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context of Deprizio indicates, judges can seldom rely on formalism or
interpositive methodology alone. Indeed, in Deprizio, as we noted,
Judge Easterbrook employed an approach which considered both the
legislative history and purpose of the relevant statutory section.
Justice Scalia’s use of the history of bankruptcy and state mortgage
laws, along with what commentators have concluded are his hidden
policy considerations in BFP, buttress this point. The remainder of
this Article will show how the disciplines of cognitive psychology and
fuzzy logic illuminate the reasoning processes used by formalists and
antiformalists while also demonstrating how these models of judicial
decision making might inform efforts to improve statutory interpre-
tation of complex statutes.

II. A FORMALIST’S GUIDE TO PRACTICAL REASONING AND FUZzZY LOGIC

In Part I, we provided a “thick description” of formahst rea-
soning in action. The stereotypical formalist judge decides cases in a
matter of minutes, aided only by a dictionary and a list of canons of
interpretation. If Part I does nothing else, it should demonstrate that
formalist methods are far more complex in practice. In Part II, we
explore the kinds of judicial reasoning that formalists use just as
much as other judges. In the first section, we show that formalist
judges cannot avoid rehiance on expert judgment when applying their
methods. The next two sections attempt to explore in greater depth
what is involved in the application of expert judgment. We consider
cognitive psychologists’ research on expert decisionmaking, then turn
to the use of fuzzy logic to model expert decisionmaking in the legal
context, by developing such a model for the Deprizio decision.

A. “Judgment Calls” and the Formalist Judge

Justice Scalia’s opinion in BFP provides a useful insight into
formalist methods. The majority in BFP interpreted “reasonably
equivalent value” in § 548 to mean whatever price was received at a
regularly conducted foreclosure sale, and not, as urged by the parties
and the dissent, “fair market value” or a “fair and proper price.”?® It
rejected “fair market value” based on an expressio unius est exclusio

233. BFP v. Resolution Trust Corp., 511 U.S. 531, 545 (1994).
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alterius argument.?®* Likewise, it rejected a “fair and proper price”
interpretation because of a lack of congressional intent and the his-
tory of fraudulent transfer law and foreclosure law.23® The majority
found an essential state interest in the security of title to real es-
tate—a core state function, which can only be disrupted by Congress
with a clear statement of intent. Absent such clear, contrary congres-
sional intent, and based upon the conditions at a foreclosure sale, the
Court found that free market rules were inapplicable. The Court
instead replaced the free market rules with a state’s laws governing
forced sales, which ultimately become the only tool for measuring
value.2%

To deride this approach as mindless hteralism would be a
mistake. On the contrary, Justice Scalia’s approach extends beyond
(and perhaps even “against”) the dictionary meaning of the phrase in
dispute to include a fairly rich array of other factors. Indeed, apart
from his steadfast refusal to consider legislative debates and commit-
tee reports—a position in which he is now apparently almost alone on
the Court—his approach seems to contain nearly the full range of
considerations that might be thought relevant.?7

Judge Easterbrook’s approach in Deprizio provides another
illustration of formalist methods.?® Easterbrook relied upon the
unambiguous language of §§ 547 and 550(a). Mandating an “ordi-
nary” reading, the Seventh Circuit found that the debtor engaged in
preferential transfers and allowed the trustee to recover from the
initial transferees, the lenders.?®* The Seventh Circuit relied upon the
plain language of the Code in rejecting both the equitable arguments
and the “two-transfer” theory that the lower courts advocated.?*
Easterbrook also found support from the purpose of the Code in main-
taining bankruptcy as a collective proceeding for the determination

234. Id. at 537. Since the term is used elsewhere in the Code, and it is presumed Congress
acts intentionally, Congress must have meant something else by its use of “reasonably equiva-
lIent value” in the fraudulent conveyance context.

235. See id.

236. See id. at 537, 545.

237. On the evolution of textualist analysis beyond literalist application of dictionaries, see
Lawrence M. Solan, Learning Our Limits: The Decline of Textualism in Statutory Cases, 1997
Wisc. L. REv. 235, 236-40. A recent empirical study of Supreme Court statutory interpretation
decisions confirms that the Court relies on a wide range of legal sources, including judicially
creatod policy norms. See Jane S. Schacter, The Confounding Common Law Originalism in
Recent Supreme Court Statutory Interpretations, 51 STAN. L. REV. 1, 18, 21-28 (1998).

238. Levit v. Ingersoll Rand Fin. Corp. (Deprizio), 874 F.2d 1186 (7th Cir. 1989).

239. Id. at 1197.

240. Id. at 1195-99.
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and payment of debts.?* In allowing recovery from the initial trans-
feree under § 550(a), Easterbrook rejected the “barking dog” technique
advocated by the lenders.?*? Instead, he found that a silent legislative
history did not allow a court to depart from the clear and unambigu-
ous text of the Code.?*3

A central question at this point is whether formalist judges
like Scalia and Easterbrook even need practical reason. The answer
is a resounding “yes.” Perhaps the need for practical reason is most
obvious in connection with the canons that formalist judges use. As
Llewellyn demonstrated, the traditional canons can be readily ar-
ranged in conflicting pairs.?** Typically, the two canons in a given
pair are not directly contradictory, but instead their domains are
defined by qualifications such as “unless the context dictates other-
wise.” Application of these conflicting canons may require a good deal
of skilled judgment. Moreover, the statutory language in any given
case may trigger more than one canon. For example, different gram-
matical features of the text may evoke conflicting canons, or a text-
based canon may cut against a policy-based canon like the rule of
linguistic lenity.?*5

The possibility of such conflicts cannot be eliminated without
drastic surgery on the body of canons. As Cass Sunstein points out,
“[t]lie only way to reduce the risk of conflicting interpretive priciples
is to produce a system with one or very few such principles” but any
such “simple system will contain an unacceptably high potential for
an unacceptably large number of errors.”?‘¢ Given the traditional set
of canons, which Scalia endorses, statutory interpretation must some-
times involve conflicting canons and therefore the need to exercise
judgment.

Even eliminating the canons in favor of pure textualism would
not reduce statutory interpretation to a mechanical task. Modern
courts often confront statutes that are lengthy and complex. Deciding
what interpretation of a particular clause best fits the overall text of
the Internal Revenue Code, the Clean Air Act, or the Uniform Com-

241. See id. at 1197.

242. Id. at 1195-96.

243. See id. at 1196.

244. See K. LLEWELLYN, THE COMMON LAW TRADITION: DECIDING APPEALS 401-06 (1960);
see also Ronald F. Wright, Letters from Beyond the Regulatory State, 100 YALE L.J. 825, 839-40
(1990) (book review).

245. Moreover, as Nicholas Zeppos points out, the “plain meaning” of two provisions may
conflict. Nicholas S. Zeppos, Justice Scalia’s Textualism: The “New” New Legal Process, 12
CARDOZO L. REV. 1597, 1627 (1991).

246. Cass R. Sunstein, Principles, Not Fictions, 57 U. CHI. L. REV. 1247, 1254 (1990).
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mercial Code is a demanding process.?*’ The judge must determine
which conflicting interpretation has the best coherence with the over-
all sense of the statute. This determination obviously requires a good
deal of judgment, not to mention expertise.?® Justice Scalia’s textu-
alism is ultimately based on his desire to cabin judicial discretion in
order to avoid reliance on the “judge’s own views of justice, fairness,
or social welfare.”?® If the issue, however, is not the dictionary
meaning of a particular clause, but the interpretation that produces
the best “fit” with a complex statute, the judge’s decision must seem-
ingly retah1 an element of discretionary judgment.

Judges could avoid these difficulties by resorting to clause-
bound plain meaning. Under that approach, the judge would first
determine the clause of the statute that controls the dispute. She
then would pick the meaning that would be most likely adopted by an
English speaker who knew nothing about the purpose of the statute,
surrounding provisions of the statute, the statute’s history, other
aspects of the legal context, or American social and cultural norms.
The reasons for eschewing that approach, however, are sufficiently
obvious to deprive it of any support among writers on jurisprudence,
let alone practicing judges. Any method of interpretation sufficiently
complex to be seriously considered sometimes will require the use of
practical reasoning. Thus, no plausible system of interpretation truly
can be distilled to noncontroversial deductions from a set of rules.

Indeed, even thie most rigorous formalism could not ehiminate
the need for practical reasoning by appellate judges. As Llewellyn
pointed out, parties are unlikely to appeal clear-cut cases.?® For
instance, once a strong presumption in favor of ordinary meaning is in
place, tlie cases most likely to reach appellate courts are those that
remain debatable even given the presumption, either because the
ordinary meaning seems ambiguous or because the countervailing
considerations are unusually strong. In those cases, operating at the
margin of the domain of ordinary meaning, the appellate judge must
exercise judgment about whether the totality of other relevant princi-
ples overcome ordinary meaning. In short, as H.L.A. Hart recognized,

247. The search for “horizontal” coherence within a statute is an important part of Justice
Scalia’s method. See William N. Eskridge, Jr., The New Textualism, 37 U.C.L.A. L. REV. 621,
660-63 (1990). For an insightful discussion of statutory interpretation in tax law, see Michael
Livingston, Congress, the Courts, and the Code: Legislative History and the Interpretation of Tax
Statutes, 69 TEX. L. REV. 819 (1991).

248. See, e.g., Livingston, supra note 247, at 826-31.

249. Zeppos, supra note 245, at 1619 (footnote omitted).

250. See LLEWELLYN, supra note 244, at 398.
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any system of rules will inevitably require the exercise of “discretion”
in hard cases,?! and any plausible vision of formalism must acknowl-
edge that reality. Formalism might plausibly attempt to diminish the
number of hard cases or their practical significance, but not to elimi-
nate them.

B. Analyzing Legal Problems: Practical Reasoning
and Expert Judgment

While formalists have focused on the structure of rules that
judges use, their primary intellectual opponents have focused on the
interaction between rules and the concrete cases confronting judges.
Tending to downplay the importance of rules, they focus on the “prac-
tical reason” that judges use when applying law to a particular case.

Frank Michelman has observed that practical reasoning
“seems always to involve a combination of something general with
something specific,” so that judgment “mediates between the general
standard and the specific case.”?? In applying a standard, we must
interpret it, thereby reconstructing “the standard’s meaning and
rightness.”?*® Michelman also notes that “[t]his process, in which the
meaning of the rule emerges, develops, and changes in the course of
applying it to cases is one that every common law practitioner will
immediately recognize.”* Practical reason, then, is a search for
contextual justification for the best legal answer among the potential
alternatives.?® Or, to use an image common in discussions of prac-
tical reasoning, justification is thought to be more of a web than a
tower, drawing on the coherence of many sources rather than building
on a single unified foundation.

Advocates of practical reasoning have attempted to explain the
methods that they believe judges (and particularly the best judges)?*

251. H.L.A. HART, THE CONCEPT OF LAW 138-44 (1961). This discussion should not be read
to imply that practical reasoning is absent from the decision of easy cases. It is an open ques-
tion whether hard cases trigger additional cognitive skills, or whether instead easy cases merely
involve very simple applications of the same cognitive skills involved in deciding hard cases.

252. Frank I. Michelman, Foreword: Traces of Self-Government (Supreme Court Term
1985), 100 HARvV. L. REV. 1, 28 (1986); see also Mark V. Tushnet, Colloquy: The Degradation of
Constitutional Discourse, 81 GEO. L.J. 251, 252-53 (1992).

253. Michelman, supra note 252, at 28.

254, Id. at 28-29.

255. See John Stick, Can Nihilism Be Pragmatic?, 100 HARV. L. REV. 332, 349 (1986).

256. Justice Cardozo’s own description of the decisional process comes to mind in this
regard. See generally BENJAMIN N. CARDOZO0, THE NATURE OF THE JUDICIAL PROCESS (1921).
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use to decide hard cases. Those efforts are often attacked as banal?’
or vacuous,?® and admittedly are much less precise than one might
wish. On the other hand, many other cognitive skills also are ex-
tremely difficult to explain (for example, the ability to determine the
correct swing path for hitting a golf ball) yet these skills obviously
exist. Given our general ignorance of the functioning of the human
brain, it is not surprising that we cannot give a convincingly detailed
account of how a difficult task, such as deciding a hard case, is ac-
comphshed.

The vagueness of these descriptions of practical reasoning has
given ammunition to critics who find it a vacuous concept. However,
there seems to be no escape from the need to make judgments in
situations where various rules and canons collide or contain ambigni-
ties and gaps. Formalists may regret rather than celebrate the need
for judges to make “judgment calls,” but they cannot escape the neces-
sity of practical reasoning. It behooves us, then, to attempt to clarify
as much as possible the nature of the cognitive processes involved.

Although only a hmited amount of work has been done re-
garding legal decisionmaking,?®® a broader body of literature has
examined how experts in various other fields make decisions. The
study of expertise has been a fruitful field of study for psychologists
over the past twenty years. Some of this interest grows out of the
field of Artificial Intelligence (“AT”), motivated by a desire to design
computer systems that can mimic the decisions of human experts.25°

One of the first efforts toward Al was through the game of
chess. For this reason, chess expertise has been the subject of consid-
erable study. The basic strategy for building a chess-playing com-
puter is to project the play forward as many moves as possible, con-

257. See CASS R. SUNSTEIN, AFTER THE RIGHTS REVOLUTION: RECONCEIVING THE
REGULATORY STATE 149 (1990).

258. See RICHARD POSNER, THE PROBLEMS OF JURISPRUDENCE 452 (1990) (critiquing Farber
and Frickey).

259. See generally Jeanette A. Lawrence, Expertise on the Bench: Modeling Magistrates’
Judicial Decision-Making, in THE NATURE OF EXPERTISE 229-60 (Michelene T.H. Chi et al., eds.,
1988); Anthony Palasota, Expertise and the Law: Some Recent Findings From the Cognitive
Sciences About Complex Human Information Processing, 16 T. MARSHALL L. REV. 599 (1991);
Edwina L. Rissland, Artificial Intelligence and Law: Stepping Stones to a Model of Legal Reason-
ing, 99 YALE L.J. 1957 (1990). For a recent review of the hiterature, see Ian Weinstein, Lawyer-
ing in the State of Nature: Instinct and Automaticity in Legal Problem Solving, 23 VT. L. REV. 1
(1998).

