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ABSTRACT 

This paper addresses issues in the 
design of legal expert systems. The 
emphasis is on the nature of the underly- 
ing knowledge that is incorporated in the 
knowledge base of a legal expert system. 
Examples of different approaches are dis- 
cussed. The "legal data modeling" 
approach, used by the author in the con- 
struction of an expert system, is de- 
scribed. Legal data modeling emphasizes 
the construction of a conceptual model of 
situations in which legal problem solving 
occurs. 

INTRODUCTION 

The selection of a legal task domain 
does not in itself constrain an expert 
system builder to one particular method 
for structuring that system's knowledge 
base. A structure that seems natural for 
certain legal tasks or domains may be less 
satisfactory in others. This paper iden- 
tifies some of the factors that affect 
such choices. 

There are alternative strategies for 
designing a legal expert system. The 
method proposed here is based upon the de- 
sign of a conceptual model of the im- 
portant objects in the problem domain. 
This model is called the "legal data 
model.qO The structure of the legal data 
model has implications for the overall 
capabilities of a legal expert system. 

To support effective legal problem 
solving the knowledge base of a legal ex- 
pert system should be based on a con- 
ceptual model of the objects and events 
that comprise leaal oroblem situations. 
For example, to deal with the problems re- 
lated to-a pension fund's transactions, we 
need knowledge that reflects information 
about the pension fund and its transac- 
tions. In addition we need to identify 
the legal consequences of this 
information. 

Legal data modeling is analogous to the 
Practice of semantic or conceptual model- 
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ing in database design. [Brodie, 1984.1 
In knowledge engineering the conceptual 
modeling approach can help to focus the 
knowledge engineer's attention on the 
kinds of knowledge needed to solve a legal 
task. 

The organization of this paper is as 
follows. First, some of the principles of 
conceptual modeling are discussed. A 
graphic representation, called Logical 
Data Structures (LDS for short), will be 
introduced. The importance of 
"representational independence" in con- 
ceptual modeling will be discussed. The 
next section of the paper will analyze the 
conceptual models that have been used in 
some legal expert systems. The legal 
data modeling approach will then be intro- 
duced. In this context the Prohibited 
Transaction Exemption (PTE) Analyst will 
be discussed. The PTE Analyst is an ex- 
pert system which was designed using the 
legal data modeling concepts. 

CONCEPTUAL MODELING 

The goal of conceptual modeling is 

to develop descriptions of a 
world/enterprise/slice of reality which 
correspond directly and naturally to 
our own conceptualizations of the 
object of these descriptions. 
[Mylopoulos, 1984. p. 11-12. emphasis 
in original] 

Some of the most interesting techniques 
for conceptual modeling have relied heav- 
ily on the use of diagrams: for example, 
Chen's entity-relationship approach [Chen, 
19761 and Sowa's conceptual diagrams 
[Sowa, 19841. In this paper we use a tool 
called Logical Data Structures (LDS). 
[Carlis] 

The following is an LDS diagram: 



This model has two types of objects: sec- 
tions and subsections. These objects are 
related.by a relationship which has two 
"relationship descriptors." A section can 
have more than one subsection, as indi- 
cated by the "chicken-foot" (4 on the 
relationship arc. The diagram can be read 
as follows: 

A section has zero or more sub-sec- 
tions. Bach subsection is d subsection 
of one and only one section. 

An LDS diagram also represents infor- 
mation about the attributes of an object: 

subsection + 

text 

This diagram says that each subsection has 
certain attributes and describes the type 
of each attribute. An attribute is sin- 
gle-valued. Multiple-valued attributes 
are represented by relationships between 
two objects. 

