&’ UNIVERSITY OF

& LIVERPOOL

REPRESENTATION OF CASE LAW FOR
ARGUMENTATIVE REASONING

Thesis submitted in accordance with the requirements of
the University of Liverpool for the degree of Doctor in Philosophy by

Latifa Mohammed Al-Abdulkarim

18/04/2017






Contents

Dedication
[Abstractl
[Acknowledgements|
(I__Introduction|
|I.I ~ Overview on Artificial Intelligenceand Law| . . . . . .. .. .. .. ... ...
[1.1.1  Legal Reasoning Model| . . ... ... ... .. ............
L.I2  Motivation] . . . . . . . .. . e
1.2 Research Issues and Questions| . . . . . . . . . ... ... . ... .......
|1.3  Research Methodology| . . . . .. ... ... ... ... ... ... ...,
(.4 Research Contributions|. . . . . . . . .. .. ... L o
[I.5 Publications| . . . . . . . .. ..
1 Thesi Tel . .
.....................................
V. Reviewl
2.1 Argumentationin AlandLaw| . . .. ... ... ... ... .........
[2.1.1  Legal Reasoning Systems| . . . . ... ... ... .. .........
HYPOI. . . . . .
CATOl. . . .
IBP: Issue Based Prediction| . . . . . ... ... ... ... ......
AGATHAI . . . . . .
|Other Notable Systems| . . . . . .. . ... .. ... ... .......
[2.1.2  Models for Legal Reasoning| . . . . ... ... ... ..........
Evidence . . . . ... ...
Facl . . . . o
|Intermediate Concepts| . . . . . . . . . . . ... ... ...
Factors| . . . . . . . . . ..
MSSuel . . . o
|Verdict, Decision, Opinton| . . . . . . . .. ... ... .. .......
[2.1.3  Legal Text Processmng| . . . ... .. ... ... .. .........
2.1.4 Legal Ontology| . . . . . . . . . . . . .. .. .. .. .. ...
2.2 Dialogues| . . . . . ...

iii

xiii

XV



[2.2.1 Dialogue Typology| . . . . . . . . ... ... ... .. ... .. ..., 42
[2.2.2 Legal Dialogue Models| . . . ... ... ... ... ... ...... 44
[Pleadings Game (1994)[. . . . . . . . . ... ... 46

Dialaw (I1995) . . . . . . . . o 47

(Toulmin Dialogue Game (TDG) (1998)[ . . . . ... ... ... .... 48

PADUA (2000)] . . . . . . . o 50

[2.3  Frameworks For Argumentation| . . . .. ... ... ... ........... 52
[2.3.1  Dung Abstract Argumentation Frameworks and Dung’s Refinements|. . 52
[2.3.2 Abstract Dialectical Frameworks|. . . . . . ... ... ... ... ... 54
[2.3.3  Structured Argumentation| . . . . .. .. ..o 57
|Argumentation Schemes| . . . . . ... .. Lo 57

ASPICH . . . . . o 60

Carneades|. . . . . . . . ... L 62
..................................... 63
[3  Legal Case Decision Process and Legal Domains| 67
3.1 Overview on Court Procedures| . . . . . .. ... ... ... ... ....... 67
[3.2  Supreme Court Process| . . . . . . . ... .. .. 68
[3.2.1 Oral Hearing Dialogues| . . .. ... ... ... ... ......... 69
[3.2.2  Legal Arguments in the Court Opinion|. . . . . . . ... ... .. ... 72

3.3 Legal Case Domains| . . . .. ... ... ... .. ... ... ... ...... 73
[3.3.1  Automobile Exception to The Fourth Amendment Domain| . . . . . . . 74

[US v. Chadwick (1977)[. . . . . . . . . . . . . . .. ... ... ..., 75

|California v. Carney (1985)] . . . . ... ... ... ... ....... 75

332 Wild Apimals Domain . . . . . .. ... o o000 75
333 US. Trade Secrets Domainl. . . . . . ... ... ... .. ....... 76
..................................... 78
[4 Legal Dialogue Representation| 79
.1 Oral Hearings Speech acts| . . . . . . .. ... ... ... ... ........ 79
4.2 Argument Component Trees| . . . . . . . . . ... ... ... .. ... ..., 84
4.3 An Ontology For Oral Hearing Dialogues| . . . . . ... ... ... .. .... 86
|4.3.1  Entities: Classes and Properties| . . . . . ... ... ... ....... 87