260. Perhaps it is pot unfair to note that this project is in some sense the epitome of
formalism, literally trying to reduce a decisionmaking process to the mechanical application of
rules. The ideal formaklist judge would be a well-programmed computer. As we suggest at the
end of this Article, the most plausible model of judicial decisionmaking involves “fuzzy” rules.
In principle, a suitably designed computer would conceivably follow these rules.
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sidering variables such as each possible move, the opponent’s possible
responses, and the computer’s best counter-responses. The initial
assumption was that chess masters differed from novices by their
ability to see more moves ahead in the game. As it turned out, how-
ever, chess masters do not typically look farther ahead in the game; if
they did, they would be unable to perform such feats as “lightning
chess” against multiple opponents. Instead, they differ from novices
in another respect, which a classic series of experiments revealed.?s!

In these experiments, the subjects were briefly shown a shde of
a chess board and afterwards asked to recall the positions of the
thirty-six game pieces. Novices were lucky to be able to remember the
positions of five or six pieces after seeing a board for five seconds.
Chess masters were able to reconstruct the positions of twenty pieces,
and were also much better at retaining this knowledge after interrup-
tions. But in other areas, chess masters have no better than average
memories.26?

The most intriguing finding was that chess masters did not
have a particularly good recall for the positions of individual pieces.?63
Rather, their advantage was Hmited to those positions that might
result from real games. For example, when chess pieces were ran-
domly placed on the board, the chess masters did little better than the
novices. Moreover, when recalling real chess positions, chess masters
did not place the pieces on the board on an individual basis but in
clusters of strategically meaningful groups, like pawn chains.?6
Based on experiments of this sort, researchers concluded that chess
masters have learned something on the order of fifty thousand differ-
ent chess patterns, along with typical tactics associated with each
position. Thus, chess masters normally do not have to reason labori-
ously.about which piece to move and how their opponent may re-
spond, because they immediately “see” the next move. In short, the
experts “chunk” the information into meaningful units—they recog-
nize patterns and associate those patterns with potential strategies.?6

Other studies of expertise confirm the crucial importance of
this type of sophisticated pattern recognition. In a study of how ex-
perts and novices solve pliysics problems, researchers found that
experts actually took longer to categorize the problems than the nov-

261. For a description of these classic experiments, see JOHN R. ANDERSON, COGNITIVE
PSYCHOLOGY AND ITS IMPLICATIONS 243-45 (2d ed. 1985).

262. Nor, typically, are chess masters particularly intelligent outside of their field. See id.

263. See id.

264. See id.

265. Id.
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ices.?¢ The novices tended to classify on the basis of superficial fea-
tures (“this involves an inchned plane”), while the experts looked for
deeper principles (“this involves energy conservation”). Once they had
classified the problem, however, the experts proceeded much more
directly, quickly, and accurately to the solution.?6” Their mental cate-
gories also were connected directly with solution methods, which
experts could readily call up once they had classified the problem.268
Although these studies primarily have involved experts in fields
where spatial and visual information is important, like architecture
and athletics, they clearly demonstrate the requisite expert’s ability
“to detect and remember patterns in complex sets of phenomena that
are essentially invisible to novices.”26°

A particularly relevant study involved expert radiologists.
Like physicists, expert radiologists spent more time Interpreting
X-rays than novices in their preliminary assessment of how to catego-
rize the problem situation.?”® After they made this categorization, the
experts moved rapidly to solutions.?” Their categorization tended to
be much more accurate and to provide more coherent explanations.?”
Notably, experts were more willing than novices to discard their pre-
liminary assessment in the Hght of new information (or newly noticed
features of the X-ray.)?™

This study seems especially relevant based upon the apparent
similarity between medical diagnosis and legal reasoning.2™ Despite
the expectation that physicians would rely on their understanding of
the basic sciences and the application of the scientific method in
making diagnoses, the studies in fact demonstrated the opposite.?’
Expert physicians rely more heavily on their experience in examining

266. See id.

267. See Michelene T.H. Chi et. al., Categorization and Representation of Physics Problems
by Experts and Novices, 5 COGNITIVE SCI. 121, 134 (1981).

268. See id. at 139.

269, Id. at 141.

270. Alan Lesgold et al., Expertise in a Complex Skill: Diagnosing X-ray Pictures, in THE
NATURE OF EXPERTISE, supra note 259, at 311-42.

271. Seeid.

272. Seeid.

278. Seeid.

274. See Steven L. Winter, The Cognitive Dimension of the Agon Between Legal Power and
Narrative Meaning, 87 MICH. L. REV. 2225, 2262-67 (1989) (explaining the use of cognitive
models in legal reasoning and the relationship with Llewellyn's “situation sense”). Reasoning
by analogy, which is important in law, has also been the subject of recent research, as seen in
Laura R. Novick & Keith J. Holyoak, Mathematical Problem Solving by Analogy, 17 J.
EXPERIMENTAL PSYCH.: LEARNING, MEMORY, & COGNITION 398 (1991), and Cass R. Sunstein,
Problems with Rules, 83 CAL. L. REV. 953 (1995).

275. See Chi, supra note 267, at 134.
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and treating patients than on their biomedical knowledge of the un-
derlying disease process.?’® Apparently, practicing physicians make
“virtually no use of basic science knowledge.”?"

Admittedly, the study of expertise by psychologists is relatively
primitive, and further research may unseat current psychological
dogma. Moreover, legal expertise may require some skills different
than those involved in the areas that have been studied most inten-
sively.?”® Nevertheless, these results suggest some possible insights
about how legal experts may learn to make decisions.

If neither psychologists nor the experts themselves can give a
detailed account of the ability to make expert decisions, how is it
possible for experts to acquire the skill? Typically, experts acquire
skill by following examples?™® and through practice, with large doses
of the latter. Herbert Simon estimated that chess masters have spent
ten to twenty thousand hours staring at chess positions, the equiva-
lent of full-time study for ten academic years on a single subject.?8
Similarly, a radiologist’s knowledge may be based upon the examina-
tions of ten thousand to two hundred thousand films.?8! The founda-
tion of expertise, like that of the law, seems to be experience more
than logic.

Moreover, these studies reveal expertise to be more than an act
of intuitive perception. Expert radiologists did not merely perceive x-
rays more accurately, they gave better reasons for their inter-
pretations and were better able to test them against additional infor-
mation.?®? Similarly, the exercise of practical reasoning by judges is
not a mystical intuitive act, but an effort to understand and reason
through a problem, which is subject to criticism and assessment by
legal observers.

In sum, this body of hterature provides three major conclu-
sions about how experts make decisions.?®® First, expertise does not
simply consist of knowing a greater number of facts or rules. It also
involves the crucial ability to pick out the key features of a new situa-
tion. Second, this skill is learned primarily through experience with

276. See id.

277. Id.

278. But a recent empirical study indicates that experienced lawyers indeed utilize many of
the same methods as other experts. See Weinstein, supra note 259, at 24-40.

279. In this case, from the problems that others solve.

280. See THE NATURE OF EXPERTISE, supra note 259, at xxxi.

281. See Lesgold, supra note 270, at 312.

282. See id. at 310-13, 320-23.

283. For a more detailed discussion, see Daniel A. Farber, The Inevitability of Practical
Reason: Statutes, Formalism and the Rule of Law, 45 VAND. L. REV. 533, 534-38 (1992).
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large numbers of past situations.?®* Third, expertise is not merely an
act of intuitive perception. As noted above, expert radiologists do not
merely perceive x-rays more accurately than novices; they give better
reasons for their interpretations and are better able to test those
interpretations against additional information.?%

Assuming these findings carry over to law, we would expect
judicial decision-making to have several characteristics. First, re-
gardless of the judge’s favored methodology, use of that methodology
will involve the use of pattern analysis. Second, the judge’s pattern
analysis will identify and categorize the salient facts and hnk those
facts with relevant legal interpretations. Third, the judge’s ability to
conduct this pattern analysis is at least as much a function of experi-
ence and training as of raw ability or knowledge of legal theories.
Formalist and antiformalist judges alike must engage in this type of
pattern analysis before they can apply their favored legal methods to
the cases before them.

C. Applying Legal Rules: Fuzzy Logic and Its Applications

Consider the task facing a formalist judge when confronting a
new case. First, the judge must take a relatively unformed legal
problem and translate it into formalist terms. For example, the judge
must decide what statutory text is most relevant (which usually
means an overall understanding of the operation of the statute) and

284. Consider the following analysis of the nature of expertise:

The expert spends proportionally more time building up a basic representation of
the problem situation before searching for a solution . . . . The novice takes much longer
but devotes a small proportion of his total processing time to finding/generating an ini-
tial problem representation. In some domains, even the absolute time spent on building
the right initial representation is longer for experts.

A schema with a high probability of being at least in the right problem space is in-
voked very rapidly by the expert. This schema guides further processing, including the
building of a basic representation.

Experts are able to tune their schemata to the specifics of the case. This permits
them to test more completely whether the schema they have invoked is in fact the right
one.

Lesgold, supra note 270, at 312. This description is strikingly similar to Steve Winter’s account
of the everyday use of experience-based cognitive templates by nonexperts. See Winter, supra
note 274, at 2225.

285. As the radiology example indicates, behief in practical reasoning does not imply
skepticism about reality. Knowing, for example, that radiologists use practical reasoning rather
than formalist methods provides no reason to doubt the reality of the cancers they diagnose.
Nor does practical reasoning suggest any reason to embrace value relativism. On the contrary,
practical reasoning suggests that our ordinary moral judgments are defensible rather than
merely arbitrary. Finally, contrary to a view that advocates of storytelling sometimes express,
practical reasoning is a form of rational decisionmaking, not an alternative to rationality.
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what canons of interpretation apply to the case. As the previous
section demonstrated, cognitive psychologists have studied the kinds
of pattern analysis involved in this kind of expert judgment. Second,
we have already seen that in any case interesting enough to reach an
appellate court, multiple factors will bear on the result. For example,
relevant language in more than one clause may need to be reconciled
or several canons of interpretation arguably may apply. Moreover,
these factors themselves are not bivalent. The meaning of a particu-
lar clause is rarely perfectly clear, and a canon of interpretation may
apply with more or less strength in a given situation. Somehow, the
formalist judge must combine these factors to reach a decision in the
case. In this section, we will examine how the discipline of fuzzy logic
provides a model for this second phase of the decision-making process.

1. Basic Principles

As almost everyone else, judges usually speak and write in
bivalent terms. An especially rigorous type of this bivalent logic is
used extensively in certain technical fields, including mathematics
and computer science, where it is particularly useful to work with
strings of zeroes and ones and to ehminate fractions. In employing
this type of logic, however, one “trades accuracy for simphcity.”?8¢ The
alternative descriptions “my lawn is green” and “my lawn is brown”
are bivalent statements. They describe one’s view of the lawn. Yet,
rarely is either precisely accurate—grass is seldom completely green
or completely brown.

Fuzziness, or multivalence, is useful everywhere between these
two extremes. A fuzzy interpretation of the statement “the lawn is
green” takes the statement to be a partial truth.®?” Fuzziness at-
tempts to capture a more nuanced and precise picture of the world,
not merely a bivalent description of it. Fuzziness does not, however,
reject absolutes—multivalence reduces to bivalence in extreme cases.
Occasionally, a lawn really is purely green or purely brown. Yet,
fuzziness recognizes that this description is rarely accurate. More
often, a lawn is best described as both green and brown or, in fuzzy
terms, as both green and not green. Multivalent logic trades the
“rounded-off simplicity of bivalence” for “the expressive power and

286. Kosko & Isaka, supra note 5, at 21.
287. See id. at 26.
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accuracy of fuzziness.”?®® Fuzziness recognizes that every statement,
every word, is a matter of degree.?®

The way that opposing terms blur into each other is familiar to
lawyers. Some legal terms, such as “reasonableness” and “good faith,”
often seem to consist of nothing other than blurry edges. One of the
first lessons of law school, however, is that even seemingly more
discrete terms like “offer,” “intent,” and “cause” are blurrier than
expected. The same is true of ordinary terms. An hour away from the
office is not a vacation, a month on a beach clearly is one, and in
between are many absences from work that seem somewhat vacation-
like but are not easily classified. To some extent, “vacation” is a mat-
ter of degree; the word stands for a fuzzy set of events rather than one
side of a crisp dichotomy.

“Fuzzy logic,” a term used to describe technology employed in
devices from video cameras to washing machines,?® is nothing more
than reasoning with fuzzy sets. In practice, it most often means
creating devices that apply fuzzy rules: if-then statements hke, “If the
clothes are Very Dirty (fuzzy set X), then make the wash cycle Longer
(fuzzy set Y).” In mathematical terms, fuzzy if-then rules express the
relation between fuzzy sets. Each rule, in turn, defines a “fuzzy
patch,” the product of fuzzy sets X and Y.?! “The wider the fuzzy sets
[X and Y], the wider and more uncertain the fuzzy patch.”?*2 Moreo-
ver, the fuzzier the fuzzy set, the more the set resembles its own
opposite, and the greater its fuzzy entropy. A set with 0% fuzziness is
a black and white set; a set that equals its own opposite is a 100%
fuzzy set.?® For readers who are unfamihiar with the basics of fuzzy
logic, please refer to the short introduction in Appendix I.

