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CONCLUSION

Drafters of legislation are normally expected to formulate the
law as clearly and precisely as possible. This makes legisla-
tion an ideal application for logic programming. In particular,
legislation which is definitional in character can often be
formalized as rules in logic programs. When executed by an
augmented PROLOG system such as APES, the formalization can be
queried as though it were a database. The system in turn
queries the user for additional information which it needs, and
it can explain and justify its conclusions in terms of the
original legislation. At Imperial College the representation of
law as logic programs in APES has been applied in such areas as

expert systems, but they can be regarded more usefully as
precise, and executable, specifications of what the legislation
tries to express. This suggests that executable formalizations
of the law can aid the drafting process itself, and that the
techniques have application outside the law for formulating and
applying regulations in all kinds of organizations.
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legal concepts. We begin by providing some background.

At Imperial College we have represented several fragments
of legislation as logic programs. In general terms, we take
some written legal source, such as a statute or a set of
regulations, and express its provisions in a formal, logical
language. The resulting representation is a “formalization” of
the law (or more precisely, a formalization of one particular
interpretation of the law). The formalization provides a
logical model of the law which can be used in various ways. In
particular, it is possible to derive logical consequences of
the formalization by means of a mechanical theorem-prover.
Deriving logical consequences of a particularly simple kind
corresponds to executing the formalization as a program which
tests the application of the law to specific cases. Deriving
more general logical consequences can help to assess the
implications of the legislation, or to solve other kinds of
legal problems.

In many cases, the logic programming language PROLOG
provides a simple theorem~-prover which is powerful enough to
execute such formalizations directly. In practice, it is
necessary to use an extended form of PROLOG, such as APES,1 to
handle any missing information which is required, and to
provide explanations. APES itself is implemented in PROLOG.

This approach has been applied with reasonable success for
several fragments of real legislation.2 Introductions to logic
programming and PROLOG are available.3

The British Nationality Act 1981, which defines the
various categories of British citizenship, is an example of
legislation which is suited to this kind of treatment. Many of
its provisions have been expressed in a subset of predicate
logic, and this formalization runs as a program in APES.

An obvious application of our formalization of the British
Nationality Act is to determine whether in a given circumstance
a particular individual is or is not a British citizen. To do
SO0, we need to have access to facts concerning the individual
as well as to other information not supplied in the Act. APES
generates the appropriate queries to the user, and provides
explanations, in particular how a given solution was obtained.
In fact, the explanations produced by APES are logical proofs:
the conclusions it produces are logical consequences of the
rules contained in the formalization together with any extra
information obtained from the user. The output which is
computed by the program is not just the answer "yes” or ”no”
therefore, but rather the whole set of proofs that the program
can construct.

Suppose then Peter is interested in discovering whether or
not he is a British citizen. our British Nationality Act
program cannot tell him, for several reasons. First, our
brogram has no legal authority. The only certain way of
determining whether Peter is a British citizen is to ask the
appropriate adjudicating authority for a definitive ruling. Our
brogram may give us strong reasons to think that Peter is a
British citizen, but we can never be sure until Peter’s case
comes = before the adjudicating body and an authoritative
decision has been taken. Our program represents only a literal
interpretation of the wording of the Act. But there is more to
legal reasoning and legal decision taking than the 1literal
application of the letter of the law. Thus our program might
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Prescribed amount of income tax before crediting an employee’s
bank account with the net monthly salary. The ability of such
systems to generate proofs would also be useful, for example,
if an employee should happen to appeal when his monthly expense
claims are rejected by the machine. Indeed we could argue that
all software should be capable of exposing its workings to
criticism, so that we could question, for example, the payroll
program that pays us less this month than it did in the last.

Nevertheless, it is totally unacceptable in general that
legal decisions should be taken by machine, whether the machine
can explain its conclusions Oor not. The nature of the law
itself 1limits the usefulness of computer programs that are
intended primarily to take legal decisions. Computer programs
in law become more widely applicable if they are regarded not
as decision takers, but as legal decision-taking aids. Used in
this way, they are tools for the analysis and solution of legal
problems. The construction of proofs, with a view to identify-
ing possible 1lines of reasoning, is the principal aim of
consulting such a program.

The formalization of the British Nationality Act works
Teasonably well both as a brogram for applying the provisions
of the Act, and as a system for helping lawyers to solve legal

however, is due to the nature of the legislation itself. The
pProvisions of the Act are complex, so complex that it becomes
difficult even for lawyers to assess the implications for
specific individuals. Useful and nontrivial conclusions can be
reached, therefore, by a mechanical, literal application of the
rules. Citizenship itself depends essentially on the time and
place of a person’s birth, the citizenship of his parents, and
other similar data. There are vague concepts in the British
Nationality Act, but they are isolated at the lowest level of

particular individual. All this makes the British Nationality
Act well suited to the treatment we have described. Not alil:
legislation is like this however.

OPEN TEXTURE IN ILAW

Let us consider as an example a fragment of the regulations
relating to the award of a heating addition to Supplementary
Benefit, one of the Social Security benefits provided in the
United Kingdom. The relevant legislation states that a person
will receive a heating addition if his place of residence is

if his place of residence is extremely hard to heat. This could

for every individual X and place of residency vy,

X is entitled to heating addition at normal-rate
if X has place of residence y
and Y is hard to heat
and not y is extremely hard to heat
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individual circumstances, which inevitably will be widely
disparate, that no legislator could hope to foresee every
possible circumstance and make provision for it. There is no
alternative to allowing decisions to be taken on the basis of
individual facts. And precisely similar considerations apply to
“normal household duties” and “hard to heat,” and many other
phrases in legislation.