The LDS diagram is simple because there 
are few constructs to learn: it is also 
general -- any collection of objects, at- 
tributes, and relationships can be repre- 
sented. But the LDS makes no attempt to 
specify a data structure suitable for the 
concepts described. One of the motivating 
features of database technology is data 
independence. [Chen, p. 9; Date, p.121 
Systems like LDS were developed with a 
view to redirecting attention away from 
details of how to represent data in a file 
toward what data is needed by a class of 
applications. [Carlis] This approach 
helps to identify data that is relevant to 
the purposes of the system. It focuses on 
relationships between conceptual objects 
and their meaning to the users of the sys- 
tem. It also encourages a system designer 
to make use of generalization, aggrega- 
tion, and abstraction to find the common 
structure of information in a system. 
[Borgida, 1984, p. 903 

In an AI problem we must be concerned 
with FeDresentational independence: a 
model of knowledge needed for a problem 
which is independent of the different rep- 
resentational mechanisms that may be used 
to implement the knowledge-base. Examples 
of such mechanisms include production 
rules, frames, semantic nets, logic pro- 
gramming, and so on. There are serious 
issues to be considered in the choice of a 
representational mechanism for implement- 
ing a knowledge-based system. For a dis- 
cussion of some of these issues see 
[Israel, 19841. This paper does not at- 
tempt to deal with issues of 
representation. 

The issue of concern in this paper is, 

what knowledge is represented in the 
knowledge base. What kinds of knowledge 
can be brought to bear in a legal problem 
solving task? The following list gives a 
few examples: 

1. Statutes. A legal expert system can 
attempt directly to encode a set of 
statutes. In an extreme case such a 
knowledge base may be structured on the 
basis of section and subsection of the 
statute in question. 

2. Legal concepts. Rather than mod- 
eling a statute, a system builder may 
analyze the meaning of some legal rules 
and create a formalization of those 
rules. This differs from statutory 
knowledge in that issues of ambiguity 
and inconsistency must be resolved in 
order to achieve a meaningful hierarchy 
of concepts. 

3. Situational knowledge. This is 
knowledge that an expert might use to 
classify objects or events in problem 
situations. This is the kind of knowl- 
edge emphasized in legal data modeling. 
In addition to formal legal knowledge, 
this kind of knowledge can include 
knowledge about non-legal domains and 
even common-sense knowledge. 

4. Knowledge of precedents. The actual 
facts and results in legal cases can 
also be represented in a knowledge 
base. 

Choices at this level have direct conse- 
quences concerning the capability of the 
expert system. The power of a knowledge 
based system lies in its ability to make 
inferences from the knowledge it pos- 
sesses. A system with situational knowl- 
edge may be able to make classifications 
and draw conclusions from partial knowl- 
edge. In contrast, a "pure" conceptual- 
ization of a legal domain might be 
incapable of drawing any conclusions if 
there are missing pieces of data. 

EXAMPLE CONCEPTUAL MODELS 

Statutorv models. In one reported project 
the "entity-relationship" data modeling 
concepts were explicitly used. The goal 
was to model the structure of United King- 
dom statutes. [Heather, 19851 This 
knowledge was used to build an expert sub- 
system used for information retrieval 
which can "read and 'understand' the 
structure of a British Act of Parliament 
without human intervention." [p. 161 The 
structure of a statute is modeled more or 
less as follows: 
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The model includes information on matters 
such as type face and indentation, so that 
it can be used to format statutory text as 
well as support analysis of it. 

Statutory knowledge can be important in 
some contexts. For example, the Internal 
Revenue code is a Federal statute which is 
very self-conscious of its structure. It 
is not unusual to find provisions of the 
Code such as "other provisions of this 
subpart notwithstanding" or "with respect 
to organizations subject to the rules of 
subchapter C." Clearly, such provisions 
cannot be understood without detailed 
knowledge of the structure of the law in 
its various chapters and sections. 

On the other hand, knowledge of statu- 
tory structure can be of fairly limited 
value in many cases. In the American le- 
gal system large, self-referential codifi- 
cations of law are still the exception 
rather than the rule. Many statutes stand 
more or less alone. So a knowledge base 
which focuses primarily on the structure 
of the statute in question may be paying 
an inordinate amount of attention to a 
minor factor. 

"Teual concert" models . The law uses 
"rulesl* as a fundamental unit of argument. 
It is therefore natural to attempt to 
model legal knowledge in terms of the con- 
cepts embodied in those rules. An early, 
hypothetical legal AI system demonstrated 
this approach with a model of tort law. 
[Meldman] A more recent example is the 
system designed by MacRae for problem 
solving in Federal income tax law. 
[MacRae] MacRae uses Prolog to model pro- 
duction rules "describing the income tax 
law." (p. 195) An example is 

rulei'Res.Sec. 1.61-1111'. 
([Item,is,gross,income,bf;Taxpayer] 
if rItem,is,income,of,Taxnaverl or 
-[Item,is,excludable,by,law~from, 
gross,income,of,Taxpayer])). 

