Contents

Introduction . ...... ... ... ... ... ... 1
0.1 A Fresh Start ...... ..o e 1
0.2 The Objective .. ...t e 3
0.3 The Subject ... 3
0.4 Methods of Inquiry ......... ..o 8
0.5 How to Read this Book ........... ... ... ... ... .......... 9

Part I The Language of Medicine

1

The
1.0
1.1
1.2
1.3
1.4
1.5
1.6
1.7

The
2.0
2.1
2.2
2.3
2.4

2.5
2.6

Epistemic Impact of Medical Language ............... 13
Introduction . ..... ... . .. 13
Types of Knowledge ......... .. . .. . .. 15
Propositional Knowledge ............ ... ... . ... .. .. ..., 17
Propositions and Facts .. ....... ... .. ... . i 19
Medical Sentences and Statements......................... 21
Medical Concepts . .........iiiiin i 25
How to Care About our Medical Concepts? ................. 28
SUMIMATY « .« o ottt e e e e e 30
Syntax and Semantics of Medical Language ........... 31
Introduction . ...... .. .. . 31
Medical Language is an Extended Natural Language ......... 32
What a Medical Term Means ............ ... ... . ... 33
Ambiguity . ..o 36
Vagueness .. ... 37
2.4.1 The Nature of Vagueness ................ ... .. ...... 37
2.4.2 The Sorites Paradox .......... ... o i, 42
2.4.3 Varieties of Vagueness ............. ... .. .. ... ... 45
Clarity and Precision .......... ... ... oo, 47
Semantic Nihilism ....... ... .. .. 48



XVI

Contents
2.7 SUMMATY . . oottt e e 51
The Pragmatics of Medical Language ...................... 53
3.0 Imtroduction .......... ... it 53
3.1 The So-Called Language Games ..............c..coveen.... 53
3.2 Assertion, Acceptance, and Rejection ...................... 54
3.3 Speech Acts in Medicine. .. ........ ... oo, 55
3.3.1 Constatives . ... ..ot 56
3.3.2 Performatives .......... ... .. .. 56
3.4 The Pragmatic Impact of Medical Language ................ 58
3.5 The Communal Origin of Medical Language ................ 59
3.6 SUMMATY . . oottt ettt e e e e e e 60
Medical Linguistics ........... .. .. ... i 61
4.0 Introduction ........ ... i 61
4.1 What Medical Linguistics is .......... .. ... o .. 61
4.2 Vocabularies ........ .. .. 62
4.3 Medical Terminologies ........... .. .. . .. . . .. 63
4.3.1 Medical Nomenclatures ............................ 64
4.3.2 International Classification of Diseases (ICD) ......... 65
4.3.3 Systematized Nomenclature of Medicine (SNOMED) ... 67
4.3.4 GALEN, GRAIL, UMLS, MeSH, et al. ............... 67
44 SUIMIMATY . . oottt e e e e e 68
Varieties of Medical Concepts ............ ... ... ... ..... 69
5.0 Introduction ........... ... . 69
5.1 Qualitative, Comparative, and Quantitative Concepts ........ 70
5.1.1 Individual Concepts ........... ... oo, 70
5.1.2 Qualitative Concepts .......... ... ... ... 71
5.1.3 Comparative Concepts ......... ... oo, 7
5.1.4 Quantitative Concepts ......... ..., 82
5.2 Dispositional Terms in Medicine .. ......................... 88
5.3 Linguistic and Numerical Variables in Medicine ............. 90
5.4 Non-Classical vs. Classical Concepts ....................... 91
5.5 SUMIMATY . . oottt et e 92
Fundamentals of Medical Concept Formation .............. 93
6.0 Introduction ......... ... .. ... 93
6.1 What a Definitionis ......... . .. .. ... i 94
6.2 What Role a Definition Plays .......... ... ... ... ... ...... 96
6.3 Methods of Definition . ........... ... .. ... ... ... ... 97
6.3.1 Explicit Definition . ............ ... ... ... ... .. ... 99
6.3.2 Conditional Definition ............. ... ... ... ... ... 101
6.3.3 Operational Definition ............. ... .. .. .. ... ... 103

