such a case it may be inevitable that the person consulting the expert system is not the client, but an inter- 

mediary. This legally trained intermediary would have to take care that possible policy questions and the weigh- 
ing of interests are done in a correct way. He would also be able to give further explanation. 
4 This is allowed in the Dutch legal system, but the judge can be overruled. 
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Last, but certainly not least, it is absolutely necessary that the knowledge base of an 

expert system be ordered efficiently because these knowledge bases can become 

extremely large. For that reason one should try to encode all knowledge only once ,  even 
where specific knowledge will often be applied in very different situations with different 

interpretations. Encoding the knowledge only once also facilitates maintenance because 

the knowledge only needs to be modified once. 

3. Examples of models for legal knowledge bases 

An expert system knowledge base should be constructed to reason by combining and 

inferencing with several knowledge units. To ensure tractibility one should avoid designs 

that require the searching of the entire knowledge base. Therefore, I propose models for 

structuring the knowledge base to obtain the economies achieved through a single entry 

into the knowledge base while still being able to efficiently retrieve the knowledge. After 
discussing some of advantages and disadvantages of these models I will, in Section 4, 

present my own model, which integrates various elements of these models. 

3.1. MODEL 1 : CLUSTERING THE KNOWLEDGE 

The knowledge in a legal expert system can be gathered in what one could call problem- 

oriented clusters. These are clusters of knowledge directed towards solving one specific 

kind of problem. An expert system itself is already a cluster of knowledge on a specific 
domain. However, it can be further divided, into clusters containing knowledge referring 

to specific subdomains. This method of clustering has as its principal advantage that 

when the system has decided which cluster of knowledge is the most effective to solve 
the problem put to the system, it will only have to use the knowledge from this cluster. In 

this way the quantity of knowledge with which the system has to reason is limited. 

This kind of system is goal oriented. The goal will define the necessary knowledge, 
and the system will usually backward chain. This method is very suitable for systems that 

have to solve a limited number of rather specific and well described problems. Before 

building a cluster system one should make sure that the problems presented can be solved 
with a rather limited quantity of knowledge. 

A disadvantage of this method is that it limits the possibilities. Knowledge that is not 
directly related to the problems to be dealt with in the cluster will not usually be part of 

that particular cluster even though this knowledge may be contained within other clusters 

that may be part of the expert system. Thus the system will not be able to find a solution 
when the facts do not exactly match the conditions of the rules [Susskind 1987, p. 151], 
even though the necessary knowledge can be found elsewhere in the system. Changing 
clusters will then be necessary. This requires a flexible system which can become rather 
difficult to develop and maintain. 

Another disadvantage is that knowledge located in one cluster but which is needed fre- 

quently in other clusters, will usually have to be encoded more than once. We are talking, 
in a way, about a collection of many little expert systems, which are each capable of 
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solving one specific problem. As mentioned previously, such an approach causes mainte- 

nance problems because the knowledge must be entered more than once. In addition to 
maintenance problems, the cluster system may lack flexibility because of the problems of  

transporting certain knowledge from one small expert system to another. 

3.2. MODEL 2: A DECISION TREE 

An expert system using a tree structure follows predetermined paths through the knowledge 

base. These paths are related to specific problems. The system puts questions to the user, to 

which this user can give a limited number of  answers, such as 'yes ' ,  'no ' ,  'do not know' ,  
'maybe ' .  The system leads the user along specific and fixed paths corresponding to the ans- 

wers to the questions. There are many variations to this system because it is possible to 
combine it with networks or to work with menus. A number of operational legal expert 
systems are based on a variation of  such decision trees [McCarty 1987, p. 197; Van 

Noortwijk 1990, pp. 36-40] .  These trees, like in the systems of  Schlobohm [Schlobohm 
& Waterman 1987, pp. 18-28]  and Susskind [Capper & Susskind 1988] often become 

quite elaborate. 

An advantage of  this method is that the system can handle the knowledge rather easily 

because the path has been traced out beforehand. In this way large knowledge bases can 
be assembled expeditiously and traversed rapidly. Non-essential knowledge will not be 

used. Another advantage is that the system is rather transparent because it is possible to 

indicate the paths beforehand and even publish them. This enables people other than the 
developers to evaluate and maintain these systems. 

Finally one could claim that such an approach enhances flexibility [Susskind 1989, 
p. 3], particularly for maintenance purposes because whenever a change occurs, one only 

has to change the rule and, perhaps, the path in question. I disagree with this claim. Flexi- 
bility is directly related to the way in which the alterations influence the structure of the 

path or paths. This tree structure, however, is far from flexible because the paths are 

fixed beforehand which means that most alterations will have many consequences for the 

whole path. Moreover, the process Of indicating the paths is often rather labour-intensive. 
Such an inflexible structure can negatively impact on the decision process because the 

variety of  problems that can be solved will be fixed at the time of  developing or maintain- 
ing the system. Every question that falls outside this structure cannot be dealt with by the 

system. Nor can the system respond appropriately to facts that do not exactly match the 
conditions of  the rules. A further disadvantage is that the system can only use knowledge 
that falls within the path. The latter is a severe restriction because often one needs to use 
additional knowledge that lies outside the restricted paths in order to make a balanced 
appraisal. Therefore, these systems usually are quite shallow [Cf. Bench-Capon, 1989, 
pp. 38-39] .  On the other hand, these systems can be very useful when dealing with repet- 
itive cases. Schlobohm indicates that his estate planning system can be used for 70% of 

the estate planning cases. Thus 

the expert could spend his or her time more creatively by designing estate plans for the minority of clients who 
could not be adequately accommodated by the expert system [Schlobohm & Waterman 1987, p. 19]. 
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A further potential disadvantage of this type of system is that the user must often answer 

every question. This often results in a tedious undertaking because the user must answer 

many questions that are not relevant to the case at hand. 

3.3. MODEL 3: STRUCTURING RELATED TO THE DOMAIN 

Gardner's model is of a different nature. Her model orders the knowledge strictly within 
a domain and a task. Its points of departure are the various distinguisable phases in the 

process of contracting [Gardner 1987]. The big advantage of her model is, in my 
opinion, that it distinguishes among various levels of legal reasoning. It starts with the 

establishment of the legal nature of the problem and the identification of the legally rele- 
vant relations. Then her model goes via the solution of a problem by the sole application 

of legal rules to completing the concepts that cannot be established by the rules. The 

model reflects the process of legal reasoning, but it does so in a very narrow part of a 

rather specific domain. Gardner's approach also raises some unanswered questions. First, 

will her method work in other domains? Second, can one transfer her approach which is 
based on the common law legal system to civil law systems? Finally, one wonders 

whether her system, which provides an analysis of specific problems and includes an 

indication of the questions that it cannot solve, can be used for building expert systems 
outside the laboratory environment in which it was developed. 

