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1 Introduction

Although most of the work on Artificial Intelligence and
Law today is ariented towards the development of practi-
cal systems, there is a small group of researchers who are
primarily interested in theoretical questions: How much
of legal reasoning can be reduced to reasoning with rules?
Is this rule-based component significant, or trivial? How
is it possible to reason with cases at all? Are legal con-
cepts just like ordinary common sense concepts, or do
they have special characteristics? Is it possible to de-
velop & computational theory of legal argument? The re-
searchers who have investigated these questions include:
Anne Gardner [Gar87); Edwina Rissland and her stu-
dents, Kevin Ashley [RABT, Ash88] and David Skalak
[R589, Ska89]; Michasl Dyer and his student, Seth Gold-
man [GDF&Y]; Karl Branting [Bra&f]; and Keith Bel-
lairs [Bel8d]. In addition, researchers such as Richard
Susskind [Sus87] and J.C. Smith [SD87), who have pri-
marily built practical systems, have also been deeply con-
cerned with the jurisprudential foundations of the field.

In this paper, I will describe my work on the TAX-
MAN Project, which for many years has pursued the
goal of a eamputational theory of legal argument. Meore
specifically, | am interested in appellate legal argument,
rather than argument at trial, and I am trying to under-
stand the role of protofypicel reasoning in this process.
Prototypes are ubiguitous in legal argument, as many re-
searchers have noted [Ris85]: They appear as actual de-
cided cases, which serve as precedents, and they appear
as hypothetical cases, which serve to expose anomalies in
an adversary’s position. But what theory of legal argu-

ment would justify this prominent role for prototypical
reasoning? Why, for example, does the citation of a hy-
pothetical case have such & powerful effect?

In Section 2, below, [ will discuss my early work with
Sridharan on the TAXMAN Project, in which we at-
tempted to answer some of these questions, and I will
point out the difficulties we encountered. In Section 3, [
will explain how my current research is intended to rem-
edy thess deficiencies. In Section 4, 1 will compare my
approach to related work in the field.

2 Early Research on TAXMAN

More than fen years ago, Sridharan and I proposed a
theory of legal reasoning in hard cases [McC80b, MSS8I,
MS382]. We began by emphasizing the following three
points, which should be familiar to most lawyers:

1. Legal concepts cannot be adequately represented by
definitions that sfate necessary and sufficient condi-
tions. Instead, legal concepts are incurably “open-
textured”.

2. Legal rules are not static, but dynamie. As they are
applied to new situations, they are constantly mod-
ifled te “fit" the new *facts". Thus the important
process in legal ressoning is not theory application,
but theory construction.

3. In this process of theory eonstruction, there is no
single “right answer”. However, there are plausible
arguments, of varying degrees of persnasiveness, for
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each alternative version of the rule in each new fac-
tual situation.

The first of these points has been thoroughly discussed
by Anne Gardner [Gar87], and seems to be generzlly ac-
cepted by researchers in Al and Law. The second point
is less commeon, but it is related to the constructive ap-
proach to legal decizions proposed by Herbert Fiedler
[Fie86] and Tom Gordon [Gor89], and to the rule-based
representation of open-texture in law proposed by Trevor
Bench-Capon and Marek Sergot [BCS87). The third
point, of course, has been thoroughly debated by le-
gal philosophers for many years as part of the response
to Ronald Dworkin’s thesis [Dwo75]. Sridharan and I
adopted this third point primarily as 2 methodological
guideline: Since lawyers are more likely to agree on what
counts as & plausible argument in a case than to agree
on the appropriate cutcome, we decided that it would be
mere fruitful to develop a theory of legal argument than
to develop a theary of correct legal decisions.

This was the framework in which we worked. The spe-
cific theory we propossd was basad on & reprasantation of
legal concepts by means of prototypes and deformations.
Legal concepts have three components, we suggested: (1)

an (optional) invariani component providing necessary
conditions; (2) a set of exemplars providing sufficient
conditions; and (3) & set of transformations that express
various relationships among the exemplars. These three
components are then refined further, for most concepts,
so that one or mere of the exemplars is designated as a
prototype and the tema.in{n,g exemplars are represented
by & set of transformations, or deformations, of the proto-
types. In this model, the transformations induce a partial
order on the set of exemplars corresponding to the typ-
icality gradient observed by psychologists in the study
of human categorization [RLTS, SME1|, and the applica-
tion of a concept to a new factual situation automatically
modifies the definition of the concept itsalf, as required by
Levi's classical account of legal reasoning [Lev42]. This
was our response to the first two points noted above, In
addition, in response to the third point, we were able to
show that the arguments of lawyers and judges in a se-
ries of early corporate tax cases could be explained very
well by the theory of prototypes and deformations. Qur
principal example was Fisner v. Macomber, 252 .S,
189 (1920), an early stock dividend case, in which the
arguments of Justice Pitney and Justice Brandeis took
the form of a sequence of transformations from prece-
dent cases through hypothetical cases to the factual sit-
wation of Macomber. It is important to note that these
“explanations” were hand simulations, The TAXMAN
IT theory was partially implemented by Donna Nagel in

her thesis [Nag87], but a full implementation was never
attemnpted.