6.3.4 Definition by Cases ........... ... 106



Contents XVII

6.3.5 Recursive Definition ........... ... ... .. ... .. .. ... 108
6.3.6 Set-Theoretical Definition .......................... 111
6.3.7 Ostensive Definition .......... ... ... .. .. ... ... 113
6.4 What an Explication is....... .. .. .. . .. o i i 115
6.4.1 What: Quod vs. Quid . ......... ... ... ... .. 116
6.4.2 IS oo 117
6.5 SUMIMATY . . oottt et 117
Part IT Medical Praxiology
7 The Patient ......... .. .. .. . .. .. 121
7.0 Introduction .......... ... 121
7.1 The Suffering Individual........ ... ... .. ... .. .. .. ... 123
7.2 The Bio-Psycho-Social Agent ................ ... ... ...... 124
7.2.0 Introduction ......... .. ... . .. . i, 124
7.2.1 ThelLivingBody ......... . ... i 124
722 ThePsyche...... ... .. i, 143
7.2.3 The Social Agent . ....... ..., 154
724 SUMMATY . ..ottt 164
7.3 Health, Illness, and Disease ........... ..., 165
7.3.0 Introduction ......... ... ..., 165
7.3.1 DiSEase ...t 167
7.3.2 Health ... .. 201
7.3.3 THness ...t 204
7.3.4 Disease, Health, and Illness Violate Classical Logic ....210
7.3.5 SUMIMATY . ..ottt 212
7.4 Systems of Disease. ... 212
7.4.0 Introduction ...............cciiiiiiiirnannnan.. 212
7.4.1 Symptomatology ........ ... ... .. i 213
7.4.2 Nosological Systems ......... ... ... .. 219
7.4.3 Pathology vs. Nosology........... .. .. . .. .. ..... 220
7.4.4 Nosological Spaces. ..... ..., 225
TAD  SUMINATY . ¢ vttt e e 236
7.5 Etology ..o 237
7.5.0 Introduction ......... .. ... .. .. . i 238
7.5.1 Cause and Causation .................coviien.... 239
7.5.2 Deterministic Etiology ......... ... .. .. . .. .. ... 244
7.5.3 Probabilistic Etiology .......... ... .. ... . . 251
7.5.4 Fuzzy Etiology . ...... .. . i 282
755 SUMIMATY . ..ottt 288
8 The Physician ........... .. .. .. . .. . 291



XVIII  Contents

9 Clinical Practice ......... .. .. .. .. .. . 293
9.0 Imtroduction .......... ... ... 293
9.1 The Clinical Encounter............ ... ... ... oo, 293
9.1.0 Introduction ........... .. .. ... i 293
9.1.1 The Patient Elroy Fox ......... ... .. .. .. . ... ... 297
9.1.2 Dynamic, Branching Clinical Questionnaires .......... 301
9.1.3 Clinical Paths......... .. ... ... .. . .. 312
9.1.4 The Clinical Process ........ .. ... .. . .. 314
9.1.5  SUMIMATY . . ottt ettt e 316

9.2 Anamnesis and Diagnosis.......... ... ... . o i 317
9.2.0 Introduction ........... .. ... ... i 317
9.2.1 The Clinical Goal ........ ... ... .. ... ... ... .. .... 317
9.2.2 The Logical Structure of Medical Statements ......... 324
9.2.3 Action Indication and Contra-Indication ............. 326
9.2.4 Differential Indication......... ... ... ... .. ... ... 328
9.2.5 The Computability of Differential Indication .......... 334
9.2.6 The Logical Structure of Diagnosis .................. 337
9.2.7 The Syntax of Diagnosis ........................... 343
9.2.8 The Semantics of Diagnosis ......................... 346
9.2.9 The Pragmatics of Diagnosis........................ 353
9.2.10 The Methodology of Diagnostics .................... 357
9.2.11 The Logic of Diagnostics .......... ... ... .. ... .... 359
9.2.12 The Epistemology of Diagnostics .................... 359
9.2.13 The Relativity of Diagnosis . ............. ... .. ... ... 364
0.2.14 SUMIMATY . . ot vo ettt ettt e 366

