HANDBOOK OF UTILITY THEORY

Volume 1
Principles,

Edited by
y

SALVADOR BARBERA

Universitat Autonoma de Barcelona

PETER J. HAMMOND

Sanford University

CHRISTIAN SEIDL
Christian-Albrechts-Universitat zu Kiel

C
KLUWER ACADEMIC PUBLISHERS
DORDRECHT/ BOSTON / LONDON



Table of Contents

Preface

1 Preference and Utility
Ghanshyam B Mehta

1 Introduction
2 Preliminaries on Order and Topology
3 Existence of a Utility Function
4 Existence of a Continuous Utility Function on Euclidean Spaces
5 Debreu's Gap Lemma and the Existence of a ContinuousUtility Function on
Totally Preordered Topological Spaces
6 Existence of a Continuous Utility Function on Partially Ordered Topological
Spaces -
7 The Urysbhn-Nachbin Approach to Continuous Utility Functions
8 Miscellaneous Topics on Utility Functions
8.1 Continuous Utility Functions on Infinite Dimensional Spaces
8.2 Utility Representations for Interval Orders
8.3 Differentiable Utility Functions
8.4 Jointly Continuous Utility Functions
8.5 Existence of a Utility Function with Values in a Lexicographic Product
References

2 Separability: A Survey
C. Blackorby, D. Primonl and R. R. Russell

1 Introductory Remarks '
2 Decentralization and Separability .
2.1 Notation
2.2 Decentralization . -
2.3 Separability and Functional Structure
2.4 Decentralization e<=> Separability
3 Price Aggregation and Budgeting
3.1 Price Aggregation
3.2 Two-Stage Budgeting
4 Separability and Duality
4.1 Dual Representations of Preferences: Indirect Utility, Expenditure,
and Distance Functions
4.2 Separability of Dual Representations of Preferences
4.3 Homothetic Separability
4.4 Additive Price Aggregation
5 Additive Structures.
5.1 Complete Separability
52 Additivity in a Two-Group Partition.
5.3 Additivity and Duality. i "o
6 Conjunction of Direct and Indirect Separability and Additivity
5.1 Direct and Indirect Additivity
6.2 Direct and Indirect Separability
7 Implicit Separability
8 Concluding Remarks: Extensions and Applications.
References

10

17

24
26
30
30
32
34
36
37
38
49

51
51
52
53
54
58
59
60
61

63

64
65
68
69

70
71
74

7
78
79
82
87
88



3 Recursive Utility and Dynamic Programming
Peter A. Streufert

1 Introduction f
2 Stationary Theory
2.1 Decomposing Recursive Utility
22 Feasibility
2.3 The Commodity Space and Biconvergence
24 Recomposirig Recursive Utility
25 Dynamic Programming
2.6 Informal Links to Optimal Control

3 Stationary Applications ,
3.1 Additive Utility

3.2 Deterministic Saving Problems with Additive Utility
33 Deterministic Saving Problems with Non-Additive Utility

4 Nonstationary Theory and Applications
4.1 Nonstationary Theory

4.2 Stochastic Saving Problems with Additive Utility

43 Intergenerational Models
5 An Extension -
References

4 Dual Approaches to Utility
Martin Browning

1 Introduction
An Optimal Tax Example
Mathematical Background

The Distance and Profit Functions
Mixed Representations

N o U A WN

Concluding Remarks
References
5 Objective Expected Utility
Peter J. Hammond
1 Introduction and Outline

2 The Expected Utility Hypothesis
2.1 Simple Lotteries
22 Expected Utility Maximization
2.3 Ratios of Utility Differences

24 Cardinally Equivalent Utility Functions

3 Necessary Conditions
3.1 The Ordering Condition
3.2 Independence Conditions
33 Lexicographic Preferences
34 Continuity Conditions

