ü Contents:

1: Introduction 1 1.1: The Theorema Project 1 1.1.1: A Uniform Working Environment 1 1.1.2: The Problem Solving Cycle 2 1.1.3: A Suitable Software System 2 1.2: Structure of the Theorema System 4 1.3: Language Overview 4 1.3.1: Basic Elements 5 1.3.2: Readability 5 1.3.3: Sequence Variables and Induction 6 1.4: Polynomials in Theorema 6 1.4.1: Reasons for looking at Polynomials 6 1.4.2: Overview of the Working State 8 2: Polynomial Theory 9 2.1: Definition of Polynomials 9 2.1.1: Approaches in the Literature 9 2.1.2: Our Definition 10 2.1.3: Details of the Definition 11 2.1.4: Monomials 15 2.2: Basic Domain Properties 19 2.2.1: Algebraic Definitions and Their Application to Polynomials 19 2.3: The Order of Proving 20 2.3.1: Closure 20 2.3.2: Number of nested Inductions 21 2.3.3: Lemmata 22

2.4: Remarks to the Proof Descriptions 22 2.5: Closure Proofs 23 2.5.1: Zero is a Polynomial 23 2.5.2: One is a Polynomial 25 2.5.3: Negative is Closed 25 2.5.4: Lemma: Leading Monomial of a Polynomial constructed by Prepending 31 2.5.5: Lemma: Conditions for Prepending to give a Polynomial 34 2.5.6: Plus is Closed 37 2.5.7: Times is Closed 42 2.6: Proofs using Addition 44 2.6.1: Zero is Neutral Element 44 2.6.2: Negative is an Inverse of Plus 44 2.6.3: Lemma: Prepending is Summation 45 2.6.4: Plus is Commutative 45 2.6.5: Plus is Associative 46 2.7: Proofs using Multiplication 53 2.7.1: One is Neutral Element 53 2.7.2: Times is Commutative 53 2.7.3: Proofs not examined yet 54 3: The Prototype Prover 55 3.1: Description of the Output Language 55 3.2: Details of an Example Prover Output 58 3.2.1: Assumptions 58 3.2.2: Sequence Representation 59 3.2.3: Simplification 60 3.2.4: Starting the Induction on pè 61 3.2.5: Second Base Case of pè: Induction on qè 62

3.2.6: Case Distinction 63 3.2.7: Induction Step for qè : a Two Level Case Distinction 66 3.2.8: Induction Step for pè : again Induction on qè 66 4: Conclusion 68 4.1: Review of Discussed Topics 68 4.2: Open Problems and Further Work 69 Appendix 1: Proof Notebooks 70 Contents: 70 Zero is a Polynomial 71 One is a Polynomial 72 Negative is Closed 73 Lemma: Leading Monomial of a polynomial induction: 75 Polynomial constructed by Prepending sequence induction: 76 Lemma: Conditions for Prepending to give a Polynomial 77 Plus is Closed 79 Times is Closed 85 Zero is Neutral Element 87 Negative is an Inverse of Plus 88 Lemma: Prepending is Summation 90 Plus is Commutative 92 Plus is Associative case subproofs closed: 94 more details: 97 One is Neutral Element 105 Times is Commutative 107 Appendix 2: References 109