4.4 Legal Case Analysis Workflow| . . . . . ... ... ... ... ......... 90
4.5 Specification and Implementation| . . . ... ... ... .. .......... 93
451 BNFGrammar . . . ... .. ... e 93
[4.5.2  Implementation|. . . . . .. ... ... .. ... ... . ... ..., 94

4.6 Case Study: Automobile Exception to The Fourth Amendment| . . . . . . . .. 94
4.6.1 USv. ChadwickScenario Al . . . .. .. ... ... ... ....... 96

2 hadwick Scenario Bl . . . . . ... ... 0oL 98

4.6.3  California v. Carney Scenario A| . . . . . . ... .. ... ....... 102
4.6.4 California v. Carney ScenarioB| . . . . .. ... ... ... ...... 103

A7 Summary| ... . e e e e e e 106
[S System Design for Reasoning with Legal Cases Using Abstract Dialectical Frame- |
[_works| 109
0.1 Abstract Dialectical Frameworks Role in Aland Law|. . . . . ... ... ... 110

v



B2 The ANGELIC Methodology | . . . « « o o o oo 11
5.3  Factor-Based Reasoning Using ADFs| . . . ... ... ... ... ....... 112
531 CATOl. . . . . 112

532 IBP . . . o 115

5.4 Abstract Dialectical Frameworks For Factor Hierarchy| . . . . . ... ... .. 116
54.1  US Trade Secrets Domain . . . . . . . . . .. ... ... ... ... 117

5.5 Abstract Dialectical Frameworks from Oral Hearing ACTs| . . . . . ... . .. 120
[5.5.1 Merging Justices Oral Hearing ACTs| . . . . ... ... ........ 121

15.5.2  From Oral Hearing ACTsto Case ADF . . .. ... ... ....... 124
..................................... 126

[6  Applying ADFs to Predict the Outcome of Legal Cases| 127
[6.1 ADF Applications to Legal Domains| . . . . . ... ... ... ... ...... 128
[6.1.1 US Irade Secrets Domain[ . . . . .. .. ... ... ... ....... 128
IANGELIC Secrets Program| . . . . .. ... ... ........... 128

Resultd . . ... .o 130

Refinementl . . . . . . . ..o 132

0.1.2 Wild Apimals Domain| . . . . . . ... ... ... L. 136
IANGELIC Animals Program|. . . . . ... ... .. ... ....... 137

Resultsl . . . .. . . . 139

[6.1.3  US Automobile Exception to the Fourth Amendment Domain| . . . . . 139
[ANGELIC Automobile Program|. . . . . ... ... ... ....... 145
Results and Refinements|. . . . . . ... ... ... ... ....... 148

6.2  Reasoning with Facts| . . . . .. ... ... ... ... L. 150
|6.3  Including The Dissenting Opinion | . . . . . . . ... ... ... ........ 152
|6.4  Correspondence Between Oral Hearings and Opinion Case ADFs|. . . . . . .. 154
..................................... 157
[7_Evaluationl 159
7.1 Evaluation Over Legal Domains| . . . . . ... ... ... ... ........ 159
[7.2  Comparative Evaluation Over Legal Reasoning Systems| . . . . ... ... .. 162
[7.2.1 Relation to Structured Argumentation| . . . . . . ... ... ...... 163

[7.3  Evaluation Over Reasoning Levels| . . . . . . ... ... ... ........ 165
[7.3.1 Quality of Explanations Using Factors and Issues| . . . . . . ... ... 165

[7.3.2  Quality of Explanations Using Facts| . . . . ... ... ......... 166

[7.3.3  Reasoning with Portion of Precedents| . . . . . ... ... ....... 167

[7.3.4  Quality of Explanations Using Precedents Citation| . . . . . . ... .. 168