The Cost and Indirect Utility Functions

93

94

94
94
97
98
99
101
104
105
105
106
108
109
109
112
116
118

119
123

124
125
127
128
132
137
139
139

143

145

147
147
148
149
151
152
152
153
154
155



Table of Contents

4 Sufficient Conditions ,
4.1 Ordinality and Independence
4.2 Continuity .
4.3 Construction of a Utility Function
5 Consequentialist Foundations: Ordinality
5.1 The Consequentialist Principle
5.2 Simple Finite Decision Trees
5.3 Behaviour and Unrestricted Domain
5.4 Continuation Subtrees and Dynamic Consistency
55 Consequentialism in Simple Decision Trees
5.6 Consequentialism Implies Ordinality
6 Consequentialist Foundations: Independence
6.1 Finite Decision Trees with Chance Nodes
6.2 Consequentialism in Finite Decision Trees
6.3 Consequentialism Implies Independence
6.4 Ordinality and Strong independence Characterize Consequentialism
6.5 Summary
7 Continuous Behaviour and Expected Utility
7.1 Continuous Behaviour
7.2 Dynamic Programming and Continuous Behaviour
7.3 Main Theorem
8 Discrete Lotteries, Boundedness, and Dominance
8.1 Discrete Lotteries , -1
8.2 Unbounded Utility '
8.3 Bounded Expected Utility
84 Dominance
85 Sufficient Conditions for the EU Hypothesis
8.6 Continuity
8.7 Consequentialist Motivation for Dominance
9 . Probability Measures .
9.1 Probability Measures and Expectations
9.2 Necessary Conditions for EU Maximization
9.3 Sufficient Conditions for the EU Hypothesis
9.4 Continuity of Expected Utility
9.5 Consequentialism and Probability Dominance
10 Summary and Concluding Remarks .
References

6 Subjective Expected Utility
Peler J. Hammond

Introduction and Outline
Necessary Conditions

1
2

2.1

2.2
2.3
2.4

Subjective Expected Utility Maximization
Contingent Preferences and the Sure Thing Principle
State Independent Preferences

A Likelihood Ordering of Events

Consequentialist Foundations

157
157
159
161

164
164
165
166
166
167
169

172
172
173
174
177
178

179
179
181
185

185
8 5
186
188
189
190
191
193

195
195
196
198
200
203
205
206

213

215
219
219
219
221
221

222



3.1 Decision Trees with Natural Nodes

3.2 Feasible and Chosen CCFs ,
33 Consequentialism and Contingent Orderings

3.4 Consequentialism and the Sure Thing Principle

35 Consequentialism Characterized

3.6 Unordered Events

4 Anscombe and Aumann's Axioms
4.1 Horse Lotteries versus Roulette Lotteries
42 Ratios of Utility Differences
4.3 Ordinality, Independence and Continuity

4.4 Reversal of Order
45 Sure Thing Principle
4.6 State Independence
4.7 Sufficient Conditions for the SEU and SEU* Hypotheses
5 Consequentialist Foundations Reconsidered
5.1 Decision Trees with'Both Chance and Natural Nodes
5.2 Consequentialism and Contingent Utilities
53 Consequentialist Normal Form Invariance and Condition (RO)
54 State'Independent Consequentialism, No Null Events, and Continuity
55 Sufficient Conditions for Consequentialism
56 Dynamic Programming and Continuous Behaviour
5.7 Main Theorem
6 State-Dependent Consequence Domains
6.1 Evaluation Functions .

6.2 Chosen Probabilities and State-Dependent Utilities
6.3 State-Independent Utilities

7 Countable Events

7.1 Bounded Preferences
7.2 Event Continuity
, 7.3 Event Dominance ,

74 Sufficient Conditions for SEU and SEU*
8 Subjective Probability Measures

8.1 Measurable Expected Utility

8.2 Sufficient Conditions for SEU and SEU*

8.3 Eleven Sufficient Conditions
9 Summary and Conclusions
References <

7 Stochastic Utility -
Peter C. Fishburn

1 Introduction

2 Structures
2.1 The Universal Set of Objects

2.2 Domains for P
2.3 Domains for p
24 Primitive Domains and Axioms

3 Representations

222
223
224
225
226
226

228
228
229
229
230
231
232
233

237
237
238
239
240
241
243
244
244
244
247
250
254
254
254
255
256
256
256
259
265
266
268