The factual problem addressed by Gardner's model is rather artificial because the cases 

have been constructed with a view to a rather elementary form of legal analysis. I question 
whether the system will be able to make such an analysis in real world settings involving 

rather atypical situations [cf. Goldman et  al. 1987, pp. 220-221]. These questions become 

important when we are talking about systems that are to be used in practice. The range of 

the knowledge bases of such systems will be much larger than the one Gardner used. 

Moreover, the nature of the real world problems will demand that the system performs 
many forms of analysis not contemplated by Gardner's system. 

4. A New Model for the Use of Legal Knowledge 

4.1. FOUR LAYERS 

The model I propose in this section consists of four layers, each containing a different 

kind of knowledge. The basic idea is that all knowledge will be represented in a knowl- 

edge base as objectively as possible (but see Section 5.6.), and preferably only once. The 
lowest layer will contain all relevant knowledge except metaknowledge; the second, third 

and fourth layers will contain various types of metaknowledge. These last three levels 
will combine, interpret and manipulate the knowledge in the first layer. 

4.2. THE FIRST LAYER 

The first layer contains all relevant knowledge from legislation, case law, legal literature 
and expert knowledge. In this layer knowledge will be identifiable with the original 



254 ANJA OSKAMP 

knowledge source to which it belongs. That can be rather easily accomplished by arrang- 
ing the knowledge according to the knowledge source. This identification of the source is 
important because the origin establishes the place in the hierarchy among the various 

knowledge sources. For that reason the content of the knowledge sources is strictly 

defined. The knowledge source 'legislation', for instance, only holds the literal text of the 
statutes. It does not hold the explanation of or the concepts that inhere within these statu- 

tory rules unless these are included in the statute itself. In this way the statutory rules are 
strictly distinguished from their interpretation. 

Separating the text of a rule from its various interpretations will improve the flexibility 
of the system. The rule and its concepts can thus be interpreted more easily in view of the 

circumstances of the case. More important, however, is that separating rule and interpre- 

tation underlines the special position of the rules, as well as their reference function: legis- 
lation is the point of departure for every lawyer. This point of view also implies that the 

knowledge at this level has to be represented as objectively as possible. This could mean the 

use of a number of different representation techniques. I will deal with this in Section 5. 
Grouping the knowledge according to the knowledge source is only a first ordering. 

Within each knowledge source we can identify different groups of knowledge with differ- 

ent values. Refinement in the knowledge source itself is possible and often necessary. 
This is especially important for the legal knowledge sources 'legal literature' and 'expert 

knowledge'. They contain many different forms of knowledge, with many different 

values and a different status. But also for legislation and case law further arrangement 

may be necessary by reflecting the hierarchy of courts or the hierarchy within legislation. 
This arrangement, refined or not, is the only form of metaknowledge at this level. 

The hierarchy of the knowledge sources is partly defined by the distinction between the 
primary sources of law (legislation and case law) and the secondary sources of law (legal 
literature and expert knowledge). The primary sources contain the law itself, while the 

secondary sources contain law derivations: personal interpretations of the law. The 

primary sources of law are clearly higher up in the hierarchy among the knowledge 
sources. Furthermore, legislation generally prevails over case law. An exception to this is 

a judgement contra legem. Such a judgement could be based on a change in social cir- 
cumstances, which, in the view of the judge, makes it no longer appropriate to apply the 

statute to the facts of the case. The judge then contradicts that part of legislation. Case 
law contra legem will be a rare occurrence, but it has important consequences for legal 

expert systems because it affects the hierarchy based on the principle 'legislation as a 
point of departure'. When a judgement contra legem is inserted in the knowledge base, it 
needs a special status since it may take precedence over knowledge from the knowledge 
source 'legislation'. 

An exception to the prevailing character of legislation can be found in 'regelend recht' 
(jus dispositivum). In Dutch law this phenomenon gives parties the power to make legally 
valuable arrangements by themselves, while also giving binding rules to cover the situa- 
tion that occurs if parties refrain from making arrangements. While making a contract, 
however, the parties are allowed to make deviations of the rules given by a statute, and 

thus overrule the statutory provisions. In the Dutch legal system this is allowed if done 
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'bona  t ides ' .  A problem with this is that the status of  the applicable part of  the knowledge 

source ' legis lat ion '  becomes unclear. It is either extracted from the statutory provisions 

and as such subject to alterations in a contract (of course this then has to be checked by 

the expert  system), or it emanates from contractual provisions. In the last case it should 

be checked whether these provisions are 'bona  t ides '  and whether the contract is legally 

valid in other respects. This requires extra knowledge about a subject, contract law, 

which is not the easiest with which to deal [Gardner 1987]. 

Even if it were feasible to evaluate the contractual provisions, two other problems 

would arise. The first relates to the dynamic character of  this knowledge:  given the varia- 

tions in contractual terms the knowledge will usually only be used once or twice and it 

may change all the time. The second problem is due to the fact that the input of  the con- 

tractual provisions will have to be carried out by the user. This problem can partly be 

dealt  with by having the system help the user to insert that knowledge in a special format 

and within specific frameworks. However,  the general maintenance problems will have to 

be dealt with. 4 Furthermore it may affect the reliabili ty of  the system to have users 

sorting and inputting this amount of knowledge.  

Summarizing,  we may say that contractual provisions are of  a dynamic nature and that 

there are differences in reliabil i ty between legislative rules (input by the knowledge engi- 

neer) and rules based on contractual provisions (input by the user). This implies that it is 

not wise to put the rules of  contracts in the same source as legislation. If  one wants to 

provide the use of  contractual provisions a different solution has to be found. An extra 

knowledge source, holding temporary knowledge,  could be inserted at this level. 

4.3. THE SECOND LAYER 

The second layer, although useful, is not really necessary for the model  itself. It is 

intended to enhance an effective search for possible relevant knowledge.  This layer 

contains what I call a ' reference file' .  This reference file gives cross-references to all 

knowledge connected in any way to any specific unit of  knowledge.  It facilitates the 

recovery of  all related knowledge,  without regard to the knowledge source in which it is 

to be found. For  instance, in the knowledge source 'case law'  we would find references to 

the legislation to which the judgement  refers. One might also find references to other rel- 

evant case law as well as to knowledge within the knowledge source called ' legal  litera- 

ture '  if  the literature discussed the judgement  or refers to similar interpretations. Thus, 

the reference tile gives a complete overview of  all the interrelations within the knowledge 
base. 5 

Such a reference file makes explicit  the knowledge that can be extracted by the use of  

an inferencing engine. Explicit  representation has the advantage of  permitting a more 

rapid retrieval of  relevant knowledge. When correctly constructed this reference file which 

4 It has to become clear what other knowledge is or can be affected by the new knowledge. How can consis- 
tency be enforced? What is the impact of the new knowledge on the metaknowledge? 
5 The reference file does not attempt to resolve contradictions that might arise because a specific concept is 
explained in a conflicting way. 



