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I.  INTRODUCTION 
After being wounded at the battle of Ball’s Bluff, Oliver 

Wendell Holmes, Jr., recorded the thought process in which he 
confronted his own mortality.  In this passage from his diary, 
he asks: “[w]ould the complex forces which made a still more 
complex unit in Me resolve themselves back into simpler forms 
or would my angel be still winging its way onward when 
eternities had passed?”1  Holmes implicitly raised a host of 
questions, including whether human consciousness is 
irreducibly complex or can be described by some simpler model.  
This desire to reduce complex systems in order to aid our 
understanding is a natural one that we often apply to difficult 
problems, even to self-contemplation, as Holmes did. 

When answering philosophical and legal questions about 
complex systems, assumptions about the ability of science to 
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 1. LOUIS MENAND, THE METAPHYSICAL CLUB: A STORY OF IDEAS IN 
AMERICA 34–38 (2001) (quoting OLIVER WENDELL HOLMES, JR., TOUCHED 
WITH FIRE: CIVIL WAR LETTERS AND DIARY OF OLIVER WENDELL HOLMES, JR., 
1861-64, 27-28 (Mark DeWolfe ed., 1946)) (emphasis in original).  Although 
Holmes did not resolve the question, he concluded that he did not require 
religious conviction to comfort him. Id. at 37–38. 



HOLZ B. Chaos Worth Having: Irreducible Complexity and Pragmatic Jurisprudence. MINN. 
J.L. SCI. & TECH. 2006;8(1):303-343.  

304 MINN. J.L. SCI. & TECH. [Vol. 8:1 

 

                                                          

 

handle complexity play an important role.  Though the law has 
been reluctant to probe questions of human consciousness;2 it 
regularly tackles problems involving systems of enormous 
complexity, environmental and economic regulation, for 
example.  When dealing with a complex system, a judge’s 
assumptions about whether a reliable empirical explanation 
can describe that system via a simpler model will naturally 
influence his or her decision making. 

In Holmes’ day, scientific inquiry could only offer 
tantalizing glimpses into the study of complex systems.3  
Scientists typically assumed that the universe was 
deterministic and that they could therefore predict the future of 
any system given sufficiently accurate knowledge of the 
relevant physical laws and the initial physical state of the 
system.4  Though most scientists believed that the universe 
could be completely described by deterministic laws, some felt 
that the complexity of certain systems, such as weather, would 
forever place them beyond human understanding.5  If taken as 
assumptions for judicial decision making, these two viewpoints 
might encourage a judge faced with a complex problem to 
employ particular types of decision making: especially 
positivism or nominalism, respectively.6 

 

 2. Consider, for example, Justice Blackmun's statement from Roe v. 
Wade that “the judiciary, at this point in the development of man's knowledge, 
is not in a position to speculate” as to when life begins. Roe v. Wade, 410 U.S. 
113, 159 (1973).  The nature of human consciousness is perhaps not dispositive 
of when life begins, but it is certainly closely intertwined with this debate.  
Though the court later modified the Roe holding, it has not attempted to 
answer this question in subsequent cases.  See Planned Parenthood v. Casey, 
505 U.S. 833, 869–79 (1992) (rejecting Roe's specific trimester framework in 
favor of a more general standard based on fetal viability without engaging the 
question of when life begins); see also RONALD DWORKIN, LIFE'S DOMINION 19-
24 (1993) (distinguishing “legal” and “moral” notions of personhood in the 
realm of the abortion debate). 
 3. Some of the developments discussed here—such as Heisenberg's 
uncertainty principle and Gödel's theorem—admittedly came near the end of 
Holmes' life, but they were only beginning to show their influence.  See infra 
Part III.A (describing these two principles). 
 4. See infra Part II.B (discussing the effect of scientific determinism on 
positivism). 
 5. See infra Part II.C (discussing the philosophy of scientist Chauncey 
Wright and its potential to lead to nominalist thinking). 
 6. Here, I use “judicial positivism,” “judicial pragmatism,” and “judicial 
nominalism” according to a framework for jurisprudential analysis developed 
by Professor Roy Brooks.  See ROY L. BROOKS, STRUCTURES OF JUDICIAL 
DECISION MAKING FROM LEGAL FORMALISM TO CRITICAL THEORY 155–84 (2d 
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More recently scientific methods have demonstrated 
increased ability to explain complex systems and phenomena 
and quantify the limits of our ability to model and predict 
complex systems.7  As a result, we have a more sophisticated 
understanding of complexity that exists somewhere between 
absolute determinism and hopeless indeterminacy.  This is the 
domain of Complexity Theory and I argue that it favors a 
pragmatic approach to judicial decision making. 

Furthermore, I hope that those who already accept the 
value of pragmatism will benefit from considering Complexity 
Theory.  The temptation to either ignore or oversimplify 
complex systems can be very strong when confronted with 
particular fact patterns, even to one who accepts the general 
principles of judicial pragmatism.  A judge armed with an 
understanding of Complexity Theory will be better equipped to 
recognize this tendency and apply a more balanced, reasoned 
approach to analyzing complex cases and fact patterns. 

Part II discusses a classification of judicial temperaments 
developed by Professor Roy Brooks, which will frame the 
discussion of jurisprudential theories.  Part III provides an 
overview of selected concepts from Complexity Theory, 
including Gödel’s theorem, Chaos Theory, and Computational 
Complexity Theory.  Part IV describes specific legal contexts in 
which problems from Complexity Theory may arise.  Finally, 
Part V presents the argument for judicial pragmatism. 

II.  JURISPRUDENTIAL FRAMEWORK 
Though the study of jurisprudence is constantly evolving, it 

will be helpful for this analysis to rely on a fixed framework for 
discussing theories of judicial decision making.  I have chosen a 
tripartite classification of judicial temperaments developed by 
Professor Roy Brooks in his text on jurisprudence.8 

Professor Brooks presents several different methods of 
categorizing theories of judicial decision making.  The extent to 
which a theory serves extra-judicial politico-economic goals is 
one method.9  Any number of values can serve as the basis for 

 

ed. 2005).  I also use “positivism,” “pragmatism,” and “nominalism” as a 
shorthand for these judicial temperaments, rather than the philosophical 
schools of thought, unless otherwise indicated. 
 7. See infra Part III. 
 8. See BROOKS, supra note 6, at 155–84.  For other surveys of the subject 
see, e.g., BRIAN BIX, JURISPRUDENCE: THEORY AND CONTEXT (3d ed. 2003). 
 9. See BROOKS, supra note 6, at xliv-xlix. 
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this type of classification—welfare liberalism, classical 
liberalism, or classical conservatism, to name just a few.10  A 
second approach views jurisprudential theories in terms of the 
methods employed by the decision maker to move from a set of 
factual and legal inputs to a decision.11  In particular, Brooks 
uses the broad categories of “logical” and “policy” methods 
based on the degree to which the judge exhibits textual 
fidelity.12  A third approach examines judicial processes 
according to the extent to which they take into account the 
cultural norms and conditions of historically disadvantaged 
groups such as people of color, women, and homosexuals.13  
Finally, Brooks divides approaches to judicial decision making 
into three categories based on their philosophical 
underpinnings: positivism, pragmatism, and nominalism.14  
The influence of scientific concepts on judicial theories is 
easiest to discern when looking from the perspective of the 
three philosophical foundations just mentioned.15 

A.  POSITIVISM 
Judicial positivism, as described by Brooks’ framework is 

characterized by a desire for consistency with past rules, be 
they constitutional, legislative, judicial, or regulatory.16  
Positivism treats these rules as exhaustive and a judge should 
not enforce rights or impose duties that do not arise from the 
direct logical application of the positive law.17  Positivist judges 
see themselves as “duty-bound to secure consistency in 

 

 10. See id. 
 11. See id. at 3–4. 
 12. See id. at 4. 
 13. See id. at 185.  This is actually the focus of much of Brooks' book.  See 
generally id. at 185-305 (discussing critical process—i.e., the adaptation of 
critical theory into a process of judicial decision making).  I do not mean to 
disparage this method by making only passing reference to it, but it is not the 
most helpful framework for looking at the influence of scientific principles on 
judicial decision making for two reasons.  First, critical process has yet to be 
widely adopted.  Second, the degree to which critical theory and critical 
process are connected to scientific principles is limited.  See also ROY L. 
BROOKS, CRITICAL PROCEDURE (1998). 
 14. See BROOKS, supra note 6, at 169. 
 15. See id. at 159–63 (distinguishing pragmatism and nominalism based 
in part on their underlying scientific assumptions). 
 16. See id. at 169. 
 17. Id. at 169 (citing RONALD DWORKIN, TAKING RIGHTS SERIOUSLY 16 
(1977)). 
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principle with what other officials have done in the past.”18 
Judicial positivism finds its roots in the nineteenth century 

writings of Jeremy Bentham and John Austin.19  For Bentham 
and Austin, the law is whatever the sovereign authority 
commands.20  They developed their respective theories in an 
era of scientific determinism where scientists typically believed 
that systems proceeded according to fixed laws and that, given 
perfect knowledge of the universe, we could predict its future 
course with utmost certainty.21  Proponents of scientific 
determinism, such as the Marquis de Laplace, believed that 
deterministic laws govern all aspects of the universe, including 
human behavior.22  Though Laplace recognized that there is an 
inevitable degree of error in any measurement, he believed that 
statistics could mitigate the effects of uncertainty to acceptable 
limits.23  Subsequent developments in science and mathematics 
would later prove those assumptions of determinism false.24  In 
the meantime, however, positivists like Austin attempted to 
separate morality from the study of law by relying upon 
scientific methods to analyze legal principles.25 

Austin’s approach, although seminal, is not an essential 
element of positivism.  More recently, Professor H.L.A. Hart 
brought a normative dimension to positivism.26  He limits the 
positive law to only legitimate state-enacted rules, where 
legitimacy is derived from the recognition as such by those 
called upon to enforce the rules.27  Though less mechanical and 
formalistic than Austin’s approach, Hart’s approach aligns 
itself with theories of positivism by its insistence upon 

 

 18. RICHARD POSNER, THE PROBLEMATICS OF MORAL AND LEGAL THEORY 
241 (1999). 
 19. BROOKS, supra note 6, at 164. 
 20. Id. 
 21. STEVEN HAWKING, THE ILLUSTRATED A BRIEF HISTORY OF TIME 68 
(updated and expanded ed. 1996) (stating that “[determinism] remained the 
standard assumption of science until the early years of [the twentieth] 
century”). 
 22. Pierre-Simon Laplace (1749–1827) was one of the most influential 
figures in popularizing determinism.  See id. at 68; MENAND, supra note 1, at 
177-86. 
 23. See MENAND, supra note 1, at 180–84. 
 24. Heisenberg's uncertainty principle and quantum mechanics were 
central in this revolution.  See infra Part III.A. 
 25, John Veilleux, Note, The Scientific Model in Law, 75 GEO L.J. 1967, 
1974 (1987). 
 26. BROOKS, supra note 6, 164–65.  See generally H.L.A. HART, THE 
CONCEPT OF LAW (2d ed. 1994). 
 27. BROOKS, supra note 6, at 165. 
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consistency with a finite set of previously enacted rules.28 
Legal formalism and Justice Scalia’s brand of textualism 

are examples of positivist theories of decision making.29  Legal 
formalism was a response to nineteenth century welfare 
reforms that were themselves the result of  increased 
industrialization.30  Formalists employed syllogistic reasoning 
for the purpose of maintaining the status quo in the law.31  
Legal formalists injected “neutral” legal doctrines into their 
syllogisms—for example, liberty of contract, substantive due 
process, and vested property rights—that led to decisions which 
tended to favor the stronger party: namely, established 
business interests.32 

The propriety of such outcomes could in large part be 
explained in terms of Herbert Spencer’s concept of Social 
Darwinism.33  Spencer attempted, with deterministic optimism 
similar to Austin’s, to merge nineteenth century science with 
various fields, including philosophy and sociology.34  Notably, 
he argued that scientific principles encouraged government to 
avoid interfering with economic and social markets, thereby 
allowing the most economically fit to prosper from a free and 
open society.35 

Legal formalism’s influence has faded and now Justice 
Scalia’s textualism is representative of current trends in 
positivist methodology.36  His approach favors judicial 

 