I still believe that the TAXMAN I theory is qualita-
tively correct. But there were two major problems with
cur earlier work. First, the theory makes enormous de-
mands on our knowledge representation language. To
see this, it is sufficient to note that a transformation
is a synfactic operation, and for such an operation to
be meaningful it must correspond to the significant se-
mantic relationships in the legal domain. However, the
frame-based language in which we (re)implemented the
TAXMAN I system [MeCT7, MS80, Sri81] did not have
an adequate semantic foundation, and this meant that a
full TAXMAN I implementation would have been en-
tirely ad hoe. The second problem involves the theory
of prototypes and deformations itself. What determines
the choice of a prototype? What are the criteria for con-
structing transformations? It was clear that the set of
transformations had to be tightly constrained, or else
anything conld be “transformed™ into anything. But
what was the source of these constraints? Much of my
work since 1982 has been devoted to finding solutions to-
these two problems.

3 Current Research

My answer to the first problem identified above has been
the development of a Language for Legel Discourse, or
LLD, which is described in [McC88]. LLD has facilities
for the representation of states, events, actions, and var-
ious modalities over actions such as permission and obli-
gation. There are similar facilities in the Bvent Calculus
of Kowalaki and Sergot [K586], although Kewalski seems
to have taken a principled stance against the explicit rep-
resentation of the deontie modalities [Kow88]. LLD also
provides a systematic treatment of soris and subsorfs
(e.g., an ‘Actor’ can be a ‘Person’ or a ‘Corporation’),
and it includes both count ferms and mass terms (eg.,
‘Person’ is a count term and "Stock’ is a mass term). For
both technical and philosophical reasons, the language is
based on intustionistic logic rather than classical logic. I
have argued elsewhere that an intuitionistic semantics of-
fers distinet advantages for a logic programming language
[McC88a, McCBBb], and these advantages are inherited
by the action language and the deontic language in LLD
[McC83, McC86b, MvdM82, McCod].

Why do I insist that LLD is a partial solution to
the problems encountered in the TAXMAN IT Project?
First, it is no accident that the common sense categories
embodied in the current version of the language are just
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those categories that we need for an initial representation
of carporate tax law: count terms, mass terms, states,
events, actions, permissions, obligations. Other cate-
gories will surely be needed later, if we wish to develop a
more saphisticated analysis of the tax code: purposs, in-
tention, knowledge, belief are prime examples. More im-
portant then the substantive coverage of LLD, however,
15 the close correspondence between its surface synfax
and its deep semantics. This correspondence is largely
a result of the intuitionistic semantics of the language,
and it addresses divectly the first deficiency in our earlier
work: Syntactic transformations now map directly onto
significant semantic relationships.

The second problem is not completely solved by LLID,
but the necessary tools are now available. [ remarked
above that the theory of prototypes and deformations
requires a get of tight constraints on transformations. In
our earlier papers [MS81, M382], Sridharan and I noted
that these constraints seem to be related to a sense of
“conceptual coherence”. But what does that mean? My
conjecture now is that conceptual coherence can be ex-
pleined, at least partially, by an analysis of the computa-
tional complexity of the inferences that we need to make
in a langnage with the features of LLD. My research
programme thus resembles, abatractly, the research pro-
gramme of Marcus [Mar80] and Berwick [Ber85] for nat-
urel language grammars: Natural language grammars
should be (i) easy to parse and (ii) easy to learn, Berwick
suggests, Likewise, coherent concepte should be (i) easy
to compute with and (i) easy to learn. The problem,
then, is to show how a representation of concepts using
prototypes and deformations can have these properties,

So fa.r1 most of my werk aleng these lines has been con-
cermned with the proof theory for concepts represented
by prototypes and deformations [McC93, MSH]. An
averview appears in [MwdM81]). The technical idea is
to construct definitions of concepts using only (imtu-
itionistic) definite rules, and then to use circumscription
[McC80a, McCB6a] when we need to express indefinite
informatien, Te draw inferences in such a system, we
construct a pretotypical proof, which is complete but not
sound for intuitionistie logie, and we achieve soundness
by showing that the protetypical proof is preserved under
the appropriate transformations. Intuitively, if the con-
cept is “coherent” (in & certain context, and for a certain
purpose), then it should be possible to compute the infer-
ences that follow from the concept {in the specified con-
text, and for the specified purpose) by applying only local
transformations to prototypical proofs. Although much
work remains to be done, [ hope, in this way, to link some
of the standard eriteria for computational tractability to

the intuitive idea of conceptual coherence.