[7.3.5 Reasoning with Values| . . . . ... ... ... ... ... ..., 169

(/.4 Summary| . . . ... e e e e e 170
8__Conclusion and Future Work 173
8.1 Thesis Story|. . . . . . . . . . . e 173
[8.2  Main Findings and Contributions| . . . . . . . . ... .. ... ... ...... 176
[8.2.1 RQI-Does abstract argumentation provide a format capable of capturing |

| avariety of case lawdomains?| . . . . . ... ... ..., 177
18.2.2  RQ2-How can computational dialogue be used to identify relevant com- |

| ponents to instantiate the abstract argumentation format used? . . . . . 177




18.2.3  RQ3-How can we produce an executable program from this argumen-

| tation format 1n a standard manner such that cases are decided by the

| program to an acceptable degree of accuracy? . . . . . .. .. ... .. 178
18.2.4  RQ4-How can this executable representation be used to evaluate and |

| refine the analysis? . . . . . . . ... Lo o o 179
[8.2.5 RQ5-What additional information needs to be provided to support the |

| particular aspects of applications such as explanation? . . . ... ... 179
[8.3 Future Directions| . . . . . . . .. ... Lo 180
[8.3.1 Evaluation of Abstract Dialectical Frameworksl . . . . ... ... ... 181

[8.3.2  Considering Values and Dimensions| . . . . . . ... ... ....... 181

[8.3.3  Statement Types in Legal Argument| . . . . . .. ... ... ...... 182

[8.3.4  Beyond Majority Opinion| . . . . . . . .. .. ... ... ....... 183

[8.3.5  Multi-agent Deliberation Dialogue|. . . . . . .. .. .. ... ... .. 183

[8.3.6  Legal Text Processing] . . ... ... .................. 184

18.3.7  Other Jurisdictions, Other Domains and New (Undecided) Cases|. . . . 184

[8.3.8  Generalisation to Non Legal Context|. . . . . .. ... ... ...... 185

8.4  Summary| . . . .. ..o e e e 185

(A Design Documentation for the Java Implementation of the Legal Dialogue Repre-

[_sentation|
|IA.1 The Design of the Legal Dialogue Representation| . . . . .. ... ... ....

(B Case Study: US v. Chadwick Dialogue Moves and ACTs|
IB.1 Petitioner Dialogue|. . . . . . . ... ...
IB.2  Respondent Dialogue|. . . . . .. ... ... ... ... ... .. ...
IB.3  Petitioner Rebuttal Dialogue | . . . . . .. ... ... ... ... ... ....

[C Case Study: California v. Carney Dialogue Moves and ACTs|
|C.1 Petitioner Dialogue|. . . . . . .. .. .. . o

|[C.2  Respondent Dialogue|. . . . . . .. ... ... .. ...
|C.3  Petitioner Rebuttal Dialogue | . . . . . .. ... ... ... ... ... ...

D US.TradeS F Definitions
ID.1 Legallssues| . . . . . . . .. .. .
[D.2 Intermediate Legal Concerns| . . . . . . . .. ... ... ... ........

[E Automobile Exception Factors Definitions|
[E.1 Legallssues| . . . . . .. .. .

Base-lLevel Factors| . . . . . . . . . . . . . . ...