 28. For more on Hart's approach and its relationship to Austin, see 
generally H.L.A. Hart, Positivism and the Separation of Law and Morals, in 
THE PHILOSOPHY OF LAW 1 (R.M. Dworkin ed., 1977); R.M. Dworkin, Is Law a 
System of Rules?, in THE PHILOSOPHY OF LAW, supra, at 38 (attacking Hart's 
positivism, though conceding that he made improvements over Austin). 
 29. BROOKS, supra note 6, at 170. 
 30. Id. at 40–41. 
 31. Id. at 44. 
 32. Id. at 47–51. 
 33. Id. at 44–45. 
 34. DAVID L. FAIGMAN, LABORATORY OF JUSTICE: THE SUPREME COURT'S 
200-YEAR STRUGGLE TO INTEGRATE SCIENCE AND THE LAW 76–77 (2004). 
 35. BROOKS, supra note 6, at 45.  Holmes put this Spencerian influence 
into sharp focus in his opinion in Lochner v. New York, a famous example of 
formalism in American jurisprudence.  See Lochner v. New York, 198 U.S. 45, 
75-76 (1905) (“The Fourteenth Amendment does not enact Mr. Herbert 
Spencer's Social Statics.”); see also FAIGMAN, supra note 34, at 87-89 
(discussing the influence of Spencerian thought in Lochner and in Coppage v. 
Kansas, 236 U.S. 1 (1915)). 
 36. Scalia's brand of formalism could perhaps be included in a broader 
discussion of contemporary formalism, but I use this narrower example to 
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minimalism37 and constitutional originalism.38  Professor Cass 
Sunstein describes Scalia’s approach as “Democratic 
Formalism” because it places a low value on law and policy 
made by unelected judges.39  Scalia’s textualism purports to 
avoid the value biases of Lochnerian formalism, though he has 
been criticized for abandoning his method to pursue particular 
ideologies when he so chooses.40  On a scientific level Scalia’s 
approach does not suffer from formalism’s association with the 
ideas of Hebert Spencer, but it may nevertheless be influenced 
in more subtle ways by fallacies from classical science.41 

Both legal formalism and Scalia’s textualism have been 
criticized for relying on scientific viewpoints that have since 
been proven invalid.42  Both Scalia and the formalists have 
been challenged for occasionally falling back on ideological 
principles outside the bounds of their formalistic ideals.43  
Complexity Theory suggests that reliance on ideology may 
inevitably occur when using a positivist system of 
jurisprudence.44 

 

remain consistent with Professor Brooks' framework.  See BROOKS, supra note 
6, at 62 n.5 (discussing Scalia's prominent role among contemporary 
formalists).  See generally ANTONIN SCALIA, A MATTER OF INTERPRETATION: 
FEDERAL COURTS AND THE LAW (Amy Gutmann ed., 1997). 
 37. Scalia advocates restraint on judicial law making, often arguing that 
judicial decision making is inferior to more democratic methods.  See BROOKS, 
supra note 6, at 45. 
 38. Scalia’s method of interpretation focuses on the meaning of the 
Constitution in its original historical context.  See BROOKS, supra note 6, at 
71–74. 
 39. Cass R. Sunstein, Justice Scalia's Democratic Formalism, 107 YALE 
L.J. 529, 530-31 (1997-98) (book review.  See SCALIA, supra note 36). 
 40. See, e.g., BROOKS, supra note 6, at 79-80 (examining Scalia's approach 
in upholding a Montana law and thereby disallowing introduction of evidence 
of intoxication to determine existence of criminal mens rea in Montana v. 
Egelhoff, 518 U.S. 37 (1996)). 
 41. See generally Daniel S. Goldberg, Comment, And the Walls Came 
Tumbling Down: How Classical Scientific Fallacies Undermine the Validity of 
Textualism and Originalism, 39 HOUS. L. REV. 463 (2002).  For example, 
Goldberg argues that the Heisenberg uncertainty principle breaks down the 
subject-object distinction and illustrates the difficulty in separating reader 
from text when applying originalism.  See id. at 479-81 (discussing Laurence 
H. Tribe, The Curvature of Constitutional Space: What Lawyers Can Learn 
from Modern Physics, 103 HARV. L. REV. 1 (1989)).  This argument is certainly 
compelling on the level of metaphor, but it should not be considered the result 
of rigorous scientific inquiry. 
 42. See infra Part III.A (problems with determinism and classical 
mechanics); supra note 41. 
 43. See, e.g., supra notes 33, 40 and accompanying text. 
 44. See infra Part V.A. 
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B.  NOMINALISM 
In complete contrast to positivism, judicial nominalism 

abandons consistency altogether and seeks only to produce the 
best result in the case at bar.45  Existing rules may provide 
useful ideas but they need not be followed.  A judge’s sense of 
justice in the individual case takes precedence over existing 
rules or social norms.46 

A potential justification for judicial nominalism is evident 
in the writings of the scientist Chauncey Wright and his 
influence on Holmes, though neither man explicitly identified 
himself as a nominalist.47  Wright was actually a self-
proclaimed positivist, to the extent that he believed scientific 
inquiry should remain completely separate from metaphysical 
issues like morality.48  He was a determinist, but unlike 
Laplace he felt that the uncertainties inherent in many 
systems were simply too great for manageable scientific 
inquiry.49  Wright compared the complexity of human societies 
to the unpredictable complexity of weather, arguing that both 
are far beyond humans’ ability to resolve their uncertainties 
even if they are deterministic.50 

 

 45. BROOKS, supra note 6, at 174-75.  Judicial nominalism, as I have 
adopted the term from Brooks, is distinct from the more general philosophical 
notion of nominalism, defined as “the doctrine that reality is just one thing 
after another, and that general truths about those things are simply 
conventions of language, simply names.” Id. at 160 (quoting MENAND, supra 
note 1, at 228).  Judicial nominalism is not so broad; it merely abandons 
consistency between cases. A judicial nominalist could make a decision based 
on principles that are inconsistent with this broader concept of nominalism.  
Brooks' use of judicial “nominalism” incorporates one of the more commonly 
cited uses of this term in Arthur Allen Leff's criticism of Richard Posner.  See 
Arthur Allen Leff, Economic Analysis of Law: Some Realism About 
Nominalism, 60 VA. L. REV. 451, 458-59 (1974) (characterizing Posner's efforts 
as “American Legal Nominalism” due to alleged “substitution of definitions for 
both normative and empirical propositions”). 
 46. BROOKS, supra note 6, at 175 (“[Nominalists] are rule-skeptic and fact-
skeptic.  Nominalists . . . ‘urge that we solve [legal] problems by ignoring 
them.’”) (quoting RONALD DWORKIN, LAW’S EMPIRE 161 (1986)). 
 47. Brooks, supra note 6, at 161-63.  Brooks does not acknowledge 
Wright's self-proclaimed positivism and consistently describes him as a 
nominalist.  This is somewhat troubling, but since it is fair to say that judicial 
nominalism is an easy step from Wright's position, it does not pose a serious 
problem to Brooks' framework. 
 48. See MENAND, supra note 1, at 207. 
 49. Id. at 222. 
 50. Id. at 207–209.  Wright's choice of analogizing to weather systems 
dovetails conveniently with early developments in chaos theory that were 
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How then would Wright have us approach questions of 
morality, religion, and other metaphysical issues?  He believed 
that although most basic moral principles might be justified by 
common sense, people could not rely on any predetermined 
philosophical theory for making metaphysical decisions.51  
Unlike Austin and other positivists, who also wished to 
separate science from morality,52 Wright believed that 
scientific methods were inadequate to examine complex social 
and legal systems.  Thus, as Menand described, “[h]e had, with 
impressive scientific authority, driven himself into a moral 
dead end.”53  Having provided no method  for tackling 
metaphysical questions he opened the way to nominalism, and 
even nihilism.54 

Holmes was fond of Wright’s views and his friendship with 
the pragmatist William James deteriorated in part because he 
preferred Wright’s viewpoint.55  Holmes does not appear to 
have ever espoused judicial nominalism himself, though the 
realist movement that built upon his work has at times come as 
close as any theory of jurisprudence to doing so.56 

Equating legal realism with judicial nominalism, however, 
would be an overstatement.57  No prominent theory of 
jurisprudence has embraced nominalism outright, but legal 
realism may explain the potential for individual judges to 
resort to nominalism in the interests of seeking a “just” 
result.58 

Legal realism emerged in response to legal formalism.59  
 

brought on by weather modeling.  See infra Part III.D. 
 51. MENAND, supra note 1, at 212–14. 
 52. See supra notes 20–29 and accompanying text (discussing Austin’s 
positivist philosophy). 
 53. MENAND, supra note 1, at 214. 
 54. Given that this brand of positivism gives way so quickly to 
nominalism, perhaps it is best to imagine these categories of judicial 
temperaments as points on a circle rather than an axis with positivism and 
nominalism at opposite extremes. 
 55. MENAND, supra note 1, at 216-17, 335–37. 
 56. BROOKS, supra note 6, at 91, 162. 
 57. Morris Cohen, however, has accused legal realists of engaging in 
“nominalism.”  See BROOKS, supra note 6, at 97. 
 58. Consider, for example, Judge Skelly Wright’s observation that “I am 
less patient than other judges with law that won’t permit what I conceive to be 
fair.  Now there’s a legitimate criticism of that . . . [b]ut if you don’t take it to 
extremes, I think that it’s good to come out with a fair and just result and then 
look for law to support it.”  BROOKS, supra note 6, at 175 (quoting JACK BASS, 
UNLIKELY HEROES 116 (1981)). 
 59. BROOKS, supra note 6, at 94. 
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For legal realists, law is a tool for social change by unelected 
individuals who bring their own idiosyncrasies and preferences 
to the process.60  Legal realism includes a spectrum of reactions 
to this proposition, of which nominalism is one extreme.61  

Legal realism puts more emphasis on empirical analysis than 
formalism does,62 and when this emphasis is combined with 
Wright’s harsh assessment of empirical methods the potential 
for nominalism is apparent.  But legal realism is not purely 
empirical.  The legal realism of the early twentieth century was 
often associated with specific political ideologies, particularly 
welfare liberalism.63  Although legal realism may have 
exhibited some aspects of nominalism, it was also significantly 
influenced by pragmatism.64 

The majority opinion in Bush v. Gore is a recent example of 
a court using nominalist language in the face of a complex 
problem.65  There, the majority restricted its conclusion that 
the Florida recount process violated the Equal Protection 
Clause “to the present circumstances, for the problem of equal 
protection in election processes generally presents many 
complexities.”66  The Court could have done little more to 
disclaim the precedential value of its opinion.67  The Court 

 

 60. FAIGMAN, supra note 34, at 112. 
 61. Cass Sunstein has even described Scalia as a “realist” to the extent 
that he responds to these concerns, though he draws very different conclusions 
than the legal realists of Holmes' era.  See Sunstein, supra note 39, at 531 
n.13. 
 62. See FAIGMAN, supra note 34, at 111. 
 63. See BROOKS, supra note 6, at 96.  I do not mean to preclude empirical 
justifications for welfare liberalism but merely to indicate that some realists 
adopted this ideology without subjecting it to empirical scrutiny. 
 64. See id. at 94-95 (citing various theorists who have taken opposing 
positions on whether legal realism is commensurate with pragmatism).  Many 
early legal realists had personal contact with the founders of pragmatism—
James, Peirce, and Dewey—just as Holmes did.  See id. at 94.   More clearly 
pragmatic theories, like Pound's sociological jurisprudence, have evolved 
directly out of legal realism.  See id. at 114-115;  FAIGMAN, supra note 34, at 
113-15; see also infra Part II.D (philosophical foundations of judicial 
pragmatism). 
 65. 531 U.S. 98 (2000).  See BROOKS, supra note 6, at 177-78. 
 66. Bush, 531 U.S. at 109. 
 67. The Court’s limitation on its holding has impeded use of the case as 
precedent, though by no means precluded it.  See, e.g., Green Party v. Weiner, 
216 F. Supp. 2d 176, 192 (S.D.N.Y. 2002) (“Bush, if not entirely a one-day 
ticket, was decided on extraordinary facts, such that its holding ‘is limited to 
the present circumstances.’”).  But see Black v. McGuffage, 209 F. Supp. 2d 
889, 898 (N.D. Ill. 2002) (“Although the Court limited its decision to the then 
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seems to have stated that, like Wright’s weather systems, the 
election process is simply too complex to lend itself to a general 
a rule.  The Court reached this holding without addressing the 
extensive amount of precedent that required a demonstration of 
discriminatory intent to establish an Equal Protection Clause 
violation.68 

I make no attempt to resolve the debates surrounding 
Bush v. Gore,69 but I do agree with Brooks that the Court’s 
limited equal protection holding certainly looks like 
nominalism applied in the face of complexity whether or not the 
underlying motivation to do so was actually present.  
Dismissive treatment of general principles in the face of 
complexity is the primary weakness of nominalism when it is 
viewed from the perspective of Complexity Theory. 