It is at this point that we must reintroduce the notion of
open texture. A concept is said to be open-textured if its
extension is not determined for all cases in advance of its
application. Thus when we are asked to apply such a concept in

whether or not the concept is applied. Not that its application
is arbitrary, for if this were so, then the concept would be as
near meaningless as would make no difference. Rather there is
accompanying the concept a recognized procedure for determining
whether the concept applies in a particular Case. Although the
extension is not fixed in advance, the method for its determi-
nation is. In the case of legal concepts the mechanism fox
arbitration is obvious: the applicability of the concepts is
determined by the appropriate courts or other adjudicating
authorities.

The notion has been found to be useful in the field of
jurisprudence. Hart5 argues that legal concepts are incurably
open-textured. In cases of legal dispute, say, about the
meaning of a particular word in a particular section of an Act,

been brought to court and a judge has decided what that word
should mean. This is a simple result of the impossibility of
the legislator being able to envisage at the time he passes the
law every conceivable situation in which the law might be
applied. Instead, a law is passed and its interpretation is
left to the courts, and as time passes a body of case law will
be built up that will supply precedents for other cases. But
such precedents will not be exhaustive. It will always be
possible to imagine cases that have not been tried and for
which no precedents have been set, and such bPrecedents will
also be defeasible. Thus in any hypothetical case one cannot
say what the outcome should be, although legislation and case
law may provide good guidelines. Until the case has come to
court and a decision has been made there is no fact of the
matter. Legal concepts exhibit open texture: cases that never
come to court can never be said to fall either within or
without the extension of the concept.

There is an obvious similarity between this open texture
of legal concepts and ordinary vagueness. The difference lies
mainly in the fact that in legal cases we may be forced to make
a decision one way or the other, in a way in which we are not
with cases of ordinary vagueness. We have set up the elaborate
machinery of the judiciary to provide arbitration when and if
we require it. But even then it must be remembered that there
is no provision to arbitrate in hypothetical cases. Open
texture in the law may be seen as vagueness plus a machinery
for making a decision when one is required.

Hart’s views, although persuasive to many philosophers of
law, have not commanded universal acceptance. Notable among his
opponents has been Dworkin. Dworkin® argues that there is no
open texture because any case, no matter how abstruse, can be
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I l Ihe task is not impossible, however, becquse the;ells no
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approximation to the concepts “hard to heat. .and extreme Y
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mentioned earlier. We need to identify what the;e concepts

tto taken to mean in practice. To do so, we could interview a
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panel of experts from the appropriate government department, we
could consult the explanatory documentation which is issued to
the adjudicating officers, and we could analyze the decisions
made in all previous cases of this sort. Eventually we could
propose a model of what “hard to heat” and ’extremely hard to
heat” actually mean in practice. We could formalize this model,
show the rules to the appropriate experts and refine the model
until there 1is some consensus that we have a reasonable
approximation. This is precisely the methodology that is used
in the construction of the ”classical” expert systems.

We have a system of rules that approximates, as closely as
our experts have allowed, the meaning of the vague concepts
"hard to heat” and "extremely hard to heat.” If we put these
rules together with our earlier formalization of. the heating
addition regulations, we obtain a system that approximates
closely the entitlement of an individual to the heating
addition. This system will be as good or as bad as the approxi-
mation we were able to construct. It could process all claims
mechanically, and if all our experts had approved the approxi-
mation, it would rarely make a mistake. This may be exactly the
system we wanted to build.

It may be, however, that such a system is not what we want
at all. Deciding claims by machine may be unacceptable for any
number of reasons. Nevertheless, the approximation we have
constructed can still be of value, even if we prefer that
claims be assessed by the appointed adjudicating officer. The
officer must make the decision, but we can allow him to use the
expert system as an aid. This gives him the opportunity of
consulting the collective opinion of experts whenever he is
unsure what “hard to heat” and "extremely hard to heat” are
taken to mean in practice. The key point is that the final
decision is his. He can choose to follow the opinion of the
experts, or he can choose to reject it, in situations where the
circumstances of some particular case have clearly been
overlooked. In a later section, we shall suggest how this
approach can be modified to give a more useful system. For now,
we stress that approximation merely avoids all the problems.

We do find vague concepts extremely useful, which is why
we have so many of them. It is often the case that something
vague is precisely what we want to say, so that no attempt to
approximate our statement in terms of sharp concepts will
maintain the truth of the statement. To adopt approximation in
general would be to restrict our powers of expression to an
unacceptable degree. Moreover, and this is the fundamental
objection, if we believe that legal concepts really are open-
textured, then there is no right answer. Any translation into
approximating sharp concepts would suggest that there is: the

nature of open-textured concepts has not been represented at
alls:

UNCERTAINTY, PROBABILITY AND FUZZY LOGIC

It is sometimes suggested that the attraction of expert systems
can be attributed to the uncertainty of the knowledge they
contain, and their ability to cope with this uncertainty. The
open texture of legal concepts is often confused with uncer-
tainty, and sooner or later it may be suggested that the
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system, and legal decision support systems are no exception.
Given the right sort of statistics, we might to be able to
advise a client that his chances of establishing citizenship in
court are good, or that the likelihood he will escape a parking
fine is low, or whatever. But none of this has anything to do
with vagueness or with its representation.