Note that a concept is defined in terms of 
other concepts. The LDS of such a knowl- 
edge base might be drawn as follows: 

@e 

In the actual rule shown, the concept and 
subconcept types are instantiated as 
follows: 

The British Nationality Act program 
discussed by Sergot et al. is another out- 

standing example of a legal expert system 
based on knowledge that is an ax- 
iomatization of a set of concepts derived 
from a statutory rule base. (Sergot] The 
authors emphasize both "the resemblance of 
the knowledge base to the original form of 
the legislation" (p. 371) and the design 
of "an axiomatic theory that represents 
the legislation.' (p. 376) Advantages 
noted by the authors include the minimal 
knowledge acquisition problems, since ex- 
pert heuristic knowledge was not needed, 
and the value of logic as a comprehensi- 
ble language for communication of informa- 
tion in a knowledge base. 

A disadvantage of the "legal concept" 
approach is that no attempt is wade to 
supply heuristic knowledge. Hence the 
analysis of a statute by the expert system 
will be exhaustive. This has two serious 
drawbacks: (1) the order of data requests 
in a dialog with the user will not neces- 
sarily seem relevant to the task and (2) 
the lack of heuristics may lead to search 
paths that are too long. This occurs be- 
cause the order of inquiry is related only 
to the way in rules have been written and 
because such a system relies on depth- 
first exhaustive search. The larger and 
more complete such a system is, the 
greater these problems are because it will 
inquire exhaustively with respect to every 
Set of facts which might constitute an ex- 
ception to a rule. For reasons which an 
expert will understand, virtually none of 
these possible exceptions would be rele- 
vant in a given case. Note that MacRae 
has proposed a method of permitting the 
user to supply heuristic control knowledge 
for the use of such databases. (MacRae) 

Another disadvantage is that a "naive" 
knowledge engineer may make unwitting in- 
terpretations in attempting to create a 
simple map of the logic of a statute. 
[Cf. Allen.] Any experienced attorney has 
reason to be skeptical of claims like 
the following: 

In fact, we found fewer such examples 
[of ambiguity] than we originally ex- 
pected. In practice, where imprecision 
or ambiguity did exist, it was usually 
possible to identify the intended in- 
terpretation with little difficulty. 
[Sergot, 1986. p. 371.1 

Such interpretation is the stuff of which 
litigation is made. An attorney would 
have reason to be very nervous about a 
knowledge base in which the knowledge en- 
gineer announced that he had worked out 
the "obvious" interpretation of what the 
framers intended by the law in gueStiOn. 

Based on these observations we would 
expect that the direct modeling of legal 
concepts can be effective in areas where 
there is a small set of rules, the con- 
cepts are reasonably unambiguous, and the 
objective of the system is a complete 
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analysis of the logic of a system of such 
concepts. Note also that "legal concepts" 
are a kind of knowledge that will be rep- 
resented in all legal expert systems. The 
issue here is the extent t0 which those 
concepts are the focus Of analysis in the 
structuring of a knowledge base. 

LEGAL DATA MODELING 

"Legal data modeling" proceeds from the 
assumption that legal problems arise in 
the context of situations in the real 
world. The task of the attorney is to un- 
derstand and classify the objects and 
events that occur in such situations. 
Statutory rules operate to classify the 
features of an event and to define the le- 
gal consequences of some kinds of sit- 
uations. In pension law for example, some 
persons may be classified as "parties in 
interest" with respect to a transaction 
with a pension fund, and certain kinds of 
lltransactionsU between the fund and par- 
ties in interest are prohibited. 

Legal data modeling does not replace 
statutory or conceptual knowledge. But 
additional knowledge about the significant 
objects and events in legal problem situa- 
tions is needed. 