C.  PRAGMATISM 
Pragmatism exists in the gap between positivism and 

nominalism.  Its adherents attempt to achieve the best result 
for the present and the future without being constrained by a 
need for consistency.70  Consistency remains relevant, but only 
as one of many possible considerations available when 
attempting to reach the ideal result.71  The range of choices 
available to evaluate what is “best” leads to an enormous 
spectrum of possible pragmatic approaches, so individual 
judicial pragmatists may evaluate problems quite differently in 
practice.72 

Judicial pragmatism is rooted in the philosophical 
pragmatism developed principally by Charles Peirce, William 
James, and John Dewey.73  Louis Menand describes 

 

present circumstances, the rationale behind the decision provides much 
guidance to the situation in this case.”) (citation omitted). 
 68. See BROOKS, supra note 6, at 177 n.33. 
 69. There is no shortage of commentary on this case and the Florida 
recount generally.  See, e.g., THE VOTE: BUSH, GORE AND THE SUPREME COURT 
(Cass R. Sunstein & Richard A. Epstein, eds., 2001); RICHARD A. POSNER, 
BREAKING THE DEADLOCK: THE 2000 ELECTION, THE CONSTITUTION, AND THE 
COURTS (2001). 
 70. See BROOKS, supra note 6, at 172 (drawing primarily on definitions of 
pragmatism from Dworkin and Posner). 
 71. See id. 
 72. This also leads to a common criticism of pragmatism as being too 
incomplete or lacking in real substance.  See infra note 221. 
 73. See BROOKS, supra note 6, at 157–58; see also RICHARD POSNER, 
OVERCOMING LAW 388–89 (1995) (tracing key individuals in the development 
of pragmatism and its influence in the law). 
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pragmatists as follows: 
They believed that ideas do not develop according to some inner logic 
of their own, but are entirely dependent, like germs, on human 
carriers and the environment.  And they believed that since ideas are 
provisional responses to particular and unreproducible circumstances, 
their survival depends not on their immutability but their 
adaptability.74 
The pragmatist “turns away . . . from bad a priori reasons, 

from fixed principles, closed systems, and pretended absolutes 
and origins.”75 

Pragmatism was not intended, however, to reject the 
pursuit of truth or even complex belief systems.76  Pragmatic 
truth evolves for a thinker as his or her beliefs are either 
reinforced or discouraged through interaction with their 
environment.77  In this regard, the pragmatists were strongly 
influenced by Darwin’s theory of species evolution, which also 
emerged in the late nineteenth century.78  Darwin indicated 
how sophisticated biological systems could evolve from 
interaction with their environment, and the pragmatists 
incorporated this concept into their efforts to explain human 
thoughts and beliefs.79  Unlike Spencer and Austin, however, 
the pragmatists never went so far as to suggest that empirical 
methods could be unified with philosophical inquiry in a 
rigorously logical or mathematical sense. 

Pragmatism found its way into legal theory through 
Holmes, who befriended Charles Pierce and William James 
while living in Cambridge in the 1860s.80  Holmes’ friendship 

 

 74. MENAND, supra note 1, at xi-xii.  Here, Menand refers to these three 
pragmatists and Holmes collectively. 
 75. BROOKS, supra note 6, at 158–59 (quoting WILLIAMS JAMES, 
PRAGMATISM AND OTHER WRITINGS 27 (Giles Gunn ed., 2000)) (italics in 
original). 
 76. For example, James used pragmatism to defend religious beliefs.  
MENAND, supra note 1, at 353-58. 
 77. Id. at 354-56.  Pierce in particular felt that this required interaction 
on a social level.  The error of nominalism, he argued, was looking only at the 
frailty of a single individual's belief and not at the ability of a society with 
many individual beliefs to approach an accurate representation of reality.  Id. 
at 228-30. 
 78. Id. at 364–65. 
 79. MENAND, supra note 1, at 364–65. 
 80. Id. at 201-05.  Holmes' opening salvo from the Common Law that 
“[t]he life of the law has not been logic: it has been experience” is a 
quintessential statement of judicial pragmatism.  OLIVER WENDELL HOLMES, 
JR., THE COMMON LAW 1 (Barnes & Noble 2004) (1881). 
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with James became strained, however, as Holmes was 
influenced by Wright’s philosophy and its implications of 
nominalism.81  Though Holmes is generally regarded as a 
pragmatist, in some respects he may have retained a more 
nominalist viewpoint than James.82 

Pragmatism has found expression in a variety of legal 
theories since Holmes, including sociological jurisprudence and 
legal process.  Eugene Ehrlich laid the foundation for 
sociological jurisprudence when he reacted against legal 
formalism by arguing that positive law is ineffective unless it is 
consistent with social norms.83  Building upon this foundation, 
Roscoe Pound developed sociological jurisprudence, which 
encourages judges to advance socially progressive policies 
provided that they are in line with community norms.84  Under 
this approach, progressivism and cultural normativity form the 
basis for a pragmatic evolution of the law.85 

Legal process, another pragmatic approach, emphasizes 
process over substance without adopting a mechanical or 
formalistic stance.86  The judiciary should seek the highest 
public good while relying upon “institutional settlement”—the 
proper allocation of authority among governmental 
structures—and “reasoned elaboration from existing 
arrangements”—the clear articulation of the rules, principles, 
policies, and norms on which a judge is relying.87  Consistency 
is valued, but it is only one among many considerations 
brought to bear in reaching a decision.  In its most general 
form, legal process focuses on the mechanisms of legal 
evolution while remaining relatively silent about the ends 
which the process should be seeking, other than encouraging a 
general notion of public good. 

Such a brief look at pragmatism leaves much left unsaid 
about the possible roles of norms and morality in pragmatic 

 

 81. MENAND, supra note 1, at 216-18, 337-38. 
 82. BROOKS, supra note 6, at 161–62; MENAND, supra note 1, at 216–18, 
337-38; see also supra notes 52-53 and accompanying text. 
 83. BROOKS, supra note 6, at 111–12. 
 84. Id. at 112–18. 
 85. Although “progressive,” in American discourse, often refers to 
positions on the political left, such as welfare liberalism, there are many 
contrasting views on what constitutes “progress” in this context.  See, e.g., 
BROOKS, supra note 6, at xliv-l (discussing various approaches to defining 
“progress”). 
 86. Id. at 137–40. 
 87. Id. 
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adjudication, but such an analysis is not the focus of this 
examination of Complexity Theory.  The distinguishing factor, 
for my purposes, is that these methods do not prejudge the 
value of particular empirical and logical methods in decision 
making.  Pragmatic theories encourage a balanced, 
evolutionary approach that has the most potential to be 
reconciled with modern scientific and mathematical principles. 

III.  PRINCIPLES FROM COMPLEXITY THEORY 

A.  THE FALL OF DETERMINISM 
Before delving into Complexity Theory itself, I review two 

principles that preceded Complexity Theory and placed 
fundamental limits on scientific determinism.  First, 
Heisenberg’s uncertainty principle, an aspect of quantum 
theory, fixed fundamental limits on the accuracy of scientific 
observations.88  Second, Gödel’s incompleteness theorem89 
showed that a consistent formal mathematical system is 
incapable of proving all true statements within that system.90  
Though Gödel’s theorem does not directly address whether the 
universe’s physical laws are deterministic, it shows 
fundamental limits on the power of computation and our 
corresponding ability to solve problems or extrapolate the 
outcome of a given system. 

i.  Heisenberg’s Uncertainty Principle 
Laplacean determinism91 was shattered in 1926 when 

physicist Werner Heisenberg formulated his uncertainty 
principle.92  It states that we cannot know both the position 
and velocity of a particle with absolute certainty, and this 

 

 88. See infra Part III.A.i. 
 89. Specifically, I refer to Gödel's first incompleteness theorem, sometimes 
also referred to as Gödel's undecidability theorem.  Gödel's second 
incompleteness theorem states that a consistent formal system cannot prove 
its own consistency.  See JOHN L. CASTI, COMPLEXIFICATION 139–41 (1995). 
 90. See infra Part III.A.ii. 
 91. See supra note 23 and accompanying text. 
 92. HAWKING, supra note 21, at 68–72.  Here, I have focused on the 
importance of Heisenberg's uncertainty principle in undermining the 
assumptions of determinism.  Legal commentators have also used it, although 
a bit more loosely, to argue that the distinction between observer and an 
observed phenomenon cannot be maintained.  See Goldberg, supra note 39, at 
479–81. 
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degree of uncertainty is inversely proportional to the mass of 
the particle

Though this discovery invalidated the basic assumptions 
made by Laplace, much of science continued to function under 
an essentially Laplacean viewpoint.94  Many acknowledged 
Heisenberg’s fundamental limit on measurement accuracy, but 
continued to assume that with an approximate measurement of 
the initial state of a system they could produce a reasonably 
accurate estimate of its future state well into the future.95  
Though this is true for some systems, Chaos Theory later 
showed that it is often impossible to provide such an estimate 
for extended periods of time.96  In short, no system’s behavior 
can be predicted with perfect accuracy, and the behavior of 
some can barely be predicted at all. 

ii.  Gödel’s Theorem 
From 1910 to 1913, Bertrand Russell and Alfred North 

Whitehead published the Principia Mathematica, a massive 
work intended to derive all of mathematics from logic in a 
manner free from inconsistencies.97  Their desire to purge 
mathematics of inconsistency was not unlike Austin’s hope of 
reducing law to purely scientific principles.98  Though Russell 
and Whitehead’s approach was initially admired, 
mathematicians were unable to produce a proof that the 

 

 93. HAWKING, supra note 21, at 68–72.  Put somewhat more formally, the 
product of the uncertainty of a particle's momentum and the uncertainty of its 
position can never be less than a very small value called Planck's constant.  
Classical science had understandably overlooked this because the uncertainty 
is very small for “large” masses on the scale of human perception.  For a more 
extensive treatment of Plank's constant and the uncertainty relation, see 
ROGER PENROSE, THE ROAD TO REALITY: A COMPLETE GUIDE TO THE LAWS OF 
THE UNIVERSE 503, 521–24 (2005). 
 94. JAMES GLEICK, CHAOS: MAKING A NEW SCIENCE 14–15 (1988). 
 95. Id. at 15.  For example, the error involved in predicting the movement 
of astronomical bodies barely increases over long periods of time.  Id. 
 96. See infra Part III.D. 
 97. DOUGLAS R. HOFSTADTER, GÖDEL, ESCHER, BACH: AN ETERNAL 
GOLDEN BRAID 18–24 (1979). 
 98. See supra notes 20–26 and accompanying text (discussing Austin's 
philosophy).  There is an inevitable risk in making this type of analogy 
between legal theory and mathematics, and it should not be taken as a 
rigorous argument.  See generally Mike Townsend, Implications of 
Foundational Crises in Mathematics: A Case Study in Interdisciplinary Legal 
Research, 71 WASH. L. REV. 51 (1996) (cautioning against overstatement of the 
implications of Gödel's theorem for the law).  Townsend's article may be the 
most detailed and careful analysis of the relevance to Gödel to legal 
scholarship. 
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Principia Mathematica was both consistent and complete; that 
is, both free from contradiction and capable of proving any true 
statement within the scope of number theory.99  In 1931, Kurt 
Gödel proved not only that the Principia Mathematica failed to 
achieve these goals, but that no comparable system existed that 
could do so.100 

At first, Gödel’s work may seem unrelated to the law, but 
its significance for judicial decision making becomes clearer by 
looking first at its implications for computer science.  Gödel’s 
work on formal systems is equivalent to work done by computer 
scientist Alan Turing on the so-called Halting Problem.101  The 
Halting Problem poses the question of whether a computer 
program can be written that will determine in advance whether 
any other given program will eventually terminate.102  This is 
equivalent to asking whether a specified computation will 
eventually produce an answer.103  Stated less precisely, it asks 
whether there is a universal method to determine if a given 
computer program will eventually “crash” from getting stuck in 
an infinite loop.  For the same reasons that Gödel showed that 
formal systems cannot be both consistent and complete, Turing 
proved that there is no solution to the Halting Problem.104  Not 
only will some computations never yield an answer, but 
furthermore, there is no universal method to determine when 
this will or will not happen. 