Fuzzy logic is a different case in that it does purport to
be a general solution saying something true about a use of
vague concepts, rather than a mere implementation convenience
like approximation, or ga treatment of some other idea 1like
probability theory. The basic underlying idea as introduced by
Zadeh” is that the truth value assigned to a statement, instead
of being restricted to “tryer or “false,” may take all the
intervening values between 0 and 1 as well. So that ”John is
tall” may be 1 for John 6737 (191 cm), 0 for John 5’27 (158
cm), 0.5 for John 5%710% (178 cm), 0.3234 for John 57271 (170
cm), and so on. The curve that maps observable heights (or
whatever) onto the truth value of the vague concept is called
the “truth profile.” In addition there are rules for combini
propositions: given the truth profile of a concept we

Whilst this approach has had some Success in certain
suitable applications there are a number of difficulties with

statement #It jig o

tall.” We can accept that if it ig 0.342 true that John is tall
and 0.345 true that Ken is tall then Ken is taller than John,
but it is difficult to see what else is meant by saying that
“Ken is tall” jis truer than “Jonhn is tall.” one could make a
kind of sense of such statements if one thought of these truth
values in terms of probability, but this We are specifically
told not to do by proponents of fuzzy logic.

Connected with this problem is the difficulty of actually
drawing the truth profile. If the notion is coherent it ought
to make a difference whether we use a strai

ight or curved line
to link the 1 value and the 0 value, but we can See no other

grounds than pragmatic ones for discriminating between them. To
do the job broperly we should have to be able to answer
questions as to whether a 5797 (175 cm) person was tall was .6
true or .63 true, and we cannot see how we could begin to
answer such questions, or even what form a sensible debate
might take.

Further difficulties arise in the rules of combination.
Zadeh proposed that the truth value of P or Q be the maximum of
the truth values of P and Q, and that the truth value of P and
Q be the minimum of the truth values of P and Q. It is often
felt that this particular rule is not appropriate for all
applications, and any number of variations have since been
Proposed. There are versions of fuzzy logic that restrict the
number of possible truth values. There are versions that seek
to address the problems of describing truth profiles meaning-
fully. and there are versions that elaborate the rules of
combination so that the logic fits better to the requirements
of a particular application domain.

To apply these principles to the open texture of legal
law as a proposition
containing the fuzzy terms and then, armed with truth profiles
for each of then and the rules of combination, derive a truth
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by ”similar.” The simplest proposals would associate some kind
of weight with each attribute as a way of indicating which
features of an example were seen to be most relevant. In this
sort of scheme the matching algorithm is no more than the
calculation of weighted sum: the examples with scores above
some threshold are taken to be the most “similar.” More sophis-
ticated matching algorithms which take other factors into
account could of course be devised. Nevertheless, no matching
algorithm can be considered acceptable unless it is based on
some coherent model of what it means for cases to be ”similar.”
We must insist on a model that can explain why one example is a
better match than another, without resorting to a description
of the matching algorithm itself. For otherwise, we could never
say with confidence that there is not in the database some vast

the ones that were actually retrieved.

Proponents of the examples approach are sometimes attract-
ed by its superficial resemblance to the “frames” used in
Artificial Intelligence. The use of frames does suggest a
possible and relatively sophisticated scheme for representing
examples and their particular decisions. Yet frames in them-
selves do not provide a solution. Some appropriate mechanism
for matching still has to be devised, and the problem of
defining what it means to be ”similar” still remains to be
solved.

One final remark needs to be made. Examples cannot, by
themselves, explain why they were decided in the way that they
were. As a consequence, they offer no reason why one rather
than another should be taken as the precedent to follow.

Although it has several major defects, the examples
approach does have a certain intuitive appeal. It certainly
seems better suited than other approaches to handling the open
texture of legal concepts, and it seems to reflect the way some
people like to think about this type of problem. There is an
alternative account of the processes involved in reasoning with
examples, however, that arguably describes the way examples are
actually used in practice. For the time being, we present this
alternative treatment merely as a way of implementing the basic
examples approach.

The decision in any individual case is normally abstracted
to cover a whole class of ”similar” cases. This suggests that
such an example can be regarded as evidence for the existence
of a more general rule. The situation is similar in concept
acquisition by ostensive definition. We may teach the use of a
concept by showing examples where it applies and where it does
not apply. The concept has been successfully taught, however,
only when the trainee is able to go beyond the training
examples and apply the concept to new examples. This would
suggest that he has formulated a rule that generalizes the

returning to the original examples. Once the rule has been
formed the examples cease to be useful. They only need to be
considered again if the rule has to be modified, when they may
be required for validation purposes. The analogy with law is
obvious.

The process as we have described it clearly involves
induction: the ability to derive general rules from specific
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“xamples. But the question now arises: why not store .the
Juneral rules themselves, rather than the examples that might
Il lustrate them?