(G ANGELIC Animals Prolog Program and Results|

vi

187
187



7.1 Program| . . . . . . . . e

G2 Results]. . . . ..o

vii

307






Illustrations

List of Figures
(1.1 ~ The Interdisciplinary Nature of Al and Law Systems| . . . . . .. ... ... ... 3
1.2 Legal Case-Based Reasoning Systems Time Line} . . . . . . ... ... ......
(L3 Research Framework| . . . . . . . . ... .. ... 8
2.1 =~ Main Topics in The Literature Review| . . . . . . . . ... ... ... ... .... 20
[2.2  Landmark Case-Based Reasoning Systems.| . . . . .. ... ... ... ...... 22
2.3 Example of Claim Latticein HYPO| . . . . . . ... ... ... ... .. ..... 23
[2.4~ CATO Abstract Factor Hierarchy From [10] . . . . . ... ... .. ... ... .. 25
2.5 Construction and Use of Theories From [28] . . . . .. ... . ... ... .... 28
[2.6  Example of Produced Theories (reproduced from [S/])f . . . . . .. ... ... .. 30
[2.7  Legal Reasoning Stages| . . . . . . . . . . . . .. 33
2.8 Factor Extractionin CATOIO] . . . . . . . . . . o vt 39
[2.9  Toulmin Argumentation Scheme (reproduced from [34]])] . . . . . ... ... ... 49
[2.10 Abstract Argumentation Frameworks| . . . . . . . ... ... o 0L 55
56
[2.12" Formalising a Legal Opinion in ASPIC+ From [I06] . . . .. ... ... .. ... 61
[3.1  Legal Reasoning Stages in Different Courts| . . . . . . ... ... ... ...... 69
(3.2 U.S. Supreme Court Procedure|. . . . . . ... ... ... ... ... .... 70
[3.3  Oral Hearing Nested Dialogues| . . . . . . ... ... ... .. ......... 71
4.1 Oral Hearing Dialogues Protocol|. . . . . . ... ... ... ... ... ...... 85
4.2 Argument Component Tree (ACT)|. . . . . . . . . ... ... ... 86
4.3 Screenshot From the Legal Domain Ontology| . . . . ... ... ... ... ... 87
(4.4 Legal Ontology Diagram| . . . . . . . .. ... ... ... ... ... ....... 88
(4.5 Legal Case AnalysisMethod| . . . . . ... ... ... ... ... ......... 91
4.6 ACTs Construction US v. Chadwick, Scenario Al . . . . . ... ... ... .... 99
4.7 ACTs Construction US v. Chadwick, ScenarioB| . . . ... ... ... ...... 101
(4.8 ACTs Construction California v. Carney, Scenario A| . . . . . . . ... ... ... 104
4.9  ACTs Construction California v. Carney, ScenarioB| . . . . .. ... ... .. .. 106
[5.1 Domain analysis and representation Phase: Different Starting Points for ADF in- |
[ stantiation. . . . . ... oL L 111
[5.2  CATO Abstract Factor Hierarchy (reproduced from [10])| . . . . . .. .. .. ... 113
[3.3~ CATO Abstract Factor Hierarchy (reproduced from [10])] . . . . . ... ... ... 114
5.4 TIBPLogicalModel From [55] . . . . . . ... .... .. ............. 116
[5.5 Merged Justices’ ACT| . . . . . . . . . . . . 122
6.1 ADFfor Wild Animals Domam| . . . . . . ... ... ... 0. 138

X



[6.2  ADF for Automobile Exception, part 1| . . . . .. ... ... ... ........ 143

[6.3  ADF for Automobile Exception, part2| . . . .. ... ... ... .. ....... 144
[A.T Class Diagram| . . . . . . . .. ... .. ... 189
(A2 MainClassl . . . . . . .. e 190
(A3 CaseClassl . . . . . . . e 191
[A.4  Oral Hearing and Dialogue Classes| . . . . . ... ... ... ... ... ..... 191
[AS ACTCIASS . . o o v oot e e e e e 192
[A.6 Player ACT Class|. . . . . . . . . . s 192
[A.7 Issue, Playerlssue and IssueRelation Classes| . . . .. ... .. .......... 193
[A.8  Factor, PlayerFactor, FactorRelation Classes|. . . . . . .. ... ... ... .... 193
[A.9  Fact, PlayerFact, FactRelation Classes| . . . . . . . ... ... ... ........ 194
[A.10 GraphvizClass| . . . . . . . . . . . . 194
[(B.1 US v. Chadwick Petitioner Dialogue - Petitioner ACT} . . . .. ... .. ... .. 199
(B.2  US v. Chadwick Petitioner Dialogue - Justices ACT| . . . . . . . ... ... ... 200
[B.3  US v. Chadwick Respondent Dialogue - Respondent ACT| . . . . ... ... ... 206
[B.4  US v. Chadwick Respondent Dialogue - Justices” ACT| . . . . . . ... ... ... 207
[C.1  California v. Carney Petitioner Dialogue - Petitioner ACT| . . . . ... ... ... 213
[C.2  California v. Carney Petitioner Dialogue - Justices” ACT| . . . . . ... ... ... 214
[C.3  California v. Carney Respondent Dialogue - Respondent ACT| . . . . . ... ... 219
[C.4  California v. Carney Respondent Dialogue - Justices” ACT|. . . . ... ... ... 220
List of Tables