Though processes of judicial decision making are 
admittedly not formal mathematical systems or computers, the 
more that they attempt to resemble formal systems, the more 
likely it is that Gödelian incompleteness will emerge.105  Trying 

 

 99. HOFSTADTER, supra note 97, at 23–24. 
 100. Id.  Readers interested in a broader exploration of Gödel's theorem 
may find the works of logician Raymond Smullyan both informative and 
entertaining.  See generally RAYMOND SMULLYAN, SATAN, CANTOR, AND 
INFINITY 149–81 (1992); RAYMOND SMULLYAN, THE LADY OR THE TIGER? AND 
OTHER LOGIC PUZZLES 103–226 (1989); RAYMOND SMULLYAN, FOREVER 
UNDECIDED (1987); RAYMOND SMULLYAN, WHAT IS THE NAME OF THIS BOOK? 
225–41 (1978). 
 101. CASTI, supra note 89, at 141. 
 102. Id. at 135–36.  This problem is actually stated in terms of idealized 
computing engines called Turing machines.  Turing machines are 
mathematically very similar to real computers.  For a more thorough 
description of Turing machines, see id. at 127–35; PENROSE, supra note 93, at 
374-76. 
 103. CASTI, supra note 89, at 135–36. 
 104. Id. at 141. 
 105. This discussion implies an intriguing question that I only touch upon 
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to create a set of rigid decision making axioms that will produce 
all “correct” decisions is essentially equivalent to trying to pick 
a set of axioms that will generate all true statements about 
number theory.106  A formal process for making decisions, it 
seems, cannot be both consistent and complete.107 

 

here: can human consciousness “transcend” the Gödelian limitations of formal 
systems in a sense that Turing machines cannot?  If so, this might suggest 
that the action of a human judge can bring an inherently “non-computational” 
element to the process.  The use of Gödel to defend the uniqueness of human 
cognition has been championed by J.R. Lucas and, more recently, Roger 
Penrose.  See generally ROGER PENROSE, SHADOWS OF THE MIND: A SEARCH 
FOR THE MISSING SCIENCE OF CONSCIOUSNESS (1994) (updating Lucas's 
Gödelian argument along with speculations based on frontier areas in modern 
physics) [hereinafter SHADOWS]; ROGER PENROSE, THE EMPEROR'S NEW MIND: 
CONCERNING COMPUTERS, MINDS, AND THE LAWS OF PHYSICS (1989) (a more 
accessible and popular version of Penrose's argument, but less rigorous than 
SHADOWS); J.R. Lucas, Minds, Machines, and Gödel, 36 PHILOSOPHY 112 
(1961).  Unfortunately for the Penrose camp, the trend seems to be against 
them.  See, e.g., PAUL CHURCHLAND, THE ENGINE OF REASON, THE SEAT OF 
THE SOUL: A PHILOSOPHICAL JOURNEY INTO THE BRAIN 247-48 (1996) (refuting 
Penrose); HOFSTADTER, supra note 97, at 471–77 (refuting Lucas); RAY 
KURZWEIL, THE SINGULARITY IS NEAR: WHEN HUMAN'S TRANSCEND BIOLOGY 
450-56 (2005) (refuting Penrose and similar arguments); Symposium, Roger 
Penrose: Shadows of the Mind, 
http://psyche.csse.monash.edu.au/symposia/penrose/ (criticisms of SHADOWS 
with responses from Penrose). 
 106. I maintain that this is true at least to the extent that a decision 
making process becomes so formalized that it falls within the criteria required 
for Gödel's theorem to apply.  Beyond that, the question becomes more 
difficult.  See Mark R. Brown & Andrew C. Greenberg, On Formally 
Undecidable Propositions of Law: Legal Indeterminacy and the Implications of 
Mathematics, 43 HASTINGS L.J. 1439 (1992); John M. Rogers & Robert E. 
Molzon, Some Lessons About the Law from Self-Referential Problems in 
Mathematics, 90 MICH. L. REV. 992 (1992).  But see Townsend, supra note 98, 
at 129-47 (warning that this type of analysis is overstated).  Complex fields 
like tax law seem to attract consideration of Gödel incompleteness theorem.  
See Allen D. Madison, The Tension Between Textualism and Substance-Over-
Form Doctrines in Tax Law, 43 Santa Clara L. Rev. 699, 738 (2003) (“Perhaps 
[Gödel's] theorem explains why it is so difficult to determine exactly what is 
tax avoidance.”).  See generally John A. Miller, Indeterminacy, Complexity, and 
Fairness: Justifying Rule Simplification in the Law of Taxation, 68 Wash. L. 
Rev. 1 (1993). 
 107. The consistency versus completeness problem posed by Gödel's 
theorem resembles, but is distinct from, Arrow's Theorem and related results 
that deal with the incompatibility of Pareto efficiency (or unanimity) and 
fairness (or non-dictatorship) in voting systems.  See generally KENNETH J. 
ARROW, SOCIAL CHOICE AND INIDIVIDUAL VALUES (1951); Louis Kaplow & 
Steven Shavell, Any Non-Welfarist Method of Policy Assessment Violates the 
Pareto Principle, 109 J. POL. ECON. 283 (2001); Amrtya Sen, The Impossibility 
of a Paretian Liberal, 78 J. POL. ECON. 152 (1970).  For an interesting 
application of  Gödel in this context that parallels my own argument in some 
respects, see Giuseppe Dari Mattiacci, Godel, Kaplow, Shavell: Consistency 
and Completeness in Social Decision-Making, 79 CHI.-KENT L. REV. 497 
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When the truth of a statement is undecidable108 under 
Gödel, or, perhaps analogously, when a formal decision making 
process does not yield a clear result, this does not foreclose our 
ability to proceed.  To do so, however, requires that we step 
outside the current system and adopt a new one, perhaps by 
simply adding a new axiom.109  This process can continue 
indefinitely since all formal systems will be incomplete, and no 
single formal system will enable the proof of all true 
statements.110 

B.   DEFINING COMPLEXITY THEORY 
 Complexity Theory, much like its own subject matter, is 
difficult to reduce to a simple definition, especially since it is an 
emerging field.  Professor J.B. Ruhl, who has written 
frequently on Complexity Theory as applied to social and legal 
systems,111 defines Complexity Theory as “the science of 
nonlinear dynamical systems.”112  Such nonlinear systems are 

 

(2004).  Mattiacci observes that “[i]f transplanted into social policy, the results 
obtained by Godel and Church describe a world in which it is impossible to 
design a formal system for social decision making that is at the same time 
consistent and complete.”  Id. at 517. 
 108. “Undecidable” refers to the property of being neither provably true nor 
false. 
 109. HOFSTADTER, supra note 97, at 465–79.  Near the very end of this 
passage, Hofstadter makes an intriguing observation about “escalations in 
objectivity” that suggests the question: are judges a mechanism for parties to 
“step outside” their own system of interaction to obtain a “higher,” but still 
incomplete, degree of objectivity?  Id.; see also PENROSE, supra note 93, at 503, 
521-24. 
 110. Gödel's theorem even applies to formal systems with an infinite 
number of axioms, provide that infinite set of axioms is describable by a finite 
axiom schema.  HOFSTADTER, supra note 97, at 467–71. 
 111. See generally J.B. Ruhl, Thinking of Environmental Law as a Complex 
Adaptive System: How to Clean Up the Environment by Making a Mess of 
Environmental Law, 34 HOUS. L. REV. 933 (1997) [hereinafter Ruhl, Thinking 
of Environmental Law]; J.B. Ruhl, Complexity Theory as a Paradigm for the 
Dynamical Law-and-Society State: A Wake-Up Call for Legal Reductionism 
and the Modern Administrative State, 45 DUKE L. J. 849 (1996) [hereinafter 
Ruhl, Complexity Theory as Paradigm]; J.B. Ruhl, The Fitness of Law: Using 
Complexity Theory to Describe the Evolution of Law and Society and its 
Practical Meaning for Democracy, 49 VAND. L. REV. 1407 (1996) [hereinafter 
Ruhl, Fitness of Law]; J.B. Ruhl & Harold J. Ruhl, Jr., The Arrow of the Law 
in Modern Administrative States: Using Complexity Theory to Reveal the 
Diminishing Returns and Increasing Risks the Burgeoning of Law Poses to 
Society, 30 U.C. DAVIS L. REV. 405 (1997) [hereinafter Ruhl & Ruhl Jr., Arrow 
of the Law]; see also infra Part IV.D.   
 112. Ruhl, Fitness of Law, supra note 105, at 1409 n.4 and accompanying 
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“hard” to deal with because, unlike linear systems, they do not 
have general solutions and their behavior can be difficult to 
predict.113 

Though this description is a good starting point for 
understanding Complexity Theory, it does not quite convey the 
unique characteristics of this field of study.  For example, 
“Complexity Theory” is often associated with both Chaos 
Theory and Computational Complexity Theory,114 neither of 
which are equivalent to the analysis of nonlinear systems.115  
Rather than try to provide a sweeping definition of Complexity 
Theory, I will introduce these two disciplines to give a sense of 
their variety and potential.116  One concept that recurs 

 

text.  A linear system is one that is both additive and scalable, and a nonlinear 
system is one that does not meet this criteria.  Additive means that f(x+y) = 
f(x) + f(y), and scalable means that f(ax) = af(x).  Id; see also EDWARD LORENZ, 
THE ESSENCE OF CHAOS 161–63 (1993). 
 113. GLEICK, supra note 94, at 23–24. 
 114. Computational Complexity Theory examines how the resources 
required to solve a problem increase with the problem's scale.  Eric Kades, The 
Laws of Complexity and the Complexity of the Laws:  The Implications of 
Computational Complexity Theory for the Law, 49 RUTGERS L REV 403, 421-24 
(1997).  Note that this is different from the question of whether a problem can 
be solved in the first place.  See supra notes 101–104 and accompanying text 
(discussing Gödel's theorem in the context of computer science). 
 115. For example, referring to the fact that nonlinear systems are not 
necessarily chaotic, Chaos Theory pioneer Edward Lorenz stated: “Are 
'nonlinearity' and 'chaos' synonyms?  Not at all!”  LORENZ, supra note 112, at 
161. 
 116. There is a wide range of other disciplines typically considered part of 
Complexity Theory.  For example, Catastrophe Theory examines how small 
changes to a system's inputs can lead to sudden and dramatic shifts in 
output—i.e., “catastrophes.”  Since there is no specific negative connotation to 
“catastrophe” in this context, “discontinuity” might have been a clearer term.  
See generally CASTI, supra note 89, at 43–84 (relatively non-technical overview 
of the theory); TIM POSTON & IAN STEWART, CATASTROPHE THEORY AND ITS 
APPLICATIONS (1995) (more in-depth treatment).  Catastrophe Theory has 
made impressive discoveries about the extent to which the mathematical 
structure of catastrophes can be generalized.  See CASTI, supra note 89, at 59–
63 (describing René Thom's Classification Theorem).  Unfortunately, early 
exuberance about the theory's potential applications led to a backlash against 
its value when applied outside pure mathematics.  See, e.g., Gina Bari Kolata, 
Catastrophe Theory: The Emperor Has No Clothes, 196 SCIENCE 287 (1977);  
Raphael Zahler & Hector J. Sussman, Claims and Accomplishments of Applied 
Catastrophe Theory, 269 NATURE 759 (1977).  Recent treatments have taken a 
more balanced view that recognizes Catastrophe Theory's value in the social 
sciences with limitations.  See, e.g., VLADIMIR I. ARNOLD, CATASTROPHE 
THEORY (G. Wasserman trans., 3d ed. 1992); POSTON & STEWART, supra note 
116.  Richard Posner's recent work on catastrophe (in the more common non-
mathematical sense) suggests to me that application of Catastrophe Theory to 
the law deserves a new look, but he did not consider what insights it might 
offer.  RICHARD A. POSNER, CATASTROPHE: RISK AND RESPONSE (2004).  
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regularly in Complexity Theory is the question of reducibility; 
the extent to which the behavior of a system or solution to a 
problem can be reduced to a simpler form.117  This concept may 
provide a more intuitive bridge into discussions of 
jurisprudence because a judge’s role, at its heart, requires 
reducing complex fact patterns to finite outcomes. 