256 ANJA OSKAMP 

makes accessible all possible connections serves as a control mechanism that facilitates 

maintenance. Finally, the reference file guards against inconsistency in the knowledge 

base. By juxtaposing the contradictions that may exist within the entire knowledge bases 

the user is permitted to make explicit choices among competing sources of  knowledge. 
It is not important what these references look like. One could embody them in an 

'inverted file' similar to the methods used to construct certain databases. Another possi- 

bility is the use of 'vector retrieval', a technique that is also proposed for legal databases. 
One would need to modify these techniques for the use I propose by using the methods 

suggested by Kracht et al. [1988, pp. 34-41] .  
There exists a potentially more efficient way for creating such a reference file. One 

could add such references to the represented knowledge itself, provided that it can easily 

be recognized as additional knowledge and thus be separated from the 'real '  knowledge. 

In the Prolexs system, for instance, this is realized by encoding this knowledge in the 
form of ' forward'  and 'backward'  pointers in a so called 'static' knowledge base of  rules. 

Forward pointers refer to the productions that have the fact in their conditions, backward 

pointers refer to rules which have the fact in their action. Whenever the fact appears on 
the blackboard 6 the system will thus 'know'  which rules it can 'call ' .  See also [Walker 

et al. 1989, pp. 233-259] .  

4.4. THE THIRD LAYER 

In the third layer we find the general legal metaknowledge, legal metaknowledge that is 
generally applicable to every legal domain. The domain-specific metaknowledge is found 

in the fourth layer. Examples of general metaknowledge are the knowledge that reflects the 
hierarchy 'legislation, case law, legal literature', the hierarchy of the courts, or the hierarchy 

of  different types of legislation. Another example is knowledge about the principles 'lex 

superior derogat legi inferiori' (Higher law takes away the effect of  the lower laws), 'lex 

posterior derogat legi priori' (Later statute takes away the effect of  the prior one) and 'lex 

specialis derogat legi generalis' (Special statutes take away the effects of  more general 
statutes). The larger part of  the knowledge in this layer will be available in a written 
form, for this is the kind of  knowledge which has to be taught to law students. However, 

this does not mean that it will also be easy to reflect this knowledge in expert systems. 
In the first place it will have to be indicated as such, which means that the knowledge 

engineer and the expert will have to recognize it as general legal metaknowledge. In the 
second place, it may not not be clear whether such a general metarule is applicable: it 
must be evident that a special (part of  a) statute referring to a specific problem exists. 
Moreover, one can often find borderline cases where it is not clear whether 'lex generalis' 
or a 'lex specialis' should govern. Yet a failure to recognize these borderline cases will 
result in the expert system giving a wrong answer. This means that (for certain domains) 
metarules have to be found that indicate the applicability of a lex specialis [see also 
Prakken 1991, pp. 165-174].  This is also a problem of knowledge representation. 

6 The Prolexs system is a blackboard system. 
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Working with analogies, either to real or hypothetical cases, may also be a solution. 

Prakken & Schrick [1991] give two examples of  formalising a l e x  specialis without viola- 

tion of the isomorphism. 

4.5. THE FOURTH LAYER 

The fourth layer contains the metaknowledge that is directly related to the domain and the 

task of  the system. This metaknowledge can make it possible for an expert  system to rea- 

son on various levels, from shallow to deep, depending on the situation and using various 

knowledge sources [cf. Bench Capon 1989, p. 42]. It is this form of  knowledge that will  

make it possible to find the appropriate knowledge and apply it in the correct way. It will 

also help to ensure that the system only consults relevant knowledge.  To do this, the 

system can use the reference file in the second layer to find possibly relevant knowledge.  

Then it has to circumscribe this knowledge with the help of  metaknowledge from the 

third and fourth layer. I give three (rather obvious) examples,  which, as will become 

clear, are parts of  a strategy. There are other possibilities which include combining aspects 

of  the examples given. The choices will, among others things, depend on task and domain. 

4.5.1. Imitating the Expert 

A first possibi l i ty is to imitate the working method of  an expert. By this I mean that the 

metaknowledge reflects how an expert  handles a specific problem, which knowledge 

sources he consults, and in which sequence. 7 Referring to specific problems, the paths 

through the knowledge can be dictated beforehand, just  like in a tree structure (see also 

model  2 in subsection 3.2.). However,  the difference is that here the path is dictated in a 

structure above the knowledge and not by using the knowledge itself. Thus, within the 

path there need only be indications that it is necessary to consult the knowledge source 

'case law'  first rather than express pointers to a particular judgment.  The choice of a par- 

ticular case will be deduced from the facts that are given to the system and may vary 

according to the circumstances. Fol lowing this particular path should only be one of  many 

possibili t ies which is selected because of  the specific circumstances of the case. 

An example:  a tenant believes that be pays too much rent. He consults an expert  

system to verify this. The expert  system ' sees '  that the facts of  the case can be matched to 

the goal ' rent reduction'  more than to any other aim. Therefore it decides that it will first 

try to achieve the goal ' rent  reduction' .  To achieve this goal  the expert  system can choose 

between several paths. Two of those seem the most appropriate: ' low quali ty '  and 'rent 

reduction' .  The system now has to decide which it should try first, considering the facts 

given by the user. In doing so it will, among other things, compare the facts of  the case 

with facts of  applicable case law. If that is not successful it can try other paths. (An 

7 Some problems can be dealt with very well in this way. For instance, when the user knows what he wants to 
achieve and asks the system whether this can be realized with the facts he has given the system. Then the 
system can easily verify this by use of backward chaining. An example is given below. 



258 ANJA OSKAMP 

extended version of this example can be found in [Walker et al. 1991, pp. 42-49]). 

When used in this way, a decision-tree structure will not necessarily render the system 
inflexible provided that there exist different ways and sequences of consulting the knowl- 

edge that can be invoked on the fly. 

4.5.2. Clustering the References 

A second possibility of using a metaknowledge strategy is combining and activating all 

the knowledge which may be necessary for solving problems in the domain. This can be 
problem oriented or subdomain oriented. The link to the domain makes it fourth layer 

metaknowledge. The combination meant here need not be a fixed combination, i.e. that 

the knowledge itself is clustered, like in model 1 containing clusters. It can, for instance, 

also be realized by grouping the references to that knowledge on a level above the knowl- 
edge itself. This will make it possible for the system to gather the knowledge related to a 

specific subdomain or a specific problem rather quickly. 
An example for these types of clusters is found in the so called logical groups in the 

Prolexs system [Walker & Van den Berg 1988, pp. 11-12; Walker et al. 1989, 

pp. 244-243]. These logical groups are all related to a specific subject like 'rent reduction' 

or 'maintenance'. A logical group uses knowledge from all knowledge sources related to 
that specific subject. In the example of subsection 4.5.1 the logical group 'rent reduction' 

would be selected and the system would start reasoning with the knowledge collected in 
this logical group. A classification network shows the connections between the various 

logical groups. This also indicates which logical groups can be relevant to achieve a specific 
aim, since the logical groups are connected in a specific sequence. In this example it would 

also be necessary to activate the logical group 'maintenance' to check whether mainte- 
nance deficiencies would be a cause for rent reduction. The classification network as such 

is a form of metaknowledge, lying over the logical groups. See Figure 1 for an example. 