While most complex systems require precise rules in order to
run efficiently and accurately, a fuzzy system does not require a so-
phisticated understanding of the concepts underlying the system.
Fuzzy concepts work just as well. As long as the underlying rules are
sensible, the system will work. Moreover, once the rules are in place,
it is relatively easy to adjust the boundaries of the fuzzy sets in order

288. Id. at 29.

289. See id. at 122.

290. See, e.g., Michael Schrage, Looking Ahead to the Smart House, BOSTON GLOBE, Nov.
28, 1993, at 84 (reporting that fuzzy logic is used in the computer system of a proposed “smart
home”); Michael White, A Wooly Head for Logic, TIMES MAGAZINE (London), Jan. 22, 1994, at 26
(discussing the uses of fuzzy logic in consumer appliances like camcorders, microwave ovens,
and dishwashers).

291. Kosko & Isaka, supra note 5, at 292.

292. Id.

293. See id. at 291.
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to streamline the system. The need for such changes become appar-
ent through trial and error. For example, in a system designed to
control vehicle braking, if the vehicle is braking too early, one would
chiange the parameters of the fuzzy sets to allow for a shorter distance
to the obstacle before braking.

Most fuzzy reasoning techniques fall into two categories: direct
and indirect. Direct methods, like that of the braking example, are
the most popular and use inference rules as a basis.?®* When multiple
premises are used, not just a simple “if X then Y” relationship, the
determination of the consequence becomes more complex. The most
popular direct method for handling multiple input problems is the
Mamdani method. This method is structured around minimum and
maximum operations.?%

Mamdani’s direct method for fuzzy reasoning may be readily
applied to the fraud issue that the Court in BFP addressed.?®® In
BEFP, the Court struggled to resolve the fourthh element of the con-
structive fraud definition in § 548 of the Bankruptcy Code: “that the
debtor received less than a reasonably equivalent value in the ex-
change for such transfer.”?’ Fuzzy reasoning can lielp to determie if
a constructive or even an actual fraudulent transfer exists in the
context of a foreclosure sale. In the example that follows, two vari-
ables [A, B] constitute the premise and one variable constitutes the
consequence [C]. The two premise variables account for the time
between notice and sale [A] and the perceived value received from the
sale [B]. This simple two input model does not rely solely on the
interpretation of “reasonably equivalent value.” Instead, the model
incorporates rational economic criteria based on a time-to-market
equilibrium concept. Basically, a forced-sale occurs either “quickly” or
“slowly.” Many variables may enter the determination of what consti-
tutes “quick” or “slow,” such as the extent and timing of notice, avail-
ability of bidding instructions, and whether the sale is private or
public.2®® However, for introductory purposes, the following example
is limited to the aforementioned two input variables. The fuzzy rules
are as follows:

294, See KAZUO TANAKA, AN INTRODUCTION TO FuzzY LOGIC FOR PRACTICAL APPLICATIONS
81 (1997).

295. See id. at 82.

296. See BFP v. Resolution Trust Corp., 511 U.S. 531 (1994).

297. Id. at 535.

298. See Marion W. Benfield, Jr., Wasted Days and Wasted Nights: Why the Land Acts
Failed, 20 NovA L. REV. 1037, 1059 (1996); Ronald Benton Brown et al., Property Law: 1995
Survey of Florida Law, 20 NOVA L. REv. 257, 276 (1995).
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Rule 1:

Rule 2:

Rule 3:

Rule 4:

FUZZY LOGIC 1293

IF sale is slow [Al]
AND price is low [B1]
THEN do not suspect fraud [C1] (“low” is correct here)

IF sale is slow [A1]

AND price is high [B2]

THEN suspect fraud on the buyer [C2] (waiting for the
“pigeon”)

IF sale is fast [A2]

AND price is low [B1]

THEN suspect fraud on the seller [C3] (perhaps limited
notice)

IF sale is fast [A2]
AND price is high [B2]
THEN do not suspect fraud [C1]

Rules 1 through 4 can be represented as a rule table shown in Illus-

tration 1.

INlustration 1: Rule Table for Determination of Fraud

Bl B2
Al C1 C2
A2 C3 C1

These “ordinary word” rules must then be translated into fuzzy sets.
The fuzzy sets representing these ordinary word rules can be ex-
pressed as membership functions as shown in Illustrations 2 through

4.
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IMustration 2: Membership Function for Speed of Sale

"fast" A2 "slow" A1

AN

0 7 14 21 28
Days

Tlustration 3: Membership Function for Perceived Value

"too low" B 1 "too high" B2

0 20 40 60 80 100 120 140
Perceived % FMV

IMlustration 4: Membership Function for Suspicion of Fraud

"fraud on seller” C2 "no fraud" C1  "fraud on buyer” C3

— b

-80 -40 0 40 80
Degree of Suspicion of Fraud

To implement the fuzzy reasoning process, it is necessary to
introduce a concept know as rule adaptability.?®® To illustrate the
adaptability concept, let x represent the fuzzy set A, y represent the

299. See TANAKA, supra note 294, at 86.



1999] FUZZY LOGIC 1295

fuzzy set B, and z represent the fuzzy set C. If x, and y, are the in-
puts then, ‘

Adaptability of Rule 1: w; = 21(%,) A B1(Yo)
Adaptability of Rule 2: wa = 21(X,) A B2(Yo)
Adaptability of Rule 3: w3 = a9(%,) A B1(Yo)
Adaptability of Rule 4: wy = a2(xo) A B2(Yo)

where “A,” the logic symbol for “and,” is a minimization operation.

Next, the adaptability of eachi rule is applied to the conse-
quence and a final solution is sought by aggregating the individual
conclusions.

Final conclusion c@ =c1(2) Vv c22) Vv c3(2

where “v,” the logic symbol for “or,” is an aggregation operation.

The reasoning process is illustrated in Ilustration 5. To begin
the process, input values for x, and y, are chosen: 12 days and a per-
ceived 65% of fair market value, respectively. Next, these inputs are
entered into tlie rules. Once entered, thie adaptability concept is used
to determine the output. After the output has been determined for
Rules 1 through 4, the consequences are aggregated to yield a final
conclusion: shight degree of suspicion of fraud on the seller.
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Rule 1

Rule2

Rule 3

Rule 4

VANDERBILT LAW REVIEW

Illustration 5: Reasoning Process

12 Days

B2

0.125

65 % FMV

Slight

[Vol. 52:1243

-

Suspicion of Fraud on Seller

To convert the output to a definite value, a “defuzzification”
operation is needed. The “center of gravity” or “centroid averaging”

method is used commonly:300

_ Jpe(@)zdz

“ 7 fued

In the above example, defuzzification on the suspicion of fraud could
yield an output to the degree of fraud suspected on the buyer or the

300. Id. at 88.
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seller. Of course, other factors may be involved other than the time to
sale and the perceived value and such additional inputs could be
easily added to the Mamdani direct method model.3

2. Fuzzy Cognitive Maps

In a recent article, Rod Taber, a noted expert in the field of
fuzzy logic, stated: “A complex society is like a water balloon. Squeeze
it here, and the water moves there. Anything that alters one sector
~will impact another.”®? The challenge, therefore, is developing a tool
to predict where the water will go before the balloon is actually
squeezed. This final piece of the puzzle requires us to establish a
means by which to symbolize the causal relationships derived from
neural networks, a term we will discuss in a moment, and to predict
outcomes in a manner easily understood and utilized by the user.
Fuzzy cognitive maps (“FCMs”) provide such a means.

FCMs are fuzzy graphs which represent causal relationships
and enable the user to predict results from extremely complex rela-
tionships.?® By their very nature, FCMs are able to map systems in
which both concepts and relationships are fuzzy. Equally important,
every FCM is based on a series of mathematical equations, enabling it
to be recreated on a computer, greatly simplifying the user’s ability to
use and modify it.

The primary significance of FCMs lies in their ability to predict
the interaction and consequences of multiple complex events. A suc-
cessful FCM could predict both the short and long term consequences
of a judicial decision. Furthermore, unlike typical expert logic trees,
which may fail to operate smoothly when joined with one another,
combining individual FCMs yields a larger FCM.

Creating a working FCM consists of two steps: (1) concepts and
degrees of causality are assigned to a “picture” representing the issue
to be mapped by domain experts; and (2) the completed FCM is then
transferred into matrix form so that numerical values may be pro-
duced via computer to indicate the degrees to which certain concepts
affect one another.

301. See sources cited supra note 298.

302. Rod Taber, Fuzzy Cognitive Maps Model Social Systems, AI EXPERT, July 19, 1994, at
19.

303. Robert Axelrod, a political scientist, first introduced FCMs in the 1970s as a means to
graphically represent social science issues. See Bart Kosko, Fuzzy Cognitive Maps, 35 INT. d.
MAN-MACHINE STUDIES 24, 65 (1986).
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The first step in creating an FCM requires singling out the
most important “concepts,” or topics germane to a particular issue to
be utilized in the FCM. Neural nets® provide such a means. Human
experts can provide a means as well. Utilizing these means creates
an “expert system”—an attempt to embody the knowledge of a human
expert in a computer.3%

In the FCM format, concepts are called “nodes.” In their sim-
plest form, nodes are fuzzy sets in that they may be activated to some
degree from 0% to 100%.3% In the simplest scenario, the nodes are
either on or off.?” Unlike most expert systems, which typically em-
ploy only one domain expert because of cost considerations, FCMs
easily combine multiple experts.?®® Thus, in order to minimize the
risk of missing crucial concepts and connections, ideally one should
use either a neural network or multiple domain experts, or even a
combination of both. As a rule, each domain expert will create a FCM
that differs with regard to concepts and causal strength. The FCMs,
however, may be averaged with others into a single FCM, which
should reflect areas of agreement and indicate areas of potential
conflict.

Nodes are connected to one another by means of numerical
values, or “edge weights,” which represent “the degrees to which the
concepts interact.”®® In essence, edge weights are the equivalent of
fuzzy rules. They indicate the effect of one concept, or node, on an-
other. Rather than merely indicating the presence of an effect or no
effect, edge weights may be represented numerically by any value
between 0 and 1, or even -1 and 1.3° Thus, nodes may affect one
another by degrees, creating a model with fuzzy characteristics.

Two other fuzzy logic experts, Dickerson and Kosko, have used
FCMs to create a “virtual world.”®! They defined a virtual world as
what changes in a “virtual reality” or “cyberspace.”®? In a FCM rep-
resentation of a virtual world, the concept nodes represent events,

304. See infra notes 210-232 for a definition and discussion of neural nets.

305. The Logic That Dares Not Speak Its Name, supra note 4, at 91.

306. See Kosko, supra note 303, at 224.

307. See id.

308. See Rod Taber, Knowledge Processing with Fuzzy Cognitive Maps, 2 EXPERT SyS. WITH
APPLICATIONS 83, 85 (1991).

309. Id. at 83. .

310. See Kosko, supra note 303, at 222.

311. Julie A. Dickerson & Bart Kosko, Virtual Worlds as Fuzzy Dynamical Systems, in
TECHNOLOGY FOR MULTIMEDIA 111-27 (1994).

312, Id. at 2.
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actions, values, moods, goals, or trends.?'® In Dickerson and Kosko’s
virtual undersea world of dolphins, sharks, and fish, concept nodes
model the interactions between predator and prey.3* An FCM virtual
world acts as a nonlinear dynamical system mapping inputs to output
equilibrium states. The output equilibrium states may end in a fixed
point, a limit cycle, or an aperiodic or chaotic attractor.3!5

3. Using an FCM to Simulate Deprizio

The example that follows develops an FCM virtual world based
on the principal question in Deprizio: “whether the Trustee may re-
cover from an outside creditor under section 550(a)(1) a transfer more
than 90 days before the filing that is avoided under section 547(b)
because of a benefit for an inside creditor.”®® The Augmented De-
prizio FCM consists of Simple FCMs and Nested FCMs.?7 Simple
FCMs describe the judicial process: the trustee’s argument, the credi-
tors’ argument, and Judge Easterbrook’s reasoning. Nested FCMs
describe the degree of risk that the insiders and the creditors bear.
Together, these simple FCMs and nested FCMs create a larger aug-
mented FCM that describes the judicial process and the “Real World”
of creditor, insider, and firm relationships. The purpose of this sec-
tion is not to reach a definite conclusion about Deprizio but rather to
introduce the FCM as a tool for understanding and perhaps predicting
how judicial decisions affect business behavior.

The trustee’s argument is linear and based on a literal reading
of the Bankruptcy Code.?'® As a simple FCM, eight nodes arranged in
four layers can describe the trustee’s argument. The first layer con-
tains one node (T1) which simply represents the fact that the trustee
has an argument. The second layer consists of facts specific to the
case: Guarantor is an officer (T2); Guarantor has a claim (T3); and
transfer from Firm to Creditor benefits Creditor (T4). The third layer
of the trustee’s FCM incorporates Bankruptcy Code provisions to
reach intermediate inferences: § 101(80)(B)(ii) transforms node T2 to
node T5 (Guarantor is an insider); §§ 101(9) and 101(4)(A) transform

313. Seeid.

314. For example, dolphins swim away as the degree of survival threat increases. See id.

315. Seeid. at 3.

316. Levit v. Ingersoll Rand Fin. Corp. (Deprizio), 874 F.2d 1186, 1194 (7th Cir. 1989).

317. See Dickerson & Kosko, supra note 311, at 11, 13, 15.

318. As Judge Easterbrook stated, “[t]he trustee’s argument for extended recovery from
outside creditors flows directly from these interlocked provisions [of the Bankruptcy Code].”
Deprizio, 874 F.2d at 1190.
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node T8 to node T6 (Guarantor is a creditor); and § 547(b)(4) trans-
forms node T4 to T7 (Guarantor’s benefit is avoidable). The fourth
layer combines the intermediate inferences to reach the final conclu-
sion that the trustee sought: “Lender may have to repay transfers
received during the year before filing [for bankruptcy], even though
Lender is not an insider.”®® The trustee’s simple FCM is shown in
INustration 6.
Illustration 6

Trustee
Layer 1
v\
Trustee's
Argument
+ + +
Layer2
Guarantor Guarantor Payment to
is Officer has Clam Creditor
101 101
. . 547\
Guarantor Guarantor  Transfer Benefils
isan Insider isaCreditor Guarantor and
is Awidable
Layer4

Trustee Can Recover
from Creditor or Guarantor

The creditor’s argument on the principal question relies on a
two-benefit/two-transfer theory.3?® The creditor’s FCM, like that of
the trustee, has four layers. However, only six nodes are used to
model the creditor’s argument. The first layer contains one node (C1)
which simply represents the fact that the creditor has an argument.

