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Fuzzy Modeling of Legal Reasoning: Clarifying Judicial Discretion Regarding Open-
Textured Standards

Abstract

Legal reasoning frequently relies on concepts that lack clear and determinate boundaries. Classical logic,
founded on binary "zero-or-one" values, is ill-equipped to accurately evaluate and represent such concepts
possessing an "open texture." Aiming to address this challenge, this study explores the potential of "Fuzzy
Logic" as a framework to bridge the gap between the rigidity of the law and the fluidity of reality.
Adopting an analytical-critical approach, this paper examines both the computational and qualitative
dimensions of applying this paradigm in legal reasoning. The first section demonstrates how algorithmic
modeling - via membership functions and conditional rules - can align the processes of "fact description™
and "inference" with the gradual nature of legal realities. The second section shifts focus to the
methodological (qualitative) level, analyzing the model's capacity to manage "hard cases" in light of Hart
and Dworkin's theories. In this context, by re-examining the "conflict of ownership rights" (per Article
132 of the Civil Code), the mechanism of "argumentative calibration” is elucidated as a qualitative
alternative to numerical weighting. Finally, through a pathological analysis of this approach, fundamental
challenges such as "judicial legitimacy" and the risk of "subjectivity" are critiqued, and solutions to
overcome these obstacles - such as consensus-building - are addressed.

The findings indicate that the transition from a binary view to a logic of degrees facilitates the
"transparent management of vagueness" in hard cases. Consequently, the key contribution of the fuzzy
approach is providing a "transparent analytical map" of the decision-making process wherein judicial
discretion is not eliminated but rendered structured. The ultimate objective is to define the role of fuzzy
thinking as a "complementary methodology™" and a "roadmap for the future™ that, without claiming to
replace human judgment, assists in enhancing accuracy and fairness in legal reasoning.

Keywords:
Legal Reasoning, Fuzzy Logic, Vagueness, Open Texture, Judicial Discretion, Hard Cases.
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8 Computational Modeling refers to the use of mathematical functions, logical rules, and algorithmic procedures to
simulate or represent a real-world process. In this paper, it specifically denotes the fuzzy-logic-based formalization
of legal reasoning (e.g., membership functions, fuzzy rules, and inference engines) as opposed to qualitative or
philosophical analysis.
® Crisp Sets
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Hart, H. L. A. The Concept of Law. 3rd ed. Oxford University Press. 2012, Chap. VII, Sec. 1 (“The Open Texture of
Law”).
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12 Fuzzy Set
13 Zadeh, Lotfi A. "Fuzzy Sets." Information and Control 8 (1965): 338-340.
1 Zimmermann, H.-J. Fuzzy Set Theory—and Its Applications. 4th ed. Springer. 2001, Chap. 1 (“Introduction to
Fuzzy Sets”).
1 Ross, T. J. Fuzzy Logic with Engineering Applications. 3rd ed. Wiley. 2010, Chap. 1 (“Introduction”).
'® This is known as Arbitrary Lines. See Shapira, R.A. "Fuzzy Logic and Its Application to Legal Reasoning - A
Comment to Professor Zadeh". In M. MacCrimmon & P. Tillers (Eds.), The Dynamics of Judicial Proof. Studies in
Fuzziness and Soft Computing, vol 94. Physica, Heidelberg, (2002): 119-133.
7 Ross (2010), Chap. 1.
'8 Fuzziness/ Graduated Membership
9 Ambiguity
20 \/agueness
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2! See Endicott, Timothy A. O. Vagueness in Law. Oxford University Press. 2001, Chap. 2 (“Linguistic
Indeterminacy”) & Chap. 3 (“Sources of Indeterminacy”); Poscher, R. “Ambiguity and Vagueness in Legal
Interpretation”. In P. M. Tiersma & L. Solan (Eds.), Oxford Handbook of Language and Law. Oxford University
Press. (2011): 128-144.

%2 Natural Language Processing (NLP)

2% Argumentation based Systems

24 Ashley explains how NLPs help resolve linguistic ambiguities, while "Argumentation Schemes" are used to
resolve interpretive conflicts. See Ashley, Kevin D. Artificial Intelligence and Legal Analytics: New Tools for Law
Practice in the Digital Age. Cambridge University Press. 2017, Chap. 9 (“Extracting Information from Statutory
Texts”); Walton, D. N., Reed, C., & Macagno, F. Argumentation Schemes. Cambridge University Press. 2008.