9.3 Prognosis........... .. 366
9.3.0 Introduction ........... ... ... .. ... 366
9.3.1 The Clinical Role of Prognosis ...................... 367
9.3.2 The Structure of Prognosis ......................... 368
9.3.3 The Uncertainty of Prognosis ....................... 369
9.3.4 Prognosis is a Social Act ....... ... ... ... oL 370
0.3.5  SUMIMATY . . ot vttt et ettt e e 370

9.4 Therapy - ..ottt 371
9.4.0 Introduction ........... ... ... . . . i 371
9.4.1 Therapeutic Decisions. ........... .. .. ... . .. ... 371
9.4.2 Expected Value Therapeutic Decision-Making ......... 373
9.4.3 Treatment Threshold Probability .................... 376
9.4.4 Treatments are Social Acts ......................... 377
9.4.5 Therapeutic Efficacy .......... ... .. .. oL 377
9.4.6 SUMMATY . . .ottt 389

9.5 Prevention........... .. .. 389
9.5.0 Introduction ........... ... .. ... . .. i 389
9.5.1 What isa Risk Factor?............................. 390
9.5.2 Prevention is Goal-Driven Practice .................. 397



Contents XIX

Part III Medical Epistemology

10 The Architecture of Medical Knowledge ................... 401
10.0 Introduction ....... ..o 401
10.1 Detachment of Medical Knowledge from the Knower ......... 402
10.2 The Syntax of Medical Knowledge ............. ... ... ..... 405

10.2.1 Problematic Sentences ............ ... .. ... .. ... ..., 406
10.2.2 First-Order Sentences ... .........c..oiiiiinenn .. 407
10.2.3 Modal Sentences . ...........cc.ouiiiiiiinninenn... 408
10.2.4 Probabilistic Sentences .. ........... ... ... ..., 408
10.2.5 Fuzzy Sentences . ...........couuiiniiiiininenn.. 409
10.3 Medical Hypotheses. . ........ ..o i, 413
10.4 Theories in Medicine . ... ...... .. ... 417
10.4.1 The Statement View of Theories .................... 418
10.4.2 The Non-Statement View of Theories ................ 421
10.4.3 The Semantic View of Theories ..................... 447
10.4.4 Theory-Nets and Intertheoretic Relations............. 447
10.4.5 Untestability of Theories ......... ... ... ... ... ... .. 457
10.4.6 Theories Fuzzified ........ ... .. .. ... ... .. ... .. 458
10.5 SUMIMATY . . o oottt e e e e 460

11 Types of Medical Knowledge .............................. 463
11.0 Introduction ....... ... 463
11.1 Shallow and Deep Medical Knowledge...................... 464
11.2 Classificatory Knowledge ... ..... ... .. .. o it 464
11.3 Causal Knowledge ........ .. ..o 465
11.4 Experimental Knowledge ........ ... .. .. ... .. ... ... 467
11.5 Theoretical Knowledge .. ...... .. . .. .. . i .. 470
11.6 Practical Knowledge .......... .. . i, 471
11.7 Clinical Knowledge ....... ... .. i 476
11.8 Medical Metaknowledge . ........ ... ..., 478
11.9 SUmMMATY . oo vt 478

12 The Semantics and Pragmatics of Medical Knowledge .. ... 479
12.0 Introduction . ....... ...ttt 479
12.1 Justified True Belief .. ... .. .. .. . . 480

12.1.1 Truth ..o 480
12.1.2 Justification .......... .. i 487
12.1.3 Are There Justified True Beliefs in Medicine? ......... 506
12.2 RealiSm ... oo 508
12.2.1 Metaphysical Realism ........... .. ... .. ... ..... 508
12.2.2 Semantic Realism ......... .. .. .. ... .. ... ... 509
12.2.3 Epistemic Realism........... .. .. ... .. . .. ..., 509