273

275

278
279
280
280
281

284



Table of Contents v

3.1 Representation Theorems and Uniqueness 284
3.2 Constant Utility and Binary Advantage Representatlons 286
3.3 Random Utility Representations 286
34 Subset.Choice and Sequential Reduction ! 288
35 Preview 290
4 Binary Choice Probabilities 291
5 Simple Scalability and Luce's Model 294
6 Random Utility . 296
7 The Linear Ordering Polytope 299
8 Rankings: Induced and Primitive 302
8.1 Rankings from Choice Probabilities 302
8.2 Rankings as Primitive 305
8.3 Social Choice Lotteries 306
9 Lotteries and Acts . 307
References ' 311
8 Fuzzy Utility . 321
Maurice Salles
1 Introduction 322
2 Fuzzy Preference 323
2.1 Fuzzy Preference: Numerical Values 324
2.2 Fuzzy Preference: Qualitative Values 327
3 Choice and Fuzzy Preference 329
3.1 Exact Choice and Standard Fuzzy Preference , 329
3.2 Choice and Soft Preference . 333
4 Fuzzy Social Choice 335
4.1 Numerical Fuzzy Social Choice 335
4.2 Social Choice with Qualitative Fuzziness 337
5 Conclusion 341
References 341
<
9 Lexicographic Utility and Orderings 345"
Juan E. Martinez-Legaz
1 Introduction 346
2 Lexicographic Preferences 347
3 The Lexicographic Order in M" 350
4 Lexicographic Utility ' 353
5 Lexicographic Expected Utility 355
6 Lexicographic Subjective Expected Utility 358
7 Lexicographic Probabilities and Game Theory 361
References 365
10 Utility Theory and Ethics 371
Philippe Mongin and Claude d'Aspremont
1 Introduction 373

2 Some Philosophical and Historical Clarifications 376



VI

2.1 Preliminaries

22 Early Utilitarian Views: Utility Related to Pleasure and ,Pain

2.3 Utility as a Measure of Actual Preference Satisfaction '
24 Utility and Well-Being: Critical Arguments

25 Utility, Well-Being, and Social Ethics: Some Positive Arguments

3 Some Definitions and Concepts from Utility Theory
3.1 Utility Functions in the Case of Certainty, and "Economic" Domains
3.2 Von Neumann-Morgenstern Utility Functions
3.3 Anscombe-Aumann Utility Functions
34 Interpersonal Utility Differences
4 The Aggregative Setting with Interpersonal Comparisons of Utility
4.1 The SWFL Framework
4.2 Invariahce Axioms and Interpersonal Comparisons of Utility
4.3 Further Conditions on SWFL '
4.4 Utilitarianism Versus Leximin
45 Further Rules for Social Evaluation. The Variable Population Case
4.6 Some Conceptual Problems of the Multi-Profile Approach
5 The Aggregative Setting with Choice-Theoretic Constraints
51 Harsanyi's Approach to Utilitarianism. The Aggregation Theorem
5.2 A SWFL Reconstruction of Harsanyi's Aggregation Theorem
5.3 Further Philosophical Comments on Harsanyi's Utilitarianism
54 The Aggregative Approach in the Case of Subjective Uncertainty
6 The Impartial Observer, the Original Position, and Fairness
6.1 Impartial-Observer Theories
6.2 State-of-Nature Theories and the "Original Position"
6.3 Harsanyi's Impartial Observer Theorem, and the Problem of "Ex-
tended Sympathy"
6.4 Rawls's "Original Position" and "Veil of Ignorance"
6.5 Alternative Notions of Fairness
6.6 Equality of Resources and Welfare
7 Concluding Comments
References

11 Measures of Economic Welfare
Michael Ahlheim

1
2
3

6

Introduction
Criteria for the Characterization of Welfare Measures
Welfare Measurement in a Comparative Static World

3.1 Definitions

3.2 Functional Welfare Measures
33 Atomistic Welfare Measures
34 Index Measures

Welfare Measurement with Quantity Constraints
4.1 Definitions

4.2 Measuring Welfare

Intertemporal Aspects

Further Topics '

376
379
382
388
394

401
401
402
404
407
408
409
411
413
415
419
422
425
425
429
432
437
444
444
447

449
455
459
462
465
467

483

484
486

488
489
495
512
515
526
527
531
537

543



6.1 Public Goods
6.2 Uncertainty
6.3 Aggregation

References .