4.5.3. Using Heuristic Knowledge 

A third possibility is to have the system find its way among the knowledge using heuristic 

knowledge and metaknowledge from the third and fourth layers, the latter especially re- 
flected in rules of thumb. The system could, for instance, start with forward chaining, by 

mainly using rules and inference chains. Using experiential knowledge in the form of rules 
of thumb or strategy rules, the system 'knows' which knowledge it has to consult. This 
experiential knowledge can also be achieved by the system itself. That would be a self 
learning system. The rule which regularly leads to a solution and which seldom fails 

would then be used more often. 

4.5.4. Combination 

As indicated by the example in subsection 4.5.2 a combination of several possibilities 
would make the system more powerful, flexible and effective. Consider the following 
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Fig. 1. 

example :  W h e n  only specific facts are known and the system knows nothing about the aim 

it has to achieve,  the sys tem will  start with forward  chaining.  It wil l  start with backward  

chain ing  when  the user  indicates the a im that the sys tem wil l  have  to ach ieve  8. To  solve 

s imple  or  standard p rob lems  choos ing  only rules o f  thumb may  be sufficient. Flexibi l i ty  

is assured when  the sys tem can change  its strategy during the reasoning process.  For  

instance, when  the sys tem tries to ach ieve  a solution by forward  chaining it may  be nec-  

essary to establ ish the val idi ty  o f  a condi t ion  by backward  chaining.  The  sys tem may  also 

want  to test an al ternat ive solut ion by using a different  strategy during the reasoning 

process  to see whether  that g ives  better  results or  a di f ferent  outcome.  By  cluster ing the 

8 Here the user is introduced in a more active role [Cf. Purdy 1989, pp. 201-202]. The user could also, for 
instance, indicate a specific way in which he wants the knowledge to be handled, or a specific aim he wants to 
achieve. In the example above (in Section 4.5.2.) the user would indicate that he wants the system to achieve the 
aim 'rent reduction'. 
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knowledge (possibility 2), the reasoning process can take place effectively and efficiently: 

the system will only need to reason with the knowledge which is relevant (or may be rele- 

vant) for the problem at hand. 
The wish to have this combination also puts demands on the shells to be used. The Pro- 

lexs shell has the potential to implement the model proposed in this part. It already reflects 
parts of this model. 9 The Prolexs system distinguishes between the five knowledge sources 
as described in Section 2. Four of them are situated at the lowest level, while metaknowl- 

edge (especially domain-dependent metaknowledge) is situated at a level above. The 
knowledge sources can each be represented in their own way. However, a further dis- 

tinction between the knowledge of each source has not yet been realized. There is also 

no clear distinction between general legal metaknowledge and domain specific metaknowl- 

edge. Currently the metaknowledge is mainly manifested in so called 'logical groups', 
consisting of knowledge referring to a specific topic in the domain. The knowledge may 

come from the various knowledge groups. Logical groups are not dependent on the way in 
which the knowledge is represented. Another form of metaknowledge, situated at the highest 

level in the Prolexs system, is formed by the classification network, which combines the 
logical groups. It is both used to classify a problem and as a means to decide which topic 

to concentrate on. It thus expresses classifying and strategic expert knowledge. Figure 1 
expresses a part of the classification network of the Prolexs landlord-tenant system. 

The Prolexs shell itself is independent of any representation technique and inference 

mechanism. Knowledge, which is separated from the inference engine, can be inserted as 
needed. To deal with the results offered by the various inference mechanisms, a truth 

maintenance facility and an explanation facility is provided. The communication between 
the knowledge groups, 10 each with its own inference engine, takes place via a black 

board. Detailed descriptions of the Prolexs system can be found in [Walker & Van den 

Berg 1988; Walker et  al. 1989, 1991; see also Walker 1992]. 

4.6. COMPARING THE FOUR LAYER MODEL TO THE MODELS 1,2 AND 3 

The four layer model for constructing legal knowledge bases proposed in this paper is 

based on an integration of the models described 3.1, 3.2 and 3.3. The basic ideas behind 
these models are reflected in the four layer model. However, in an attempt to overcome 

some of the disadvantages of these models, I disconnected the structure dictated by the 
domain from the knowledge. This domain structure was put at a higher level (level 4). 
Also I enlarged the perspective. In this way the method used in each of these models 
forms only one of several possibilities to consult the knowledge. However, it has not yet 
become fully clear what the final influence of model 3 has been; as this model has not 

9 AS was indicated before, the current version of the Prolexs system is based on a earlier version of this model 

[Oskamp 1989]. 
l0 A knowledge group is a cluster of knowledge represented in the same representation formalism. In the 
current version of the Prolexs system each knowledge source is represented in the same way. This is not an 
optimal way of knowledge representation. The present research concentrates, among other things, on finding 
better ways of representing each form of knowledge. 
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explicitly been discussed before. Notwithstanding, it does have its influence. For instance, 
in the four layer model it is possible to examine the possibility of solving a problem by 

using simple legal rules while using metaknowledge from the third and fourth layers. 

Efficient expert systems should first try this possibility because one shouldn't take the 
bard way when it is possible to do it in a simple way. If this cannot be achieved, or in 

Gardner's words 'when the rules run out' [Gardner 1987, p. 33], the system will have to 
be able to proceed and look beyond the (simple) rules. In fact, this is the phase which 

makes expert systems really interesting. Basically, it is rather easy to develop an expert 

system for a problem that can be solved by (simple) rules. Only when we are talking 
about exceptions, including the hard cases, it is necessary to get away from these rules of 

thumb. Gardner tries to achieve this by using different knowledge, mainly based on 

natural language or case law for solving problems coming, for instance, from open-tex- 
tured concepts. In the four layer model the system will check whether these problems can 

be solved by consulting further knowledge from the different knowledge sources. This can 

also include knowledge coming from natural language, which can be part of the knowl- 
edge source 'expert knowledge'. At the same time, the four layer model is much more 

general than Gardner's. For when one goes from a small and well-described domain such 

as Gardner used, one has to cope with problems related to the size of the knowledge base, 
and closely connected to that, with problems related to control and maintenance. The net- 

works, proposed by Gardner, would probably become too large. This will make it unclear 

which knowledge is implemented and where. 