12.2.4 Medical Realism ......... ... .. 510



XX Contents

13

12.3 Anti-Realism........ .. ... .. 512
12.3.1 Metaphysical Anti-Realism ......................... 512
12.3.2 Semantic Anti-Realism .. ...... ... ... ... ... ... ..... 513
12.3.3 Epistemic Anti-Realism ............ ... ... ... ..... 514
12.3.4 Medical Anti-Realism .............................. 514

12.4 Beyond Realism and Anti-Realism in Medicine .............. 516
12.4.1 Fuzzy Epistemology ......... ... .. .. ... . ... 516
12.4.2 Constructivism . . ... 517

12.5 Social Epistemology ........ ... . 518
12.5.1 Logical Empiricism and Critical Rationalism .......... 519
12.5.2 The Rise of Social Epistemology..................... 522
12.5.3 Medical Knowledge is a Social Status ................ 532
12.5.4 Social Constructivism ............. ... .. .. .. ... ..., 543

126 SUMIATY . o oot e e e 550

Technoconstructivism.......... ... ... ... ... ... .. ... .... 551

13.0 Introduction . ...... ... 551

13.1 Experiments as Epistemic Assembly Lines .................. 552

13.2 Epistemic Machines......... .. .. . .. .. . i i 555
13.2.1 An Experiment is a Production System .............. 557
13.2.2 An Experiment is an Epistemic Machine ............. 559

13.3 Epistemic Factories ......... ... . i 562
13.3.1 The Engineering of Materials ....................... 563
13.3.2 The Engineering of Data ........... ... ... ... ..... 565
13.3.3 The Engineering of Knowledge ...................... 566

13.4 The Global Knowledge-Making Engine ..................... 568

13.5 The Industrialization of Knowledge ............ ... ... ..... 568

13.6 SUMMATY . . ..ot 572

Part IV Medical Deontics

14

15

Morality, Ethics, and Deontics ............................. 575
14.0 Introduction . ... ... ... ... 575
14.1 Morality .. ... 576
14.2 Ethics and Metaethics ........... ... ... . ... .. ... ... 578
14.3 DeontiCs. . o oot 579
144 SUMIATY . o oottt e e e e 585
Disease as a Deontic Construct ............................ 587
15.0 Introduction . ....... ... ... ... . 587
15.1 Common Morality ..........coi i 587
15.2 Common Morality as a Deontic-Social Institution............ 588
15.3 Deontic Sets . ... 589

15.4 The Deontic Construction of Prototype Diseases............. 592



16

Contents  XXI

15.5 SUMIATY . oottt et e e e e 595
Medicine is a Deontic Discipline ........................... 597
16.0 Introduction ... ... ...t 597
16.1 Deonticity in Clinical Practice .......... ... ... .. ... .. ... 598
16.2 Deonticity in Medical Research.......... ... ... ... ... ..... 601
16.3 Deontic Things in Medicine . .......... ... .. .. . ... . ... 602
16.4 SUMIMATY . . o .ottt e e 602