What we are proposing is a system which §oes not reason
dlrectly from examples, but reasons instead with the general
filen that these examples are able to generate. Example; are
#tored in the system, but only for the purpose of explaining
sl justifying the validity of general rulgs. This proposal can
bi viewed simply as a way of implementing the database of

suamples, and as such it has some immediate advantages. We now
lave a definition of what “similar” means: tyo cases are
#linllar if they are both instances of some appropriate abstrac-

tlon; in other words, if the same general rule appligslto them
buth, Of course this merely shifts the problem to defining whgt
I# meant by “appropriate abstraction.” We shall remark on this
i1l a moment. Notice that an explicit matching algorithm is now
Hhnecessary.  (Alternatively, we could think of the matching

aliyorithm as distributed through the database, so that every
seample in  effect contains its own specialized method of
#atohing.) Finally, because general rules express the reasons
fir a decision, they give some indication why their particular

piovadent should be followed in preference to ano?her.

10 automate this process entirely would require a computer
“yulem that can induce general rules from speclflc examples.
dueh o nystems do exist in certain restricted'domalns, although
they do not seem to be capable of handling the range gf
seanplos we can expect in the law. A fully automated system is
Hul n practical proposition, therefore, at least not for the
fiianeoable future. Moreover, we have to ensure that al% the
duilved general rules manage to capture an ”app;oprlatg"
shaliaction, and not merely some superficial similar%ty. This
ol be well beyond the capabilities of current techniques.

flovertheless, there is a practical solution which we can

sdupl for the present, and one which recognizes the difficu%—
tisn Involved. We can insist that a suitable general rule is
fatmiilated with every new example to be stored. This throws the

Biaiden of constructing the ”"appropriate” abstraction on the
fonmtiructor of the database. In fact, this proposal is very
titlle different from the weighting of attributes which we
soubloned earlier. Attributes we weighted to gain some flexi-
Pty and to indicate which of the features in a particular
488 are considered to be most relevant. All we are actually
fiopnning  is that the constructor of the database shou}d be
sitluwed to make this information explicit, by ﬁormpla?lwg a
feitatlve general rule, instead of representing it implicitly
Yy thooning the way that he weights his examples. The;e are
fhise who would insist that formulating a rule, ten@atlve or
f#ab, will always be more difficult than weighting attributes in

8 pmirtloular example. This is not necessarily so. _There is
sl¥ays the possibility that attributes may be required Fhat
“ ol never have been anticipated. In the simp}est of domains,
“hsie this complication is unlikely to arise, it would be just
8 slialghtforward to regard the assignment of welg@ts as an
sitsinatlve way of describing a general rule and storing it in

Ehe databage.

'here remains the problem of discovering the rule for the
stitupilate  abstraction. In practice, this  may not be as
#Miffloult as it seens, particularly for applications in law.
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Cases in law are recorded and their decisions are documented.
If the decision which is taken in a particular case is intended
to be used as a precedent then some Jjustification for the
decision will normally be made, in fairly general terms. In
other words, the justification itself will already contain the
ingredients of a suitable general rule. In other circumstances,
when the adjudicator is reluctant to formulate explicitly the
reasons . for his decision, an expert commentator will be
required to propose a tentative rule which attempts to explain
the decision. Of course, rules which are generated in this way
do not have legal authority. They may be too general or too
narrow, and they may conflict with rules derived from other
examples. In the next section we develop this idea, because it
applies to the treatment of open texture. For now we support
our proposal by referring to the way in which legal problems
are actually solved in practice.

Suppose we are given the problem of deciding a particular
case. We could seek a solution by first compiling a list of
those previous cases which seem to resemble the case we have
under consideration. We could then examine each of these cases
in turn, to estimate how closely they actually correspond to
the Ffacts of the new case in gquestion. Eventually we would
identify the one with the best apparent match and its decision
could then be applied. This may be exactly the way some lawyers
approach the problem. It corresponds quite closely to the
process of consulting examples in a database. But many legal
scholars would suggest that this is the wrong approach altoge-
ther.

The method of legal argument, or at least of presenting a
legal argument, is to propose a rule of law which applies to
the new case in question; and then to cite previous cases, not
because they have some passing resemblance, but because they
can be used to persuade that the proposed rule of law does
actually exist. It is considerations such as these that
motivated our proposal for using rules instead of examples.
What we need to do now is consider how this proposal adapts to
the treatment of open texture.

A TREATMENT USING RULES

What we have with an open-textured concept is something like an
upper limit where the concept can be applied with confidence, a
lower limit where the concept can be denied with confidence,
and a grey area in between. What is now crucial is the attitude
that we adopt toward this grey area. This in turn is influenced
by the nature of the computer system we are attempting to
build.

Most of the treatments that are commonly proposed suggest
how we might eliminate the grey area altogether by coming to a
decision of some sort for the objects that fall within it. What
is happening here is that vagueness is identified with a
situation in which the Law of Excluded Middle (that every
object falls either inside or outside the extension of a
concept) 1is seen not to apply. Some method is devised that
enforces this law, and then ways of resolving the problems that
flow from this are suggested. But we have already argued that,
for open-textured concepts at least, there is no fact of the
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nmllnr_before a proper decision is made. This suggests that
sinforcing the Law of Excluded Middle is not the right approach.
The prea?ment that we are about to propose is about the
“iploitation of this grey area instead: we are suggesting that
Vague concepts are cases where both the assertion and the
dnnid! of the concept may reasonably be thought to be true; and
fliat it is the reasons we might have for thinking this that are
ul paramount importance.