4.7. THE GENERAL NATURE OF THE LAYERS 1, 2 AND 3 

The most important advantage of the four layer model is that the knowledge will have to 

be implemented only once. A second advantage is that the use of layers in the system 
opens the possibility to (re)use a substantial part of the knowledge and of all references, 

when the task of the expert system will be changed. In fact, one could say that only the 

fourth layer is specifically connected to the task. The knowledge in the first layer is repre- 
sented as objectively as possible and should as such be reusable for different tasks. The 

reference file in the second layer, provided that it is complete, will not change when the 

task changes. This also goes for the general legal metaknowledge in the third layer. There 
we find general principles that are valid for every legal task. Only in the fourth layer task- 

related knowledge is found. This knowledge will definitely have to be altered when the 
task changes. 

The previous section is written in a very prudent way. The reason for that is that there 
are a number of 'ifs' to the statements on the general nature of the three lowest layers. 
For one, one would really have to be able to represent the different kinds of knowledge as 
closely related to the original structure as possible (but see Section 5.6.). A lot of research 
is necessary on this issue, chiefly because the expert system must still be able to reason 
with this knowledge in an appropriate way. This may depend on the task of the system 
[cf. Breuker & Wielinga 1988]. Whether that wil be the case is also still a point of 
research. 
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There is another snake in the grass. The generality of the first layer, and consequently 
of the second layer, can only be achieved when all legal and related non-legal knowledge 

referring to a specific domain is inserted into the knowledge base. Only that would make 
it possible to switch tasks without affecting the three lowest levels. However, it will be 

more likely that the knowledge will be gathered and selected in relation to the task and 

the demands of the users of the system. This is already necessary on purely practical 

grounds. 
For instance, if all published case law were inserted, the knowledge base would 

become so large that the response times will become unacceptably long. Furthermore, not 

all published case law would be relevant [cf. Franken 1983, p. 20]. Therefore, although 
part of the knowledge in the first three layers will be reusable when the task of the expert 

system changes, it will not be sufficient to alter only the knowledge in the fourth layer. 

5. Representation of Knowledge 

5.1. INTRODUCTION 

This chapter pays attention to the format in which the knowledge has to be represented in 
the system. The best way for doing justice to the nature of the knowledge is to represent it 

in a format that is as close as possible to its original format. At the same time one can 
thus distinguish between the various ways in which knowledge is used and between the 

various kinds of knowledge. This principle of isomorphism has been urged by others [e.g. 

Bench Capon 1989, p. 40; Bench Capon & Coenen 1991, p. 62; Karpf 1989]. To accom- 

plish this I think that knowledge must be expressed according to its purpose. This 
involves employing different representations of one knowledge source. However, forcing 

knowledge into a format that is not really close to its original format, creates the risk that 
too much information will be lost. Thus the interpretation of the knowledge might not 

come from the domain and task - in my opinion the only acceptable reasons for interpre- 

tation and even then only when they are sufficiently supported by the expert - but from 

the need to fit the knowledge into a particular representational format. This would affect 
the principle of isomorphism [Prakken & Schrick 1991]. It may even affect the quality of 

the expert system. 
In earlier publications on this subject I worked on the assumption that it would be pos- 

sible to use a single representation formalism to represent a whole knowledge source 

[Oskamp 1989, p. 195]. However, further research made it clear that the type of knowl- 
edge sources does not necessarily dictate the most appropriate representation formalisms. 
In addition to the nature of knowledge one must also consider the use to which the 

knowledge is put. 
With the exception of the metaknowledge source we find in all knowledge sources 

at least two kinds of knowledge: directive and declarative. It is necessary to further re- 
fine these groups to be able to find, or develop, appropriate representation formalisms. 
Since this is still the subject of research within the Prolexs project I can only offer some 
tentative suggestions on the 'best' representation formalisms for different kinds of knowl- 

edge. 
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5.2. LEGISLATION 

In the knowledge source 'legislation' I distinguish three different manifestations of 

knowledge. Directive knowledge gives rules. Descriptive knowledge gives descriptions 

and explanations of concepts. Terminological knowledge gives additional information 

with which the system will not reason. 

5.2.1. Directive Knowledge 

The directive knowledge in legislation consists of rules that are mostly represented 

as IF THEN production rules in expert systems [Nieuwenhuis 1989, p. 48]. At first 

sight it looks like the rules of statutes are rather structured and are more or less forma- 
lized [Schauss 1988, p. 36-37]. When a lawyer has defined a legal problem, she will 

always check the legal rules that refer to the case at hand. In statutory based systems 
these are, for the most part, legislative rules. Next, she will try to apply these rules to the 

problem. 

Searching for those rules is often an action that most lawyers perform without thinking. 
Yet, it is a real action and absolutely necessary whenever a legal provision can be found 

in the domain [cf. Guibourg 1986, p. 70]. A rule-guided expert system would take similar 

actions: it compares the facts it has obtained from the user with the conditions in the 
rules. Only at that moment will it become clear, both for the human lawyer and for the 

expert system, whether it will be possible to match the facts and the conditions of the 
rules. Often it will be necessary to bring facts and conditions more closely together 

through interpretation, for which other knowledge is needed. Such an interpretation can, 

for instance, be made by comparing the facts and/or the circumstances of the case with 

knowledge that gives an interpretation of the conditions in the rule. 
Thus, it can be argued that directive knowledge can best be represented in rules. Yet, it 

should be added that research has made it clear that even for legislative knowledge this is 

often not as simple as it looks [e.g. Sergot et al. 1986; Nieuwenhuis 1987, p. 29]. In my 
opinion this indicates that there is a need for further research towards more refined and 

'better' representation formalisms. Those would have to be more specific and more dedi- 

cated to the various kinds of knowledge to be found in the directive knowledge group 
which encompasses legislation [Karpf 1989, p. 429]. Appropriate representation for- 
malisms developed from this research will probably be based on rule-like structures. 11 

However, I do not exclude that some kinds of directive knowledge can be put in 'ordi- 
nary' rules without many problems. 

5.2.2. Declarative Knowledge 

Part of the knowledge from legislation is of a declarative nature. Here we often find 
explanations of concepts. It is not so easy to express this kind of knowledge in rules. 

11 Such a research project began as a part of the Prolexs project in the autumn of 1992. 
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Consider the following example, taken from legislation on the Dutch landlord-tenant law 

(art. 1.3 Huurwet). 
This statute contains the following: 

a. price 
the constellation of the obligations, which is accepted by the tenant towards the land- 

lord with or on account of rent and lease; 

b. rent 
the price which is due on account of rent and lease for merely using a real property; 

c. built real property 

a building, or part thereof, if this part forms an independent working accommodation, 
all this with its normal immovable appurtenances. 

Irrespective of the many vague concepts (not only due to the translation) contained in this 
article it will be very difficult to force this knowledge into a rule-like representation. 