319. Id.
320. Seeid.at1191.
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The second layer contains the basic theory: the payment benefits the
Lender (C2) and the Guarantor (C3).32! The third layer supposes that
a benefit equals a transfer and it uses the Code to determine if the
resulting individual transfers are “avoidable.” According to §
547(b)(5), a transfer is avoidable only to the extent it gives the credi-
tor more than the creditor would have received in a liquidation under
Chapter 7.322 Using this definition and the fact that the Guarantor’s
interest is junior to the Lender’s, the Creditor’s argument produces
concept nodes C4 (transfer to Lender is unavoidable) and C5 (transfer
to Guarantor is avoidable). Using § 550(a), the Creditor arrives at the
fourth layer node C6.32 The node C6 represents the proposition that
the trustee can recover only from the Guarantor for transfers made
less than one year and beyond ninety days from filing.3?* Illustration
7 shows the Creditor’s simple FCM.

INlustration 7

Creditors (outside)

Credilor's

Argument Layer 1
+
+
@ Layer 2
Payment Payment
Benefits Benefits
Creditor Guarantor
547
+
Creditor Transfer Guarantor Transfer
is Unawidable isAwidable

Layer 4
Trustee Recovers from
Guarantor Only

321. Seeid.

322. Seeid. at 1195,

323. See id. at 1191; see also supra note 56 (defining two-benefit/two-transfer theory).
324. See Deprizio, 874 F.2d at 1191.
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A three layer simple FCM can likewise model Easterbrook’s
reasowng on both arguments. Easterbrook approaches the principal
question using textualism and economic theory. These are repre-
sented in the first layer as nodes E1 (textualism) and E2 (economic
theory). The second layer consists of three nodes. Node E3 repre-
sents Easterbrook’s interpretation of § 101(9): a claim against the
firm makes one a creditor.??® Node E4 represents his textualist read-
ing of §§ 547(b)(1) and 101(50): a payment is a transfer, a benefit is
not a transfer.3® Node E5 contains Easterbrook’s notion that the
whole of the firm should be preserved.?*” The third layer transforms
economic node E5 to node E6 which asserts “all creditors gain from a
rule of law that induces each to hold back.”®?® Illustration 8 shows
Easterbrook’s simple FCM.

INlustration 8

Easterbrook
Layer 1

Fornahsm ITeduahsm Eccncchheory

101
547
Layer 2

Claim makes Payment is aTransfer Preserve Whole
aCreditor Benefitis not aTransfer of Firm

+

@ Layer 3

Creditors
Hdd Back

To achieve an augmented FCM representation of the entire
case, the three simple FCMs are placed side by side. The next step is

325. Seeid. at 1194,

326. Seeid. at 1195-96.

327. Seeid. at 1194 (“Many a firm is worth more together than in pieces.”).
328. Id.
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to link the FCMs with appropriate edge weights {-1,+1}. Once linked,
the augmented FCM connection matrix can be formed from the indi-
vidual FCM connection matrices. Converting the FCMs to connection
matrix form will become apparent later as it facilitates the program-
ming, or “bookkeeping,” of more complex relationships in larger aug-
mented FCMs. The matrices for our model can be found in Appendix
II.

Nested FCMs in the Real World FCM

When a firm borrows money, both the creditor and the firm
engage in a transaction that reflects their respective levels of risk.
The level of risk depends on many variables, including the prevailing
rule of law. Deprizio acts to heighten the creditor’s risk level, ex-
tending the preference window from 90 to 365 days. The heightened
level of risk induces creditors to ask firms to waive claims to their
assets in the case of bankruptcy. In turn, the insider who has issued
bank guarantees experiences a heightened level of risk.

The insider’s perception of risk will influence the firm’s deci-
sions on borrowing money. On the other hand, if “Barking Dog” pre-
vails, then the creditor’s risk is low and the creditor is unlikely to
convince the firm’s insiders to waive their rights to assets.

The creditor risk concept, elaborated as subconcepts of high
(N5) and low degrees of risk (N6), when linked to the insider’s waiver
of a claim to assets, forms a nested simple FCM. The insider risk
concept, also elaborated as subconcepts of high (N1) and low degrees
of risk (N2), links to the waiver and the decision for the firm to issue
guarantees. The nested FCMs are shown below hinked to their com-
mon nodes, N3, “Insiders Waive Claim to Firm’s Assets” and N4,
“Firm Issues Guarantees.”

INlustration 9

Insiders and The Firm Creditors

+

CreditorRisk High

Insidgs Waive Chim

; st
Insider RiskHigh to Firm's Asets

Insider Risk Low Firm Issues Guarantees Creditor Risk Low
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Note that the insider actions affect insider risk. Thus, if the firm
issues guarantees or the insiders waive claims to assets, the degree of
insider risk rises. Likewise, if these actions do not occur, the degree
of insider risk falls.

As shown above, the edge weights are represented as pluses
-and minuses or {-1, +1}. However, this need not be the case. Any
fuzzy weight can be assigned to the edges, representing the degree to
which the risk rises or falls. Fuzzy reasoning models, as presented for
the BFP case, can be used to determine the weights. In a similar
manner, weights can be assigued to the edges affecting the center
nodes. Thus, one can investigate the degree to which insiders are
willing to issue guarantees or the degree to which the insiders are
wiling to waive claims to assets. The connection matrix and the
mathematical procedure for determining its properties are found in
Appendix III.

The simple risk FCM, as with the simple FCMs for the De-
prizio decision, can also be represented in matrix form. However, to
form a more complete model of the real world affected by the Deprizio
decision, it is helpful to introduce a few more concepts. Preferential
transfers to insider-backed creditors lower insider risk levels. The
other two important concepts are the rules of law before and immedi-
ately after Deprizio. Depending on the state of the law, creditor risk
either will be high or low and preferential transfers either will occur
or will not.

As an augmented FCM, the “Real World” of creditor and firm
relations appears in Illustration 10.
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Hlustration 10

Depizio
Crediter Lighility "Barkng Dog*
RealWorld ®1Yex Creciter Liability

for 50 Days

Preferential Transfas
to Insder Backed Creditos

Insider Risk Low Insiders Waive Chim
- to Fimm's Assets

Firm Issues Guarantees

Insider RiskHigh
- One WayEffect
o= ——— = Two Way Effect

The bridge between the judicial decision FCM and the Real
World FCM is traversed by linking nodal concepts in the Trustee’s
and Creditor’s arguments to the Real World. The links are straight-
forward: T8 — R1, {+1} and C6 — R2, {+1}. However, with Easter-
brook’s textual and economic theories intervening, only R1 will fire.
The corresponding connection matrix for the Real World is shown
below complete while the FCM for the judicial decision and the Real
World is shown in Ilustration 11.
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Illustration 11

Trustee Easterbrook Creditors {outside)
@ @ Craditar’s
Argurnent
F ITo Theory
+
- 7 .
Surator  Guwaior  Paywnentn ,ciyi mekos Pamert i a Traomlar |~ Praserwe Wiola  Paynant Paynant
cor  hasClam Croclter " JCracter  Bewltisnct aTramfer ofFi¥m Benefits Benefits

Trarsfor Barafits
is Avndabie

fram Creditor or Guarantar

RealWorld Depizio
Cradtar Ushiiity|

for 1 Year
Preferential Transfers
to Insider Backed Creditos =
-+

-
e e
——

Insides Waive Claim
to Firm'sAssets

Insider RiskHigh

Simulations of the Deprizio FCM and Real World FCM

The complete system, shown in Illustration 11, has been used
as the basis for several simulations. The first simulation is for the
actual Deprizio case and its effect on the Real World. To start, an
input vector activates the Trustee’s Argument (T'1), the Creditor’s
Argument (C1), and Easterbrook’s Textualism (E1) and Economic

Theory (E2).
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The choice of input vector leads the FCM to a limit cycle.3?®
The hmit cycle has four steps. It starts with “Creditor Risk is High”
(R4), a direct result of the Deprizio decision. The high degree of risk
experienced by the creditors leads to “Insiders Waive Claim to Assets”
(R5) in the second step. In turn, the insiders’ behavior increases their
degree of risk in the third step, “Insider Risk is High” (R7). In the
fourth step, the insiders no longer choose to waive their claim to the
firm’s assets, although their risk remains high. The return to the
first step, the beginning of the limit cycle, occurs next by a moderation
of insider risk. In reality, one can imagine that the insiders no longer
participate in the credit system. Thus, their degree of risk dimin-
ishes. The creditors’ risk remains high, however, as long as Deprizio
is in effect and there is a need to make an acceptable rate of return on
their money. At this point, it may be attractive for the insiders to
once again participate and to ask again for insiders to waive their
claim to the firm’s assets. Overall, even as a simple non-adaptive
FCM with no time dependent variables, the results are meaningful.

The next simulation examines the effect of the Creditors’ Ar-
gument unimpeded by the arguments of the Trustees or Easterbrook.
The initial input vector is simply “Creditors’ Argument” (C1).

The creditors’ argument alone produces a different limit cy-
cle.?3® Here, as before, it is a four step hmit cycle. The first step is
“Creditor Risk is Low” (R3) and “Preferential Transfers to Insider
Backed Creditors” (R9). These conditions are a direct result of
“Barking Dog.”®! In the second step, the behavior of preferential
transfers acts to lower the degree of insider risk (R8). In the next
step, the low insider risk encourages the firm to start issuing more
insider guarantees (R6). The issuance of more insider-backed guaran-
tees, however, acts to increase the degree of insider risk. In this last
step, insider risk is not “high,” but it is to a sufficient degree not
“low.”

As with the previous simulation, the results are instructive.
Time dependence and variable edge weights could be used to improve
the FCM. With variable edge weights, it may be possible to track
changes in the degree of insider risk and to predict at which degree
their behavior will trigger the firm to issue guarantees.

The next simulation looks at a change in law from “Barking
Dog” to Deprizio. In this situation, the system adjusts to the Deprizio

329. For a list of the input vectors and corresponding codes, see infra Appendix IV, Part I.
330. For a list of the input vectors and corresponding codes, see infra Appendix IV, Part II.
331. See supra note 242.
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Limit Cycle in just two iterations.®? The third input vector is Step III
of the Deprizio Limit Cycle. The second input vector shows that the
firm is still issuing guarantees even though the law has changed and
preferential transfers have stopped. As shown in the previous exam-
ples, the increase in degree of creditor risk leads to insider waivers
and an increase in the degree of insider risk as well.

These three simulations show some of the benefits of virtual
world FCM modehng. The three examples are to a large extent fo-
cused on the “Real World” FCM. However, the main focus is indeed
the “Real World” and how the prevailing law influences the creditor
system. Next, it is instructive to take a closer look at the judicial
decision FCM to see how a change in Easterbrook’s reasoning may
influence the “Real World” outcome.

Two different input vectors are examined: Easterbrook With-
out Textuahsm and Easterbrook Without Economic Theory.

Easterbrook Without Textualism

First Input Vector:

Trustee’s Argument (T1)
Easterbrook’s Economics (E2)
Creditor’s Argument (C1)

Second Input Vector:

Guarantor is an Officer (T2)
Guarantor has a Claim (T3)
Payment made to Creditor (T4)
Preserve Whole of Firm (E5)
Payment Benefits Creditor (C2)
Payment Benefits Guarantor (C3)

Third Input Vector:

Guarantor is an Insider (T5)

Guarantor is a Creditor (T6)

Avoidable Transfer Benefits Guarantor (T'7)
Creditor Hold Back (E6)

Creditor Transfer is not Avoidable (C4)
Guarantor Transfer is Avoidable (C5)

Fourth Input Vector:
Trustee can Recover from Creditor or Guarantor (T8)

332. For a list of the input vectors and corresponding codes, see infra Appendix IV, Part IIL.
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Trustee Recovers from Guarantor Only (C6)
Fifth Input Vector:

Deprizio (R1)
Barking Dog (R2)

As can be seen by the results, both arguments go forth when Easter-
brook does not use his textualist approach. The “Real World” FCM is
impeded since Deprizio (RI) and Barking Dog (R2) cancel each other;
in other words, they are mutually exclusive. Thus, the FCM predicts
that Easterbrook could have not decided the case based on his eco-
nomic theory alone.