2.1 A Summary of Landmark Legal CBR Systems| . . . . . ... ... ........ 30
[2.2  The Six Types of Dialogues (reproduced from Walton and Krabbe [133])[ . . . . . 43
2.3  AE BiPolarand ADH. . . . . . . . ... .. 57
[3.1  Characteristics of Oral Hearing Dialogues| . . . . . . .. ... ... ........ 72
[3.2  Factor-Based Cases in Wild Animals Domain, where P=Plaintiff, D=Defendant.|. . 76
3.3 Factor-Based Cases in US Trade Secret Domainf. . . . . . .. ... ... .. .. 77
[4.1  Mark-up Scheme for the Oral Hearings Transcript| . . . . . ... ... ... ... 95
0.1 BaselevelFactorsin CATOl . . . . . . . .. . ... . .. 115
52 CATOas ADH . . . . . o 117
[5.3 IBP Logical Modelasan ADH . . . . . . ... ... ... .. ........... 118
[5.4  Merged Justices’ Components| . . . . . . .. ... ... 123
[5.5  California v. Carney Oral Hearing Case ADF| . . . . ... ... ... .. ..... 124
6.1  Wild Animalsas ADH . . . . . . .. ... 137
[6.2  Base-Level Factors in The Automobile Exceptionasan ADF. . . . ... ... .. 142




[6.3  Automobile Exceptionasan ADH . . . ... ... ... 0 L. 145
[6.4  Automobile Exception Cases|. . . . . . .. ... ... ... ... ... ...... 146
[6.5 California v. Carney Opinion Case ADH . . . . . . ... ... ... ... ..... 155
[6.6  Mapping Oral Hearing and Opinion Case ADFs|. . . . .. ... . ... ... ... 156
7.1 ~ ADF for Three Legal Domains|. . . . . . . ... ... ... ... ......... 160
[7.2~ ANGELIC and Legal CBR Systems Results From [35[and [57] . . . . . ... .. 163

X1






Dedication

To my beloved parents for their endless support.

Xiii






Abstract

Modelling argumentation based on legal cases has been a central topic of Al and Law since its
very beginnings. The current established view is that facts must be determined on the basis of
evidence. Next, these facts must be used to ascribe legally significant predicates (factors and
issues) to the case, on the basis of which the outcome can be established.

This thesis aims to provide a method to encapsulate the knowledge of bodies of case law
from various legal domains using a recent development in Al knowledge representation, Ab-
stract Dialectical Frameworks (ADFs), as the central feature of the design method. Three legal
domains in the US Courts are used throughout the thesis: The domain of the Automobile Ex-
ception to the Fourth Amendment, which has been freshly analysed in terms of factors in this
thesis; the US Trade Secrets domain analysed from well-known legal case-based reasoning sys-
tems (CATO and IBP); and the Wild Animals domain analysed extensively in Al and Law.

In this work, ADFs play a role akin to that of Entity-Relationship models in the design
of database systems to design and implement programs intended to decide cases, described as
sets of factors, according to a theory of a particular domain based on a set of precedent cases
relating to that domain. The ADFs in this thesis are instantiated from different starting points:
factor-based representation of oral dialogues and factor-based analysis of legal opinions.

A legal dialogue representation model is defined for the US Supreme Court Oral Hearing
dialogues. The role of these hearings is to identify the components that can form the basis of an
argument that will resolve the case. Dialogue moves used by participants have been identified as
the dialogue proceeds to assert and modify argument components in term of issues, factors and
facts, and to produce what are called Argument Component Trees (ACTs) for each participant
in the dialogue, showing how these components relate to one another. The resulting trees can
be then merged and used as input to decide the accepted components using an ADF. The model
is illustrated using two landmark case studies in the Automobile Exception domain: Carney v.
California and US v. Chadwick.

A legal justification model is defined to capture knowledge in a legal domain and to provide
justification and transparency of legal decisions. First, a legal domain ADF is instantiated from
the factor hierarchy of CATO and IBP, then the method is applied to the other two legal domains.
In each domain, the cases are expressed in terms of factors organised into an ADF, from which
an executable program can be implemented in a straightforward way by taking advantage of the
closeness of the acceptance conditions of the ADF to components of an executable program.