% 3ee Klir, G. J., & Yuan, B. Fuzzy Sets and Fuzzy Logic: Theory and Applications. Prentice Hall. 1995, Chap. 1
(“From classical (crisp) sets to fuzzy sets: a grand paradign shift”).

%8 probabilistic Uncertainty

a Bayesian Networks

8 Dempster- Shafer Theory or Theory of Belief Functions

2 Epistemic Uncertainty

%0 Aleatory Uncertainty

3 Degree of Belief

%2 Fact-finding Process

% For more information See Fenton, N. & Neil, M. Risk Assessment and Decision Analysis with Bayesian
Networks. 2nd ed. Boca Raton: Chapman and Hall/CRC, 2018; Shafer, Glenn. A Mathematical Theory of Evidence.
Princeton, NJ: Princeton University Press, 1976.

3 Degree of Truth

% Ross (2010), Chap. 1; Klir & Yuan (1995), Chap. 1.

% Classification
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3 Membership Function
% Ross (2010), Chap. 2 (“Classical Sets and Fuzzy Sets”).
% Curve of Judgment
%0 Zimmermann (2001), Chap. 2 (“Fuzzy Sets - Basic Definitions”).

1S, ol (goled ;5 aline (Slag03 (Sl ol 00 s Claude™ S givas Jbgh oS & yui )3 Cygias @lgs
Bagherian-Marandi, Navid; Ravanshadnia, Mehdi & Akbarzadeh-T., Mohammad-R. "Two-layered fuzzy logic-
based model for predicting court decisions in construction contract disputes.” Artificial Intelligence and Law 29, no.
4 (2021): 453-484.
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* Hart (2012), Chap. VII, Sec. 1.

“° Dworkin, Ronald. Taking Rights Seriously. Bloomsbury Academic, 2013, Chap. 4 (“Hard Cases”).
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Bagherian-Marandi et al. (2021), 465-468 (Data Collection and Pre-processing).
%% Susskind, Richard. Expert Systems in Law: A Jurisprudential Inquiry. Clarendon Press. 1987, Chap. 4
(“Analytical Jurisprudence and Legal Knowledge Representation”).
> Direct Rating
*® Ross (2010), Chap. 6 (“Development of Membership Functions™).
*® Delphi Method
%" Chang, Ping-Teng; Huang, Liang-Chih & Lin, Horng-Jiun. "The fuzzy Delphi method via fuzzy statistics and
membership function fitting and an application to the human resources.” Fuzzy Sets and Systems 112, no. 3 (2000):
511-520.
8 NLPs
% Ashley (2017), Chap. 9 (“Extracting Information from Statutory Texts”).
% Topology
110 justify the use of "triangular" and "trapezoidal" shapes, See Ross (2010), Chap. 4 (“Properties of Membership
Functions, Fuzzification and Defuzzification®).
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Zadeh, Lotfi A. “The Concept of a Linguistic Variable and its Application to Approximate Reasoning - Part I”.
Information Sciences 8, no. 3 (1975): 199-249.

1SS (Inference) "z liswwl” 4y (Description) "Cauogs” 51 135 w
Sartor, Giovanni. Legal Reasoning: A Cognitive Approach to the Law. A Treatise of Legal Philosophy and General
Jurisprudence, Vol. 5. Springer. 2005, Chap. 2 (“Basic Forms of Reasoning”).
o4 Knowledge Base
% See Studer et al. (1998),161-197; Susskind (1987), Chap. 2 (“Prolegomenon to building Expert Systems in Law
”) & Chap. 3 (“Entities to be represented in a Legal Knowledge Base™).
% Structural Isomorphism
%7 Conditional
% Antecedent
69 Consequent
" Fuzzy Rules (If-Then Rules)
™ Dubois, D., & Prade, H. "What are fuzzy rules and how to use them." Fuzzy Sets and Systems 84, no. 2 (1996):
169-185.
2 Fuzzy Logic Operators
™ Intersection
" Zadeh (1965), 340-342 (Definitions of Union and Intersection).
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" Union