A second component of conceptual coherence, accord-
ing to this research programme, is learnability., I have
noet yet pursued this approach in any detail, but there are
hints aboit how to proceed in William Cohen's disserta-
tion at Hutgers [CohB0a). Cohen shows that an overly
general theory (expressed in Horn clauses) can be spe-
clalized by inductive learning from examples, but only
if the specialized theory takes certain restricted syntac-
tie forms. Witheut syntactic restrictions, the specialized
theory is not “PAC-learnable” according to Valiant’s test
[Valg4]; with syntactic restrictions, Cohen shows that it is
possible to learn, e.g., the best opening bids in the game
of bridge [Coh80b]. It is interesting to note that one of
Cohen’s learnable classes (the class of “k-complete pre-
fixes") can be viewed as a type of prototypical definition.
There is thus some hope that the conditions for tractable
prototypical proofs and the conditions for PAC-learnable
concepts will coincide to some extent,

S0 far, in these studies of prototypical proofs and
PAC-learnable coneepts, the knowledge representation
language has been restricted to the simple first-order
non-modal case. In fact, the language in [MvdM91] and
[Coh80a) is restricted to Horn clauses, It is a major chal--
lenge to extend these ideas to the full complexity of my
Longuage for Legal Discourse. However, the complex-
ity of LLD actually strengthiens the preceding arguments
about conceptual coherence, assuming it is possible to
work out the technical details. Why is this so7 As [
pointed cut in [McCB89], deductive inference in & modal
logic is notoriously difficult [Wal8T, Ohl88], but prototyp-
ical proofs are relatively simple. We might thus expect
the relationship between tractability and conceptual eo-
herence to be especially proncunced in a language with
the expressive power of LLD.

4 Related Work

In broad terms, [ would summarize my approach to ap-
pellate legal argument as follows: The task for a lawyer
or a judge in a “hard case® is to construct a theory of the
disputed legal rules and legal concepts that produces the
desired legal result, and then to persuade the relevant
audience that this theory is preferable to any theories of-
fered by an opponent. Empirically, legal theories seem
to take the form of protofypes and deformetions, and
ome important component of a persuasive argument is an
appeal to the coherence of the theory thus constructed.
Therefore, to chiain a deeper understanding of the phe-
nomenon of legal argument, we need to explain, in com-
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putational terms, why one theory constructed using pro-
totypes and deformations is more (or less) coherent than
another. Thess considerations motivate the research pro-
gramme outlined in Section 3 above,

Viewed in this way, work by other Al researchers on
legal argument can be seen as complementary to my own
research: For example, Kevin Ashley’s use of dimensions
in HYPO [Ash88] resembles my use of deformations in
TAXMAN IT, but Ashley treats these dimensions as fixed

at the time of argument rather than constructible. Karl -

Branting, in his work on GREBE [Bragg], integrates
rule-based and case-based reasoning, and generates argu-
ments about the open-textured predicates that appear in
the legal rules, but these arpuments are based on rough
similarity metrics. Taken together, the work of Ashley
and Branting seems likely to lead to useful technigues
for organizing legal data bases, but not likely to lead to
genuine insights inte the nature of legal arpument. Seth
Goldman's work on STARE [GDF87] uses an episodic
memory to index contract cases in & way that resem-
bles my use of prototypes and deformations to index cor-
porate tax cases, but Goldman emphasizes {in his pub-
lished papers) the analysis of new cases rather than the
construction of new arguments. Goldman's work also
seems likely to lead to useful technigues for organizing
legal data bases. Keith Bellairs, in his work on BRAM-
BLE [Bel88], proposes & sophisticated theory of analeg-
ical reasoming, in which the strength of an analogy, end
hence the persuasiveness of an argument, is a function of
the conceptual context in which the analogy occurs, Fi-
nally, Skalak and Rissland, in their work on CABARET
[SRO2}, emphasize the intimate connection between cases
and arguments, and show how different patterns of ar-
gument can influence the selection of different support-
ing cases. Philosophically, this latter werk is probably
the most eongruent with my own approach, but it lacks
a deep conceptual model of the legal domain [the IRS
home office deduction). And without such a model, I
have argued, it is not entirely clear what the computa-
tional approach contributes to the theery, over and above
the usual verbal formulation.

FRecently, several articles have appeared in the Amer-
ican law review literature that are consistent with the
research pregramme outlined in Section 3. Most closely
related are a series of papers by Steven Winter [Win88,
Win89), who specifically applies George Lakofl’s theory
of prototypes [Laki7] to a variety of legal issues, Winter's
general approach is explained in [Win88], and the law of
“standing” is analyzed and criticized within this frame-
work in [Win88). Also closely related is Clark Cunning-
ham's linguistic analysis of “search” under the Fourth
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Amendment [Cun88], Both of these authors emphasize
the role of coherence in legal argument, although their ex-
amples are primarily negative, that is, they use linguis-
tic and cognitive theories to show that “standing” and
“search” as expounded by the courts are incoherent con-
cepts. Even the Critical Legal Studies movement, which
often seems interested only in “trashing” legal doctrine,
has explained some of its positions in cognitive terms:
See, for example, Mark Kelman's concluding chapter in
[Kel87], entitled “Toward a Cognitive Theory of Legiti-
mation.”

There are hints, in these papers and elsewhere, that
the next successor to “Law and Sociology”, “Law and
Economics”, “Law and Literature”, ete., will be a field
called: “Law and Cognition". If se, the work of Al re-
searchers will be in demand. We will be needed to keep
this new field on a rigorous {and computationally sound)
path.
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