Easterbrook Without Economic Theory

First Input Vector:

Trustee’s Argument (T'1)
Easterbrook’s Textualism (E1)
Creditor’s Argument (C1)

Second Input Vector:

Guarantor is an Officer (T2)

Guarantor has a Claim (T3)

Payment made to Creditor (T4)

Claim makes a Creditor (E3)

Payment = Transfer, Benefit # Transfer (E4)
Payment Benefits Creditor (C2)

Payment Benefits Guarantor (C3)

Third Input Vector:

Guarantor is an Insider (T5)

Guarantor is a Creditor (T6)

Avoidable Transfer Benefits Guarantor (T'7)
Creditor Transfer is not Avoidable (C4)

Fourth Input Vector:
Trustee can Recover from Creditor or Guarantor (T'8)
Trustee Recovers from Guarantor Only (C6)

Fifth Input Vector:
Deprizio (R1)
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Barking Dog (R2)

As with the previous example’s results, both arguments go forth when
Easterbrook does not use his economic theory. Again, the “Real
World” FCM is impeded since Deprizio (RI) and Barking Dog (R2)
cancel each other. Thus, the FCM predicts that Easterbrook could
have not decided the case based on his textualism alone.

In conclusion, Easterbrook has taken two theories, both weak,
and juxtaposed them to arrive at a decision—a decision that could not
have been arrived at by the use of formalism alone. Easterbrook
could only have reached the decision through the use of a “balancing”
of economic theory with textualism—something that looks strikingly
similar to practical reasoning. The virtual world FCM shows that
either theory by itself is insufficient to reproduce Easterbrook’s De-
prizio decision. Our virtual world FCM does, however, lack time
dependency and adaptive weights. To improve upon this example,
fuzzy reasoning models may be introduced to modify weights and time
dependency to mimic dynamic economic realities. For instance, the
length of time that a firm “sits out” may be related to the degree of
risk and the rate at which the risk dissipates due to market condi-
tions. The basic principles behind such an adaptive approach follow.

4. Adaptive Fuzzy Systems and Neural Networks

A discussion of fuzzy logic and fuzzy cognitive maps would not
be complete without a brief overview of adaptive fuzzy systems and
neural nets, including their structure and uses. Perhaps the single
most important step in achieving an efficient fuzzy system is devel-
oping the appropriate fuzzy rules. Unfortunately, this is often the
most difficult process. Indeed, one commentator has stated, “[t]he
Achilles’ heel of a fuzzy system is its rules.”? It may well be that the
system to be modeled is so complex that the concepts and relation-
ships underlying the fuzzy rules are not easily discovered. Earher,
this section of the Article suggested that “domain experts” could be
used to develop fuzzy rules, but in many cases this may prove too
difficult. As an alternative, engineers have developed “adaptive fuzzy
systems” that utilize “neural networks” to actually formulate and
modify the fuzzy rules.

333. Kosko & Isaka, supra note 5, at 80.
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An adaptive fuzzy system is a fuzzy system which learns its
rules from data using a neural net, rather than a human expert.3
Data (input) is fed into a computerized neural net which then pro-
duces the desired result (output). Adaptive fuzzy systems take the
inputs and outputs and express the relationship between the two as
fuzzy rules. In this way, the requisite fuzzy rules used to run the
system are developed. In a sense, the neural net supplants the hu-
man expert. The adaptive fuzzy system is then run using these newly
created rules. Significantly, as data changes, so too do the rules.
Initially, the fuzzy rules may be very general, but with additional
expert information, the rules become more precise.33%

Neural networks can replace human experts, sometimes very
effectively. In a general sense, neural networks resemble the human
brain, primarily because neural nets are capable of “learning” through
experience. Neural nets operate by recognizing patterns in data and
associating the patterns. These associations then become the fuzzy
rules in an adaptive fuzzy system. Arguably more astute than their
human counterparts, neural nets can recognize hidden patterns
within vast amounts of information.®® This is particularly helpful
when devising rules for an extremely complex system such as a par-
ticularly intricate area of the law.

Neural networks are able to perform complex data association
because of their unique structure. A neural network is a collection of
“neurons” and “synapses” that change their values in response to
inputs from surrounding neurons and synapses.®¥” Inputs are mapped
to outputs. Neurons add up all incoming signals from other neurons
and then produce a value in response.?®® Signals travel via the syn-
apses, which have numerical values that weight the flow of neuronal
siguals.®® Neural nets “learn” by increasing the strength of the syn-
apses. Supervised neural nets can “learn” with the assistance of an
expert human. The expert can act to correct the net until it responds

334. See Kosko, supra note 303, at 287.

335. In 1989, Dr. Bart Kosko developed a fuzzy system that simulated backing a truck and
trailer up to a loading dock. He began by using a neural net to ascertain the fuzzy rules. He did
this by feeding in hundreds of truck paths. The system developed 105 fuzzy rules to efficiently
back the trailer up. As more information was introduced, the rules became more precise. See
Kosko, supra note 303, at 204-05.

336. Chase Manhattan Bank utilized a neural network to assist in reducing costs resulting
from stolen credit cards. Information was introduced into the net and it discovered, among
other things, that the most questionable sales were for women’s shoes priced between $40 and
$80. See MCNEILL & FREIBERGER, supra note 8, at 229.

337. Kosko & Isaka, supra note 5, at 80.

338. Seeid.

339. Seeid.
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correctly to every input. Significantly, supervised neural nets can be
used to “tune” imprecise fuzzy rules initially devised by human ex-
perts. As vast amounts of data are run through the neural net, the
rules are refined by allowing the net to vary the fuzzy sets slightly in
order to determine the best possible result.

5. Fuzzy Formalism

What does all of this talk of neural nets, FCMs, and so forth,
have to do with judges? Ironically, its relevance is probably clearest
" for formalist judges. The critical point about formalism is that the
judge has a finite, pre-defined set of factors that are relevant to the
decision. This set probably includes dictionary meaning, linguistic
canons, plain statement rules, and stare decisis. This Article dis-
cussed earlier liow experts learn to decode a confused factual situa-
tion into a manageable set of familiar factors. Fuzzy logic shows how
they can learn to combine these factors into a decision in a workable
way. Like neural nets, formalist judges need not learn an explicit set
of second-order rules in order to move from their identification of the
case’s relevant features to a decision about the outcome. They can
learn over time hiow to weigh thie factors they consider relevant in
order to reach a decision. This analysis reveals liow, at the heart of
formalism, lies recourse to a process much like what antiformalists
call practical reasoning.

While formalism is inherently fuzzy, antiformalist legal analy-
sis is inevitably structured. Clearly, pragmatists believe that they are
advocating something more substantial than the use of raw intui-
tion.34® Judge Richard Posner, for example, provides an extensive list
of cognitive techniques, including analogy, induction, pattern recogui-
tion, tacit knowledge, and reliance on social experience.?* Anthony
Kronman rejects intuitionism more explicitly. He admits that if good
judgment requires more than deduction, it is “tempting to conclude”
that good judgment instead must consist of intuition.3*?> In short,

340. See Phillip P. Frickey, Congressional Intent, Practical Reasoning, and the Dynamic
Nature of Federal Indian Law, 78 CAL. L. REV. 1137, 1218-19 (1990) (discussing interpretive
theories).

341. See POSNER, supra note 258, at 86, 91, 105, 108-12.

342. Anthony T. Kronman, Living in the Law, 54 U. CHI. L. REV. 835, 848 (1987). Kronman
notes that someone who has good judgment “is not someone who from time to time merely
makes certain strikingly appropriate oracular pronouncements—that is what prophets and
seers do—but who is able, as well, to provide a compelling framework of ideas for the decisions
he or she arrives at.” Id. at 849. These decisions are “not deducible by reason alone, but neither
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Kronman says, good judgment “has an argumentative dimension
which its equation with intuitive genius obscures.”34

Moreover, cognitive psychology and fuzzy logic both cast doubt
upon the very concept of a purely ad hoc intuitive judgment. Experts
develop the capacity to identify recurrent patterns—so that they later
“Intuitively” classify and interpret data in ways that are not obvious
to the novice. It is the novice whose decisions are most ad hoe, be-
cause he lacks the experience needed to spot pattern formation. What
Llewellyn called “situation sense,”®* and others have derided as
nothing more than formless intuition, seems to be the characteristic
response of the human mind to repeated problem-solving efforts.
Moreover, fuzzy logic shows that what lawyers call “balancing,” and
often attack as essentially arbitrary, is in principle reducible to un-
derstandable (though non-binary) rules. Even a neural net, which
obviously does not actually understand any rules or perceive any
patterns, behaves as if it were learning these concepts. It is at least
plausible to speculate that even when humans think they are being ad
hoc, they are responding, as neural nets do, on the basis of learned
patterns and fuzzy rules.

In any event, it is highly doubtful that any antiformalist has
ever advocated abolishing all rules, doing away with all precedents,
and ignoring statutory language. In reality, there is a great deal of
common ground between formalists and antiformalists, which is
obscured by the heat of the debate between them. First, formalists, as
much as antiformalists, cannot possibly expect to reduce all of legal
reasoning to crisp bright-line rules. As we have seen, even if a com-
plete body of such rules could be stated, the formalist would still need
to resort to fuzzy logic and practical reasoning in order to apply the
rules. Second, formalists and antiformalists alike believe in the use-
fulness of legal predictability, stability, and, therefore, rules for
making decisions.

The debate is really about a matter of degree.?*> On the one
hand, formalists believe that the legal landscape should be covered as
much as possible with a detailed network of explicit rules, in the hope
that difficult cases requiring expert judgment can be reduced to the

is their soundness entirely self-evident—something we either see or not depending on our own
powers of intuitive comprehension.” Id. at 849-50.

343. Id. at 850.

344. LLEWELLYN, supra note 244, at 403.

345. Consequently, the choice of interpretive methods turns in significant part on empirical
questions regarding the behavior of judges and legislators. See generally Cass R. Sunstein,
Formalism and Statutory Interpretation: Must Formalism Be Defended Empirically?, 66 U. CHI.
L. REV. 636 (1999).
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minimum. On the other hand, antiformalists are not upset at the
idea of large gaps, wherein implicit fuzzy judgments replace explicit
rules. This difference in emphasis is not insignificant, but it should
not obscure the very real areas of agreement.

Much of the debate over formalism is really a debate about the
usefulness of explicit rules versus implicit knowledge. It is tempting
to say that one should try to make all rules as explicit as possible, in
order to maximize the stability, predictability, and democratic ac-
countability of the legal system. In reality, explicitness is like other
human goods: it is valuable, but costly to produce and suffers from
diminishing returns.

Demands that the legislature make all legal rules explicit
rather than relying on the audience to apply imphcit rules greatly
increase the cost of producing legislation. Indeed, artificial intelli-
gence researchers have found it incredibly difficult to reduce even
routine human activities to explicit rules. One of the advantages of
fuzzy logic and neural nets is that they model behavior through trial
and error without requiring the researcher to work out a set of ex-
phcit rules in advance.

On the benefit side, explicit rules also have their hmits. Even
experts do much of their work without the benefit of explicit rules.
Sometimes, an implicit rule may be a much more understandable and
predictable guide to behavior than the equivalent set of explicit rules.
Consider the directive to drive carefully. Perhaps, with work, one
could translate this into a set of explicit rules that state the correct
driving action in almost every imaginable scenario (taking into ac-
count the speeds and location of all vehicles, the layout of the road-
way, weather conditions, etc.). Would the ordinary driver be better
served by a multi-volume treatise on driving, or by the directive to
“drive carefully, especially when traffic is heavy or the weather is
bad”? This directive is very general, but specific enough to remind the
audience to employ a huge set of implicit rules they have already
mastered. Trying to make the rules explicit would simply cause intol-
erable confusion. On the other hand, “just do it” is probably a httle
too open-ended. Thus, the optimum amount of explicitness is a mat-
ter of degree, like most of life.36

346. See RICHARD A. POSNER, ECONOMIC ANALYSIS OF THE LAW 542-47 (4th ed. 1992).
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III. INTERPRETING COMPLEX STATUTES IN A FUZZY WORLD

Much of the scholarship on statutory interpretation focuses on
broad theoretical issues, uses only thumbnail sketches of what are
actually complicated cases, and ignores the full complexity of most
modern statutes. Part of this Article’s purpose is to paint a fuller
picture of the process of interpretation as it actually takes place in the
today’s world. Part I examined two well-known bankruptcy cases in
great detail. Part IT put to the side the debate between formalists and
antiformalists, and instead tried to shed light on the kinds of reason-
ing processes judges must employ regardless of their jurisprudential
orientation if they are to do their jobs well. Part II also used cognitive
psychology and fuzzy logic to shed light on these cognitive skills. Part
III now will consider some of the general lessons of that literature for
the question of the circumstances under which judges are likely to
perform well at tlie task of interpreting complex statutes. In par-
ticular, this Part will consider wlhether the appellate courts in De-
prizio and BFP could liave improved their performances.

A. Deferring to “Front-line” Interpreters

In Part I, we saw that various kinds of implicit knowledge are
critical to forming expert judgments. One type of knowledge is in-
volved in pattern recognition—the knowledge that enables the expert
radiologist to interpret what to the novice is only a blurry shadow.
Research shows that this type of knowledge is mostly the product of
extensive experience.?*” Recall that becoming a chess master takes
ten or twenty thousand hours of study and playing experience. A
novice player, no matter liow gifted, lacks tlie benefit of this experi-
ence. The rules of the Bankruptcy Code are much longer and more
complex than those of chess. A full-time bankruptcy judge, in the
course of several years, spends as much time working with the Code,
case law, and procedural rules as a chiess master spends on cless.
Correspondingly, tlie specialist judge is- expected to have the same
advantage over the generalist appellate judge in the “game” of bank-
ruptcy law as the experienced chess master lhias over the gifted novice.
While it is true that some legal skills can be generalized across fields,
applying a statute as complicated as the Bankruptcy Code in any
particular case involves grasping the interactions of numerous statu-
tory provisions, legal doctrines, and business practices.