C.  CHAOS THEORY 
In 1960, Edward Lorenz began examining the potential for 

computers to forecast weather.  By doing so, Lorenz confronted 
the challenge raised by Chauncey Wright a century before; is 
weather so complex that its prediction will lie forever beyond 
human reach?118  Lorenz created a greatly simplified weather 
model based on only a few variables so that he could run it on 
his early computer hardware.119  Even with his extremely 
simple model, he discovered that seemingly insignificant 
changes to the model’s inputs would lead to unrecognizably 
different outcomes.120  Thus, Lorenz laid the foundations for 
one of Chaos Theory’s most distinctive concepts: sensitive 
dependence on initial conditions, or the “Butterfly Effect.”121  

This concept opened the door to empirical examination of 
Wright’s argument that some systems, like the weather, are 
beyond our predictive powers. 

Chaos Theory has shown that whether a system will 
exhibit the Butterfly Effect depends on its “attractors,” or the 

 

Though discussions of chaos and complexity are not unusual among legal 
commentators, few have made anything more than passing mention of 
Catastrophe Theory.  See, e.g., John W. Cooley, The Geometries of Situations 
and Emotions and the Calculus of Change in Negotiation and Mediation, 29 
VAL. U. L. REV. 1, 101–113 (discussing catastrophe theory in behavioral 
modeling). 
 117. Edward Lorenz has observed that although complexity may have 
many possible definitions, it “is frequently used . . . to indicate the length of a 
set of instructions that one would have to follow to depict or construct a 
system.”  LORENZ, supra note 112, at 161.  This is similar, though narrower, 
than the idea of reducibility that I suggest here. 
 118. See GLEICK, supra note 94, at 12–16 (introducing Lorenz's 
experiment); supra notes 47-56 and accompanying text (Wright's weather 
analogy and his relationship to Holmes). 
 119. GLEICK, supra note 94, at 12–16. 
 120. Id. at 16–18. 
 121. This term, which has entered common usage and even been used as 
the title for a film, refers to the idea that whether a butterfly flaps its wings at 
one instant may later determine whether or not a storm occurs on the far side 
of the world.  See id. at 8. 
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set of states toward which it evolves over time.122  Systems that 
are inevitably drawn to one or more possible stable outcomes 
regardless of their starting point have “fixed point 
attractors.”123  Another type of system eventually begins to 
repeat its path through the same points and is said to have a 
“limit cycle attractor.”124  The final type, which is actually the 
most common in nature, is called a “strange attractor.”  Unlike 
the others, it never reaches a stable point or repeats its path.125  
These strange attractors, first examined due to Lorenz’s work 
with weather, will therefore exhibit the Butterfly Effect. 

So if these systems never repeat themselves, does it follow 
that Wright was correct and we must despair forecasting such 
complex systems?  The answer is not a definitive yes or no.  In 
Wright’s favor, it is true that the unpredictability and 
prevalence of these systems cannot be ignored.  An enormous 
range of systems have strange attractors, for example, weather 
systems, stock markets, and the populations of some species.126  
It can even be shown mathematically that strange attractors 
must exist because of Gödel’s theorem.127 

Since Lorenz’s initial work, the predictability of chaotic 
systems has been examined more thoroughly, and it is possible 
to study the rate at which our ability to predict a chaotic 
system deteriorates over time.128  At some point, our predictive 

 

 122. GLEICK, supra note 94, at 39–41, 206. 
 123. CASTI, supra note 89, at 28–32.  A marble dropped into a roulette 
wheel is an example of a system with fixed point attractors.  Once started, the 
marble will eventually settle into a slot, the wheel will stop due to friction, and 
it will not move without outside influence. 
 124. Id.  A frictionless pendulum is an example of a system with a limit 
cycle attractor. 
 125. Id.; see also GLEICK, supra note 94, at 23–31, 121–53. 
 126. See GLEICK, supra note 94, at 23–31, 121-53. 
 127. In fact, the statement that strange attractors must exist is essentially 
equivalent to Gödel's theorem.  See CASTI, supra note 89, at 142–50.  Casti 
describes the implications of this remarkable connection:  “a world without 
strange attractors and, hence, without chaos would be very impoverished in 
the number of mathematical theorems that could be proved.  This conclusion, 
in turn, implies that whatever real-world truths might exist, the 
overwhelming majority of them cannot be the counterparts to theorems in any 
formal logical system.  Of course, from this perspective we might already be 
living in such a world.  But the existence of strange attractors allows us to 
hold out hope that the gap between proof and truth can at least be narrowed—
even if it can never be completely closed.”  Id. at 148–49.  This conclusion 
follows from the fact that the theorems in a formal system are equivalent to 
the attractor set of a dynamical system.  Id. at 143-47. 
 128. See CASTI, supra note 89, at 102–107 (discussing the application of 
chaos theory to evaluate upper bounds on the predictability of stock indexes). 
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power over a system that is sensitive to its initial conditions 
disappears altogether,129 but it is possible to examine this limit 
quantitatively.130  Though Wright was correct to the extent 
that there are upper bounds on our ability to predict the 
evolution of many complex systems, he was wrong to assume 
that forecasting would be completely impractical.  As 
computing speed and measurement systems have increased in 
power, weather forecasting has proved its ability to reach a 
short distance into the future.131  With contemporary tools, 
science can provide limited predictions about the future of 
complex systems while quantifying the practical limits of our 
forecasti

The truth, it turns out, lies between the extremes of 
determinism envisioned by Laplace and overwhelming 
complexity envisioned by Wright.  This truth suggests that 
judicial theorists should not take to extremes of positivism or 
nominalism, at least to the extent that these philosophies draw 
on fallacious scientific assumptions. 

D. COMPUTATIONAL COMPLEXITY THEORY 
Computational Complexity Theory examines the limits of 

our ability to use computing power to solve problems by 
computation.132  Assuming that we start with a type of problem 
that can be solved,133 Computational Complexity Theory 
attempts to categorize it according to how quickly the difficulty 
of solving the problem increases as it grows in scale.134  One 
might be tempted to assume, for example, that if solving a 
problem involving three creditors takes three minutes, solving 
the same problem for 100 creditors would take 100 minutes.  
Computational Complexity Theory shows that this could 
actually take more or less than 100 minutes depending on the 

 

 129. This follows from the initial measurement error that must exist at 
least due to Heisenberg's uncertainty principle, if nothing else.  Supra Part 
III.A.i. 
 130. CASTI, supra note 89, at 102–107. 
 131. GLEICK, supra note 94, at 18–21 (describing extent of improvement in 
weather forecasting since Lorenz). 
 132. Kades, supra note 114, at 421–24. 
 133. Recall from the above discussion of the Halting Problem that some 
computations will never terminate and yield an answer.  Id. at 424-26; supra 
notes 101–104 and accompanying text. 
 134. Kades, supra note 114, at 426–30.  Here “scale” could mean any factor 
which influences the complexity of the problem: size of a game board, number 
of parties in a lawsuit, number of cities on a map, etc. 
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nature of the problem.  The solving time for some problems 
grows so fast that it may take years or even centuries to apply 
a method that only took minutes in a simple case.135  Therefore, 
some problems become intractable as they grow in scale; that 
is, they are solvable in theory but not with the time and 
resources available.136  Some legal issues create such 
problems,137 but before proceeding to examples, some 
background on the categories of problem complexity may be 
helpful. 

One basic distinction in Computational Complexity Theory 
is between problems that take either “polynomial time” or 
“exponential time” to solve with a computer, in reference to the 
rate as which the solution time grows with problem 
complexity.138  The difficulty of a polynomial time (or type “P”) 
problem is manageable as the scale of the problem grows.139  
The searches that lawyers run on services like Westlaw® and 
LexisNexis® are examples of polynomial time problems.140  An 
exponential time problem, however, quickly grows beyond the 
realm of feasible computation.141  Finding a generalized chess 
strategy as the size of board and number of pieces grow is such 
an example.142 

An intriguing category of problem that occurs in some legal 
contexts lies between these two extremes and is called NP-

 

 135. Id. 
 136. Specific examples from the law are discussed below.  See infra Part IV. 
 137. See infra Part IV.  See generally Kades, supra note 114. 
 138. Kades, supra note 114, at 431–34;  See also MICHAEL R. GAREY & 
DAVID S. JOHNSON, COMPUTERS AND INTRACTABILITY: A GUIDE TO THE 
THEORY OF NP-COMPLETENESS 6–12 (1979).  Though I use the term 
“computer” here, P is actual defined in terms of the set of problems solvable in 
polynomial time by a deterministic Turing machine—a theoretical device 
mathematically similar to current computers.  See id. at 23–27. 
 139. This is due to the fact that the solving time is a polynomial function of 
the scale of the problem.  Kades, supra note 114, at 426–30; see also GAREY & 
JOHNSON, supra note 138, at 6–12.  Both sources cited here contain tables that 
are helpful to visualize the drastic differences between these rates of growth. 
 140. Though the actual search algorithms are proprietary, it is obvious that 
they cannot be intractable or the ability to search these databases would 
collapse under the ever-growing amount of information contained within 
them.  See Kades, supra note 114, at 426–29. 
 141. Id. at 426–30; see also GAREY & JOHNSON, supra note 138, at 6–12.  
Adding additional computing power, even at our current exponential rate of 
technological improvement, does little to alleviate the challenge of this type of 
problem.  Kades, supra note 114, at 434. 
 142. Id. at 437 n.104.  Note that Computational Complexity Theory 
involves how a problem scales with size, so in this context it does not make 
sense to talk just about the traditional 8x8 game of chess on its own.  Id. 
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complete or “NP-c.”143  NP-c problems are believed to be 
intractable but mathematicians and computer scientists have 
yet to prove this fact.144  I proceed under the prevailing 
assumption that these problems are in fact intractable.145 

Though NP-c problems appear to be intractable, computer 
scientists have developed many heuristics for dealing with 
them.146  These are procedures that have a certain probability 
of yielding a good, but not optimal, solution in a reasonable 
period of time.147  Professor Eric Kades suggests that the action 
of judges faced with legal issues that raise intractable 
computational problems is similar to the use of heuristics to 
solve problems in computer science.148 

At first, heuristics do not seem to fit comfortably with the 
jurisprudential framework outlined above.149  A heuristic’s 
combination of algorithmic consistency with compromise and 
approximation suggests both positivism and pragmatism, 
respectively.  Therefore, the mere fact that a heuristic approach 
is chosen does not answer the question of judicial temperament.  
The more interesting question is not whether heuristics should 
be applied, but how to select them.  A judge cannot work past 
an intractable problem without finding some basis for decision, 
and even if the chosen method is informal, an attempt to 
simplify the decision is likely to have the essential 
characteristics of a heuristic: finding a balance between optimal 

 

 143. Id. at 437–42; see also GAREY & JOHNSON supra note 138, at 13–14.  
An NP-c problem is a problem that can be solved in polynomial time by a 
theoretical device called a non-deterministic Turing machine, and thus NP 
refers to “non-deterministic polynomial time.”  For a discussion of non-
deterministic Turing machines, see id. at 29–32.  For specific examples of NP-c 
problems in the law, see infra Part IV.A. 
 144. This is often viewed as the most important unsolved problem in 
theoretical computer science.  Were the prevailing conjecture wrong, and NP 
problems were in fact solvable in polynomial time, the implications for 
computing would be dramatic.  For example, cryptographic algorithms that 
rely on problem complexity might prove less secure than thought.  No 
counterexamples to this conjecture have been found even after decades of 
effort.   Kades, supra note 114, at 437–42.  The most commonly discussed 
example of an NP-c problem is the “traveling salesman” which takes a map of 
cities with connecting roadways and asks for the shortest route that will pass 
through each city once.  Id. 
 145. If this conjecture proves false, it will merely reduce the scope of 
intractable problems; it will not eliminate them altogether. 
 146. Kades, supra note 114, at 442. 
 147. Id. 
 148. Id. at 481–84. 
 149. Supra Part II. 
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outcome and efficient resolution.  If a judge chooses to apply a 
particular heuristic based solely on a preexisting rule, then this 
is positivism.  Similarly, the choice of heuristic could be judicial 
nominalism if chosen to favor a particular outcome.  
Pragmatism lies in the balance.  I return later to the relative 
value of these approaches, but first I describe specific contexts 
in which these problems arise. 