Part V Medical Logic

17

18

Logic in Medicine......... ... ... .. . .. . i 607
17.0 Introduction ...... ... 607
17.1 Classical Logic in Medicine .......... .. ..ot 609
17.2 Paraconsistent Logic in Medicine ........ ... ... .. ... ..... 613
17.3 Modal Logics in Medicine ........ ... .. .. .. .. 614
17.3.1 Alethic Modal Logic in Medicine .................... 615
17.3.2 Deontic Logic in Medicine . ............. .. .. ... .... 615
17.3.3 Epistemic Logic in Medicine ........................ 616
17.3.4 Temporal Logic in Medicine ........................ 618
17.4 Probability Logic in Medicine ........... ... ... ... .. . ... 619
17.4.1 Uncertainty and Randomness ....................... 619
17.4.2 Probabilistic-Causal Analysis ....................... 621
17.4.3 Probabilistic-Causal Factors ........................ 625
17.4.4 Probabilistic Networks ............. ... ... .. ... .... 626
17.4.5 Bayesian Reasoning............. ... ... ... .. ... .... 627
17.5 Fuzzy Logic in Medicine . ........ ... .. .. . i i 628
17.5.1 Fuzzy Control........ ... .. ... .. i i 629
17.5.2 Fuzzy Clinical Decision-Making ..................... 640
17.5.3 Similaristic Reasoning in Medicine................... 663
17.5.4 Fuzzy Logic in Biomedicine . ......... ... .. ... ..... 665
17.5.5 Fuzzy Deontics........ ... ... .. .. .. .. .. . .. ... 683
17.5.6 Fuzzy Concept Formation in Medicine ............... 689
17.6 SUMIMATY . .« ottt e e e et 698
The Logic of Medicine ........... .. ... .. .. ... ... ... .... 699
18.0 Introduction . ..... ..o 699
18.1 What is Logic? . . ... oo 699
18.1.1 Crisp Logic . . oot 700
18.1.2 Fuzzy Logic: Quantitative .......................... 701
18.1.3 Fuzzy Logic: Qualitative .......... ... .. ... .. ... .... 701
18.2 Implication Structures ........... .. .. .. .. 701
18.3 On the Logic of Medicine . .. ...... ...t 702

184 SUMIATY .« oottt e e 705



XXII

Contents

Part VI Medical Artificial Intelligence

19

20

21

Medical Decision-Making ............. ... . ... .. .. ..., 709
19.0 Introduction ....... ... 709
19.1 In the Beginning was the Punched Card .................... 710
19.2 Then Came Probability Theory and Decision Theory......... 711
19.3 And a New Field of Research and Practice Emerged ......... 712
19.4 But Probabilities Soon Became Intractable ................. 713
19.5 SUMIATY . o oot e 713
Clinical Decision Support Systems ......................... 715
20.0 Introduction ........ ... i 715
20.1 Medical Expert Systems .. ...........iiiiiiiinennn... 716

20.1.1 MYCIN, CASNET, INTERNIST-1, QMR, DXplain. ... 717

20.1.2 The Architecture of an Expert System ............... 719

20.1.3 Types of Medical Expert Systems ................... 722
20.2 Neural Computation ..............oiiiiiiiinea.. 724

20.2.1 Natural Neural Networks ......... .. ... .. . .. ... 724

20.2.2 Artificial Neural Networks (ANNs) .................. 726
20.3 Evolutionary Computation ............... .. .. ... ......... 728
20.4 Hybrid Decision Support Systems ......................... 729
20.5 Hospital Information Systems .......... ... ... ... ... ... ... 731
20.6 SUMIMATY .« . o ottt et ettt e e et et 732
Artificial Intelligence in Medicine?......................... 733
21.0 Introduction ......... ... i 733
21.1 Natural Intelligence . ....... ... ... i 733
21.2 Artificial Intelligence (AI) ..., 734

21.2.1 Aims and Scope of AL. ... ... ... ... .. .. ... ... 735

21.2.2 Limitations of AT..... ... ... .. ... ... . ... ... 739

21.2.3 Is ‘Al in Medicine’ possible? ........... ... ... ....... 742
21.3 SUMIMATY « .« oottt et ettt e e et 743

Part VII Medical Metaphysics

22

On What There Are ....... ... . .. i 747
22.0 Introduction ......... ... i 747
22.1 Ordinary Ontology . ....... ..o, 749
22.1.1 Pure Ontology . .......oouiiniini i 750
22.1.2 Applied Ontology ...... ..., 760
22.1.3 Formal Ontology .......... ... ..., 760
22.2 Fuzzy Ontology ... ... 761