The proposed method is evaluated to test the ease of implementation, the efficacy of the re-

sulting program, the ease of refinement, transparency of the reasoning and transferability across

XV



legal domains. This evaluation suggests ways of improving the decision by incorporating the
case facts, and considering justification and reasoning using portions of precedents.

The final result is ANGELIC (ADF for kNowledGe Encapsulation of Legal Information
from Cases), a method for producing programs that decide the cases with a high degree of

accuracy in multiple domains.

KEY WORDS: Legal Reasoning, Legal Dialogue, ADF, Case-Based Reasoning, Factors,
Facts.
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Chapter 1

Introduction

“Justice? — You get justice in the next world. In this one you have the law.”
William Gaddis, A Frolic of His Own

1.1 Overview on Artificial Intelligence and Law

Understanding the human reasoning process used in conducting arguments, resolving conflicts,
and reaching a decision is an interdisciplinary study. Modelling argumentation has had a great
impact on the development of theories and applications in Artificial Intelligence (Al), especially
in critical domains that involve richness of reasoning such as Law. Law is at the heart of ev-
ery society, and is vitally important to people’s lives in all aspects, through applying justice,
addressing human rights, and promoting social values.

Al and Law have crossed paths [31, [110] for over 25 years. Creating and applying Law
involves information processing, reasoning, and decision making, which correspond to the tech-
niques of information retrieval and extraction, knowledge representation and reasoning, natural
language processing, machine learning and data mining. This makes Law a natural application
area and a rich test-bed for research in Al In addition to these shared interests, Al and Law also
have a shared subject [31} p.307]: In law, rules have exceptions, reasons are weighed, and princi-
ples provide guidance. Similarly in Al reasoning is uncertain, knowledge is context-dependent,
and behaviour is adaptive.

A particular concern of Al and Law is legal reasoning. Law often involves conflicting inter-
ests of opposite parties. The extensive documentation of disputes and the adversarial nature of
legal procedure makes Al and Law an excellent domain for providing methods to compare and
contrast between alternative opinions and for giving explanations and justifications for decisions.
Therefore, argumentation has been recognised as a core topic in Al and Law. Understanding of
the structure and acceptability of arguments is essential for a computer system to be able to
engage in exchanges of arguments. Legal systems have benefitted considerably from the devel-

opment of argumentation in Al, as in these domains there is a need for decision making based
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on incomplete or uncertain information. Incorporating elements from the theories of argumen-
tation into Al applications has the obvious advantage of allowing these systems to make use of
uncertain or incomplete knowledge available to them. In such situations argumentation can play
the important role of providing tentative conclusions for or against a claim in the absence of
further information to the contrary.

From the early 1990s several areas of computer science also became interested in the di-
alogical aspect of argumentation, including Al and Law. Dialogue systems were originally
introduced into Al and Law as a way of modelling legal procedures [70l], and more recently
for legal reasoning [[107] or for exploring particular legal phenomena such as burden of proof
[71,109]]. Dialogues in the legal domain combine arguments from different resources, i.e. ar-
gument about the case evidence and facts, argument from legal rules, argument from precedent
cases, argument from hypothetical tests and others that are required to resolve ambiguity and
conflicts. In general, in conflict resolution dialogues the outcome is not fully determined by the
participants. A typical example is legal procedure, where a third party, such as a judge or jury,
normally determines the outcome of the case.

At first sight, people might think that Law as a body of rules and legal reasoning is devel-
oped using techniques of knowledge representation and automated deduction [93]], but it is not.
Legal reasoning goes beyond the literal meaning of the legal rules and requires consideration of
context. Further aspects of law, related to providing a fest so that a landmark case can be applied
to future cases, applying the law to particulars of the case taking into consideration the social
effects and changes in social objectives, in addition to the adversarial nature of legal procedures,
may all require that a legal rule is overridden or changed.