We can illustrate this idea by considering again the
process of patching examples. In consulting a database, we are
Interested in extracting those examples that most resemble the
flBw case undey consideration. But we need not one but a whole
sal  of matchlng examples before we can reach a decision
lmwnnm¢ WlthouF comparing one against the other we have no wa§
#l deciding which particular precedent to follow. If we replace

swamples by general rules, the situation is essentially the
#ame. We must have §eyeral rules that apply before we can reach
any considered decision. For it must be remembered that the

fiulon in the system are of doubtful legal status. We can never
qnn:nn!¢e.that they accurately express the facts of a particu-
ln1 doecision. A rule that is based on a documented decision may

have misrepresented the justification that was actually
Intended. The difficulty of getting an accurate rule is even
Mo e acute in cases where no justification was explicitly given
diil whore the rule had to be reconstructed later by a commenta-
tur of some sor;. And in some circumstances we may be able to
pElauade an adjpdicator to formulate a general rule that
sublnins his decision, but only on the understanding that the
#ule 15 a tentative one that may have to be withdrawn or
fndirlied as new cases come up in the future. We have traded
tavle of confidence in the matching algorithm for lack of

sunfldence in the rules.

X The requirement for conflicting rules, which argue both
fur and against a conclusion, is essential. At the very least
it 1educes the influence of a rule that is actually wrong. More
tiportantly, there are bound to be cases whose natural abstrac-
Flon will qontrad@ct existing rules that are derived from other
feanplen. If we insist on a system which remains consistent
fhen there can be only two possibilities. We might have é
fonndntent  system of rules that does not cover the concept

fullirely. It is as if we had formulated expli

Af plicitly an upper
tlwlt and a lower limit, but not the grey area between. Sggce
snl help is needed for the cases that fall in this grey area

in the midgyec we.have a system that is no help at all. The
dther ponsibility is that the rules in the system do cover the
fanvepl completely, but do not overlap. In these circumstances,

A Mpeolfic chision can be made for every new case that arises:
¥e have defined an approximating concept which is sharp instead
i dteprosenting a concept which is vague. Thus we should not
s88 1efinement of a vague concept as a gradual convergence of
thg tpper and lower limits, but rather as an accumulation of
s/ lidence to support the fact that the assertion and the denial
#f ths concept overlap.

1 We can contrast this proposal with the imaginary expert
syatenm wo referred to earlier, in which we suggested how to
fanstiruct an approximation of what the concepts ”hard to heat”
Al "oxtremely hard to heat” are taken to mean in practice.

thin approximating expert system was constructed with the help
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of relevant experts, and what it represented was their collec-
tive opinion. Thus in constructing it, we would have been
concerned mainly with arriving at some consensus as to what
these vague concepts mean. In the case of disagreement about
some specific point, we would have been forced to reach some
compromise before being able to incorporate a suitable rule in
the system. What we are proposing here is in direct contrast.
In cases of disagreement where one expert’s opinion conflicts
directly with that of another, we now incorporate both inter-
pretations of the law, provided of course that both experts can
produce good reasons to support the claim that their particular
interpretation is the right one to take.

Before pursuing these ideas further, there is a technical
objection to our proposal which should be considered immediate~
ly, because it is well known that a logical system of rules
which is already inconsistent can never be used to derive
meaningful consequences. We can describe how this objection can
be overcome, and at the same time indicate how such a system
might be constructed and used 1in practice, by considering a
simple instance of imprecision in the law, drawn from the
provisions of the British Nationality Act 1981 and its formali-
zation in logic.

The first clause of the British Nationality Act 1981
states that:

1+=(1) A person born in the United Kingdom after com-
mencement shall be a British citizen if at the time of
birth his father or mother is

(a) a British citizen: or

(b) settled in the United Kingdom.

This clause can be formalized fairly naturally as a
logical implication. Elsewhere in the Act it is important to
know the section by which an individual becomes a British
citizen and the date on which he does so, so following the
formalization described elsewhere8

for every individual x and z, date y, and section of the
Act z1,

X acquires British citizenship on date Y by section 1.1
if X was born in the UK
and x was born on date y
and . y is after or on commencement
and : z is a parent of x
and [z is a British citizen on date y by section z1

or
z is settled in the UK on date y]

In practice, the rule for section 1.1 was more complicated
than the one we have shown. There is also the need for a rule
which relates the Possession of British citizenship to its
acquisition. What is important for our present purposes is to
notice that the formalization of section 1.1 makes an assump-
tion, which is not stated explicitly in the Act: that an
individual who acquires citizenship by section 1.1 does so at
birth. Now this may be a very reasonable assumption, and it may
be exactly what the draftsman intended. Nevertheless, it is not
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vhat he wrote.