® Klir & Yuan (1995), Chap. 3 (“Operations on fuzzy sets”). The discussion shows how these mathematical

operators fit into the logic of "necessary condition" and "sufficient condition™ in law.

ol o &l ogmyla e )3 (195065 5 ez ¢pljlin] s 9 Cuwl (Mamdani Inference) « Sliesd (6518 (sl 13 Joazro g il 0'139)\/\/
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Mamdani, E. H., & Assilian, S. An experiment in linguistic synthesis with a fuzzy logic controller. International

Journal of Man-Machine Studies 7(1), (1975): 1-13.

8 Implication

" Clipping

8 Scaling

® Ross (2010), Chap. 5 (“Logic and Fuzzy Systems”).

8 Aggregation

8 Zimmermann (2001), Chap.9 (“Fuzzy Logic and Approximate Reasoning”).
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Leekwijck, W. V., & Kerre, E. E. "Defuzzification: criteria and classification." Fuzzy Sets and Systems 108, no. 2

(1999): 159-178.
8 Preponderance of Evidence
% Beyond a Reasonable Doubt
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% Reasoning Proposal

%! See Zeleznikow, John. "Using Artificial Intelligence to provide Intelligent Dispute Resolution Support.” Group
Decision and Negotiation 30 (2021): 789-810.

%2 susskind, Richard. Tomorrow's Lawyers: An Introduction to Your Future. 2nd ed. Oxford University Press. 2017,

Chap. 10 ("Judges, IT, and virtual courts").
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Zeleznikow (2021), 789-810.
o) Sl &yl .l (Proportionality Principle) «cuwls uoln L;.ob) Silwodly &8lg 45 (38 Slaguio Glgied "Cunld” 5 "Cygps” (SilwJle v
1SSyl s e (658 laio b aS 00,8 pudais (Weight Formula) «(yjg Jge 80 B )0 1y 23¢y59 disly8
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% Alternatives
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% Intuitive Leap
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Samuel, Geoffrey. Epistemology and Method in Law. 1st ed. Routledge. 2003, Chap. 3 ("Methodologies in Law").

1Sy 13,8 gy 950 ~ SVl (Sl A 3 1y Syl s 5 (Vector-based outcome) "(6)l3, didly" Jdo yylo g oS
Prakken, Henry & Sartor, Giovanni. "Law and Logic: A Review from an Argumentation Perspective.” Artificial
Intelligence 227 (2015): 225 - 37.
192 Holistic
103 Analytical
1% Hard Cases
1% Core of Certainty
1% penumbra
97 Hart (2012), Chap. VII, Sec. 1 (“The Open Texture of Law”).
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Fuller, Lon L. “Positivism and Fidelity to Law: A Reply to Professor Hart.” Harvard Law Review 71, no. 4 (1958):
630-72; Schauer, Frederick. The Force of Law. Harvard University Press, 2015, Chap. 10 (“Awash in a Sea of
Norms™).
1 Legislative Discretion
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Sartor, Giovanni. “Legal concepts as inferential nodes and ontological categories”. Artificial Intelligence and Law

17 (3). (2009): 217-251.

3 Dworkin (2013), Chap. 2 (“The Model of Rules I").

4 Dimension of Weight

5 Intensity
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Alexy, Robert. A Theory of Constitutional Rights. Oxford University Press. 2010, Chap. 3 (“The Structure of

Constitutional Rights Norms™).
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Hage, Jaap C. Reasoning with Rules. Law and Philosophy Library Book, vol 27. Springer. 1997, Chap. 4 (“Reason-
Based Logic™).
19 Constructive Interpretation
120 »Chain Novel" (in which different authors take turns writing the chapters and each author must preserve the
previous narrative and continue it as best as possible).
21 |ntegrity
122 Dworkin, Ronald. Law's Empire. Cambridge: Belknap Press, 1986, Chap. 7 (“Integrity in Law”).
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Bench-Capon, Trevor. "The Missing Link Revisited: The Role of Teleology in Representing Legal Argument".
Artificial Intelligence and Law 10, (2002): 79-94.
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