An effective legal expert system must 
capture some aspects of an expert attor- 
ney's knowledge about the task domain. 
Johnson has called the knowledge that 
characterizes expertise the "operative 
knowledge." [Johnson; see also Clancey.] 
This is not necessarily the knowledge that 
an a priori cOnceptua1 analysis Of an area 
of law might suggest. An expert attorney 
is highly adapted to problems in her area 
of expertise. This adaptation includes 
knowledge about ways to characterize facts 
and a sense of the order of importance of 
different features of a problem. Thus le- 
gal data modeling is oriented toward iden- 
tifying significant parts of this opera- 
tive knowledge. This is accomplished, of 
course, by working with an expert. 

In legal data modeling a specific area 
of the law is selected and goals for an 
expert system in that area are set. Then 
an expert describes a typical problem. A 
knowledge engineer uses this kind Of prob- 
lem description to develop an LDS diagram 
representing the conceptual objects used 
in the problem solving process by the ex- 
pert. The LDS is then used as a tool for 
communication between the expert and 
knowledge engineer to refine the initial 
conception of the problem space. At- 
tributes of the conceptual objects are 
identified. In some cases the values of 
attributes can only be determined by ask- 
ing the user. In other cases the value Of 
an attribute can be inferred from values 
of other attributes: the basis for this 
inference may be legal or heuristic rules. 
As a gross example consider the follow- 
ing: 
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The value of the t~guilty~~ attribute (trUe, 

false, or unknown, for example) can be in- 
ferred by using a rule which says 

u there exists a criminal-act of client 
then guilty = true. 

Thus the legal data model aSSiStS the sys- 
tem designers in identifying the important 
legal rules in the problem domain. 

The PTE Analyst was designed to be a 
commercial product for sale to attorneys 
as a law office productivity tool. Pri- 
mary goals include ease of use and crisp- 
ness of reasoning. The dialog with the 
system must be limited to relevant 
queries, and the system should not ask 
stupid questions. we assume that an at- 
torney user will rapidly lose interest in 
a system that wastes the attorney's time 
by asking questions that are irrelevant. 

The domain of the PTE Analyst is analy- 
sis of employee benefit plan transactions 
under the rules of the Employee Retirement 
Income Security Act of 1974 (ERISA), the 
federal law which regulates the conduct of 
pension plans. (Employee benefit plans 
are entities like pension and profit-shar- 
ing plans.) Plans are prohibited from en- 
tering into transactions which are subject 
to abuse, but exemptions are provided for 
some kinds of transactions. In a law of- 
fice context, an attorney will be called 
on to prepare a formal written opinion 
which carefully analyzes the facts and 
refers to the relevant portions of the 
law. A goal of the design of the PTE Ana- 
lyst is to support the research leading to 
the preparation of a formal opinion 
concerning pension trust transactions. 
The analysis of such problems is not a 
hard problem for an experienced attorney, 
but it is tedious to pursue all the needed 
statutory references. The PTE Analyst as- 
sists an experienced attorney in locating 
the needed sections of the statute and 
provides a check to make sure that rele- 
vant issues have been considered. For an 
inexperienced attorney the research is 
more difficult because of the need to dis- 
cover the structure of the statute and 
the relevant provisions of the law. Since 
this knowledge, too, is incorporated in 
PTE Analyst, it is a tool for the novice 
attorney as well. 

The legal data model used in PTEA was 
developed in conferences between the au- 
thor and an attorney specializing in pen- 
sion law. Early discussions led to the 
focus on the problems presented in analy- 
sis of prohibited transactions. The first 
LDS of the problem was simply the follow- 
ing: 



party-in- 

The expert's view is that the transaction 
is the main problem and that a transaction 
is frequently prohibited because a party 
to the transaction is a "party in 
interest." 

During the refinement process it became 
apparent that the attorney needs to think 
about his client, in this case the em- 
ployee benefit plan. Sometimes the deter- 
mination of whether a transaction is pro- 
hibited depends on information about the 
plan and its trustees as well as the other 
parties to a transaction. This led to the 
following LDS: 

liable prohibited 

which reflects the high level goal of the 
user of the system: is the plan liable for 
having engaged in a prohibited 
transaction? 