A legal case starts with a story told by a client. The lawyer then interprets this story, accord-
ing to the case context, based on a set of facts so that it can be fitted to an applicable law. Once
the interpretation is determined an argument is constructed using some case precedents. Thus
a legal case passes through various modes of reasoning: determining facts, classifying the facts
under legal concepts of conditions, and deriving legal consequences from these facts. Therefore,
computational argumentation systems developed to simulate legal reasoning are used to target
different challenges [36,[110]. Systems can be used to store conflicting interpretations [98]], pro-
vide reasoning with conflict rules [107, [108], propose alternative case decisions, use precedent
cases to generate arguments [10} [14]], or as mediators between disputing parties by structuring
and recording their arguments and responses [34, (70, 92].

All this makes Al and Law a thoroughly interdisciplinary field, as it benefits from the syn-
ergy between the different kinds of systems investigated; theoretical systems (legal theory) are
used to learn about artificial systems while remaining grounded by the perspective on natural
systems (argumentation, practice of law) (see Figure 1.1) [31, p.308]. There is a synergy not
only between law and Al, but also between Al and Al and Law. Better understanding of Al
problems can benefit law, and applying law in Al can benefit Al. Applying argumentation the-
ories and techniques in real, documented examples in Law instead of hypothetical ones has

contributed significantly to the improvement of Al applications from which society as a whole
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can benefit. It also provides insights about the limitations of existing techniques, suggesting

refinements and extensions of the models, or developing new approaches.

Artificial Intelligence

Argumentation Legal Theory

FIGURE 1.1: The Interdisciplinary Nature of Al and Law Systems

1.1.1 Legal Reasoning Model

Modelling reasoning in legal cases has been a central topic of Al and Law from the beginning,
and there is now a good degree of consensus, especially with regard to the main elements in-
volved. This consensus can be expressed as a tree of inference, with a legal decision as the root
and evidence as the leaves. Between the two there are a number of distinct layers. Immediately
below the decision there is the issues level [55]], or values [38]], which provide the reasons why
the decision is made.

The idea here is that laws are made (and applied) so as to promote social values. Whether
a value is promoted or not by a particular decision is an issue. Where more than one value is
involved and they point to different decisions, the conflict needs to be resolved. Sometimes it is
appropriate to give priority to one value over another (as in [38]]); sometimes a balance needs to
be struck (as in [87]]).

At the next level down there are a number of factors [10]. Factors are stereotypical fact
patterns which, if present in a case, favour one side or the other by promoting a value if that
side wins, and so are used to resolve the issues. Factors are required to enable generalisation
across the infinitely varied fact situations that can arise, and so permit the comparison of cases.
Sometimes (as in [[10]) it may be convenient to group several factors together under more ab-
stract factors, so that there may be two or three layers of factors, moving from base level factors
through more abstract factors, before reaching the issues. Below the factors there are the fact
patterns used to determine their presence. These may offer necessary and sufficient conditions,

but more often they offer either a set of sufficient conditions, or in less clear-cut cases, a number
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FIGURE 1.2: Legal Case-Based Reasoning Systems Time Line

of facts supplying reasons for and against the presence of the factor, which need to be consid-
ered and weighed to make a judgment [20]. At the lowest level there is the evidence. Facts
are determined by particular items of evidence, and where evidence conflicts, a judgment will
need to be made: often this judgment is made by a jury of lay people rather than lawyers. In
the lower courts there will be real items of evidence, particular witness testimonies and the like.
But by the time a case reaches the Supreme Court, the facts are usually considered established
and beyond challenge. The Supreme Court does, however, need to consider what is admissible
and what should count as evidence, and whether this will generally be available, so that the rule
governing their decisions can be applied in future cases.

Thus a complete argument for a case will comprise a view on what can be considered as
evidence for relevant facts: what facts are required to establish the presence of various factors,
and how they relate; how the factors can be used to determine the issues; and, where issues and
values conflict, how these conflicts should be resolved.

Several systems have contributed to this understanding in legal reasoning in the domain of
Alin law. HYPO [14], the parent, is a case-based reasoning system that supports the selection of
similarity between cases based on factors treated as dimension points. The main goal of HYPO
is to create arguments for a legal case using precedent cases, without making decisions on the
current case. CATO (HYPOs child) [[10] was primarily directed at law school students, and was
intended to help them form better case-based arguments, in particular to improve their skills in
distinguishing cases by grouping these factors into a factor hierarchy. IBP (HYPOs grandchild)
[[L7]] partitions the factors into case issues and uses case-based techniques to resolve the conflicts
within issues and predict the outcomes of cases.