347. See supra notes 270-73 and accompanying text.
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As in chess, mastery of bankruptcy law also involves an appre-
ciation of how the other player (business firms and bankruptcy law-
yers) will respond to a given move. Because of the complexity of the
Code and the related business and state law issues, this requires
developing the equivalent of an extensive FCM showing the interac-
tions involved. Even in the brightest individual, such a complex FCM
is hikely to develop only after extensive exposure.

Deprizio is a good example of this complexity. Judge Easter-
brook makes a formidable effort to examine the interrelationships
between the relevant code provisions and to consider the potential
responses to his proposed rule. Even so, it is doubtful that he fully
appreciated the scope of the complexities. His assessment of the
situation emphasized some features while ignoring others.38

As a general matter, federal appellate judges presumably have
better credentials, wider legal horizons, and more sophisticated juris-
prudential understandings than bankruptcy judges. Thus, their
explicit knowledge of law and legal theory is probably stronger, and it
is tempting for them to think of bankruptcy judges as merely more
limited or less talented versions of themselves. In reality, however,
bankruptcy judges accumulate a wealth of imphcit knowledge that
the generalist judge cannot duplicate. Consequently, appellate judges
should defer to the expert judgment of bankruptcy judges to a higher
degree than they do today.34°

Such deference could take two forms. First, where there is a
strong consensus among bankruptcy judges regarding the correct
solution to a problem, appellate judges should be reluctant to adopt a
different answer except for compelling reasons. Roughly speaking,
appellate judges should regard such a strong consensus roughly the
way they regard a precedent from their own court. An exception
should be recognized where a bankruptcy issue involves pohcies ex-
ternal to creditor-debtor relations, such as regulatory statutes or
labor law. Those policies are likely to fall outside the scope of the
bankruptcy judge’s expertise.

Congress has already recognized the value of deferring to the
expert judgment of bankruptcy judges. The Bankruptcy Reform Act
of 19783%° gave the judicial councils of each circuit the discretion to
create a bankruptcy appellate panel of three bankruptcy judges to

348. See supra Part 1.B.1.

349. Thus, judges are in a position similar to that of the “sub domain expert” in Weinstein’s
study. See Weinstein, supra note 259, at 40-42.

350. 11 U.S.C. § 101 et seg. (1994).
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hear certain appeals in bankruptcy cases.®! Congress strengthened
the policy in favor of such appellate panels by making them virtually
mandatory in the Bankruptcy Reform Act of 1994.352

Second, even where the bankruptcy judges do not agree on a
solution, they may at least agree on the parameters of the problem.
For example, they may agree that a problem involves a conflict be-
tween the hteral meaning of a section and the broad policies of the
Code, but disagree about how to resolve the conflict. In this situation,
appellate judges cannot defer to a nonexistent consensus. They can,
however, defer to the way that the bankruptcy judges have framed
the problem, and refrain from the temptation to cleverly mobilize
novel attacks on the problem. The odds are all too high that the novel
methods either will not work, or will produce subtle and unexpected
side-effects, causing more problems than they solve.

B. Living with Ambiguity

According to fuzzy logic, most questions do not have black or
white answers; the world mostly consists of shades of gray. One flaw
in both Deprizio and BFP is that the judges are convinced that their
answer, and only their answer, is the complete truth. Yet, neither
case would have been so controversial if the answer had indeed been
so clear.

Justice Scalia’s opinion in BFP, for example, reflects utter
confidence that any other analysis of the case would be intellectually
bankrupt.®® Yet Justice Souter does a formidable job of analyzing the
same legal materials, using the same formalist methods, to demon-
strate the opposite conclusion.3

The fact is that BFP was not an easy case. For the reasons
explained by Justice Souter, the statutory text taken as a whole
seemed to strongly favor the debtor.?®® The creditors had two power-
ful arguments. First, Congress had not very clearly manifested any
reason for federal oversight over the traditional state domain of real
estate foreclosures.3¢ Second, Congress clearly did not mean to estab-
lish a standard of fair market value, which is the only obvious alter-

351. See 1 COLLIER ON BANKRUPTCY { 5.02[3] (1998).

352. See id.; 28 U.S.C. § 158(b) (1994).

353. See discussion supra Part I.C.

354, Id.

355. BFP v. Resolution Trust Corp., 511 U.S. 531, 549-70 (1994) (Souter, J., dissenting).
356. Seeid. at 564-66.
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native to the result of the state foreclosure sale.’” Neither the ma-
jority nor the dissent were willing to confront the difficulties—each
simply assumed away the other side of the case. In particular, Justice
Scalia strove mightily to avoid acknowledging the powerful textual
arguments against his position, in the process compromising the
integrity of his own textualist philosophy.

A fuller analysis of BFP would require a careful consideration
of the specific textual provisions at issue. It would also benefit from
an analysis of the kind Judge Easterbrook attempted in Deprizio of
how the general pohcies of the Bankruptcy Code would be impacted
by allowing exceptional treatment for foreclosure proceedings.?® On
the other hand, it would also be necessary to give careful attention to
the state policies involved and the extent to which they would be
disrupted, and to the problem of providing a usable alternative meas-
uring stick for equivalent value. Quite likely, all of these factors
would not point in the same direction, and the result would turn on
the weight given each factor in the FCM. At least, however, the result
would have been a judicial opinion that gave lawyers and judges some
guidance about how to approach similar problems in the future. In
contrast, the hodgepodge of arguments that the majority dished up in
BFP promise very little assistance in resolving future bankruptcy
problems.

If, as the literature in cognitive psychology suggests, expertise
is partly learned from working through specific problems, one func-
tion of an appellate opinion should be to serve as a demonstration of
successful problem-solving methodologies. BFP, unfortunately, has
limited value for that purpose.

C. Statutory Cultures

Formalist writers stress that law contains a good many rules,
and that in many contexts, the application of those rules requires
little more than a grasp of English usage. They recommend a heavier
reliance on plain meaning in statutory interpretation for several
reasons. First, it would improve democratic legitimacy, since most
legislators vote on the language of a bill and “that language is often
ordinary language.”®® Second, it would encourage careful drafting

357. See id. at 550.
358. See supra Part 1B.
359. Robert S. Summers, Judge Richard Posner’s Jurisprudence, 89 MICH. L. REV. 1302,

1320 (1991) (book review).
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and would avoid the need for judges to make complex legislative
judgments for which they are ill-suited. More importantly, “judicial
adherence to the ordinary meaning of ordinary words in the statute
restricts the opportunity for strong-willed judges to substitute their
own personal political views for those of tlie legislature witli respect
to ends and means.”® Finally, adherence to ordinary meaning pro-
vides fairer notice to the public.®! In short, tliese are the virtues of
the democratic rule of law.362

This argument may apply to garden-variety criminal laws, but
not to the complex federal statutes that often face federal courts.
Most important, federal statutes today are not addressed to the ordi-
nary citizen. Rather, they are addressed to more specialized audi-
ences—sometimes federal agencies (directions to engage in rulemak-
ing), legal specialists (corporate tax revisions), or particular industries
(public utility regulation). Less sophisticated individuals often rely on
official comphance guides or experts’ publications to understand the
statute, rather than deciphering the statutory language themselves.
The more sophisticated audience approaches the statutes with a rich
contextual understanding of previous law, the politics of tlie enact-
ment, the affected business activity, and tlie dynamics of legal imple-
mentation in the area. If the official interpreters of the statute down-
play these factors in favor of dictionary meaning, the most knowl-
edgeable readers of the statute must artificially attempt to put aside
their sophistication and seek to understand how a willfully ignorant
outsider would read the statute. As with the drafter of the statute,
the need to perform these mental gymnastics will make it more diffi-
cult for thie experts to understand the meaning of the statute.

360. Id.

361. Seeid. at 1321.

362. Frederick Schauer, Statutory Construction and the Coordinating Function of Plain
Meaning, 1990 SUP. CT. REV. 231, 232. Schauer also argues that the Supreme Court has
increasingly adopted ordinary language because it allows judges who do not share substantive
values to decide cases easily and quickly. See id. This assertion seems empirically question-
able. If ordinary language were adopted in order to economize on disputes between judges with
varying values, it should have been adopted around 1975-1980, when the Court had the greatest
range of ideological positions. In the 1989 term, which is Schauer’s subject, only a few liberals
were left on the Court, so that overall the Court was much more ideologically homogeneous. It
is also unclear whether the plain meaning approach actually does create consensus. Consider,
for example, Regan v. Wald, 468 U.S. 222 (1984), in which a bare majority thought that the
outcome was dictated by the plain meaning of the statute, see id. at 237, while the dissenters
found “nothing in the language of the statute” to support the majority’s result, id. at 256
(Blackmun, J., dissenting). The court of appeals had found “as a matter of common sense and
common English” that the statute meant just the opposite of the interpretation adopted by the
majority of the justices. Wald v. Regan, 708 F.2d 794, 796 (1st Cir. 1983).
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In this respect, the Bankruptcy Code is typical of modern
complex statutes. As early as the Chandler Act of 1938,%3 which
significantly amended the Bankruptcy Act of 1898,%* specialist or-
ganizations®® were heavily involved in the drafting of the statute.36¢

Similarly, the Bankruptcy Reform Act of 1978%7 was the prod-
uct of eight years of testimony, debate, and lobbying in Congress.
Congress delegated the initial task of making findings and recom-
mendations concerning bankruptcy reform to a special Commission to
Study the Bankruptecy Law of the Uted States in 1970.%8 The
Commission filed its report with Congress on July 30, 1973.3¢° From
that time to the Bankruptcy Reform Act’s enactment five years later,
Congress “constantly sought and received the counsel and advice of
the National Conference of Bankruptcy Judges[,] the National Bank-
ruptcy Conference, [and] the Judicial Conference of the United
States.”® The National Bankruptcy Conference was also very in-
volved with the Bankruptcy Reform Act of 1994.3! By this Act, Con-
gress also established a National Bankruptcy Review Commission to
further study the Bankruptcy Code and submit recommendations for
improvements.32

In this process of lawmaking, the meaning that an ordinary
uninformed citizen or legislator might attach to the Code or its
amendments is virtually irrelevant. The Code was intended primarily
for the use of lawyers, most of them specialists, who share many
forms of knowledge, both imphcit and exphicit. The drafters primarily
had to be concerned with how this intended audience would under-
stand and respond to the provisions, for the point of the legislation
was to shape the behavior of the specialists and of the businesses that
they advised. In a sense, all the key players, from drafters, lobbyists,

363. Pub. L. No. 75-696, 52 Stat. 840 (1938).

364. Ch. 541, 30 Stat. 544 (1898).

365. Examples include the National Bankruptey Conference, the National Association of
Referees in Bankruptcy, the Commercial Law League, the National Association of Credit Men,
and the American Bar Association.

366. See 1 COLLIER ON BANKRUPTCY { 101[1][a] (1998).

367. Pub. L. No. 95-598, 92 Stat. 2549 (1978).

368. The commission was created by Pub. L. No. 91-354, 84 Stat. 468 (1970).

369. H.R. Doc. No. 93-137 (1973).

370. 1 COLLIER ON BANKRUPTCY xxiii (1998) (remarks of Hon. M. Caldwell Butler, United
States Representative from Virginia).

371. Pub. L. No. 103-394, 108 Stat. 4106 (1994); see generally THE NATIONAL BANKRUPTCY
CONFERENCE, REFORMING THE BANKRUPTCY CODE (Lawrence P. King et al. eds., 1994).

372. Bankruptey Reform Act of 1994 §§ 601 et seq., Pub. L. No. 103-394, 108 Stat. 4106
(1994).



1999] FUZZY LOGIC 1321

and staff members to bankruptcy lawyers and bankruptcy judges,
shared a common specialized culture—an FCM.

The reaction to Deprizio, by bankruptcy lawyers, scholars, and
ultimately by Congress, is an example of how resistant this culture
can be to a violation of its implicit norms. Judge Easterbrook’s opin-
ion probably sparked such a strong reaction for two reasons. First,
the opinion’s combination of textual literalism and economic analysis
to the exclusion of all other factors violated the implicit rhetorical
norms of the culture—Easterbrook was not only using different
weightings, but operating with a different cognitive map. Second, the
result in the case was a sharp deviation from settled expectations
among most bankruptey insiders. In short, the opinion suffered from
what one professor once referred to as excessive “brilliance.”??

Recently, Bill Eskridge has written more generally about the
reasons for judges to respect existing legal and institutional practices
when interpreting statutes, except where there is a strong normative
reason for disrupting existing practice.®™ But the judge who attempts
such a rupture must keep in mind the likelihood that he may only
succeed in mobihzing the legal system’s immune system, neutralizing
his effort at change.

The bankruptcy statute, like the typical federal regulatory
statute, has two characteristics that make its culture especially resis-
tant to change. The first characteristic is its complexity. That com-
plexity provides opportunities for insiders to restore the status quo, as
creditors’ lawyers did by using waivers of reimbursement from the
debtor corporation to guarantors. The second characteristic involves a
distinction from Hhtigation-oriented statutes such as the antitrust
laws. The antitrust laws were subject to a successful effort at rupture
by Chicago-style economics in the 1970s. Antitrust litigators, how-
ever, are probably less specialized tlian bankruptcy lawyers. Cases
are heard by generalist district judges rather than specialized non-
Article ITI judges. Also, much like the regulatory process, bankruptcy
involves much intensive and informal interaction rather than merely
discrete adversary trials. Only a small percentage of bankruptcy
issues ever reach an Article III court, let alone a court of appeals or
the Supreme Court. Thus, bankruptcy law, like complex regulatory

373. Daniel A. Farber, The Case Against Brilliance, 70 MINN. L. REV. 917 (1986).

374. See Daniel A. Farber, Statutory Interpretation and the Idea of Progress, 94 MICH. L.
REV. 1546 (1996) (book review of WILLIAM N. ESKRIDGE, JR., DYNAMIC STATUTORY
INTERPRETATION (1994)).
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statutes, is likely to be quite resistant to efforts by a generalist ap-
pellate judge to transform the current cognitive map.