12 Changing Utility Functions

Hersh Shefrin
1 Introduction and Outline
2 Historical Development
3 The Discounted Utility Model .
4 A Changing Tastes Model
5 Hyperbolic Discounting
6 Dynamic Consistency as Nash Equilibrium
7 Existence and Indifference
8 Welfare Implications '
9 ' Endogenously Changing Utility Functions
10 Changing Tastes and Consumer Theory
11  Uncertainty '
12 Prospect Theory
13  Self-Control, Willpower, and Rules
14  Concluding Remarks
References

13 Causal Decision Theory
James M. Joyce and Allan Gibbard

1 Introduction

2 Dominance and Expected Utility: Two Versions

3 Conditionals and their Probabilities

4 Ratificationism

5 Ratificationism and Causality in the Theory of Games
6 Foundational Questions

7 Conclusion

References

Subject Index

Name Index

Table of Contents

vii

543
553
555
558

569

569
571
573
574
578
582
590
594
596
599
603
607
612
619
623
627

628
630
634
642
645
656
663
664

667

677



HANDBOOK OF UTILITY THEORY

Volume 2
Extensaons

« Edited by

SALVADOR BARBERA

Universitat Autonoma de Barcelona

PETER J. HAMMOND

Sanford University

CHRISTIAN SEIDL
Christian-Albrechts-Universitat zu Kiel

KLUWER ACADEMIC PUBLISHERS
BOSTON / DORDRECHT / LONDON



Table of Contents

Preface . ' vii
Contributors List . _ Xi
14 Alternatives to Expected Utility: Foundations 685
Robert' Sugden
Nl Introduction 687
2 Choice Under Risk: The von Neumann-Morgenstern Framework 689
2.1 Expected Utility Theory 689
22 The Common Consequence and Common Ratio Effects, and Simul-
taneous Insuring and Gambling 694
2.3 Moments of Utility, Disappointment Theory and Risk-Value Theory 699
2.4 Weighted Utility Theory and SSB Utility Theory 701
25 Lottery-Dependent Expected Utility . 704
2.6 Machina's Generalized Expected Utility Theory 705
2.7 Transformations of Probabilities 708
2.8 Prospective Reference Theory 710
2.9 Rank-Dependent Utility Theory 712
2.10  Ordinal Independence 716
211 G.ul's Theory of Disappointment Aversion 717
212  Cumulative Prospect Theory ' 719
2.13  Similarity Theory 722
2.14  Case-Based Decision Theory e 723
3 Choice Under Uncertainty: The Savage Framework \ 726
3.1 Savage's Conceptual Framework 726
3.2 Savage's Subjective Expected Utility Theory 727
33 Probabilistic Sophistication 730
3.4 Ambiguity and the Ellsberg Paradox 732
35 Choquet Expected Utility Theory 734
3.6 RankrDependent Theory as a Special Case of Choquet Expected Uti-
lity Theory 736
3.7 Regret Theory 738
4 Dynamic Choice 740
4.1 Dynamic Consistency and the Common. Ratio Effect 740
4.2 . Relaxing Separability . ' 744
4.3 Reduction by the Substitution of Certainty Equivalents 746
4.4 Relaxing Timing Independence 746
5 Conclusion 748
References - ' 750
15 Alternatives to Expected Utility: Formal Theories . 757
Ulrich Schmidt
1 Introduction .758
2 The General Framework 759
3. Expected Utility Theory 761
3.1 Axioms for Expected Utility 761
3.2 Representation Theorems . 764

33 Properties of Expected Utility 766



3.4 Violations of Independence

4 Generalizations of Expected .Utility -
4.1 Utility Theories with the Betweenness Property
4.2 Rank-Dependent Utility Theory
4.3 Local Expected Utility Analysis
4.4 Hybrid Models'
4.5 Discontinuous Models "
5 Conclusions . ,
References

16 State-Dependent Utility and Decison Theory
JacquesH. Drezeand Aldo Ruslichini

1 Technical Summary
2 ' Introduction, Retrospect,and Preview
2.1 Retrospect: Theory
2.2 Retrospect: Applications and Moral Hazard
2.3 One”Person Games with Moral Hazard
2.4 - Motivation and Organisation
3 A General Framework .
4 Games Against Nature
5 Hypothetical Preferences
6 Games with Moral Hazard
7 Conditional Expected Utility
7.1 Representation Theorem
7.2 Extensions and Remarks
8 Rik Averson
8.1 State-Independent Preferences, or Single Commodity
8.2 State-Dependent Preferences, or Many Commodities
9 Applications: Life Insurance and Value of Life
9.1 Life Insurance
9.2 Value of Life
10 Conclusion
Appendix
References

17 Ranking Sets of Objects
S Barbera, W. Bossert and P- K. Pattcmaik

1
2
3

Introduction ' .
An Overview

Complete Uncertainty

3.1 Basic Concepts -

3.2 Best and Worst Elements

33 Impossibility Results

34 Characterizations

Opportunities .