22.3 Vague, Fictional, and Non-Existent Entities................. 767



23

24

Contents  XXIII

22.3.1 Vague Entities ......... ... ... . .. .. i L. 767
22.3.2 Fictional Entities........... .. .. .. i, 768
22.3.3 Non-Existent Entities ......... ... .. ... . .. ... 771
22,4 SUMIMATY <« oottt et ettt e e e e e 772
Medical Ontology . ... 773
23.0 Introduction ......... ... i 773
23.1 The Ontology of Medical Knowledge ....................... 774
23.1.1 Ontological Commitments of Medical Knowledge . .. ... 774
23.1.2 Medically Relevant Ontological Categories ............ 776
23.1.3 Models for Medical Knowledge ...................... T
23.2 Clinical Ontology . . .. ..ottt e 778
23.2.1 Disease Nominalism .......... . .. .. ... . .. ... 780
23.2.2 Disease Platonism ......... ... .. ... . . ... 782
23.2.3 Disease Tropism . ... ... ..., 784
23.2.4 Disease Realism . ......... ... ... .. ... . ... 785
23.3 The Ontology of Psychiatry and Psychosomatics ............ 786
23.3.1 The Mind-Body Problem ........... .. .. .. .. ... ... 786
23.3.2 Mental States.........cooiiiiiiiiii 791
23.3.3 The Ontology of Mental Diseases . ................... 792
23.3.4 The Ontology of Psychosomatic Diseases ............. 795
23.4 Biomedical Ontology Engineering.......................... 797
23.5 Formal Medical Ontology .. ......... .. oo, 800
23.5.1 Mereology and Mereotopology ...................... 801
23.5.2 Fuzzy Formal Ontology ........ ... ... ... .. ... .... 803
23.6 Medical Ontology de re and de dicto ....................... 815
23.7 SUIMIMATY . . oottt e e e 817
On Medical Truth ....... .. ... ... .. . . 819
24.0 Introduction . ....... ... ... 819
24.1 Truth in Medical Sciences ........... .. ... . ... 819
24.2 Truth in Clinical Practice ............ ... ... .. ... ... .. 820
24.3 MiSdiagnoses . . ..ottt 821
24.3.1 Causes of Misdiagnoses. .. ...... ..., 821
24.3.2 The Concept of Misdiagnosis........................ 823
24.3.3 The Relativity of Misdiagnosis ...................... 825
24.3.4 Diagnoses are Hypotheses .......... ... .. .. .. ... ... 825
24.3.5 Performative Diagnostic Truth ...................... 826
24.4 Truth Made in Medicine. ......... ... . ... 826

245 SUMIMATY < . oottt et ettt e et 827



XXIV  Contents

25

On the Nature of Medicine ................................ 829
25.0 Introduction ..........o i 829
25.1 The Subject and Goal of Medicine ......................... 830
25.2 Is Medicine a Natural Science? ................ ... .. ... .... 832
25.3 Is Medicine an Applied Science? ........ ... ... ... .. ... 833
25.4 Does Medicine Belong to the Humanities? .................. 834
25.5 Is Medicine a Practical Science? ........... ... ... .. ... .... 834
25.5.1 Practical vs. Theoretical Sciences.................... 834
25.5.2 Means-End Research.............. ... ... ... ...... 835
25.5.3 Clinical Research is a Practical Science............... 836
25.5.4 Relationships Between Biomedicine and Clinical Medicine 842
25.6 Medicine is Practiced Morality as well as Ethics ............. 843
25.6.1 Clinical Practice is Practiced Morality ............... 843
25.6.2 Clinical Research is Normative Ethics .. .............. 844
25.7 Quo Vadis Medicina? .............oiiiniiiin... 845
25.7.1 Medicine is in Transition to an Engineering Science . . . . 846
25.7.2 Medicine Toward Anthropotechnology and Posthumanity851
25.8 SUMIMATY . . o ottt t ettt e e e e 852