IV.  SPECIFIC LEGAL APPLICATIONS OF COMPLEXITY 
THEORY 

A.  COMPUTATIONAL COMPLEXITY THEORY 

i.  Circular Relationships Between Parties and Entities 
Circular relationships can lead to a number of problems for 

judges.  For example, a judge may face paradoxically circular 
priorities with no clear starting point.  In a simple example, 
this occurs where a borrower has granted first, second, and 
third mortgages to A, B, and C, respectively, but A then waives 
priority over C via a subordination agreement.150  The default 
priorities would be A over B over C, but the parties close the 
loop by agreeing that C should also have priority over A.  
Circular priorities also occur both in recording systems and in 
the interactions of federal and state laws for taxation and 
bankruptcy.151 

Identifying all circular priority problems within a given set 
of parties is an NP-complete problem and therefore 
intractable.152  This is also true for problems arising from 
circular relationships in a more general sense.153  A 
corporation’s management may not vote its own treasury 
shares via circular ownership arrangements, but courts and 
regulators face the problem that identifying all such cycles is 

 

 150. Kades, supra note 114, at 447–48. 
 151. Id. at 449–60. 
 152. This follows directly from the fact that the problem of determining 
whether there is a cycle (or “circuit” in mathematical parlance) of a given size 
in a graph is NP-complete in the general case.  Id. at 446 n.124;  GAREY & 
JOHNSON, supra note 138, at 213.  But see Kades, supra note 114, at 460 n.165 
(citing Stephen B. Land, Strange Loops and Tangled Hierarchies, 49 TAX L. 
REV. 53 (1993)) (some categories of problems involving circular priorities can 
be solved in polynomial time).  As noted above, there is a possibility that NP-
complete problems are not in fact intractable, but this appears unlikely.  See 
supra notes 143–145 and accompanying text. 
 153. See supra note 152. 
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an intractable problem.154  Prosecution of criminal conspiracies 
can also suggest circularity problems if the definition of a 
conspiracy implicates the extent of circular relationships 
between the parties.155 

ii.  Bankruptcy Creditor Classifications 
The Bankruptcy Code requires any party proposing 

creditor classifications in a reorganization to do so in a manner 
such that all members of a given class have substantially 
similar claims.156  Other provisions of the Bankruptcy Code 
aim to ensure fairness of these classifications, and a party that 
fails to do so may be considered to have gerrymandered the 
process.157  It is difficult to provide a clear definition of 
gerrymandering in this context because the question of the 
minimum number of creditor classes required to fulfill the 
statutory scheme is computationally intractable.158  The ability 
to fix a definite lower bound would provide one bright line 
method to decide whether a party has inflated the number of 
creditor classifications to its advantage, but finding this lower 
bound may become intractable given enough creditors. 

iii.  Computationally Intractable Contract Terms 
Parties to a contract dispute can present a court with the 

problem of interpreting contract terms that are 
computationally intractable.159  One commonly encountered 
problem is the use of the Critical Path Method (CPM) to define 
agreements over project scheduling expectations.160  Litigation 

 

 154. This may be particularly true in determining whether so-called 
“wheel” conspiracies exist within complex criminal enterprises.  See Kades, 
supra note 114, at 460–64. 
 155. See id. at 465–66. 
 156. 11 U.S.C. § 1122(a) (2002); Kades, supra note 114, at 466-67. 
 157. Kades, supra note 114, at 467-69;  11 U.S.C. §§ 1123, 26, 29 (2002). 
 158. This follows from the “minimum cover” problem which seeks the 
smallest number of subsets within a given collection that will cover all 
elements of the parent set.  GAREY & JOHNSON, supra note 138, at 222; Kades, 
supra note 114, at 469 n.193.  Here, the parent set is the entire set of creditors, 
and the collection of subsets consists of those creditor classifications permitted 
by statute. 
 159. Parties could also conceivably contract using terms that are 
completely unsolvable in the Gödelian sense, though it seems far less likely in 
practice. 
 160. Kades, supra note 114, at 470–71.  This method seeks to identify the 
dependencies in project subtasks, locate the longest chain of tasks (the “critical 
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over CPM is increasingly common, including use of CPM as a 
baseline for calculating damages due to project delay.161  The 
problem, however, is that CPM methods are computationally 
intractable.162  This raises interesting questions about how 
courts and parties should make use of CPM, given that the 
optimal solution may be out of reach for sufficiently complex 
schedules.163 

iv.  Redistricting 
Computers seem at first to provide an easy solution to 

redistricting, but Computational Complexity Theory reveals 
serious challenges lurking beneath the surface.  In Karcher v. 
Daggett,164 Justice Brennan, writing for the Court, stated that 
“rapid advances in computer technology . . . make it relatively 
simple to draw contiguous districts of equal population and at 
the same time further whatever secondary goals the state 
has.”165  While it may be true that computer algorithms can 
quickly generate many possible approaches to a redistricting 
problem, achieving an optimal result is often computationally 
intractable.166  In practice, it is often necessary to rely upon 
heuristics.  Unfortunately, this opens the door to political 
gerrymandering by manipulation of the choice of limitations 
allowed in the redistricting method.167  This is arguably worse 
than outright political gerrymandering because it may conceal 
political motivations behind the veil of a seemingly objective 
computation.168 

Justice Brennan’s statement is a good example of how an 
overly simplistic assumption about a complex system could lead 

 

path”), and take actions to minimize that path.  Id. 
 161. Id. at 472. 
 162. Id. at 471–72 n.205. 
 163. Id. at 472; see also id. at 471 n.204 (examples of court opinions 
addressing CPM). 
 164. Karcher v. Daggett, 462 U.S. 725, 733-34 (1983) (holding that “there 
are no de minimis population variations, which could practicably be avoided, 
but which nonetheless meet the standard of Art. I, § 2 without justification”) 
(emphasis in original). 
 165. Id. 
 166. Micah Altman, The Computational Complexity of Automated 
Redistricting:  Is Automation the Answer?, 23 RUTGERS COMPUTER & TECH. 
L.J. 81, 107–12 (1997).  This will of course depend on the criteria for the 
redistricting algorithm, but redistricting criteria typically implicate 
intractable problems.  Id. 
 167. Id. at 112–28. 
 168. Id. at 127–28. 
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to an erroneous conclusion.169  Starting with the assumption 
that computers can always achieve a solution based on 
redistricting criteria, it would be a small step to then require 
that only certain algorithms be used.  Karcher did not go so far 
as to restrict the types of algorithms.  Nevertheless, over 
inflated confidence in the power of computing could certainly 
lead to an unjustified positivist approach in this type of case.  
By remaining aware of the risk of intractability in 
computational problems, judges can limit the potential for 
hiding gerrymandering behind a veil of algorithmic formality. 

B.  CHAOS AND COMPLEXITY IN THE LAW 
While Computational Complexity Theory lends itself to 

relatively narrow problems like those described above, Chaos 
Theory implicates larger scale problems not easily reducible to 
computation.  Professor J.B. Ruhl’s use of Complexity Theory to 
analyze environmental law and the administrative state is a 
good example of such an application of Complexity Theory.170 

Ruhl correctly points out that ecological systems exhibit 
complex behaviors with strange attractors.171  This implies that 
these systems exhibit sensitivity to their initial conditions and 
an inevitable degree of unpredictability.172  From this, Ruhl 
argues that any legal system designed to regulate the 
environment must itself become a complex adaptive system, or 
it will lead to unintended negative consequences resulting from 
overly simplistic “reductionist” assumptions about the 

 

 169. Since Karcher dealt specifically with an “unjustified, though small” 
population deviation, I am not arguing that the holding is wrong it.  Karcher, 
462 U.S. at 733 (emphasis added).  Computational intractability was not 
offered as a possible justification, so Karcher might allow deviations if 
intractability were found to be a sufficient justification.  I merely suggest that 
Brennan's statement reflects an overly simplistic view of the potential for 
computers to resolve many overlapping redistricting requirements. 
 170. Ruhl has written particularly frequently in this area, but he is 
certainly not alone.  See, e.g., Thomas Earl Geu, Chaos, Complexity, and 
Coevolution: The Web of Law, Management Theory, and Law Related Services 
at the Millennium, 65 TENN. L. REV. 925 (1998) (Parts I & II), 66 TENN. L. 
REV. 137 (1998) (Parts III & IV); Donald T. Hornstein, Complexity Theory, 
Adaptation, and Administrative Law, 54 DUKE L.J. 913 (2005); Vincent Di 
Lorenzo, Legislative Chaos: An Exploratory Study, 12 YALE L. &  POL'Y REV. 
425 (1994). 
 171. Ruhl, Thinking of Environmental Law, supra note 111, at 942-66; 
Ruhl, Fitness of Law, supra note 111, at 1440–43. 
 172. Id.; supra notes 118-125 and accompanying text. 
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regulated system.173  Ruhl cautions that current methods of 
environmental regulation lead to precisely these types of 
problems. 

Ruhl’s call for a qualitatively different form of regulation is 
a larger leap than I make here by encouraging pragmatic 
decision making, but it is an intriguing one.174  Does effective 
regulation of an ecological system require a regulating system 
of comparable complexity?  Certainly, we hope that it does not 
require a system of the same complexity, or this may be a 
hopeless task.  Ruhl, however, is merely advocating that a 
controlling legal system should exhibit a form of complexity 
that makes it sufficiently adaptable to respond to the chaotic 
nature of the system being regulated.175 

I am not joining in either Ruhl’s attack on trends in 
administrative law or his particular criticism of 
reductionism,176 but he raises important questions that should 
continue to be examined in light of Complexity Theory.  His 
analysis may disrupt preconceived notions about the linearity 
and predictability of complex systems, and it encourages 
innovation via new forms of control and regulation.  Changing 
the nature of environmental law and regulation as Ruhl 
suggests, however, would seem to introduce complexity and 
uncertainty into legal and administrative processes that make 
this a daunting prospect from a practical point of view.  The 
implementing authority behind a rule system—whether it be 

 

 173. Ruhl states, “I posit . . . that the environmental law we use to address 
the problems of the future in environmental quality must itself incorporate the 
qualities of its subject matter—in other words, we must think of 
environmental law as a complex adaptive system.”  Ruhl, Thinking of 
Environmental Law, supra note 111, at 980; see also Ruhl, Thinking of 
Environmental Law, supra note 111, at 967–75, 980-91; Ruhl, Fitness of Law, 
supra note 111, at 1443–48. 
 174. In particular, Ruhl's analysis implicates the division of power between 
administrative agencies and other branches of government which I do not 
address in any depth here.  To the extent that I advocate a degree of 
pragmatic complexity in judicial decision making, however, this might support 
Ruhl's argument that the judiciary is a better point of control for complex 
systems when compared to more rigid administrative structures. 
 175. See, e.g., Ruhl, Thinking of Environmental Law, supra note 111, at 
980–91. 
 176. My argument is similar to Ruhl's to the extent that scientific fallacies 
that encourage positivism are consistent with his criticism of reductionism, 
but it is not equivalent.  Ruhl tends to criticize increasingly centralized 
regulation under federal administrative agencies, but this does not bear on the 
distinctions between the judicial temperaments that I analyze here.  A 
decision to centralize administrative control could conceivably arise under any 
of these three temperaments for various reasons. 
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an agency, legislature, the voting public, etc.—will naturally 
desire a degree of control and certainty in its outcome, and 
complex adaptive systems of the sort posited by Ruhl may 
require a difficult leap of faith to put into practice.177  More 
generally, Ruhl’s approach does not consider the possibility 
that human decision making may bring a unique element to 
complex systems.  He assumes that social, legal, and ecological 
systems can be viewed as similar categories of complex 
adaptive systems.178  Whatever the limitations of Ruhl’s 
proposal may be, however, it is an important example of how 
Complexity Theory is being brought to bear on analyzing legal 
systems. 