In particular we might argue that citizenship imposes
it los as well as granting rights; that duties cannot be
tiporsed on a minor: and therefore that British citizenship by

sevtion 1.1 is not acquired at birth, but only when the
Inilividual reaches full age. This may or may not be a reason-
dhle way of thinking (later sections of the Act make it clear
that a2 minor can be a British citizen), but if we accept its
drgtment for the moment we are led to an alternative formaliza-~

tlon of section 1.1:

lor every individual x and z, date y and y1, and section
Bl

¥ acquires British citizenship on date Y1l by section 1.1
if X was born in the UK
and X was born on date v
and y is after or on commencement
and z is a parent of x
and [z is a British citizen on date y by section z1
or
z is settled in the UK on date y]
and x attains full age on date y1

1T'o claim now that this second formalization is not what

e draftsman intended is really to miss the point. The fact
FRininG that on the face of it this second interpretation of
section 1.1 is just as good as the first. Until a case is
dsvlided to establish the correct interpretation we have two
fuitnnlizations of the British Nationality Act. Let us call them
BHAL and BNA2 respectively. Let us suppose further that BNAl
Al BNA2 differ only in their treatment of section 1.1 because
the porsons who are responsible for the formalizations agree on
the reading of every other section. If we genuinely cannot
48t lde which of the two versions more accurately represents the
f80l wtate of the law, then we have no choice: we must incor-
tiiate both versions in any computer system which attempts to
41ve advice on British citizenship. We have a system which
SEpennes  two distinct opinions of the law in two separate
fulmalizations. If we ask such a system to help establish a
paiticular individual’s citizenship on some given date we may
48l conflicting advice. Tn most cases the two formalizations
BUAL and BNA2 will agree. In other cases, where the timing is
“iie critical, version BNA1 will conclude that the individual
I8 A DIritish citizen, and BNA2 will conclude he is not.

1o make a decision for such an individual (let us call him
felei), we need to compare the arguments for these two con-
flloting conclusions. What we have are two similar, but
sfpaiate,  formalizations, both of which express their own
partlcular interpretation of the Act. We also have, included
#ith each formalization, a set of rules (say P-data) expressing
fhie Information specific to Peter (where he was born, his date
#f hirth, and so on) which would have been added on his behalf.
't 1he conclusions had been derived by a suitable theorem-prov-
“f, We would also have two proofs: one that demonstrates why
Feler’'n British citizenship is a logical consequence of BNA1
fugether with P-data; another that demonstrates that the denial

BFf thim is a logical consequence of BNA2 together with P-data.
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Now the examination of these two proofs is what allows us to
reach a decision. The proofs are guaranteed to be valid, but
one may provide a more persuasive argument than the other. The
only components of these proofs that we are allowed to question
are the premises on which they are based. And the only differ-
ence in their premises is in their respective treatments of
section 1.1. Given the task of establlshlng Peter’s citizenship
in court, all we have to do now is persuade the court that
BNAl’s 1nterpretatlon of section 1.1 is the rlght one to take,
in particular that it is better than BNA2’s version.

We have considered here an unrealistically simple example.
In practice, we can expect many conflicting formalizations
instead of Jjust two, and the implementational problems that
arise from this are severe. We could not tolerate storing
separate formalizations which are distinct but which neverthe-
less contain a vast amount of duplication. Such issues are
important and interesting in their own right, but they are
mostly irrelevant to the main theme of this chapter.

The example we have just considered is also atypical. We
shall wusually be interested in producing arguments, not from
conflicting formalizations of some fragment of written legisla-
tion (which is normally a relatively precise definition of some
legal concept), but from conflicting rules for a vague concept
left undefined by the legislators and for which case law has
subsequently been established. Nevertheless, the processes
which are involved are essentially the same, whatever the
source of the rules.

THE ADVERSARIAL NATURE OF LEGAL ARGUMENT

We have suggested that vague concepts can be identified with
situations where we have reasons for believing that both the
assertion and the denial of the concept are true, and that
these reasons can be captured by a system of conflicting rules.
The key requirement is that these rules should be capable of
produ01ng arguments, both for and against the required conclu-
sion.

The approach may be illustrated by considering an example
which is often used for explaining the essence of vagueness. We
begin by proposing the following rules, all of which seem to
express something true about the concept of “tall”:

i) a person is tall if he is over 6(183 cm);

ii) a person is not tall if he is under 5’(152 en) ;

iii) if A is taller than B and A and B differ in height by
only a small amount, then B 'is tall if A is tall, and
A is not tall if B is not tall.

Let us now see how we mlght use these rules. Suppose we
had a platoon of soldiers stood in a 1line, arranged by height
standing so that the tallest was the rightmost and the shortest
was the leftmost. Moreover, suppose that the rightmost person
was over 6’(183 cm) and the leftmost was under 5’ (152 cm), and
that all the soldiers in the line differed in height from thelr
nelghbours only by a small amount. Now to decide whether a
person in the middle, who is between 5’ (152 cm) and 6’ (183 cm)
in height, is tall or not tall we could use rule (iii). If W&
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ntart at the right of the line we can show he is tall. If we
ulart at the left of the line we can show he is not tall. What
we have are two arguments: one to the effect that he is tall;
and one to the effect that he is not tall. It is now up to us
i decide which of these arguments we want to accept. Of
tourse, in this example, we have an obvious way of evaluating
the argument, since each step forms a link in a chain that
(yrows progressively weaker as new links are added. But we
should be wary of evaluating this argument in the absence of
lnowing why we need to know whether the person is tall or not
lnll. For it is characteristic of arguments that we may choose
o reject a strong argument, and accept a weak one instead,
piovided we can suggest reasons for doing so.

