Contents

PartI  Biographical Studies

Leon Henkin

Maria Manzano and Enrique Alonso

1 Life

2 Graduate Studies at Columbia University . . . . . . .. ... ... ..
3 Doctorate Studies with Alonzo Church . . . .. ... ... ......

3.1
3.2

The Princeton Mathematics Community in the 1930s . . . . .
The Second World War . . . . . ... ... ... ........

4 Service to the Department and to the University . . . . ... ... ..
5 HisResearch . . . . . ... . ... ... . ... ... ... ... .

5.1
52
53
54
5.5
5.6
5.7
5.8

Completeness . . . . . .. .. .o
Algebraic Logic . . . . . ... ... ... ...
Identity . . . . . . . ...
Nominalism . . . .. ... ... ... ... ... .
Mathematical Induction . . . . ... ... ... L.
Mathematical Education . . . . . . ... ... ... ......
A Problem Concerning Provability . . . ... ... ......
Language with Only a Finite Number of Variables . . . . . . .

6 Henkin the Teacher . . . . . . .. . ... . ... ... . .......

The Roles of Action and Thought in Mathematics Education . . . . . .

8 The Never Ending Story . . . . . . ... ... ... ... ......

7
8.1
8.2
References

Bertrand Russell’sRequest . . . . . ... ... ... .....
Henkin’s Boolean Models: Peter Andrews’ Proposed
Homework . . . . . . ... ... ... oo

LessonsfromLeon . . . . . . .. . ... ... . ... ... ...

Diane Resek

Tracing Back “Logic in Wonderland” to My Work with Leon Henkin
Nitsa Movshovitz-Hadar
1 How Did I End Up Having Leon for a Thesis Advisor? . . . . . . . ..
2 Leon the Tactful Advisor . . . . ... ... ... ... . .......

20
21

23

27

27
27

Xiii



Contents

Xiv
3 Hanukah at 9 Maybeck TwinDrive . . . . . ... ... ... .....
4 Leon—A Logicianin Every Way . . . ... ... ...........
5  Leon’s Mathematical Humor and Warm Correspondence . . . . . . . .
6  Tracing Back Logic in Wonderland to My Ph.D. Studies Days . . . . .
6.1 Sample Handout 1 . . . . . ... ... . ... .........
6.2 Sample Handout2 . . . . . ... ... .. ... ... .....
7 InSummary . ... ... ...
Reference . . .. ... . ... . ...
Henkinand the Suit . . . . . . . ... ... . ... . o0
Albert Visser

A Fortuitous Year with LeonHenkin . . . . . . . .. ... ... ........
Solomon Feferman

1 Coda
References

Leon Henkin and a Life of Service . . . . ... ... ... ... ........
Benjamin Wells

0NN Nk W

References

Seminars in Berkeley and Montreal with Leon Henkin . . . . . . . ..
Leon Henkin’s Help with a Visitto Poland . . . . . . . ... .. ...
Some Conferences; the Political Situationin Poland . . . . . .. . ..
The Mal’tsevBook . . . . . . . .. ... ... .. ... ... .....
Mathematics Education and Leon Henkin . . . . . . . . ... ... ..
Leon’s Help with University Administrations . . . . . . . ... . ...
The Henkin Plan and the Dissertation . . . . . . ... ... ......
Conclusion . . . . . . . . . ..

Part I Henkin’s Contribution to XX Century Logic

Leon Henkin and Cylindric Algebras . . . . . ... ... ... ........
J. Donald Monk

O O R S

5.1
5.2
53

Introduction . . . . . .. ...
Algebraic Theory . . . . . . .. .. .. ...
SetAlgebras . . . . . . . ..
Representation Theorems . . . . . .. ... ... ... ........
Nonrepresentable Cylindric Algebras . . . . . . .. ... ... ....

Permutation Models . . . . . .. ... ... .. ... ... ..
Dilation . . . . .. . ... . ..
Twisting . . . . . . ...

6  ApplicationstoLogic . . . ... ... ... ... ... ...
References: Publications of Henkin Concerning Cylindric Algebras . . . . .