IV. CONCLUSION

This Article began by noting that judges tinker with the legal
system all the time. In evaluating their tinkering, scholars and oth-
ers have written extensively about the precise methodology judges
employ in such tinkering. Should judges render a decision based
merely on the words of the text before them or should they go one step
further and attempt to discern the purpose of the legislation at issue?
Is it legitimate for judges to consult current social values? On one side
of the debate are formalists, who eschew legislative history and cur-
rent social values while being suspicious of the concept of statutory
purpose. On the other side are antiformalists, who would prefer to
downplay textual arguments in favor of these other sources of guid-
ance.

This significant debate has been seriously limited in some
respects. First, the debaters have focused on the differences between
formalism and antiformalism (or “practical reasoning”), iguoring
considerable areas of overlap. Second, much of the discussion has
involved styhzed examples, often in the context of fairly simple stat-
utes, rather than the complexities presented by actual judicial deci-
sions under complicated modern statutory schemes. Third, neither
side lias a very clear model of tlie process that judges actually use to
make decisions. This Article sought to move beyond the current de-
bate about formalism by focusing on these issues and by providing
insights into rules or useable models of judicial decisionmaking.
Normally, formalists and antiformalists alike resort to “hand waving”
wlhien seeking to describe thie judge’s cognitive process. This Article
has attempted to provide some substance to our description of this
process by referring to work by cognitive psychologists on expert
judgments, and to an emerging field known as fuzzy logic.

More specifically, Part I of this Article examined two cele-
brated recent bankruptcy decisions that utilize different varieties of
formalism. After examining these cases, Part IT showed how cognitive
psychology and fuzzy logic illuminate the reasoning processes used by
formalist and antiformalist judges alike. To apply even formalist
rules, judges need to recognize the aspects of a case that trigger rele-
vant rules. This type of diagnostic process has been the subject of
cognitive psychologists’ research on expert reasoning. Once the judge
has identified thie appropriate rules, she may find that they point in



1999] FUZZY LOGIC 1323

conflicting directions. Fuzzy logic provided us with a model of how to
analyze such conflicts. This Article used that model in the context of
Deprizio, where we demonstrated that even formalist judges are
compelled to make and rely on non-formalist judgments or determina-
tions.

Part III considered how these models of judicial decisionmak-
ing might inform efforts to improve statutory interpretation of com-
plex statutes like the Bankruptcy Code. Specifically, expert deci-
sionmaking builds on pattern recognition skills and fuzzy maps, both
of which are the result of intensive repeated experience. Conse-
quently, bankruptcy judges are probably in a better position than
generalist appellate judges to maneuver among the complexities of
the Code and to accommodate the values and interests at stake. Also,
because of the complexity of these statutory schemes, and of the cor-
responding fuzzy cognitive maps, judges would do well to acknowledge
that competing considerations are involved in almost every interest-
ing case. The imphcit understandings of bankruptcy “insiders,” both
in the legislative process and in bankruptcy practice and adjudication,
are strongly entrenched and difficult to displace. In short, generalist
judges should approach bankruptcy issues with a strong degree of
deference to the “local culture” of the field.

Of course, the full subtleties of judicial reasoing will un-
doubtedly always remain beyond the grasp of psychologists, artificial
intelligence or fuzzy logic researchers, or experts. But the results in
Part IT suggest that fuzzy cognitive maps and neural nets may well
illuminate key aspects of judicial reasoning. Indeed, even self-
described formalist judges, hke Judge Easterbrook, must rely on
something other than mere formahst principles in practice. In time,
perhaps psychologists and legal scholars actually will be able to build
fuzzy models of judicial decisionmaking that judges could conceivably
employ to predict the likely societal impact of their decisions.

In the meantime, however, cognitive psychology’s theory of
fuzzy logic shall at least provide an illuminating approach to under-
standing legal decision-making. In describing how judges make deci-
sions and how those decisions affect society, we are not doomed to a
choice between mechanistic rules or raw intuition. We should there-
fore resist the false dichotomy between formalism and practical rea-
soning in statutory interpretation.
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The operation of fuzzy sets is nicely illustrated in the baseball
context. Suppose, for example, we are attempting to determine the
batting average of a hitter described by baseball pundits as “good.”
We might sketch a graph, where the x axis represents the range of
batting averages, and the y axis represents whether a particular
hitter is good. Tllustration 1 graphs in this manner the traditional,
bivalent view of a good hitter.

Hlustration 1

Player Good Hitter

.050 .100 .150 200 .250 .300 .350 .400 .450
BATTING AVERAGE

Illustration 2 illustrates the fuzzy view of this same classifica-
tion problem.

Hlustration 2

Player , / Good Hitter

050 .100 .150 200 .250 .300 .350 .400 .450
BATTING AVERAGE

In Nlustration 2, the concept “good” is denoted by a curve of “fit val-
ues"—a number between the “bit values” of zero and one—that, for
each average, provides the degree of membership in the set of good
hitters. Good hitting is a smooth function of average. Every hitter is
a good or not-good hitter to some degree. As such, the graph of “not
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good” looks like the mirror image of the “good” curve, as seen in Illus-
tration 3.

INlustration 3

Player Good Hitter

i N I I N N N B

.050 .100 .150 .200 .250 .300 .350 .400 .450
BATTING AVERAGE

If Mlustrations 2 and 3 are placed on top of each other, they
intersect at the point where “good” equals “not good,” where fuzziness
is most explicit.??

The power of fuzzy sets is evidenced by a comparison with
bivalent sets. Bivalent sets are drawn with hard, sharp lines between
being a good and a not-good hitter. In bivalent terms, some hitters
are good and others are not good, and no one hitter is (at the same
time) both. In Illustration 1, we segregate good and not good hitters
at a single point—hitters with an average of .300 or higher were con-
sidered good, and those with an average below .300 were considered
not good. Yet this view does not comport well with reality. Whether a
hitter is good, “like most properties of the world, is a matter of de-
gree.”? Unlike straight lines, curves and fuzzy sets show this smooth
change from good to not good. Fuzzy sets tie words to curves, recog-
nizing that all hitters are good or not good to some degree. The .280
hitter is good and not good, and probably more good than not.

Multivalent logic turns out to be conducive to operating a
complex system. The principles of fuzzy logic are currently being used
to run a subway in Sendai, Japan,®”” operate washing machines and
camcorders,®® and adjust automatic transmissions in GM Saturn

375. For a similar model, see Kosko, supra note 303, at 146-55.

376. Id. at 147.

377. Fuzzy logic is used to run the subway system in Sendai, Japan. Each train stops
within 7 cm of the correct spot on the platform and uses 10% less energy than if run by human
operators. See The Logic That Dares Not Speak Its Name, supra note 4, at 90.

378. Washing machines built in Japan and Korea are using fuzzy logic to automatically
adjust washing strategies based on how dirty the clothes and how difficult it is to remove stains.
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automobiles®™ but how does this happen? Building a fuzzy system
requires three steps: (1) choosing the inputs (X) and the outputs (Y)
for the system; (2) choosing the fuzzy sets that comprise X and Y; and
(8) picking the fuzzy rules that correspond to the fuzzy subsets.38

An explanation of a fuzzy system may be useful at this point.38!
Suppose one wishes to create a car that can sense vehicles or obsta-
cles and automatically brake to avoid an accident. The first step in
creating the fuzzy system requires the system engineer to identify the
fuzzy inputs and outputs. In this case, distance to obstacle would be
the appropriate input (X), while degree of braking would be an appro-
priate output (Y). Thus, by inputting a particular value representing
distance to obstacle, we should get a corresponding change in degree of

braking. If X, then Y.
Next, we need to select the fuzzy sets that comprise distance to

obstacle (X) and degree of braking (Y). We could use FAR, DISTANT,
MEDIUM, NEAR and VERY CLOSE as fuzzy sets of X. The sets
comprising distance to obstacle are then graphically represented in
Ilustration 4.

INustration 4

?:’f;’e / < veien X s \ /
. / v

/ ‘ I |
0 10 20 25 30 40 50 70 75 80 100
Meters to Obstacle

We can then use NO BRAKES, SOFTLY, MEDIUM BRAKE,
FIRMLY and HARD as corresponding fuzzy sets for Y. We graphi-

—

(=)

See Kosko & Isaka, supra note 5, at 79. This can be achieved by using an optical sensor which
measures the murkiness of the wash water. This information is then processed by the control-
ler which estimates how long it will take to clean the clothes. A washing machine might use as
few as 10 rules to accomplish this task. Fuzzy logic is also being used to remedy the effects of
hand jitters in camcorders. The fuzzy rules anticipate jitters and automatically compensate for
them. See id.

379. See Long, supra note 6, at 104.

380. See Kosko, supra note 303, at 161-163.

381. An excellent example of this methodology may be found in Kosko, supra note 303, at
161-166.
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cally represent the sets comprising degree of braking just as we did for
distance to obstacle in Tllustration 5. In our example, we might repre-

sent degrees of braking by the values 0 to 100.

IMlustration 5

0 I
0 10 20 30 40 50 60 70 80 90 100
Degree of Braking

The third step consists of choosing the appropriate fuzzy rules.
These rules establish the relationships between the inputs (distance
to obstacle) and the outputs (degree of braking). Thus, if we desire the
vehicle to brake hard whenever an obstacle is extremely close, we
would create the rule, “If the distance to the obstacle is very close,
then brake hard.” The following rules would be appropriate for this
model:

TMlustration 6: Fuzzy Rules

Rule One: If the distance to the obstacle is far, then do not brake.

Rule Two: If the distance to the obstacle is distant, then brake
softly.

Rule Three: If the distance to the obstacle is medium, then brake
medium.

Rule Four: If the distance to the obstacle is near, then brake firmly.

Rule Five: If the distance to the obstacle is very close, then brake
hard.

As seen above in Illustrations 4 and 5, inputs and outputs may
be graphically represented, but what about the fuzzy rules which
represent the interaction between inputs and outputs? In other
words, what does the fuzzy rule “If the distance to the obstacle is far,
brake softly” look like? Quite simply, the product of FAR and
SOFTLY, or one input triangle multiplied by an output triangle, looks
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like a patch.® Indeed, the products of FAR x DO NOT BRAKE,
DISTANT x SOFTLY, MEDIUM DISTANCE x MEDIUM BRAKE,
NEAR x FIRMLY and VERY CLOSE x HARD will result in five over-
lapping patches, as shown in Illustration 7.

INlustration 7: Fuzzy Patches Representing Fuzzy Rules

Meters to

Obstacle V

10

20 "

X

50 {5,

V4
VAN

CEANY <
80
g
pd

90

00

10 20 30 40 50 60 70 80 90 100
Degree of Braking

The size of the patch depends necessarily upon the fuzziness of
the rule—the more precise the rule, the smaller the patch. General
rules create large patches. More specific rules produce smaller
patches. In the car braking example, only five rules were used. In-
deed, an infinite number of rules could be used and as each rule grew

P

382. See Kosko, supra note 303, at 163-164.
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more precise, so too would the corresponding patch. Fuzzy rules
become less fuzzy as they become more precise. However, the value of
a fuzzy system lies in its inherent ability to utilize fuzzy rules. Oth-
erwise stated, there is no reason to make the rules overly precise—
fuzzy systems are designed to use fuzzy rules such as the five above
without more. Indeed, it has been argned that creating overly precise
rules is counterproductive.?®® The number of rules should be limited
and increased only when small changes in input have large and
wholesale effects on the output.?® The question, then, is how does the
system run when the rules are inherently vagne?

Fuzzy systems utilize associative memory, which means that
all of the fuzzy rules are activated at once, or in parallel.?®® Thus,
when an input (distance to obstacle) is introduced into our fuzzy sys-
tem, all five rules will fire to some degree. “The closer the input
matches the if-part of a fuzzy rule, the more the then-part fires.”3%¢
Conversely, the less the input matches the if-part of the fuzzy rule,
the less the then-part is triggered. Suppose the input is 50 meters.
All five rules trigger to some degree. Once the membership of each
output set is calculated (the then-part fuzzy sets), the result is aver-
aged into a single output value. This process is called “defuzzifica-
tion” or “centroid averaging.”®? Illustration 8 details this process. By
this manner, the fuzzy system produces a single value which can then
be used by the device, or in our case, the vehicle’s braking system.
Fuzzy chips enable this process to occur milhons of times per second
through fuzzy logical inferences per second (FLIPS).%® “Each map
from input to output defines one FLIPS.”%® This precision aids the
system in avoiding “hinting”—the tendency to overshoot or under-
shoot based on the lag time between inputs and their resulting out-
puts.® Thus, as the vehicle’s distance to the obstacle changes by the
second, the braking system can automatically compensate, without
any assistance from the driver, based solely on the five rules govern-

383. See The Logic That Dares Not Speak Its Name, supra note 4, at 91.

384, Seeid.

385. See Kosko, supra note 303, at 171.

386. Id. at 293.

387. Id.at 172.

388. Seeid.

389. Id. at 293. The first fuzzy chip was designed by in 1985 and processed 16 rules at a
rate of .08 million rules per second. Current technology allows systems to process up to two
million rules per second. See Kosko & Isaka, supra note 303, at 78.

390. The Logic That Dares Not Speak Its Name, supra note 4, at 90.
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ing it. Bart Kosko calls this entire process fuzzy associative memory

(FAM).391

Illustration 8: FUZZY ASSOCIATIVE MEMORY AT WORK.32
Rules One through Five

Step 1 If Ay, then By - B’; (DO NOT BRAKE to some
degree.)
If Ag, then Bg - B9 (BRAKE SOFTLY to some
degree.)
Input Xj—>A—If Ag, then Bg— B’ (BRAKE LESS THAN
SOFTLY to some degree.)
If Ay, then By - B4 (BRAKE FIRMLY to some
degree.)
If A, then By - B’s (BRAKE HARD to some
degree.)