The argument in the example above has a form that resem-
liler a proof. Although it is not usual to apply adjectives like
“persuasive” and ”weak” to a proof, we now suggest that this
ionomblance is more than superficial. When a system of con-
f1lcting rules is used to generate contradictory conclusions,
then the proofs which are constructed in the process do take on
tho nature of arguments. An argument, like a proof, starts from
some assumptions or premises and moves by rules of inference to
# vonclusion. In the case of a proof we know that the rules of
liiference are truth-preserving: if we accept the premises it is
ot open to us to deny the conclusion. But we can properly
tufune to accept a proof, by denying the premises on which it
I# based. It is for this reason that arguments can be identifi-
wil with proofs; that arguments are persuasive rather than
tompelling; that arguments may be sound (in that they apply
valld rules of inference to the premises they are given) but

Wenlo (in that the premises may be questionable); and ?hat two
silinl ly sound arguments may give contradictory conclusions. It
It nlways open to someone to reject the conclusion of an
Al gument.

If we now apply this line of thought to the open texture
ul law we will begin to see very close correspondences. For it
In typically the case that the open texture of law is resolved
by argument. The legal decision-making process 1is essentially
wlvernarial in which arguments are presented for both sides of
the (uestion. It is the role of the judge to arbitrate between
‘e two sets of arguments. The judgement is an evaluation of
{lis arguments with which the judge has been presented; he will
il necessarily dismiss one set of arguments as invalid, but he
will find one set more persuasive than the other. Moreover,
Judgments are usually reasoned. Which is to say that the judge
wlll not simply pronounce his conclusion, but will say why he
tuncluded as he did, citing the arguments for his conclusion
il waying why he found them persuasive, and why he found the
tontrary arguments less persuasive. It is these reasons, not
slmply the fact that he decided as he did, that will form the
Lanle of any precedent that might be set by the judgement.

In summary, our main contention is that the rules for the
Hue of open-textured concepts are not such as would determine
whether or not an object fell under the concept, but rather
sl as would enable us to argue that it did and that it did
fiil fall under the concept. Accepting or rejecting the argument
I4 a matter of choice, although in the law, a machinery for
sthidtration may be established. To represent such concepts one
neniln to represent these rules, accepting that they will
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produce arguments for contradictory conclusions. The role of
the system will be to produce the arguments, and the user of
the system will then choose which arguments he finds the more
persuasive.

We suggest therefore that a computer system that is
designed to give advice on matters of law and open texture
should be concerned not with the production of a conclusion but
rather with presenting the arguments on which the user may base
his own conclusion. And it should not be forgotten that in many
applications of legal systems it will be the arguments and not
the conclusion in which the user is interested. An individual
wishing to support his claim for an additional benefit will
want to know what reasons he can adduce to show that he is
entitled; and insurance officer writing a submission to an
appeal tribunal will wish to know what arguments he can put
forward to support the decision that he made: and an advocate
who must present his client’s case in court will want to
anticipate the opposing arguments he is likely to meet. If what
we want is decision support, then arguments putting both sides
of the question, showing what sort of considerations should be
taken into account and what sort of arguments were found
persuasive in the past, should be what we provide. If we follow
Hart in particular, there really is no fact of the matter, and
it is unreasonable to expect the system to produce a conclu-
sion. Resolution of open texture is at bottom a matter of
choice, and it is the duty of the user to make that choice; the
duty of the system is to ensure that the choice is as informed
as possible.

Of course it now becomes critical to see what assistance
could be given in the evaluation of arguments. It is always
possible to give some help with the assessment of a generated
argument, because the premises on which it is based are stated
explicitly, and every premise can be justified to some extent
from supplementary documentation included in the system. In the
case of written law, this documentation would normally compare
the chosen formalization with the original text, and would
refer to any other sections of 1legislation which had been
considered relevant. It should also point out, as in the case
of rules for section 1.1 of the British Nationality Act, any
assumptions which had been made in its construction. For rules
generated from case 1law, the justifying documentation would
include at the very least a reference to the case from which it
is derived, and some indication of which particular features of
this case had been adjudged to be mcst relevant.

This kind of help with the assessment of arguments may
well be adequate for many applications in simple domains, and
we shall be proceeding on that basis, for the time being at
least. Nevertheless, many important issues ‘remain to be
investigated because arguments which have been found persuasive
and unpersuasive in the past would have to be shown as such.
Now this raises an intriguing possibility, because the very
notion of what it means for an argument to be persuasive is
itself vague. Not only is it vague, it is presumably open-
textured. For sometimes the precedent-setting decision of a
particular case is not only concerned with deciding vagueness
in the facts of the case itself, but also with establishing
constraints on what will be regarded as a persuasive argument
in the future. If our proposal is coherent it should be
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ponnible to apply the treatment to representing the "persua-
#lveness” of arguments. And since this itself would involve
yonerating conflicting arguments, which could be more or less
pernuasive, there is a danger that the system will eventually
tollapse in a kind of infinite regress. We can be less pessi-
mlutic, however. We have in this chapter introduced a number of
nlternative treatments of open-textured legal concepts,
Inoluding what we call approximation. We have described how it
mlght be possible to construct a sophisticated approximation,
uf almost unlimited accuracy, by adopting the methodology of
fhe “classical” expert systems. One obvious way of proceeding,
lliorefore, is to construct an expert system that attempts to
dencribe what makes a legal argument persuasive. This is
‘learly too ambitious a proposal to be made quite so lightly.
Yol there 1is no reason to think this would be an impossible
tanlk, and the implications of producing even a crude approxima-
tlon are of immense practical significance, not only in
tomputing but for the practice of law itself.