A Bit of History Related to Logic Based on Equality . . . . . ... ... ...
Peter B. Andrews

References

28
28
29
29
30
30
31
31

33

35

39
40

41

41
42
44
46
48
49
52
54
54

59

59
60
62
62
63
63
64
64
65
66

67

70



Contents

Pairing Logical and Pedagogical Foundations for the Theory of Positive

Rational Numbers—Henkin’s Unfinished Work . . . . . . ... ... ..
Nitsa Movshovitz-Hadar
1 Introduction . . . . . ... ...
2 Five Pairs of Deductive-Didactical Presentations . . . . . . . ... ..
2.1 Pair I: Axiomatic Method 1 and Pedagogical Comments . . . .
2.2 Pair II: Axiomatic Method 2 and Pedagogical Comments .
2.3 Pair III: Axiomatic Method 3 and Pedagogical Comments . . .
24 Pair IV: Definitional Method 1 (Classical) and Pedagogical
Comments . . . . ... .. ...
2.5 Pair V: Definitional Method 2 (Nonclassical) and Pedagogical
Comments . . . . . .. ... e e
3 ClosingRemarks . . . . . . ... ... ... . .. ... . ...,

Leon Henkin the Reviewer . . . . . .. . ... ... ... . ... .......

Concha Martinez Vidal and José Pedro Ubeda Rives
1 Introduction . . . . . . ... ..
2 LogicSystems . . . . . . . ..
2.1 TypeTheory . . . . . . .. .. . ... ... ..., .
2.2 Metalogic . . . . . . . ..
3 Algebraic Logic . . . . . . ... ...
3.1 Algebraic Treatment of Logic Systems . . . . . .. ... ...
32 Applications of Logic to Algebra . . . . . ... .. ... ...
4 Philosophy of Logic and Mathematics . . .. ... ... .......
4.1 Basic Logical Notions . . . . . ... ... ... ........
4.2 Semantic Notions and Semantic Issues in Logic . . . . . . ..
4.3 Alternative Logics . . . . . . ... ... oL
4.4 The Foundations of Mathematics . . . . ... ... ... ...
4.5 Mathematical Education and the Foundations of Mathematics .
S5 Manuals . ... ...
6 Conclusion . . . ... ... ... .
7  ReviewsbyLeonHenkin . ... ....................
References . . . . . . . . . . ...

Henkin’s Theorem in Textbooks . . . . . ... ... ... ... ........

Enrique Alonso

Logic Textbooks . . . . . . . . . . . . ... ..
Church and Kleene Textbooks . . . . .. ... ... ... .......
The Completeness Proof in Textbooks . . . . ... ... ... ....
Henkin’s Theorem as a Part of the Received View . . ... ... ...
The Godel’sDamn . . . . . ... .. ... ... ... ... ......
The Real Value of Henkin’s Completeness Theorem . . . .. ... ..
The Contribution of Henkin’s Theorem to the Received View . . . . . .
Appendix: References by Period of Time . . . . ... .. ... ....
8.1 1950-1960 . . . . . . ..
8.2 1960-1970 . . . . . . ...
8.3 19701980 . . . . . . ..
References . . . . . . . . . . ..

0NN WN -

XV

73

73
76
76
80
81

85

88
91

93



XVi

Henkin on Completeness . . . . . .. ... ... .. ............

Maria Manzano

1 Introduction . . . ... ...
2 Henkin’s Declared Influences . . . . . .. ... ... .......
3 Henkin’s Completeness Papers . . . . . . ... ... ... ....
3.1 Completeness in the Theory of Types . . . . . .. ... ..
3.2 The Completeness of the First-Order Functional Calculus . . .
33 A Theory of Propositional Types . . . . ... ... ....
4 Completeness Proofs in Henkin’s Course . . . . . ... ......
4.1 Herbrand’s Theorem Yields Completeness . . . . . . . ..
4.2 An Extension of the Craig—Lyndon Interpolation Theorem . . .
5  Henkin’s Expository Papers on Completeness . . . . . ... ...
5.1 Truth and Provability . . . ... ... ... ........
5.2 Completeness . . . . . . . ...
References . . . . . . . . . . ...

Part III Extensions and Perspectives in Henkin’s Work

The Countable Henkin Principle . . . . . . ... ... ... ... .....

Robert Goldblatt

1 The Abstract Henkin Principle . . . . . . . .. ... ... .. ...
2 TheCountableCase . . .. ... ... ... ............
3 Classical Applications . . . . . . .. ... ... ... .......
3.1 Completeness for First-Order Logic . . . . . ... ... ..
3.2 Omitting Types . . . . . . ... .. .. ... ... ...
33 C-Completeness and C-Consistency . . . . . . . ... ...
34 Completeness for Infinitary Conjunction . . . . . ... ..

4 Richer Extension Theorems . . . . ... ... ... ........
5 Classical Deducibility . . . . ... ... ... ... ........
6  Probabilistic Modal Logic . . . . . ... ... ... .......
7  The Baire Category Connection . . . . . . .. ... ........
References . . . . . . . . . ..

Reflections on a Theorem of Henkin . . . . . . .. ... ... .......