4.1 Indirect Utility

769

771
771
783
799
803

810
819
820

839

841
843
843
845
847
848
850
851
853
859
866
866
869

871
871
872

875
876
878
883
884
888

893

895
898

901
901
904
910
912
922
922



' Table of Contents ill

4.2 . Freedom of Choice 924

4.3 Well-Being . 943

4.4 Flexibility and Consequences 949

5 Sets As Final Outcomes 959
5.1 Conceptual Issues 959

5.2 Fixed-Cardinality Rankings 959

53 Additive Representability and Separability ' 962

5.4 Signed Orderings 965

6 Concluding Remarks ' ' 968
References . ' 969
18 Expected Utility in Non-Cooperative Game Theory 979

Peter J. Hammond

1 Introduction and Outline . 982
11 Background i 982

12 Normative Theory and Consequentialism . 982

13 Normal Form Invariance and Equilibrium 983

14 The Zero Probability Problem ' ' 984

15 Subjective Probabilities and Rationalizability 985

16 Rationalizable Dominance 986

£ o

2 Normal Form Invariance ! . 986
21 Games in Normal Form '986

22 Consequentialist Game Fofms t 987

23 Games in Extensive Form . 988

24 Perfect Recall . 988

25 The Agent Normal Form 989

26 The Absent-Minded Driver 990

2.7 Consequentialist Normal Form Invariance 991

3 Objective Probabilities and Best Responses 993
3.1 Expected Utility and Best Responses 993

3.2 Dominance by Pure Strategies 995

33 Dominance by Mixed Strategies 996

34 Strategies not Strictly Dominated must be Best Responses 996

35 Strategies not Weakly Dominated must be Cautious Best Responses 997

4 Objective Probabilities and Equilibrium 998
4.1 Two-Person Strictly Competitive Games 998

4.2 Nash Equilibrium . ' 1000

4.3 Bayesian Nash Equilibrium . 1001

4.4 Correlated Equilibrium 1003

5 Perfect and Proper Equilibrium . 1004
5.1 Subgame Imperfection of Nash Equilibrium . 1004

5.2 Trembling-Hand Perfection 1005

53 e-Perfect and Perfect Equilibrium . 1006

5.4 Proper Equilibrium 1007

55 Importance of Best Responses 1009

6  Quantal Response Equilibrium 1009
6.1 Motivation ' . 1009

6.2 Ordinality 1010



6.6 Strategic Choice versus Consequentialism
6.7 Consequentialist Stochastic Choice is Trivial
6,8. Assessment . L
7 Beyond Equilibrium
7.1 Is Equilibrium Attainable? ,
7.2 The Zero Probability Problem
7.3. Beyond Objective Probability
8 Subjectively Expected Utility in Game Theory
8.1 The Mariotti Problem
8.2 Battigalli's Construction '
8.3 Players' Type Spaces
8.4 Subjective Expectations
85  Arbitrage® Choice Theory
9 Rationalizable Expectations
9.1 Rationalizable Strategies
9.2 Iterated Removal of Strictly Dominated Strategies
9.3 Strictly Rationalizable Strategies
9.4 The Centipede Game
10  Hierarchies of Beliefs
10.1 Rationalizable Types . *
10.2 Mathematical Preliminaries
10.3 A Sequence of Type Spaces
10.4  The Limit Space
11 Trembling Best Responses
11.1  The Zero Probability Problem
11.2  B-Perfect Rationalizability '
11.3  Borgers' Example
11.4  W-Perfect Rationalizability
11.5 The Dekel-Fudenberg Procedure
11.6 Proper Rationalizability '
11.7 Properties
12  Rationalizable Preferences over Pure Strategies
12.1  Quasi-Orderings as Dominance Relations
12.2 A Recursive Construction
12.3  Assessment
13  Conclusion: Insecure Foundations?
References