Knowledge like this is meant to give meaning to the concepts that are to be used in that 

specific part of legislation. Even though, as is the case here, they often raise more ques- 
tions than they answer. Putting such knowledge into rules would often result in the cre- 

ation of meaningless rules so one should try to find other forms of representation. Frames 

and object-oriented programming could, for instance, be considered as a starting point for 

both the search for, and development of, such techniques. 

5.2.3. Terminological Knowledge 

The third type of knowledge we find in statutes is terminological knowledge. An example 
of the use of terminology is a phrase that often occurs in Dutch statutes and that refers to 

the responsible minister, for instance in the remaining part of art. 1.3 Huurwet: 

d. Our Minister 
Our Minister in charge of the care for public housing. 

It is not difficult to introduce such knowledge in an expert system. It can be expressed by 

rules, frames or otherwise. The system will not reason with terminological knowledge, 
but it may have use it to specify the concept it refers to in the output. Such knowledge 

will not necessarily be part of the knowledge base, but could also be implemented in a 
definitional database [cf. Hage 1988]. 

5.3. CASE LAW 

Case law can be used in various ways, dependent on task, domain and legal system. In 
the Dutch legal system case law has three main functions: giving (additional) rules (direc- 

tive knowledge), giving definitions and explanations of vague rules and open textured 

concepts (declarative knowledge) and giving examples. 
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5.3.1. Directive Knowledge 

Case law, and especially case law delivered by the High Court, may formulate rules that 

can become generally applicable in the domain and so become a rule of law. Although in 

the Dutch legal system the lower courts are not legally bound to the judgements of the 
higher courts, they will follow them most of the time, especially the judgements of the 

High Court. Furthermore, rules can be extracted from constellations of cases which 

exhibit consistent patterns. These rules will be placed, however, either in the knowledge 
source 'legal literature' or in the knowledge source 'expert knowledge', since directive 

knowledge in this context refers only to identifiable cases. 

It will depend on the case itself whether it can be solely represented in a rule-like struc- 
ture, just like directive knowledge in legislation or whether additional representation for- 

malisms are necessary. When the case is only important because of the rule it gives, it 

will not have to be implemented fully. It will be sufficient to implement the rule of law 
and an identification of the case. This can be realized in a rule like structure. If the case 

also has other aims, either interpretation or giving an example, a mix of representation 
formalisms may be necessary. In general it can be said, however, that all directive knowl- 
edge in case law is best represented in a rule-like formalism. 

5.3.2. Declarative Knowledge 

The importance of a specific judgement can also lay in the explanation it gives of con- 
cepts or rules from, for instance, legislation. The judgement will then be inserted in the 

knowledge base to describe the explanation of the concept and possibly the circumstances 
of the case. Thus the possibility is offered to make a comparison with the circumstances of 

the case at hand. For this purpose only this description, and perhaps the circumstances of the 

case, will have to be put into the knowledge base. Of course, in such a situation we have 
to cope with the question how much of the explanation of the concept has to be reflected. 

For instance, will the circumstances that have led to the explanation, also have to be con- 

sidered, and if so in detail? Or could these circumstances be reflected in a more general 
way? Both possibilities have advantages and disadvantages. When the knowledge 

engineer, in close cooperation with the expert, abandons the case while representing the 
explanation of the concept indicated, she will generalize the circumstances of the case. 
She will also generalize the explanation of the concepts as given in the case. This gene- 

ralization is a form of interpretation. However, when she does take the circumstances 

into account, a lot more knowledge has to be represented resulting in an expansion of the 
knowledge base. 

Declarative knowledge in case law will also have to be represented in a format that 
reflects the original format as closely as possible. Just like it was the case for legislative 
knowledge this will hardly be possible when using a rule-based formalism. We should 
rather think of formalisms based on frames or on object-oriented programming. Schlobohm 
and Waterman [1987, p. 21] give an example of frames that give such a general explana- 
tion of a specific concept. The content of their frames is comparable to the declarative 
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knowledge which I describe. Although these frames are quite simple and are only meant 

to give an explanation of  the output of  the system, it led them to remark: 

We feel the use of a frame mechanism provides a more natural way of handling definitional explanations and 
facilitates comparing and contrasting alternative estate plans. 

5.3.3. The Example-Giving Function 

Case law is used in an example giving role when one points out the similarities with, or 

the differences from specific judgements  with the case at hand in order to convince 

someone, usually the judge,  about one ' s  position. In this role case law is not so much 

used for explanation as for qualification. One tries to prove, with the help of  prior judge- 

ments that one ' s  case does or does not fall under a specific legal rule. A lot of details are 

involved. Those details are often related to each other. The decision whether the case 

qualifies under a certain legal rule is usually taken considering the combination of  those 

details. Therefore cases that are to be used as examples can hardly be compressed in 

rules. 

I have to point out here that the use of  case law in the Dutch system is slightly different 

from its use in common law systems. The oral arguments are less important than in a 

common law system [Rissland 1989, p. 111]. For instance, a Dutch lawyer can argue that 

a certain court has already dealt with a similar case, and use this case as an example. 

Although it will improve her position she cannot derive any rights from that judgement.  

Case law is therefore used in a less intensive way than in the common law systems. 

Giving an example is a characteristic function of  case law which has no equivalent in 

legislation. To use case law in this way it may be necessary to argue with the case as a 

whole, or at least with a significant part of  the case. The circumstances of  the case play an 

important part. This will put a very large claim on the knowledge base. Since case law 

will rarely be used in this way in the Dutch legal system one can not justify the imple- 

mentation of  case law for this purpose. It is therefore not surprising that most case-based 

reasoning projects are found in the United States. The HYPO-system, for instance, gives 

a good example of  the way in which to represent knowledge for such purposes [Ashley 

1988]. 

5.4. LEGAL LITERATURE AND EXPERT KNOWLEDGE 

The nature of  the knowledge in the sources ' legal  l i terature'  and 'expert  knowledge '  is 

rather diverse, as both contain many different kinds of  knowledge.  We find knowledge 

that resembles legislation in directives and guidelines, or case law which has instances of  

hypothetical  cases described in literature or unpublished cases known to the expert. 

Furthermore, in both knowledge sources we find other forms of  directive knowledge,  

such as rules that are extracted from a number of  cases by the expert. We also find declar- 

ative knowledge such as explanations. The general rules referring to representation for- 

malisms, described in the previous sections can be applied to these forms of  knowledge. 

Directive knowledge can be best expressed in rule-like representations. For declarative 
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knowledge frame-like representation formats and forms of  object oriented programming 

can be suitable formats. Knowledge from the sources ' legal  l i terature'  and 'expert  knowl- 

edge ' ,  which is based on a constellation of  other knowledge,  may benefit from the use of  

techniques like neural networks [Van Opdrop & Walker  1990; Van Opdorp et al. 1991]. 

