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July 3, 2002 Master in Science: Theoretical Physics—Ghent University, Belgium
Thesis: “Interpretaties van de kwantummechanica: overzicht en synthese”
Promoter: Prof. dr. W. De Baere

July 10, 2002 Academic teaching degree: Physics—Ghent University, Belgium

July, 2000 Bachelor in Science: Physics—Limburgs Universitair Centrum, Belgium




	Front Cover
	Title Page
	Table of Contents
	1 Introduction
	1.1 Motivation and structure
	1.2 From formal to computational philosophy
	1.2.1 Formal philosophy
	1.2.2 Computational philosophy
	1.2.3 Chances for philosophy
	1.2.4 Use with caution

	1.3 Foundations of probability and randomness
	1.3.1 Interpretations of probability
	1.3.2 An epistemic approach to objective probability
	1.3.3 Definition of a chance process
	1.3.3.1 Possible outcomes: from possible worlds to multiverse
	1.3.3.2 Odds: fair, weighted, or unknown

	1.3.4 Measuring randomness
	1.3.4.1 Looking for patterns
	1.3.4.2 Mathematical approach to randomness

	1.3.5 Producing (pseudo-)random numbers
	1.3.5.1 Pseudo-random numbers
	1.3.5.2 True random numbers
	1.3.5.3 Making up random numbers

	1.3.6 Amount of certainty
	1.3.7 Relation of probability to luck and justice

	1.4 Infinity and probability
	1.4.1 Measuring infinite sets
	1.4.1.1 Historic dispute
	1.4.1.2 Cantor's cardinal numbers
	1.4.1.3 Numerosities
	1.4.1.4 Cardinality versus numerosity

	1.4.2 Infinite sample spaces
	1.4.2.1 Kolmogorov's axioms
	1.4.2.2 Various approaches and their problems
	1.4.2.3 Countably infinite sample spaces
	1.4.2.4 Infinite sample spaces and additivity of probability

	1.4.3 Implications for cases with finite sample spaces


	2 Fair Infinite Lotteries
	2.1 Introduction: from the finite to the transfinite
	2.2 Intuitions concerning lotteries
	2.2.1 Finite lotteries
	2.2.1.1 Probability measure
	2.2.1.2 Intuitions

	2.2.2 Infinite lotteries

	2.3 Asymptotic density: real-valued probability with finite additivity
	2.3.1 Limiting relative frequency
	2.3.2 A generalization

	2.4 Infinitesimals
	2.4.1 The star-map and Transfer
	2.4.2 Equivalence classes based on a free ultrafilter
	2.4.3 *N and *Q
	2.4.4 R as an approximation to *Q
	2.4.5 Limits
	2.4.5.1 Alpha-limit
	2.4.5.2 Classical limit
	2.4.5.3 Hahn-Banach limit

	2.4.6 Internal and external objects

	2.5 Hyperrational valued probability
	2.5.1 The construction
	2.5.1.1 Step 1: Characteristic bit string
	2.5.1.2 Step 2: Partial sums of characteristic bit strings
	2.5.1.3 Step 3: Numerosity
	2.5.1.4 Step 4: Non-standard probability

	2.5.2 Additivity of the probability function
	2.5.2.1 Addition on *N
	2.5.2.2 num is not CA
	2.5.2.3 num of a sequence of sets
	2.5.2.4 num and Pnum are HCA


	2.6 Discussion
	2.6.1 Non-constructiveness
	2.6.2 Non-uniqueness
	2.6.3 Lotteries on N versus hyperfinite lotteries
	2.6.4 Non-standard probability and asymptotic density
	2.6.4.1 Co-domain R versus *Q
	2.6.4.2 Standard valued approximations and the failure of SUM


	2.7 Conclusion

	3 Stratified Belief and Ultralarge Lotteries
	3.1 Introduction
	3.2 Mapping [0,1] onto {0,1}
	3.3 Threshold-based model of the Lottery Paradox
	3.3.1 Formalizing the Lockean Thesis
	3.3.2 Illustration of the failure of CP

	3.4 The vague lottery: a heap of tickets
	3.4.1 Observation 1: The soritic lottery
	3.4.2 Observation 2: Contextual element
	3.4.3 Observation 3: Analogy with fair lottery on N
	3.4.4 Observation 4: Weakening CP

	3.5 Introduction to relative analysis
	3.5.1 Vagueness in physics
	3.5.2 Scales of magnitude
	3.5.3 Levels
	3.5.3.1 Axioms for levels
	3.5.3.2 Further terminology

	3.5.4 What levels are: a predicate on the domain
	3.5.5 What levels are not: sets
	3.5.6 The grain of sand, the bucket, and the beach

	3.6 Analysis of the Lottery Paradox using relative analysis
	3.6.1 Stratified model for rational belief
	3.6.2 Stratified belief applied to a large lottery
	3.6.3 Aggregation of stratified beliefs
	3.6.3.1 Aggregating beliefs concerning single lottery tickets
	3.6.3.2 Generalization of SCP

	3.6.4 Is the solution psychologically plausible?

	3.7 Relation to philosophical theories and application to other problems
	3.7.1 Relation to contextualism
	3.7.2 Relation to the epistemicist account of vagueness
	3.7.2.1 Threshold-free scales of belief
	3.7.2.2 Vague thresholds

	3.7.3 Application of Stratified Belief to similar problems

	3.8 Conclusions

	4 Ultralarge and Infinite Lotteries
	4.1 Introduction
	4.1.1 Case 1: Failure of Countable Additivity (infinite lottery)
	4.1.2 Case 2: Failure of Conjunction Principle (ultralarge lottery)

	4.2 The analogy between the two cases
	4.3 Solution using non-standard analysis
	4.3.1 Infinite additivity for a fair lottery on N
	4.3.2 Conjunction Principle within a level
	4.3.3 Visual summary of the solution

	4.4 The epistemology of an infinite lottery

	5 Probability of Inconsistencies
	5.1 Introduction
	5.1.1 Content of an agent's opinion
	5.1.2 Update rule for opinions
	5.1.3 Opinion profile
	5.1.4 Time
	5.1.5 Group size
	5.1.6 Research question

	5.2 Preliminaries
	5.2.1 Logical framework
	5.2.1.1 Language and consequence relation
	5.2.1.2 Possible worlds
	5.2.1.3 Theories

	5.2.2 Opinion profile
	5.2.3 Update rule
	5.2.4 Comparison with related work

	5.3 The probability of inconsistencies
	5.4 Numerical evaluation of the probability of inconsistency
	5.4.1 Exact calculations
	5.4.2 Extending the numerical analysis by statistical sampling

	5.5 Concluding remarks
	Appendix A: Derivation of analytical expressions
	Appendix B: Fitting curves to the statistical data

	6 Evaluation and Outlook
	6.1 Evaluation
	6.2 Outlook
	6.2.1 Problems with Kolmogorov's axiomatization
	6.2.1.1 Non-measurable sets
	6.2.1.2 Problems with the interpretation of P=0 and P=1
	6.2.1.3 Problems with conditional probability
	6.2.1.4 Fair lotteries

	6.2.2 Solution strategy
	6.2.3 Axioms for Non-Archimedean Probability (NAP)


	Bibliography
	Summary
	Samenvatting
	Acknowledgements – Dankwoord
	List of Publications
	List of Conference Contributions
	Curriculum Vitae