6.3 Luce's Superstrong Transitivity Axiom
6.4 Luce's Model
6.5 ‘Equilibrium .

19 Utility Theories in Cooperative Games
Mamoru Kaneko and MyrnaH. Wooders

1
2

Introduction

Games with Side Payments
2.1. Transferable Utility and Side Payments
2.2 A Market Game

1011
1012
1013
1014
1014
1016

1016
1016
1018
1018

1018
1018
1021
1022
1024
1026

1026
1026
1028
1029
1030
1032
1032
1033
1034
1035
1036
1036
1038
1040
1041
1043
1045
1046
1047
1047
1048
1051
1052
1054

1065

1067
1068
1070
1071



23 A Majority Voting Game with Side Payments

Table of Contents

24 A Cooperative Game Derived from a Strategic Form Game '

3 Axiomatic Characterization of Transferable Utility
3.1 Transferable Utility with no Uncertainty
3.2 Transferable Utility with Uncertainty

4 Solution Concepts for Games with Side Payments
41  The Core
42 The von Neumann-Morgenstern Stable Set
4.3 The Nucleolus
44 The Shapley Value

5 Games Without Side Payments and Some Solution Concepts

5.1 Games Without Side Payments
5.2 Examples

53 Solution Concepts .
References | <

20 Utility in Social Choice
Walter Bossert and John A.  Waymark

1 Introduction '

2 Welfarism

3 Social Welfare Orderings

4 Utility Comparisons Using Invariance.Transforms
5 Utility Comparisons As Meaningful Statements
6 Cardinal Measurability and Full Comparability
7 Cardinal Measurability and Unit Comparability
8  Translation-Scale Measurability

9 Ordinal Measurability and Full Comparability
10 Ordinal and Cardinal Measurability

11 Ratio-Scale Measurability

12 Two-Person Situations

13  Separability

14  Variable-Population-Social Choice

15 Concluding Remarks
References

21 Interpersonally Comparable Utility
Marc Fleurbaey and Peter J. Hammond
1 Introduction and Outline
11 Interpersonal Comparisons: Some Background
12 Outline of Chapter
2 Welfare Economics
21 Pareto Efficiency
22 Pareto Improvements
23 Private Information
24 Measures of Individual Gain and Loss

-V

1074
1076

1077
1077
1079

1083
1083
1087
1089
1091

1092
1092
1093

1095
1096

1099

1100
1102
1111
1115
1126
1129
1133
1136
1137
1144
1146
1149
1153
1164
1170
1170

1179

1181
1181
1182

1183
1183
1184
1184
1186



3 Social Choice without Interpersonal Comparisons
3.1 Arrow's Impossibility Theorem
3.2. Possibilities
33 Welfarism '

3.4 Independence of Irrelevant Alternatives
4 Social Choice with Interpersonal Comparisons
4.1 Interpersonal Comparisons of Utility
4.2 Maximin and Comparisons of Utility Levels
4.3 Utilitarianism and Comparisons of Utility Difference Ratios
4.4 Interpersonal Comparisons of What?

5 The Basis of Interpersonal Comparisons
51 Descriptive or Normative?
5.2 Capabilities .
53 Social Indicators of Happiness '
54 Bargaining.

55 Relative Utilitarianism
5.6 Fairness .
5.7 The Condorcet Criterion .
6 Interpersonally Comparable Measures of Economic Welfare-
6.1 Optimal Income Taxation
6.2 Isomorphic Cardinal Utility Functions

6.3 Exact Aggregation: Parallel Linear Engel Curves
6.4 Exact Aggregation: The Translog Model
6.5 An Extended Almost Ideal Demand System
6.6 Assessment
7 A Generalized Utilitarianism
7.1 Introspective Approaches
7.2 Social and Personal Consequences
7.3 + Individualistic Consequentialism
74 Individual Welfarism '
7.5 Utilitarianism
7.6 Personal Non-Existence
7.7 Revealed Interpersonal Comparisons
8 Concluding Remarks .
References

Subject Index

Name Index

1189
1189
1192
1197
1201

1204
1204
1206
1208
1212
1218
1218
1222
1223
1225
1227
1229
1231
1233
1233
1235
1244
1250
1256
1259
1260
1260
1261
1263
1264
1264
1266
1269
1271

1274
1286

1302