Part VIII Epilog

26

27

Science, Medicine, and Rationality...................... ... 855
26.0 Introduction ........ ... ... i 855
26.1 On the Concept of Science........... ... . ... ... .. .. 856
26.1.1 Research Institutions .......... .. .. .. ... . .. ... 856
26.1.2 Scientific Research Fields.......... ... .. .. ... ... 860
26.1.3 Science in General . ............ ... ... .. ... .. .. ..., 862
26.1.4 Types of Science ....... ... ... i, 864
26.2 On the Scientific Status of Medicine ....................... 865
26.3 On Rationality in Medicine ........... ... ... .. ... ...... 866
26.3.1 Theoretical and Practical Rationality ................ 866
26.3.2 Rationality in Medical Sciences ..................... 867
26.3.3 Rationality in Clinical Practice...................... 869
26.3.4 The Relativity of Rationality ............... ... ... 870
26.4 SUMIMATY . . .ottt e e 873
Perspectivism ........ .. .. .. . 875
27.0 Introduction ......... ... i 875
27.1 Relativism . . ... 875
27.1.1 Perspectivism ... ...t 877
27.1.2 Contextualism ........... ... .. .o, 879
27.2 Perspectivism de re and Perspectivism de dicto ............. 880

27.3 SUIMIMATY .« o ottt e ettt e e e et 884



Contents XXV

28 The Doubter ............ . . . . . 885

Part IX Logical Fundamentals

29 Classical Sets ........... i 891
29.0 Introduction . ........ ...t 891
201 S8 ottt 894
29.2 Operations on Sets . ... 896

29.2.1 Intersection........ ..., 897
20.2.2 UniOn . ..o 897
20.2.3 Subset ... 898
29.2.4 Complement .. ......... .. .. . . 899
29.2.5 Powerset ...... ... 899
29.2.6 Two Basic Laws . ........ ... . .. it 900
29.3 Relations . ... 901
29.3.1 Ordered Tuples ..........c.coiiiiiiiiin.. 901
29.3.2 Cartesian Products . ........... ... ... . ... 903
29.3.3 m-ary Relations ........ ... ... .. . il 904
29.4 Functions. .. ... ...t 906
29.4.1 Functions are Single-Valued Relations................ 906
29.4.2 Composition of Functions .......................... 911
29.4.3 Restriction of a Function ........................... 913
29.4.4 Point and Set Functions............ ... ... ... ... ... 913
29.5 SUIMIMATY . « . ottt et ettt e e e e e e 914

30 Classical Logic. ... ... ...t 915
30.0 Introduction . ....... ... ... 915
30.1 Basic ConceptS. ... vvv vttt 917

30.1.1 Reasoning, Argumentation, and Proof................ 917
30.1.2 The Classical Concept of Inference .................. 919
30.1.3 Object Language and Metalanguage ................. 922
30.1.4 Syntax, Semantics, and Pragmatics .................. 923
30.1.5 Material and Formal Truth ................ .. .. ... 925
30.1.6 SUMIMATY .« ottt ettt et e 926
30.2 Classical First-Order Predicate Logic with Identity .......... 927
30.2.1 The Syntax of the Language £ ..................... 927
30.2.2 The Semantics of the Language £1 .................. 943
30.2.3 A Predicate-Logical Calculus ....................... 960
30.2.4 Metalogic ....... oot 968