At this point the system was well 
enough defined so that a prototype could 
be implemented. Simple versions of criti- 
cal rules could be implemented and the ex- 
pert could observe the program. It became 
apparent that information about persons 
related to the plan as well as persons di- 
rectly involved in transactions was 
needed. This problem arises because a 
party to a transaction may be a party in 
interest by reason of a relationship to a 
trustee, owner of the business, union, or 
other critical party. This led to the 
following revision of the LDS: 

role party-in- 

prohibited 

One person can be a party to more than one 
transaction and that a transaction may 
have more than one party to it. Thus the 
conceptual object representing a "party to 
a transactionl' is an association between a 
person and a transaction. 

The final LDS of the legal data model 
expands on the importance of relationships 
between persons. Personal kinship rela- 
tionships, such as marriage, must be con- 
sidered. Legal relationships, like owner- 
ship of a corporation, may also be sig- 
nificant. Thus the final LDS is shaped 

GA 

person 
plan 

m party-to- 
transactio 

At this point the model of the significant 
conceptual objects in this particular 
problem area is reasonably complete. The 
number of attributes of the objects iS 
much larger. (They are not shown in this 
figure in an attempt to preserve some 
clarity.) 

Rules have been designed by reference 
to ERISA to provide a means of inference 
for filling in unknown values of at- 
tributes. For example, rule 51 deals with 
determining if an exemption applies: 

~ loans are available to all participaats,aad 
loans do not favor highly paid participants, and 
loans are specifically provided for in the plan, and 
reasonable Interest and adequate security are required, 
&g a transaction is exempt pursuant to ERISA sec- 
tion 408(b)(l). 

So here we see rules that embody legal 
concepts but which are organized in terms 
of entities in the legal data,model. 

The transformation from the legal data 
model to the implementation language, Per- 
SOnal Consultant Plus [Texas Instruments, 
19861, a microcomputer based version of 
EMYCIN proceeded more or less in parallel 
with the development of the legal data 
model. Using the Personal Consultant Plus 
terminology, conceptual objects are mapped 
into frames, attributes into parameters 
attached to those frames. As might be ex- 
pected, the implementation language does 
not exactly implement the concepts of the 
modeling tool. As a result, it is neces- 
sary to define some additional frames in 
the Personal Consultant plus implementa- 
tion. Rules are collected into rule 
groups which are attached to frames. 

CONCLUSIONS 

Legal data modeling has been used to 
implement the PT.E Analyst. Preliminary 
examination of the performance of the sys- 
tem supports the following conclusions. 
First,. the dialog between the user and the 
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system is arranged so that the system's 
focus of attention is compatible with the 
users'; from the users' point of view, 
questions are asked in a logical order. 
Second, knowledge associated with differ- 
ent conceptual objects can be used to cut 
off irrelevant lines of inquiry that might 
occur in a knowledge base which relies on 
depth-first search. 

The data modeling approach is not 
novel. The design of the MYCIN knowledge 
base reflects the kind of analysis advo- 
cated here. One insight of those pioneers 
was that physicians solve diagnostic prob- 
lems by collecting data about patients, 
bacterial cultures, and organisms, and by 
applying knowledge closely associated with 
entities of those types. [Buchanan] Thus 
the MYCIN project identified kinds of 
knowledge that are used in a problem do- 
main. Subsequent work in database, and to 
a lesser extent artificial intelligence, 
has formalized conceptual modeling methods 
directed toward identifying and modeling 
this kind of knowledge. Practical legal 
expert systems, those directed toward ef- 
fective problem solving, will benefit 
from consideration of these developments. 

A final comment remains on the future 
directions of legal expert systems. The 
reader will have noticed that we have not 
discussed the use of knowledge of prece- 
dents, one of the kinds of legal knowledge 
mentioned at the beginning of this paper. 
Legal commentators have frequently men- 
tioned the importance of reasoning by ex- 
ample from precedents in our legal system. 
[Levi] AI researchers have begun to build 
a framework for understanding and modeling 
the processes in analogical reasoning. 
[Kolodner; Winston.] A tool like the PTE 
Analyst can provide useful functions for 
the law office without attaining the true 
expertise in legal reasoning associated 
with reasoning from cases without incorpo- 
rating case based reasoning. But the 
units of analysis in legal data modeling - 
- legal situations -- are the units that 
must be understood in order to make use of 
knowledge of precedents. So legal data 
modeling can be seen as a further step in 
a progression from naive rule-based sys- 
tems toward systems that achieve true 
legal expertise. 
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