Ruhl has taken this premise beyond environmental law to 
caution against reductionist approaches in legal systems 
generally.179  This follows naturally from his approach to 
environmental law if we accept his assertion that social and 
legal systems exhibit complex behavior much like ecological 
and environmental systems.180  More specifically, Ruhl 
suggests that centralized federal administrative regulation is 
less adaptable than either state regulation or common law 
judicial decision making and therefore less suited to dealing 
with complex systems.181  He prefers these alternatives to 
central federal regulation because they are a flatter 
“patchwork” that allows multiple solutions to be tried 
simultaneously, each tuned to local conditions while benefiting 

 

 177. See, e.g., Jack M. Beerman, Congressional Administration, 43 SAN 
DIEGO L. REV. 61, 70 (2006). (“[I]t is incorrect to assert that Congress abdicates 
its responsibility when it delegates discretion to those administering the 
law.”). 
 178. Perhaps human social and legal systems can be modeled like any 
other complex adaptive system, but this could have troubling implications for 
our society's democratic ideals.  See generally Jeffrey Rudd, J.B. Ruhl's “Law-
and-Society System”: Burying Norms and Democracy Under Complexity 
Theory's Foundation, 29 WM. & MARY ENVTL. L. & POL'Y REV. 551 (2005). 
 179. Ruhl, Fitness of Law, supra note 111, at 1474–81.  See generally Ruhl, 
Complexity Theory as Paradigm, supra note 111. 
 180. This seems at first like a reasonable assumption, though the interplay 
of human will in social and legal systems may require a qualitatively different 
sort of analysis than with nonhuman systems.  See Rudd, supra note 178, at 
595-96.  Rudd attacks mainly on moral or normative grounds, but Ruhl's 
assumption may also have a scientific problem if human consciousness is 
fundamentally non-computational—a significant but embattled school of 
thought in cognitive science.  See supra note 105. 
 181. Ruhl, Fitness of Law, supra note 111, at 1474–81; see also Ruhl & 
Ruhl, Jr., Arrow of the Law, supra note 111. 
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from the experience of other “patches” in the system.182  In this 
respect, Ruhl’s approach hearkens to Justice Brandeis’s image 
of states as laboratories for “novel social and economic 
experiments,”183 though Ruhl takes care to point out that he 
wishes to encourage development of new approaches rather 
than resurrecting past arguments over state supremacy.184 

Ruhl’s model may have limitations,185 but it is 
nevertheless a valuable challenge to assumptions about the 
extent to which complex systems can be regulated by relying on 
reductionist views of those systems.  In much the same spirit, I 
argue that overly simplistic assumptions about complex 
systems can weaken theories of judicial decisi

V.  COMPLEXITY AND JUDICIAL TEMPERAMENT 

A.  POSITIVISM 
Complexity Theory and the related concepts discussed here 

highlight at least three potential weaknesses of positivist 
judicial decision making: (1) the incompatibility of 
completeness and consistency, as indicated by Gödel’s Theorem; 
(2) the potential for unpredictable behavior to emerge from the 
interaction of even very simple sets of rules; and (3) the limits 
of computation in the face of intractable problems. 

i.  The Gödelian Problem 
A positivist desires consistency with past rules, but Gödel’s 

work has shown that it is impossible to create a formal system 
that is both consistent and complete.186  Legal decision making 
is admittedly not based on a formal mathematical system of the 
sort analyzed by Gödel, but the more judges attempt to 
constrain themselves to a finite set of a predefined rules, the 
more they will run the risk of encountering Gödel’s problem.187  

 

 182. Ruhl, Fitness of Law, supra note 111, at 1470–74. 
 183. New State Ice Co. v. Liebmann, 285 U.S. 262, 311 (1932) (Brandeis, J., 
dissenting). 
 184. Ruhl, Fitness of Law, supra note 111, at 1486. 
 185. See, e.g., supra notes 176–178 and accompanying text. 
 186. See supra notes 97–107 and accompanying text. 
 187. I do not mean to imply that judges could never utilize artificial 
intelligence to aid or even implement decision making, but it is certainly a 
problem to consider.  The extent to which a computer can emulate a judge may 
turn in part on the debate over whether human minds accomplish a form of 
non-computational reasoning not accessible to a Turing machine.  See supra 
note 105; see also ANNE GARDNER, AN ARTIFICIAL INTELLIGENCE APPROACH TO 
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This argument assumes that there is a correlation between 
Gödel’s analysis of provability and attempts to reach a correct 
decision based on prior rules.  This will depend, in turn, on the 
degree of formality in a particular positivist approach.188 

In an extreme form of positivist jurisprudence, perhaps not 
far from that envisioned by John Austin,189 the judge is 
reduced to little more than a calculating engine mechanically 
applying predefined, scientifically-based principles to reach the 
optimal decision.  At the very least, the work of Gödel and 
Turing shows that this is an impossible ideal since we know 
that some computations will never terminate, no matter how 
sophisticated a system’s underlying axioms may be.  Similarly, 
the notion that a mathematically formalized jurisprudence 
based on a finite number of axioms can yield an answer for 
every scenario is an impossible dream. 

Of course, the definition of positivism that I have adopted 
from Professor Brooks is much broader than this, and it would 
be unfair to blindly extend this thought experiment as a 
criticism of all schools of positivist thought.  Consistency and 
predictability in jurisprudence should be valued for protecting 
democratic principles and decreasing transaction costs, among 
other reasons.  Furthermore, to the extent that positivism is 
grounded in natural language rather than formal logic, Gödel’s 
theorem may not be rigorously applicable.190  Finally, even 
taking Gödel’s result merely as a persuasive analogy, a 
primarily positivist jurisprudence may still take into account 
the conflict between completeness and consistency by striving 
for consistency where possible, but recognizing the need to 
develop new rules or methods when a question falls outside the 
capabilities of the existing system. 

Prominent positivist movements such as legal formalism 
and Justice Scalia’s textualism have been criticized for 
occasionally stepping outside their own formalistic 
framework.191  Though these apparent aberrations could result 

 

LEGAL REASONING (1987); PAMELA N. GRAY, ARTIFICIAL LEGAL INTELLIGENCE 
(1997); Stephen M. McJohn, Artificial Legal Intelligence, 12 HARV. J.L. & 
TECH. 241 (1998) (book review). 
 188. Application of Gödel's theorem beyond all but the most 
mathematically formal descriptions of jurisprudence needs to be carefully 
tempered.  See Townsend, supra note 98. 
 189. See supra notes 19–25 and accompanying text. 
 190. See Townsend, supra note 98; see also supra note 106. 
 191. See supra Part II.B. 
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from deeply felt ideals superseding a judge’s general use of 
formalistic methods, they might also be related to inherent 
limitations in constructing any formal system of jurisprudence.  
Gödel establishes a boundary beyond which jurisprudence 
should have no illusions of straying, but it admittedly leaves 
room for predominantly positivist temperaments.  Other areas 
of Complexity Theory, however, suggest further limitations on 
the effectiveness of positivism. 

ii.  The Problem of Chaos 
While problems that are truly undecidable in the Gödelian 

sense may be unlikely, chaotic and unpredictable systems with 
strange attractors are not.192  Social, legal, and economic 
systems are more like the weather, with inherent limitations 
on our forecasting ability, than they are like astronomical 
bodies whose orbits can be plotted centuries in advance.  By 
placing a high value on consistency, positivist jurisprudence 
limits adaptability when dealing with complex systems.  Many 
legal rules are premised on the past behavior of systems which, 
due to their complexity, are unlikely to remain constant in the 
future.  For example, one of the primary criticisms of legal 
formalism is its alleged failure to accommodate welfare reforms 
needed due to sweeping social and economic changes brought 
on by late nineteenth century industrialization.193  Adherence 
to past rules must be balanced against the complexity of a 
system and its potential to exhibit unexpected behaviors. 

The positivist might counter that increasing flexibility in 
judicial decision making decreases consistency, which in turn 
makes affected systems even more complex and unpredictable, 
thus encouraging more flexibility in judicial decisions, etc.—a 
vicious cycle.  After all, the courts do not exist in a vacuum 
separate from society and “the line has to be drawn 
somewhere.”  This is certainly true on some level if we are to 
avoid nominalism,194 but the difference between judicial 
positivism and judicial pragmatism is that positivism would 
draw this line in advance, while pragmatism is willing to weigh 
the need for consistency on an ongoing basis.  The latter 
approach is better suited to responding to unpredictable 
behaviors.  I do not mean to draw a fine line here.  There is a 

 

 192. See supra Part III.C. 
 193. For an overview of these criticisms and responses, see BROOKS, supra 
note 6, at 44–47. 
 194. See infra Part V.B. 
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rich spectrum of possible approaches, but Complexity Theory 
cautions strongly against a priori evaluation of the importance 
of consistency in judicial decision making, and this is the most 
distinctive trait of positivist judicial temperaments.  Decisions 
about the desirable level of consistency in judicial decision 
making should be part of the complex feedback loop between 
judges, society, and other branches of government, not separate 
from it. 

iii.  The Problem of Intractability 
Positivism must also confront the problem that even 

simple, straightforward rules can implicate computational 
problems that are not solvable within a reasonable period of 
time, though this challenge is less serious than that posed by 
Chaos Theory.195  In order to resolve these situations, a judge 
must adopt a decision without certainty that it represents the 
optimal outcome in much the same manner that computer 
scientists use heuristics to seek “good enough” answers to 
intractable problems.  Superficially, the use of heuristics is 
consonant with positivist principles.  Although some positivist 
idealists might hope for optimal answers in all cases, it is 
certainly consistent with judicial positivism to simply pick a 
heuristic once the need becomes clear and then apply it 
consistently when similar intractable problems arise.  There is 
much to be said for this approach; this consistency allows 
parties to anticipate which among many possible 
approximations to an intractable solution that a court will 
settle on. 

On closer examination, however, we see that heuristics 
create dissonance with common arguments for positivism.  A 
computationally intractable problem forces a choice; one must 
either ignore the problem or make an inevitable value 
judgment about which heuristic will be used to solve it.196  The 
particular choice of heuristic can have a significant effect on 
the outcome of a problem, and it may be difficult to pick one 
without implicating value choices that are not easily 
formalized.197  These choices undermine principles of objectivity 

 

 195. See supra Part III.C. 
 196. Here, I include non-algorithmic or informal problem solving methods 
under my use of “heuristic” to the extent that such actions essentially mimic 
or act as a substitute for more rigorous heuristic methods. 
 197. Consider, for example, the problem of complexity and heuristics in 
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and neutrality often used to defend positivist judicial 
temperaments.  In much the same way that Gödel requires one 
to occasionally “step outside” a system to obtain answers, using 
heuristics to resolve intractable problems pushes the decision 
maker towards value judgments that may not fit comfortably 
within the logical framework of a positivist judicial 
philosophy.198 

B.  NOMINALISM 
Faced with these challenges of undecidability, 

unpredictability, and intractability, it may be tempting to 
resort back to the point of view suggested by Chauncey 
Wright199 that there is ultimately no way to deal with some 
complex systems.  Though judges and legal theorists rarely if 
ever espouse an outright nominalist approach, it is an 
understandable temptation when faced with a problem that is 
irreducibly complex and not clearly resolvable within 
preexisting rules.200  Nominalism can result when this concern 
leads to despair over the potential to apply any generalizable 
principles of decision making.  Though a superficial glimpse at 
Complexity Theory might seem to validate these concerns, they 
are not defensible on closer examination. 

i.  The Gödelian Problem 
Gödel’s proof of the limitation of formal systems does not 

prevent us from determining whether a particular statement is 
true or whether a given decision making process will yield an 
answer.  Even to the extent that it may be applied,201 it would 
merely require the decision maker to choose a new system of 
axioms from which to continue the analysis.  A particular set of 
assumptions can be chosen that will resolve most questions 
that arise in a given system.  Formal systems may be 
inevitably limited, but they are also very powerful, having 
spurred innumerable scientific and mathematical discoveries. 