HYPO, CATO and IBP all operates on the domain of US Trade Secret Law, which concerns
the protection of technological and commercial information not generally known in the trade
against unauthorised commercial use (this legal domain is explained in Chapter 3). AGATHA
system [57, 58] has also used cases from the domain of US Trade Secret Law, however, the main
purpose of AGATHA is to construct a case law theory of the domain, starting from factors rather
than the domain itself, which explains as many of the existing cases as possible while giving the
desired outcome for the current case.

Figure 1.2 shows a time line for some of the landmark legal reasoning systems; all these
systems are based on an analysis of the case opinion argument and finding the similarities be-
tween cases in a specific case domain. The systems above the line are those directly relevant to

this thesis, will be discussed in detail in Chapter 2.
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1.1.2 Motivation

Although AT and Law has been around for more than three decades, and there has been much in-
teresting research [31], there has been disappointingly little penetration into legal practice. One
important exception is the approach to moving from written regulations to an executable expert
system based on [85]], which has been developed through a series of ever larger companies:
Softlaw, Ruleburst and, currently, Oracle.

In the past few years or so, however, there is an unprecedented degree of interest in Al
and its potential for supporting legal practice. This is evidenced by articles in the legal trade
press such as Legal Busines and Legal Practice Managemen national radio programmes
such as Law in Actiorﬂ and AnalysisE] and Professional Society events, such as panels run by
the Law Society of England and Wale The legal profession has never been so interested in,
and receptive to, the possibilities of Al for application to their commercial activities. There are,
therefore opportunities which need to be taken.

One of the major lessons that can be drawn from Softlaw and its successors is the need for
a methodology. A methodology gives some assurance to clients that their engagement with Al
has some prospects of success: they are not so interested in furthering research activities as
in increasing profits and the use of an established methodology can allow them to know how
their particular problem will be addressed and what will be produced at the end of the process.
Equally important, as the Softlaw experience also showed, is the existence of tools to support the
methodology. Such tools reinforce the methodology, make it more teachable and reproducible
and shorten the development time.

This thesis targets this need by presenting a knowledge engineering methodology to fa-
cilitate analysis and provide a way for recording the fruits of this analysis by encapsulating
the knowledge of different legal domains, rather than just one domain as in the previous legal
case-based reasoning systems, using Abstract Dialectical Frameworks (ADF) [53}54], a recent
development in abstract argumentation (see Chapter 2 for argumentation frameworks) and a
generalisation of Dungs Abstract Argumentation Framework (AF) [61]. The final result is AN-
GELIC (ADF for kNowledGe Encapsulation of Legal Information from Cases) methodology.
Note that ADFs are primarily used to record knowledge, not to execute it.

As mentioned above, work in Al and Law has established a fairly clear model of legal
reasoning in which cases are described in terms of legally significant factors, and these sets of
factors provide reasons to decide cases in a particular way, determined by precedent cases. Al
and Law has not, however, provided a methodology to extract the relevant factors in the domain,
show the factors presented in a case and find the relationship between these factors and other

components of the reasoning, such as facts and issues in a more comprehensive way.

VAL and the law tools of tomorrow: A special report. www.legalbusiness.co.ukindex.phpanalysis4874-ai-and-the-
law-tools-of-tomorrow-a-special-report. All websites accessed in January 2017.

2The Future has Landed. www.legalsupportnetwork.co.uk. The article appeared in the March 2015 edition.

3 Artificial Intelligence and the Law. www.bbc.co.uk/programmes/b07dlxmj.

4When Robots Steal Our Jobs. www.bbc.co.uk/programmes/b0540h85.

5The full event of one such panel can be seen on youtube at www.youtube.com/watch?v=8jPB-4Y3jLg.
Other youtube videos include Richard Susskind at www.youtube.com/watch?v=xs0iQSyBoDE and Karen Jacks at
www.youtube.com/