For  these knowledge sources the optimal representation formalism requires further 

research also applicable for other forms of knowledge that I have not yet indentified. 

5.5. METAKNOWLEDGE 

5.5.1. The Various Forms of Metaknowledge 

Before discussing formats for the representation of  metaknowledge I will first describe 

the most  important  forms of  metaknowledge for legal expert systems. 

5.5.1.1. The Hierarchy of the Various Types of Knowledge. Consider the following 

examples of  legal metaknowledge,  taken from the Dutch legal system: the hierarchy ' le- 

gislation - case law - legal l i terature ' ,  or a hierarchy like 'High Court - Court of  Appeals  

- District Court - Police Court ' .  Next to this, principles like lex superior derogat legi 
inferiori, lex specialis derogat lex generalis, lex posterior derogat legi priori are examples 

of  this kind of  metaknowledge.  

5.5.1.2. The Overview that an Expert Has of a Specific Domain. This enables him to 

choose quickly and effectively which knowledge he has to use to solve the problem at 

hand. This part of  legal metaknowledge can be introduced by composing classification net- 

works of  the domain. In such a classification network the various parts of  a specific domain 

are shown. It also indicates their place within the domain and the various relations bet- 

ween each other are made clear. Figure 1 gives an example of  the classification network 

made for a small part of  the Prolexs system. [Walker et al. 1988, p. 13, 1989, p. 250] 

5.5.1.3. Rules of thumb, rules containing strategy, and application rules to solve pro- 
blems in the domain. These metarules indicate which statutory rules or which case law 

can be used effectively in a specific situation. It can also indicate in which sequence this 

knowledge can be consulted most  significantly. In some situations a concept from a statu- 

tory rule will best be explained using case law. In other cases legal literature can be used 

more effectively. [Bellairs 1987, p. 253] This type of  metaknowledge should typical ly 

come from the expert. Another  published example of this form of  metaknowledge is tran- 

sition law. 

An example referring to the rules of  strategy is the following. A landlord who wants a 

tenant to leave has five different grounds for giving notice. To reach the conclusion that 

the landlord has given notice in a legally valid way, the Prolexs system will have to 

reach one of  five goals 12 which embody the legally valid grounds. The system could, by 

asking the necessary questions, reach those goals one at a time. However,  that is not what 

12 The five grounds are 'bad behaviour of the tenant', 'cancellation of the rent contract based on the zoning 
scheme', 'termination based on the necessity for own use', 'offering a new contract for the rented object' and 
'expiration of the term'. 
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the expert would do. He would, for instance, start to try to reach the goal that is most 

common. In the Prolexs system that would be the goal of  necessity for own use. A 

different strategy could be to start with the goal that can be reached most easily. Another 

strategy would be to use some 'key-questions' .  These are questions designed to check 
whether a characteristic fact is present to reach a specific goal relevant to the case. Based 

on the answers of  these questions, the system will than select a specific goal. The system 
could ask, for instance, whether the tenant has caused any specific problems. A 

confirmative answer would indicate that it might be possible to end the contract because 
of  bad behaviour of  the tenant. Defining the strategies that are most suitable to domain 

and task of  the system is the task of  the domain expert. 

5.5.1.4. The Evaluation of Knowledge. By this I mean predictive knowledge that makes 

it possible to estimate the value and validity of  a specific solution. The attachment of cer- 
tainty factors is an example of  this form of  metaknowledge. 

5.5.1.5. Finally, the selection of  the knowledge to be implemented into the system is a 
form of metaknowledge as well because it says something about the value of  the knowl- 

edge implemented and implicitly of the knowledge not implemented. This form of meta- 

knowledge becomes only clear after selection of  the knowledge. 

The sources of  the various forms of  metaknowledge vary. A part of  metaknowledge can 

be extracted from the written sources. In the Dutch legal system it could come from the 
'Wet  algemene bepalingen' (General Provisions Act) or from specific transition laws. 
Some forms of  metaknowledge are known by every lawyer, while other forms are charac- 

teristically known only by lawyers with expertise in a particular area of law. 

5.5.2. Directive Knowledge 

The knowledge described in 5.5.1.1. and 5.5.1.3. are forms of  directive knowledge. 
However, one has to realize that the directive knowledge indicated in 5.5.1.1. is situated 

at the third level of the model and the knowledge indicated in 5.5.1.2. at the fourth. 
These are different levels from the directive knowledge in the other four knowledge 
sources. Their purpose is to direct the application of  the knowledge from the other 

sources. Although for directive metaknowledge a rule-like representation formalism will 
probably be the most appropriate, it still has to be identifiable as metaknowledge. One 

should not try to combine this metaknowledge (via chaining) with the knowledge from 
the other knowledge sources at the first level. 

5.5.3. Knowledge Giving an Overview 

The knowledge described in 5.5.1.2. gives an overview. We will find this type of  knowl- 
edge mostly at the fourth level where, for instance, it gives an overview of  the domain. 
The representation formats for this knowledge can well be based on (semantic) nets, for 

instance in the form of classification networks such as are also developed for conceptual 
information retrieval [cf. Hafner 1981]. 
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5.5.4. Selection of the Knowledge 

In Section 5.5.1.5. I indicated that the selection of knowledge is a form of metaknowledge. 

A characteristic of legal systems is that a substantial part of the knowledge can be 
obtained from published sources. Although this may facilitate gathering all possibly rele- 

vant knowledge, it also makes it difficult to select this knowledge. As in non-legal 
domains where gathering the knowledge constitutes a bottleneck the bottleneck of selec- 

tion will be even more pressing in the legal domain. 
Literature hardly pays attention to how legal knowledge has to be gathered and selec- 

ted, nor to the question by whom this has to be done. In the opinion of [Philipps 1986, 

p. 703] the rules have to be introduced into the system by the same people who use the 

rules in their daily work. Greenleaf et al. [1987, pp. 11-12] do not use a knowledge engi- 

neer for practical reasons: the knowledge engineer might wrongly see himself as the 
expert. Secondly, they believe that the intervention of a knowledge engineer in research 

projects would be too expensive. Susskind first states that the role of the expert can be 

restricted to tuning the system. By this he means experimenting with the system and 
refining it. [Susskind 1987, p. 59]. Later, after developing a practical expert system, he cor- 

rectly concludes: 

... experts must be involved throughout the construction of the academic legal knowledge. Their understanding, 
interpretation and modelling of even the primary and secondary sources is likely to be of a sophistication and 
nature quite unlike that of the competent legal researcher [Susskind 1989, p. 25]. 