LONCLUSION

I this chapter we have argued that there are such things as
Yahue concepts, and that some representation of them is needed
Il we are to apply computers in many areas of law. Vague
tuhcepts are used in the law in ways which cannot be eliminat-
#il, nince the vagueness was essential to the expression of the
Isglnlator’s intention. Moreover, even apparently sharp
foncepts may, because of the essentially open-textured nature
i#l law, require similar treatment.

We  have considered a number of possible treatments of
Yague and open-textured concepts and we have suggested that the
thiloe depends on the nature of the computer system we are

attonpting to build. The approach that we called approximation
feplaces the vague concept with a sharp concept instead and is
Apptopriate mainly when we require that a computer system

shiould be capable of taking legal decisions.

I'or applications where we require legal decision support
W have proposed a system of conflicting rules. These rules are
dendygned to present the relevant arguments for and against the
“onluslon as a basis on which the user can make his own
decdslon. In the law, questions of open texture are resolved by
the presentation of a case before a judge. The judgement will
& n reasoned decision to accept an argument. We have further
“uggented  that generating arguments is a process which is
fasmentially identical to generating proofs so that the same
fevhnlgues  could be employed in both cases. This makes it
funnlble to define vague concepts using rules, providing that
& account for the technical difficulties attendant on main-
falning a database capable of generating contradictory conclu-
glonn

Clearly what has been presented here is only a strategy,
bt one which seems to have promise, particularly for legal

sppllcations  where it corresponds closely to the actual
ducdnlon-making processes of law. We shall proceed in the short
feim by trying these ideas on a real application. We plan to
“tpnrate our investigation into three phases. First, we need to

tantify suitable areas of law. Ideally, we would choose two
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complementary and contrasting domains: one, dealing with the
resolution of such low-level concepts as ”hard to heat,” would
be intended to help official arrive at more informed and
considered decisions by simulating for them the ”due process of
law”; the second, treating a “real” legal concept, would be
intended to help lawyers in their search for relevant case law
and precedent. In the second phase, we need to investigate
whether the generation of conflicting arguments is of real
practical help, and for which of our intended users. Third, we
need to consider how our system could be improved to aid in the
evaluation of arguments. In the longer term, we hope to pursue
what we have identified as a critical requirement: a represen-
tation in computer-intelligible terms of what it is that makes
a legal argument persuasive.

NOTES

1. P. Hammond and M. J. Sergot, A PROLOG Shell for Logic
Based Expert Systems, 3 Proc. BCS Expert Systems Conference,
British Computer Society (1983).

2. M. J. Sergot, Representing Legislation as Logic
Programs, 11 Machine Intelligence (1985).

3. See, for example, C. J. Hogger, AN INTRODUCTION TO
LOGIC PROGRAMMING, (Academic Press, New York) (1984); R. A.
Kowalski, LOGIC FOR PROBLEM SOLVING, (North-Holland, Amsterdam)
(1979) .

4. M. J. Sergot, et al., The British Nationality Act as a
Logic Program, Comm. ACM. (May, 1986).

5. H. L. A. Hart, THE CONCEPT OF LAaw, (Clarendon Press,
Oxford) (1961).

6. R. Dworkin, (1967). THE MODEL OF RULES, 35 Un. Chi.
Law Review 14,

7. L. Zadeh, Fuzzy Logic and Approximate Reasoning, 30
Synthese 407-428 (1975 .

8. M. J. Sergot, The British Nationality Act as a Logic
Program, Comm. ACM, (May 1986).

7

A Semantic Representation of
the Pre-Contractual and Contractual
Verbs of Exchange

J. Hook

ABSTRACT

I'he verbs describing property exchange are divided
into two groups, called precontractual'and'contyac-
tual. The precontractual verbs describe immediate
oxchanges (e.g., Give), whereas the cont;actual Yerbs
describe deferred exchanges (e.g., Promise to Give).
I'he precontractual verbs describe exchanges that are
#olf-enforcing, whereas the contractual verbs
lrequently imply potential moral or legal.enforcgment
mechanisms, since people often break their promises.
In this chapter, five precontractual apd eight
contractual verbs are provided with semantic repre-
nontations, using the LNR system of Norman & Rumel-
hart, which putatively characterizes the fundamental
o primitive cognitive operations underlying the
normal use and comprehension of language. T@ls
analysis divides the verbs into five groups according
o measures of semantic complexity. The fundamental
foatures of the less complex verbs are nested in Fhe
more complex verbs. This suggests that children will
acquire an understanding of the verbs in a gredlct-
able order, corresponding to semantic complexity. The
work of Gentner, demonstrating this approachlw1th a
(difterent set of verbs, together with the design fqr
a4 similar test of the present thirteen verbs, 1is
summarized and critiqued.

Hany verbs describe acts of exchange. For example, the vgrb o
glve” upually describes the transfer of some Va;ued object or
#eivice from one person to another person. It is passed from
the ponnession or ownership of one person to that gf another
petnon. The verbs of exchange almost all describe either one-

“#t lworway exchanges. Although the person who gives an object
to another does not expect reciprocity, the person who trades