30.2.5 SUMIMATY .« ot vttt et e e e et e e e e e e 974



XXVI Contents

31

32

Modal Extensions of Classical Logic ....................... 977
31.0 Introduction . ........ ... i 977
31.1 Alethic Modal Logic ... ... ..o, 983
31.1.1 Alethic Modalities and Operators. ................... 983
31.1.2 A First-Order Alethic Modal Logic .................. 985
31.1.3 Metalogic . ......coviuiiii 992
31.1.4 Necessary vs. Contingent Identity ................... 992
31.1.5 Dereand de dicto ......... .. ... 995
31.1.6 SUMIMATY .« ot vttt ettt e 997
31.2 Deontic Logic . ... 997
31.2.1 Deontic Modalities and Operators ................... 998
31.2.2 The Standard System of Deontic Logic ............... 999
31.2.3 Metalogic ...... ...t 1003
31.2.4 Deontic Conditionals.......... ... ... .. .. ... .... 1005
31.2.5 Dereand de dicto ......... .. . .. . .. 1006
31.2.6 SUMIMATY .« ot vttt et e e e et 1007
31.3 Epistemic Logic ........ .. ... . 1007
31.3.1 Epistemic Modalities and Operators ................. 1008
31.3.2 A First-Order Epistemic Logic ...................... 1010
31.3.3 Metalogic ....... ..o 1013
31.3.4 Opaque Epistemic Contexts ........................ 1014
31.3.5 Dereand de dicto .............o i 1017
31.3.6 Dynamic Epistemic Logic .................... ... ... 1017
31.3.7 Summary. . ..ot e 1019
31.4 Temporal Logic ...... .. ... i 1019
31.4.1 Temporal Modalities and Operators ................. 1020
31.4.2 A Minimal System of Temporal Logic ................ 1021
31.4.3 Metalogic ...... .ot 1024
31.4.4 Sinceand Until ....... ... .. . i 1025
31.4.5 Metric Temporal Logic ........... .. .. ... . .. ... 1027
31.4.6 Alternative Approaches ........... ... ..., 1028
3147 SUMIMATY ¢« ot vttt e e e e et 1028
Non-Classical Logics . ......... ... . . i, 1029
32.0 Introduction ...... ... .. i 1029
32.1 Relevance Logic .. ....... ... . i 1030
32.2 Intuitionistic Logic ........ .. .. ... .. .. . i 1031
32.3 Paraconsistent Logic ......... .. .. ... .. . il 1031
32.4 Non-Monotonic Logic ........ . ... . i i 1033
32.5 Many-Valued Logic . ....... ... 1034

32.6 SUMIMATY . . . oottt ettt e e e 1038



Contents XXVII

33 Probability Logic ......... .. .. . 1039
33.0 Introduction ........ .. 1039
33.1 Probability Theory ....... ... ... 1040

33.1.1 Probability Space ......... ... .. i i 1043
33.1.2 Probability Distribution.......... .. ... .. .. .. ... 1046
33.1.3 Probabilistic Independence ......................... 1048
33.1.4 Conditional Probability ........... ... .. .. ... ... 1048
33.1.5 Bayes’s Theorem ......... .. ... ..., 1050
33.1.6 What Does “Probability” Mean? .................... 1053
33.2 Inductive Logic ...... .. .. 1056
33.3 Bayesian Logic ....... .. ... 1060
33.4 SUMIMATY . . o oottt e e 1063

34 Fuzzy Logic. ... ... ... ... 1065
34.0 Introduction . ....... ... ..o 1065
34.1 Fuzzy Sets. ... 1067
34.2 Operations on Fuzzy Sets.......... ... .. ... .. .. ... 1076

34.2.1 Fuzzy Complement ......... ... ..., 1077

34.2.2 Fuzzy Intersection and Union ............... .. ... ... 1078

34.2.3 Empty Fuzzy Set and Fuzzy Powerset . ............... 1079

34.2.4 Degrees of Fuzziness and Clarity .................... 1079

34.2.5 Fuzzy Logic is a Non-Classical System ............... 1084

34.3 Fuzzy Relations ...... .. .. . . . 1084
34.3.1 The Concept of a Fuzzy Relation .................... 1085

34.3.2 Composition of Fuzzy Relations ..................... 1087

34.4 Fuzzy Logic Proper ........ ... ... .. .. . . i . 1090
34.4.1 Linguistic and Numerical Variables .................. 1091

34.4.2 Fuzzy Quantifiers. . ...... ... .. ... .. i 1108

34.4.3 Fuzzy Sentences . ...........c.oouuiiiiininenaon.. 1109

34.4.4 Fuzzy Reasoning ......... .. ... .. .. .. . . .. 1111

34D SUMMATY - . oottt et e e e e e 1114
References .. ... ... . 1121
Index of Names........ ... .. i 1173

Subject Index ....... ... ... 1185



2 Springer
http://www.springer.com/978-94-017-9578-4

Handbook of Anahdic Philosophy of Medicine
Sadegh-Zadeh, .

2015, XXV, 1224 p. 120 illus. In 2 volumes, not
available separately., Hardcowver

ISBM: 978-94-017-9578-4



	Contents