Step 2 B'1+ B9+ B'g+ B'4y+B'5s= B

Step 3 B> DEFUZZIFICATION— QOutput “Y{”

391. See Kosko, supra note 303, at 175.
392. A similar representation can be found in Kosko, supra note 303, at 175.
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APPENDIX II
CONNECTION MATRICES FOR DEPRIZIO

The individual matrices appear below:

1331

0

S = O O O

Trustee’s FCM Easterbrook’s FCM
To: T1 T2 T3 T4 T5'T6 T7 T8 To: E1 E2 E3 E4 E5 E6
rlo 0001000 00110
7310 0000100 B2 100001
From:T400000010From:E3OOOOO
7510 0 0 0 0 0 0 1 E4 |0 0 000
6|0 0 0 0 0 0 O 1 E5 0 0 0 0O
7710 0 0 0 0 0 0 1 B |0 0 0 0O
780 0 0 0 0 0 0 O
Creditor’'s FCM
To: C1 C2 C3 C4 C5 C6
Clj]o 11 0 00
2|0 001 00
- aGlo 0 0010
R 410 000 0 1
P 0 000 O0°1
6 0 000 0O

As an augmented FCM, the matrices must be linked togetlier.

To

accomplish this task, Easterbrook’s nodes E3, E4, and E6, are linked
to the Trustee’s nodes T6, T7, and T8, respectively, and nodes E4 and
E6 are linked to the Creditor’s nodes C5 and C6 respectively. Since
Easterbrook’s textualism and economic theory support the Trustee’s
arguments, the edge weights are positive: E3> 76, {+1}; E4>T7, {+1};
and E6>7T8, (+1}. On the other hand, Easterbrook’s textualism and
economic theory work against the Creditor’s arguments and thus the
edge weights are negative: E3->C5, {-1} and E6->C6, {-1}. These edge
weight effects are seen in the full augmented matrix below:
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Trustee Easterbrook Creditor

01 110000000 O0UO0O0:0 000 0

0 00 01 0O0O0:00 00000 O0UO OO O
r/0 0 0 001 00:00 0 00 00UO0TO0GO0 O
|0 0 00 00 10:00 000 0:0000 0
/0000000 12:000000:0 0000
e[0 O 0 00O OO 1000 00 00O0UO0O0 O
1o 0 0 0 000 1.0 0 0 0O 0:0 0 0 0 O
£[.0.0.0 0.0 0 0 0:0 0 0 00 0:0 00 0 0
al0 0O OOO OO 0:00 110 0O0O0O0O0 O
:/o0 0 0o 000000 001 0i0 000 0
o o000 10000 000 0i0 0000
1o o 0o 0 0 0 1 00 0 00 0 0:0 0 0 0 ~1
/0 0 0 OO OO 0:0 0 O 0 O 1:0 0 0 0 O
£/0.0 0.0 0.0 0 1:0 0.0 00 000000
070 650 6766 6 06 0 60 16 o
{0000 00 0O0i000O0O0O0-00O0OT1 0
d/l0 0 00 0O O 0:00 0 0O 0:0 00 0 1
/o 0o 0o o 000000000 O0:00 00O
210 0 0 0 000 00 0O OOOOTOTO OO O
0 000 0O O O O0:0 0 0 OO O0:00 0O O

Considering the dynamics of this FCM, if the trustee FCM and credi-
tor FCM were allowed to go forth unimpeded, they would both fire
and the case would not be resolved. Easterbrook’s theories render a
linear progression through the individual FCMs. The Creditor’s FCM
is shut down in the third and fourth layers. Again, an advanced FCM
with edge weights different than {-1, +1} may yield vastly different
results. Here, however, we are only concerned with an introduction to
the fuzzy cognitive map as a tool for judicial decision analysis and the
present {-1, +1} weights suffice.

To create a virtual world FCM of the Deprizio judicial decision-
making process, the connection matrix is multiphed by an input vec-
tor.3® The input vector represents “active” nodes, e.g., the trustee has
an argument. The active nodes trigger subsequent events by either
activating or deactivating connected nodes. The output vector con-
tains this information. Thus, behaviors can be determined by exam-
ining the output vector. However, to form the next input vector, the
output vector needs to be modified. After a brief explanation of the

393. See Dickerson & Kosko, supra note 811, at 12, 13.

CoOoO 00O O0OO0COOQODOOOO

|
]

O~ m OO O
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modification procedure, an example will be given that demonstrates
the iterative FCM process.

The input vector needs to be modified where the edge weights
add to greater than {+1}, consider nodes T8 (possibility of {+3}) and C6
(possibility of {+2}), or less than {0}. When these situations occur a
binary threshold function adjusts the values to {+1} or {0}. With y as
the sum of the edge weights, a sigmoid function,

Sy)=_1___
1+4e<-T)

with a large positive value of ¢, approximates a binary threshold or
“step” function.®®* Consider the sigmoid function equation when the
threshold value, T, is equal to 0.5 and ¢ = 100. When y, the sum of the
edge weights is greater than {+1}, take {+3} as an example, then

S(8)=S(y)= 1 = S(y)= 1 = 1 since e250 = (.
1+e-100(3-0.5) 14250

On the other hand, when y is {-1} or less, take {-3} as an example, then

S@=Sx)=__1___=8H=_1 = 0 since e*350 —» «
1+e-100(-3-0.5) 14-¢+350

For the simple FCMs described above, the binary threshold function
ensures that each node either does nothing {0} or fires with a value of
{+1}. Of course, a more complex threshold function may be modified
as desired.

394. Id.



1334 VANDERBILT LAW REVIEW [Vol. 52:1243
APPENDIX III

In connection matrix form, the nested FCM shown in Illustration 9 is
as follows:

To Nodes:

N1 N2 N3 N4 N5 N6

F N1]0 0 -1 10 0
r

o N21/0 0 1 1 0 0
m

N3il1 -1 0 0 0 0
N

o N4|1 10 0 0 0
d

e N5|O 0 1 0 0 0
S

N6 |0 0 1 0 0 0

With weights of {-1, +1}, the simple FCM for the “Insiders and the
Firm” and the “Creditors” settles to different outcomes depending on
what actions are triggered. For example, if “Insider Risk is Low” and
“Creditor Risk is High” then the following steps occur:

Step I Insiders Waive Claim to Firm’s Assets & The Firm
Issues Guarantees
Step 1T Insider Risk is High & Insider Risk is NOT Low

Step 111 Insiders DO NOT Waive Claim & The Firm DOES
NOT Issue Guarantees

The same process can be represented using the above matrix, E, and
an input vector Iy. To start consider the input vector for “Insider Risk
is Low” and “Creditor Risk is High,”

N1 N2 N3 N4 N5 N6
L=]0 1 0 0 1 o0f.

To find the output vector, By, multiply Iy and E. To multiply a row
vector and a matrix, the elements of the row vector are multiphied by
the column elements of the matrix. For example, the first element of
the six element output vector is computed as follows:

By(1) =[0*0 + 1*0 + 0*1 + 0*1 + 1*0 + 0*0] = 0
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Continuing this process for elements two through six yields,

N1 N2 N3 N4 N5 N6
Bo=]0 02 10 o0f.

Going back to the definitions of N3 and N4, we see that at Step I,
Insiders Waive Claim to Firm’s Assets {+2} and The Firm Issues
Guarantees {+1}. The next step applies the binary threshold function
to By, which results in the new input vector I;, where

N1 N2 N3 N4 N5 N6
L=]0 0 1 1 0 o].

The new input vector states that N3 and N4 are activated, a result
already known from examination of the output vector By. Repeating
this procedure using the new input vector I;, yields output vector B,
where

N1 N2 N3 N4 N5 N6
Bi=|2 -2 0 0 0 0.

Translating back to the node definitions, the output vector from Step
II states that the degree of insider risk is switched to High {+2} and
no longer Low {-2}. In essence, this action is a result of nodes N3 and
N4. To move onto the next step, we again apply the binary threshold
function to arrive at the next input vector I,, where

N1 N2 N3 N4 N5 N6
L=]1 0 0 0 0 0].

As the input vector shows, only N1 is triggered and this will turn off
nodes N3 and N4, yielding output vector By where

N1 N2 N3 N4 N5 N6
By=]0 0 -1 -1 0 0],

Applying the threshold function yields the next input vector, I3, where

N1 N2 N3 N4 N5 N6
=10 0 0 0 0 0.
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The FCM has now reached a steady state since I3 has no non-zero
elements. One possible interpretation of this result is that the firms
no longer participate in the credit system since their degree of risk is
high. However, over time one may expect the degree of risk to dimin-
ish as other market forces come into play. This presents a situation
that may be better handled by time-variant FCMs.39

Real World
Too R1 R2 R3 R4 R5 R6 R7 R8 R9
R1 0 -1 -1 1 0 0 0 0 -1
R2 -1 0 1 -10 0 0 0 1
R3 0 0 0 0 -1 0 0 0 0
R4 0 0 0 0 1 0 0 0 0
From: R5 0 0 0 0 0 101 -10
R6 0 0 0 0 0 0 1 -1 0
R7 0 0 0 0 -1 -1 0 0 0
R8 0 0 0 0 1 1 0 0 0
R9 0 0 0 0 0 0 -1 01 0

To complete the entire FCM, this connection matrix is joined with the
Deprizio judicial decision connection matrix. The resulting matrix
(not shown) is 29 rows by 29 columns.

395. See K.S. Park & S.H. Kim, Fuzzy Cognitive Maps Considering Time Relationships, 42
INT'L J. HUM.-COMPUTER STUD. 157, 157-68 (1995).
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1. First Example
First Input Vector:
Trustee’s Argument (T1)
Easterbrook’s Textualism (E1)
Easterbrook’s Economics (E2)
Creditor’s Argument (C1)

Second Input Vector:
Guarantor is an Officer (T2)
Guarantor has a Claim (T3)
Payment made to Creditor (T'4)
Claim makes a Creditor (E3)
Payment = Transfer, Benefit is not (E4)
Preserve Whole of Firm (E5)
Payment Benefits Creditor (C2)
Payment Benefits Guarantor (C3)

Third Input Vector:
Guarantor is an Insider (T5)
Guarantor is a Creditor (T6)
Avoidable Transfer Benefits Guarantor (T'7)
Creditor Hold Back (E6)
Creditor Transfer is not Avoidable (C4)

Fourth Input Vector:
Trustee can Recover from Creditor or Guarantor (T8)

Fifth Input Vector:
Deprizio (R1)

Sixth Input Vector: Step I of the Limit Cycle
Creditor Risk is High (R4)

Seventh Input Vector: Step II of the Limit Cycle
Creditor Risk is High (R4)
Insiders Waive Claim to Assets (R5)
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Eighth Input Vector: Step IIT of the Limit Cycle
Creditor Risk is High (R4)
Insiders Waive Claim to Assets (R5)
Insider Risk is High (R7)

Ninth Input Vector: Step IV of the Limit Cycle
Creditor Risk is High (R4)
Insider Risk is High (R7)

Tenth Input Vector: Return to Step I of the Limit Cycle
Creditor Risk is High (R4)

II. Second Example
First Input Vector:
Creditors’ Argument (C1)

Second Input Vector:
Payment Benefits Creditor (C2)
Payment Benefits Guarantor (C3)

Third Input Vector:
Creditor Transfer is not Avoidable (C4)
Guarantor Transfer is Avoidable (C5)

Fourth Input Vector:
Trustee Recovers from Guarantor Only (C6)

Fifth Input Vector:
Barking Dog (R2)

Sixth Input Vector: Step I of the Limit Cycle
Creditor Risk is Low (R3)

Preferential Transfers to Insider Backed Creditors (R9)

Seventh Input Vector: Step II of the Limit Cycle
Creditor Risk is Low (R3)

Insider Risk is Low (R8)
Preferential Transfers to Insider Backed Creditors (R9)
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Eighth Input Vector: Step III of the Limit Cycle
Creditor Risk is Low (R3)

Firm Issues Guarantees (R6)
Insider Risk is Low (R8)
Preferential Transfers to Insider Backed Creditors (R9)

Ninth Input Vector: Step IV of the Limit Cycle
Creditor Risk is Low (R3)

Firm Issues Guarantees (R6)
Preferential Transfers to Insider Backed Creditors (R9)

Tenth Input Vector: Return to Step I of the Limit Cycle
Creditor Risk is Low (R3)

Preferential Transfers to Insider Backed Creditors (R9)

Third Example
First Input Vector:
Deprizio (R1)
Creditor Risk is Low (R3)
Firm Issues Guarantees (R6)
Insider Risk is Low (R8)
Preferential Transfers to Insider Backed Creditors (R9)

Second Input Vector:
Creditor Risk is High (R4)
Firm Issues Guarantees (R6)

Third Input Vector: Step IIT of the Limit Cycle
Creditor Risk is High (R4)
Insiders Waive Claim to Assets (R5)
Insider Risk is High (R7)

Fourth Input Vector: Step IV of the Limit Cycle
Creditor Risk is High (R4)
Insider Risk is High (R7)

Fifth Input Vector: Step I of the Limit Cycle
Creditor Risk is High (R4)
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Sixth Input Vector: Step II of the Limit Cycle
Creditor Risk is High (R4)
Insiders Waive Claim to Assets (R5)

Seventh Input Vector: Return to Step IIT of the Limit Cycle
Creditor Risk is High (R4)
Insiders Waive Claim to Assets (R5)
Insider Risk is High (R7)