It is essential that, along with a knowledge engineer, a domain expert be involved with 
the development team of a legal expert system from the start. He must play a critical role 

in selecting the knowledge. Considering the complex issues of knowledge acquisition and 

selection in developing legal expert systems, a knowledge engineer cannot work without 

a domain expert. 
In the selection process one could distinguish two questions. The first is what knowl- 

edge should be part of the knowledge base? The second what knowledge could be part of 
the knowledge base? The answers to these questions are related to the knowledge source. 
Referring to the knowledge source 'legislation' one could argue persuasively that all rele- 

vant knowledge should be part of the knowledge base. 
Methods of limiting the size of this knowledge source make this feasible. Limits of rel- 

evancy could be set by the narrowing the domain and the task of the system. A more criti- 

cal selection process is required for the knowledge sources 'case law' and 'legal literature'. 
Here the limits set by domain and task will not reduce the knowledge sufficiently. Thus 

the participation of the expert is even more important because the selection of knowledge 

is such a subjective matter. By selecting the knowledge the expert puts his personal mark 
on the system. 

The expert will also put his mark on the system with the gathering and selection of 
expert knowledge and metaknowledge. Some general metaknowledge will be found in 
books, as this is the kind of knowledge that is taught to students. For the remaining part 

we will find the knowledge mainly 'in the head of the expert'. This kind of knowledge is 
also used in expert systems in non-legal domains. The knowledge engineer will try to 
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extract the expert knowledge from the expert by using the various methods of knowledge 
elicitation described elsewhere in the literature on expert systems. 

5.6. INTERPRETATION WITH REPRESENTATION 

The content of the original sources of law must be clarified before it can be represented 
and implemented in an expert system. As long as computers can not process natural or 

legal language the knowledge bases of legal expert systems will encompass the subjective 

interpretations of the domain expert no matter how hard one might try to eliminate such 

interpretations [cf. Allen & Saxon 1991, pp. 53-61; Bourcier 1987, p. 188]. The trans- 
position of texts asks for making choices, as long as the original texts are not formulated in 

exactly the form in which they are to be represented [contra Nieuwenhuis 1989, pp. 48-62]. 

These choices can easily be made explicit by using hypertext to juxtapose the original 
source with the represented form [Greenleaf et al. 1991]. 

In the previous sections I have already stressed the importance of finding representa- 

tion formalisms that come as close to the original knowledge as possible, in order to 
diminish the interpretation associated with representation. I have indicated that a lot of 

research still has to be carried out to develop the 'best' representation formalism for the 

various kinds of knowledge. The development of such representation formalisms would 
not only facilitate the representation process as such but would also make possible the 

representation of the knowledge in a more isomorphic form. 

I agree with the advantages that an isomorphic representation would offer [cf. Karpf 
1989; Bench Capon 1989; Bench Capon & Coenen 1991]. I believe that the model pro- 

posed in Section 4 is another step in that direction, but as I said before to accomplish a 

truly isomorphic representation one still needs a lot of research [Karpf 1989, p. 429]. 
However, it is far from certain that this can be realized. It may turn out in the end that it is 

possible to give an isomorphic representation only for the rule-giving part of legislation. 
It may also be possible to isomorphically represent similar rule-giving knowledge in 

other sources. However, I think that it will be almost impossible to realize isomorphism 
for declarative and example giving knowledge. In case law, for instance, it will hardly ever 

be possible to represent the whole case. It will be necessary to define and limit the knowl- 

edge to the important features of a case [cf. Ashley 1989, p. 93]. Any shortening or sum- 

marizing of a case means interpretation. 
One also has to realize that this point of view makes very severe demands on the tools 

that are used to develop the expert system. They will have to offer a variety of representa- 
tion formalisms and be able to reason adequately with these various forms of knowledge 
representation. The Prolexs shell already has the features that are necessary for such a 
tool. In his thesis, Walker extended the Prolexs shell for these purposes. He further devel- 
oped it to the EXPANDER architecture that stands for Expert System Architecture allow- 
ing Non-homogeneous Distributed Knowledge Representation. The knowledge can be 
kept in separate and autonomous modules, each with its own representation formalism 

and reasoning methods. It is up to the user of the architecture to choose which representa- 
tion formalisms and reasoning methods to use or to develop. Then those can be inserted 
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into the EXPANDER architecture. The architecture also implements a protocol which 

specifies how to share knowledge, provide explanation, solve contradictions, search 

efficiently, detect inconsistencies, etc. [Walker 1992]. 

6. Concluding remarks 

The knowledge that is used for applying the law can be found in five separate knowledge 
sources: legislation, case law, legal literature, expert knowledge and legal metaknowl- 

edge. The first four knowledge sources contain the basic knowledge on which law appli- 

cation is founded. It can often be found in written and published form. Only in the 
knowledge source 'expert knowledge' do we find some non-written knowledge, mainly 

consisting of facts. The fifth, legal metaknowledge, is a knowledge source of a different 

nature. It consists knowledge that directs the use of the knowledge in the other four 

sources. The form of this knowledge can be very diverse. It consists of rules of thumb 

and rules of strategy, but it also reflects the experience of a lawyer, for instance in the 
overview he has of a certain domain. Part of metaknowledge consists of skills that 

lawyers have gained during their studies and in legal practice. 

The specific nature of metaknowledge is an important reason to distinguish several 

layers in a knowledge base. In the model presented Section 4, four layers are distin- 

guished. The four basic knowledge sources are placed at the first level. Each unit of 
knowledge should only be represented once, and be identifiable to its original knowledge 

source. The second layer of the system is an optional layer and consists of a list of all 
cross references among the knowledge. The third layer contains the general legal meta- 

knowledge, i.e. legal metaknowledge that is not related to a specific domain. The domain 

related metaknowledge is situated at the fourth and highest level. This four layer model 
makes it possible to build flexible and maintainable knowledge bases. The knowledge is 

identifiable to origin. The relations to other knowledge are clear. The reasoning strategies 

are not part of the knowledge itself, but situated at a level above the knowledge. This 

means that the system can use each knowledge unit for various purposes. Also strategies 

can easily be changed, should that be necessary. In addition the model is transparent, as 
the strategies as such are explicit, and placed at a separate level. 

The ordering in the four basic knowledge sources can only been seen as a first order- 
ing. Each knowledge source may contain different forms of knowledge, as well as hierar- 
chies of knowledge within the source itself. An example is the distinction that can be 

made between directive and declarative knowledge in each of the four knowledge 
sources. However, other differences may exist. These differences can depend on domain 

and task. The conclusion that within each knowledge source several types of knowledge 
can be distinguished is important in relation to the representation of this knowledge. One 
of the assumptions of this model is that the knowledge should be implemented only once 
irrespective of its purposes and no matter how often it is used. This implies that the repre- 
sentation of the knowledge should be as close to the original text and form of the knowl- 
edge as possible. Interpretation should be avoided as much as possible at this level, 
although that will not always be feasible. Therefore one should try to develop representa- 
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tion formalism that come as close as possible to the original format and purpose of the 
knowledge. Existing formalisms will not always be suitable, although they can be a start- 
ing point. 
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