Analogously, the set of assumptions used in a particular 
theory of formal judicial decision making may be able to handle 
the vast majority of cases, even if some remain undecidable 

 

redistricting.  See supra Part IV.A.iv. 
 198. This is, admittedly, a loose analogy and not offered in a formal sense. 
 199. See supra Part II.D. 
 200. Consider the above example from Bush v. Gore.  See supra Part II.C. 
 201. The application of Gödel to legal systems is far from settled.  See 
supra note 106. 
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within that system.  The best the nominalists can hope for is 
that perhaps Gödel’s result supports case-specific decision 
making in these narrow instances.  Even assuming that the 
limits of Gödel’s theorem apply, an undecidable proposition can 
still be handled by adopting a different set of axioms, perhaps 
by merely adding one to the previous set.202  The nominalist 
approach is a weak response to this problem because it would 
simply add the result of the current case as a new axiom, which 
has little if any potential to inform future decisions.203  Instead, 
it is possible to adopt a new approach that provides a basis for 
resolving the case at bar with an eye towards maximizing 
precedential utility in future cases.  Arguably, this is the 
essence of many venerable common law decisions where a court 
announces a new rule of decision making even though it would 
only be strictly necessary for it to resolve the case at bar.  
Perhaps the history of the common law has a logical 
justification beyond simply revering the shared wisdom of the 
past. 

ii.  The Problem of Chaos 
An advocate for judicial nominalism might attempt to twist 

the insights of Chaos Theory and justify their approach using 
the fact that complex systems may require rapid, context-
sensitive responses in order to minimize instability.204  If this 
is true, why not maximize the potential for judges to respond to 
such systems by allowing the most unrestrained, fact-specific 
decision making possible?  There are two problems here.  First, 
most chaotic systems are not completely beyond some degree of 
analysis and generalization.205  Second, if a system is so truly 
unpredictable that it requires this degree of interaction, the 
judiciary may not be the best point of control due to its reaction 
time. 

Though our ability to forecast the future of complex 
systems faces inherent limitations, we are not powerless to 
analyze them.  Returning to the example of weather, although 
science can never eliminate the inevitable sensitivity to initial 
conditions discovered in Lorenz’s early computer models, 

 

 202. See supra note 109 and accompanying text. 
 203. In a “pure” form of nominalism, the decision would only be applicable 
in future scenarios that build upon exactly the same facts. 
 204. This is similar to premise of Ruhl's arguments.  See supra Part IV.B. 
 205. See supra notes 128–131 and accompanying text. 
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weather forecasting has nevertheless proved to be a valuable 
field of study.206  Given enough information about a complex 
system with a strange attractor, mathematics even allows us to 
examine the rate at which our ability to predict the course of 
the system will deteriorate.207  It is therefore possible to make 
use of forecasting tools with an informed understanding of their 
predictive power.  Though Chaos Theory makes some sobering 
statements about the limitations of analytic predication, it does 
not suggest limitations of the degree described by Wright. 

iii.  The Problem of Intractability 
The fact that some problems are computationally 

intractable does not pose as much risk of encouraging 
nominalist thinking as the concerns discussed in the previous 
two sections.  Because of the availability of heuristic solutions 
that give good but not provably optimal solutions, it is not 
necessary to conclude that intractability requires us to abandon 
hope of finding a general principle for solving a problem.208  
Admittedly, differences in the choice of heuristic can be used to 
subtly influence the outcome in a particular direction, so there 
is room for nominalism to creep in.  The argument against a 
nominalist approach to the choice of heuristic is essentially the 
same as that from the previous section; few systems are so 
truly unstable that science leaves us with no hope of extracting 
some general principles.  At least, this is the best argument 
from the principles of science and mathematics that I am 
examining here.  In actual practice, I expect that arguments 
over a choice of heuristic would turn on value judgments 
regarding which of the various competing factors to favor, as in 
the problem of drawing voting district boundaries discussed 
above.209 

C.  CHAOS WORTH HAVING: THE BENEFITS OF PRAGMATISM 
I have arrived at pragmatism thus far mainly by attacking 

the problems of positivism and nominalism, but I do not want 
to leave the impression that pragmatism is merely the least 
flawed alternative.  Complexity Theory also indicates benefits 
that pragmatism brings to judicial decision making. 

Pragmatic methods, like dynamic systems with strange 
 

 206. See supra Part III.C. 
 207. See supra notes 129–130 and accompanying text. 
 208. See supra note 146–149 and accompanying text. 
 209. See supra Part IV.A.iv. 
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attractors, evolve in a manner that is linked to their past 
without settling to fixed points or repeating paths.  They are 
distinct from nominalist or positivist approaches that either 
have no memory of past decisions or return constantly to 
similar outcomes.  There is a correlation between dynamic 
systems with strange attractors and formal systems that 
maximize the number of truths that can be proved, even 
though some proofs remain forever out of reach.210  By 
mimicking characteristics of chaotic dynamical systems, 
pragmatic methods are likely to maximize the potential value 
of results that can be achieved. 

By saying that systems for judicial decision making should 
have these characteristics of chaotic systems, I do not imply 
that they must be extremely complex.  A system can be 
pragmatic while striving for simplicity.  Consider Richard 
Epstein’s call for simple rules.211  Epstein advocates simple 
rules even if they will lead to undesirable results in a small 
number of cases.212  Though the simplicity of the rules that he 
advocates suggests a positivist approach, his result-oriented 
justifications are primarily pragmatic.  Epstein’s efforts to find 
those rules that “have the virtue of offering solutions for 90 to 
95 percent of all possible situations” resembles the problem of 
trying to pick a set of axioms for a formal system that will 
maximize the number of derivable truths.213  Since Gödel 
showed that such systems are inevitably incomplete, why not 
pick the most efficient number of axioms?  I find this analogy 
appealing, but it requires caution for two reasons.  First, overly 
simplistic assumptions about the chaotic behavior of complex 
systems could lead to excessive reductionism.214  Second, there 
is the aforementioned risk of applying Gödel’s theorem too far 
outside its original context.215 

The intuitions of the early pragmatists, who saw value in 
comparing human philosophizing and decision making to 

 

 210. See supra notes 125–127 and accompanying text. 
 211. RICHARD EPSTEIN, SIMPLE RULES FOR A COMPLEX WORLD (1995). 
 212. Id. at 37–42. 
 213. Id. at 53. 
 214. See Eric W. Orts, Simple Rules and the Perils of Reductionist Legal 
Thought, 75 B.U. L. REV. 1441 (1995) (reviewing EPSTEIN, supra note 211); see 
also Louis Kaplow, A Model of the Optimal Complexity of Legal Rules, 11 J.L. 
ECON. & ORG. 150 (1995); Miller, supra note 106 (indeterminacy as a 
justification for simplified tax rules). 
 215. See Townsend, supra note 98. 
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Darwinian processes of evolution, are even more useful under a 
modern view of Complexity Theory.  Complexity Theory 
demonstrates the value of chaotic dynamic systems, and 
evolution is an excellent example of how a complex adaptive 
system can, over time, refine and optimize their response to an 
environment that presents challenges of enormous complexity. 
Evolution balances the preservation of information from past 
successes with the need for adaptation and change.  Of course, 
this analogy should not be taken too literally lest we return to 
something like Social Darwinism.216  Nevertheless, just as the 
early pragmatists were encouraged by the promise of Darwin’s 
theories, contemporary pragmatists can take comfort in the 
findings of Complexity Theory.217 

As further scientific insights emerge, we may find that the 
value of Complexity Theory for decision making runs even 
deeper.  Consider the rapidly flourishing field of cognitive 
science where concepts of Complexity Theory frequently 
appear.218  Cognitive science offers insights into the very 
essence of human cognition and decision making.219  Many 
scientists would have us believe that Holmes’ question, with 
which I began, will be answered soon if not already 
answered.220  The human mind strikes a balance between rigid 

 

 216. See supra notes 33–35 and accompanying text. 
 217. For more general analysis of concepts of legal evolution beyond the 
confines of Complexity Theory, see E. Donald Elliot, The Evolutionary 
Tradition in Jurisprudence, 85 COLUM. L. REV. 38 (1985), see also Herbert 
Hovenkamp, Evolutionary Models in Jurisprudence, 64 TEX. L. REV. 645 
(1985). 
 218. See CASTI, supra note 89, at 150–70 (discussing Complexity Theory in 
the context of artificial intelligence and cognitive science research). 
 219. Even a quick glance at some titles in this field will reveal its 
ambitious scope.  See, e.g., DANIEL C. DENNETT, CONSCIOUSNESS EXPLAINED 
(1991); STEVEN PINKER, HOW THE MIND WORKS (1997).  A closer look, 
however, shows that there is much room for further study, as these authors 
admit.  DENNETT, supra at 455 (“My explanation of consciousness is far from 
complete.”); PINKER, supra at 558–59 (“Some problems continue to baffle the 
modern mind” including subjective experience, the self, free will, meaning, 
knowledge, and morality.). 
 220. This may be true at least to the extent that cognitive science can 
provide insights into the degree to which human consciousness can be 
described by some simpler model or analogy.  See supra note 219.  The 
elements of Holmes' question that deal with angels and the afterlife will 
remain for metaphysics and faith.  See supra note 1 and accompanying text.  
Also, even if basic principles of consciousness are understood, the problem of 
modeling it in any detail is more daunting.  Some claims about the potential 
for artificial intelligence to equal or perhaps even transcend the capabilities of 
human thought are quite aggressive, while others remain cautious.  See 
KURZWEIL, supra note 105, at 25 (“we can expect computers to pass the Turing 
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computation and intuition that allows us to escape 
intractability when required.  The mechanics of pragmatism 
may simply reflect those traits by which humans have long 
coped with a world that poses unanswerable and intractable 
questions. 

VI.  CONCLUSION 
Complexity Theory is only a starting point, one among 

many inputs that should shape a judicial philosophy.221  It may 
not even be the most important consideration in shaping a 
judicial philosophy,222 but the way that we view the complexity 
around us cannot be ignored as it finds its way into our basic 
philosophical assumptions.  Consider again Holmes’ moment of 
self reflection: “[w]ould the complex forces which made a still 
more complex Me resolve themselves back into simpler  
forms . . . ?”223  Just as the complexity of human consciousness 
played a part in Holmes’ self contemplation, assumptions about 
the nature of complex systems have found their way into the 
philosophies that underlie jurisprudential theories. 

The scientific principles discussed here demonstrate both 
the limitations and the potential of logical derivation, empirical 

 

test, indicating intelligence indistinguishable from that of biological humans, 
by the end of the 2020s.”).  But see DOUGLAS HOFSTADTER & THE FLUID 
ANALOGIES RESEARCH GROUP, FLUID CONCEPTS AND CREATIVE ANALOGIES: 
COMPUTER MODELS OF THE FUNDAMENTAL MECHANISMS OF THOUGHT 491 
(1995) (“While it is certain that no project emanating from our research group 
will ever come close to passing the Turing Test, we nonetheless hope that the 
work . . . may help lead, in the distant future, to architectures that go much 
further than we have . . . .”) (emphasis added).  See generally id. at 467-91 
(examining the effectiveness of various computer simulations in modeling 
fundamental mechanisms of thought). 
 221. A common challenge to many pragmatic theories is that they appear 
“empty,” offering only process with no clear underlying values.  For example, 
Ronald Dworkin states: “Pragmatism does not rule out any theory about what 
makes a community better.  But it does not take legal rights seriously.”  
DWORKIN, supra note 46, at 160 (1986).  For an extended treatment of this 
issue, see id. at 151–73.   I have not attempted to refute these concerns here.  
Even after accepting the uses of Complexity Theory, a pragmatist has much to 
do in order to give a judicial theory persuasive moral and cultural force.  
Richard Posner's defenses of pragmatism are an excellent starting point for 
further investigation of these problems.  See, e.g., RICHARD POSNER, 
OVERCOMING LAW 1–29, 387–405 (1995); RICHARD POSNER, THE PROBLEMS OF 
JURISPRUDENCE 454-69 (1990). 
 222. See supra notes 9–14 (providing alternative approaches to analyzing 
theories of judicial decision making). 
 223. Supra note 1. 
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measurement, and computational problem solving.  Our legal 
system would be remiss to ignore these ideas, especially as the 
complexity of the statutory, regulatory, and economic systems 
considered by judges continues to rise.  Complexity Theory does 
not have all the answers, but I hope that I have nudged some 
towards pragmatic thinking and encouraged pragmatists to 
expand their justifications and methods.  The coming years will 
no doubt continue to see developments in Complexity Theory 
and related fields that will allow even richer applications to 
jurisprudence.  By encouraging this effort, jurisprudence can 
work with a clearer understanding of its own limitations while 
leaving room for vigorous debate on those metaphysical 
questions further from the reach of scientific inquiry. 