William Gunther and Richard Statman

1 Introduction . . . . ... ... ... ...
2 Preliminaries . . . . . . . . . . . . . .. ...
2.1 LambdaCalculus . . ... ... ... ... ........
2.2 Semantics . . . . . .. ... e
2.3 Type Theory . . . . . ... .. . ... ... ... ...
3 Henkin’s Theorem . . . . . . ... .. ... ... .........
4 Folklore Theorem . . . . . . . ... .. ... ... ........
5  Definability and Symmetry . . . . . ... ... ... L.
References . . . . . . . . . . . ... o

Henkin’s Completeness Proof and Glivenko’s Theorem . . . ... .. ..

Franco Parlamento

1 Introduction . . . . .. . ... ...
2 Henkin’s Proof and Glivenko’s Theorem . . ... ... ... ...

Contents



Contents Xvii

3 Extension to First-Order Logic . . . . . . ... ... ... ...... 219
References . . . . . . . . . . ... 222
From Classical to Fuzzy Type Theory . . ... ... .. ... ......... 225
Vilém Novik
1 Introduction . . . .. ... ... 225
2 Truth Valuesin FTT . . . ... ... .. ... ... .......... 227
2.1 Residuated Lattices . . . . ... ... ... .......... 228
2.2 MTL and IMTL-Algebras . . . . . ... ... ... ...... 228
2.3 MV-Algebras . . . . . .. ... 228
2.4 Fundamental Examples . . . . . ... ... ... ....... 230
2.5 EQ-Algebras . . . . . . .. ... 231
2.6 Fuzzy Equality Between Arbitrary Objects and Weakly
Extensional Functions . . . . . ... ... ... ........ 232
3  FuzzyTypeTheory . . . ... .. .. .. ... ... ... ... 233
3.1 Syntax . ... e e 234
32 Special Fuzzy Type Theories . . . .. ... ... ....... 237
4 Properties of Fuzzy Type Theories . . . . .. ... ... ... .... 241
4.1 Extensions of Core-FTT . . . . . ... ... ... .. ..... 241
4.2 Few Basic Properties . . . ... ... ... ... ....... 242
4.3 Canonical Model of FTT . . . .. ... ... ... ...... 242
4.4 Construction of the Canonical Frame . . . . . ... ... ... 244
5 Discussion . . . . . . ... 245
References . . . . . . . . . . . 246
The Henkin Sentence . . . . . .. ... ... ... .. ... ... . ...... 249
Volker Halbach and Albert Visser
1 Henkin’s Question . . . . . . . . . .. .. ... .. ... ..., 249
2 Kreisel’s Solution . . . . . . ... .. ... o 252
3 Henkin’sReview . . . . . . . . . ... .. . ... 255
4 LobsPaper . . ... ... 256
5 Provability Logic . . . . . . . . .. ... 257
6  ConcludingRemarks . . . . ... ... ... ... ... . .. 260
References . . . . . . . . . . e 261
Aprilthe 19th . . . . . . . . . . . .. 265
Maria Manzano
1 April 19,1996 . . . . . .. 265
2 Two of Henkin’s Papers . . . . . . ... ... ... ... ...... 266
2.1 Completeness in the Theory of Types [6] . . . . . . . ... .. 266
22 Banishing the Rule of Substitution for Functional Variables [7] 267
3 Translations . . . . . . ... ... 269
3.1 Extensions of First Order Logic [10] . . . ... .. ... ... 269
4 Reducing Other Logics to Many-Sorted Logic . . . . ... ...... 272
4.1 Representation Theorems . . . . . . ... ... ... ..... 273
4.2 The Main Theorem . . .. ... ... ... .......... 276
4.3 Deductive Correspondence . . . . . . . ... ... ...... 277

References . . . . . . . . . . 278



XVviii

Henkin and Hybrid Logic . . . . . . . ... ... ... ... .. .......

Patrick Blackburn, Antonia Huertas, Maria Manzano, and
Klaus Frovin Jgrgensen

1 Introduction . . . ... ... oL
2 Syntax and Semantics of HTT . . . . . . .. .. ... ... .. ...
2.1 Syntax . ... e e
2.2 Semantics . . . ... oL
2.3 General Semantics . . . . . ... ...
2.4 Substitution and Rigidity . . . . ... ... ... ... ...
3 Axiomatizing HTT . . . . . . .. .. ... o oL
3.1 AXIOMS . . . . oL
32 Rulesof Proof . . . . . ... ... ... ... . ......
4 Completeness . . . . . . ...
4.1 The Lindenbaum Construction . . . . .. ... .. .....
4.2 Building Hybrid Henkin Structures . . . . . ... ... ...
43 General Interpretation and Completeness . . . . . . . .. ..
5 The Bounded Fragment . . . . . ... ... ... ..........
6 It’s Henkin, All the Way Down . . . . .. ... ... ........
References . . . . . . . . . . ..

Changing a Semantics: Opportunism or Courage? . . . . . ... ... ...

Contents

. 307

Hajnal Andréka, Johan van Benthem, Nick Bezhanishvili, and Istvain Németi

1 General Models for Second-Order Logic . . . . . ... .. .....
2 Clearing the Ground: Some Objections and Rebuttals . . . . . . ..
3 Logical Perspectives on Controlling Predicates . . . . . .. .. ...
3.1 Proof Theory . . . . . . . ... . ... ... ... .....
32 Definable Predicates . . . . . . .. ... ... .. ......
33 New Structure: Dualities . . . . . . . ... ... ... ....
34 New Theorems: Dependence and Games . . . . . ... ...
3.5 Conclusion . . . . . . . ... L
4 General Models and Algebraic Representation . . . . .. ... ...
4.1 Algebraic Completeness of Modal Logic . . . ... ... ..

4.2 General Models via Algebraic Representation and Categorial

Duality . . . . . . ...

43 Completeness and Incompleteness for Standard Relational

Models . . . . . . . . . e

4.4 Further Representation Methods . . . . . . ... ... ....

4.5 Conclusion . . . . . . . . . . ...

5 General Models, Lowering Complexity, and Core Calculi . . . . . .
5.1 A Modal Perspective . . . . .. ... ... ... ...

5.2 General AssignmentModels. . . . ... ... ... .....

53 Richer Languages . . . . .. ... ... ... .. ......

54 From General Models to Fragments . . . . . ... ... ...

5.5 Conclusion . . . . . .. .. ... ..

6 General Models and Absoluteness . . . . . . .. ... ... .....
6.1 Absoluteness and Nonabsoluteness . . . . . ... ... ...

6.2 General Models via Absolute Versions . . . . . ... .. ..

6.3 Conclusion . . . . . . ... ..



Contents Xix
7 General Models for Recursion and Computation . . . . ... ... .. 324
7.1 Nonstandard Dynamic Logics . . . . . . . ... ... ... .. 325
7.2 Digression: Extensions to Space-Time . . . .. .. ... ... 326
7.3 Modal Fixed-Point Logic on Generalized Models . . . . . . . 326
7.4 Digression: A Concrete Fixed-Point Logic for Recursive

Programs . . . . . . . . ... 328

7.5 Comparing Generalized Dynamic Logic and Henkin-Style
Second Order Logic . . . . ... ... ... ... ....... 328
7.6 Conclusion . . . . . ... ... 329
8  Relating Different Perspectives on Generalized Semantics . . . . . . . 330
8.1 Generalized Fixed-Point Semantics and Absoluteness . . . . . 330
8.2 Smoking Out Set Theory in Algebraic Representation . . . . . 331
83 Richer Languages for Generalized Models . . . . . . ... .. 332

8.4  Trade-Offs Between Generalized Semantics and Language
Fragments . . .. ... .. .. ... ... .. L. 332
8.5 Coda: Nonstandard Truth Conditions . . . . . ... ... ... 332
9 Conclusion . . . . . . ... .. 333
References . . . . . . . . . . .. L 334
Appendix Curriculum Vitae: Leon Henkin . . . . . ... ... ... ... 339
1 AcademicCareer. . . . . . . .. ... 339
1.1 Formation . . . ... ... ... ... ... . ... 339
1.2 Academic Positions . . . . ... ... 0oL 339
1.3 Service to the Department and to the University . . . . . . .. 340
1.4 Collaboration with US Administration Projects . . . . . . . . . 340
1.5 Editorial Boards . . . . . .. ... ... ... ... 340
1.6 Scientific Associations and Committees . . . . . . . ... ... 340
1.7 Invited Conferences . . . . . . . ... ... .. ... ..... 341
1.8 Regular Courses Taught . . . . . ... ... ... ....... 342
1.9 Doctorate Supervision . . . . . . ... ... L. L 342
1.10 Awards . . . . . . . oL 343
2 Books, Articles, and Abstracts . . . . . . . ... ... o 344
3 Reviews . . . . . . . 348
4  ProblemsandOthers . . . . ... ... ... ... ... 351



2 Springer
http://www.springer.com/978-3-319-09718-3

The Life and Work of Leon Henkin

Essays on His Contributions

Manzano, M.; Sain, |.; Alonso, E. (Eds.)

2014, XX, 351 p. 14 illus., 1 illus. in color., Softcover
ISBN: 978-3-319-09718-3

A product of Birkhauser Basel



