Introduction. . . . ... ... . 1

1.1 Models of computation. . ... ... ... ... ... 3
1.2 Some non-computable functions. . .. ... ... ... ... 4
13 Further reading. . ... ... ... .. .. .. . . ... . . ... 7
14 EXOICISes. . . ... 7

Part 1. Traditional Models of Computation

2.

Automata and Turing Machines. . .......................... 11
2.1 Formal languages and automata. ... ... ... . ... ... ... ... . 12
22 Fmite automata. . ......... ... ... .. 13

22.1 Deterministic and non-deterministic automata. . . . . . . . . 16

2.2.2 The power of finite automata. . ...................... 18
2.3 Push-down automata. ... .. ... ... ... ... ... 20
24 Turing machines. ... .......... . ... . . . ... 23

2.4.1 Variants of Turing machines. . ... ... ... . ... .. ... .. 28

2.4.2  The universal Turing machine. . . ... ... ... .. .. .. ... . | 29
25 Imperative programming. . .. ..................... .. ... ... 29
26 Further reading. . . ........ ... ... . .. ... ... .. ... 30
27 ExXOrcises. ... ... ... 31
The Lambda Caleulus. ... ... ... .. ... .. . .. ... .. ... . ... 33
3.1 A-caleulus: Syntax. .. ........... ... ... 34
3.2 Computation. . ........... ... . ... . . .. .. 38

3.2.1 Substitution



322 Normal forms. .. ... ... .. . . . . 42

3.2.3 Properties of reductions. . .. ... ... ... 43

3.24 Reduction strategies. . ... ... ... ... ... .. .. ... ... ... 44

3.3 Arithmetic functions. .. ........ ... .. ... ... .. . ... ... ... 45

34 Booleans. . ... ... ... ... 46

35 Recursion. .. ... ... ... . .. ... . 48

3.6 Functional programming. . ... .................. . .........: 49

3.7 Further reading. .. ... ... ... . . . .. .. 50

3.8 Exercises. ......... .. ... 50

4. Recursive Functions. .. ..... ... ... ... ... ... . . ... .. .. . ... ... 55

4.1 Primitive recursive functions. . . ... ... ... ... . ... .. ... .. ... 56

4.2 Partial recursive functions. .. ........ .. ... ... ... ... 61

4.3 Programming with functions. . .. ... .. ... . ... .. ... .. ... ... 63

44 Further reading. ... ... .. .. ... .. 67

45 Exercises. .. ......... ... 67

5. Logic-Based Models of Computation. ... ... ... .. .. . ... ... . | 69

51 The Herbrand universe. .. .. ... .. .. ... .. ... ... ... ... .. 69

5.2 Logic programs. . .. ....... ... 70

B2T AnsSWers. ... ... ... 73

53 Computing with logic programs. . .. .. ... . ... ... .. .. ... . ... . 76

53.1 Unification. . ... ... ... .. ... . .. .. . ... ... ... 76

5.3.2 The Principle of Resolution. . ... ..................... 79

54 Prolog and the logic programming paradigm. . ... ... ... .. . . | 84

55 Further residing. .. ... ... ... .. ... .. 86

5.6 EXErcises. .......... ... 86
Part II. Modern Models of Computation

6. Computing with Objects. ... .. ... ... .. ... . . ... ... .. ..... .. 93

6.1 Object caleulus: Syntax. . ........ .. ... ... ... . ... . . ...\ 94

6.2 Reduction rules. . ... .. .. ... 96

6.3 Computatlon POWEr. . .. .. ...t 98

6.4 Object-oriented programming. . .. .......................... 99

6.5 Combining objects and functions. . ... ..... ... ... ... ... .... 101

6.6 Further reading . ... .. .. . . .. . . ... ... 104

6.7 Exercises. ... ...... .. ... ... .. 104



7. Interaction-Based Models of Computation............ .. .. .. 107

7.1 The paradigm of nteraction. . ... .......... ... .. ... ....... 107
7.2 Numbers and arithmetic operations. . .. ...... ... .. ... ... ... 111
7.3 Turing completeness. . . ............... .. ... ... ... .. ... ... 114
74 More examples: Lists. . .............. .. . . . . 115
7.5 Combinators for interaction nets. .. .................... . ... 117
7.6 Textual languages and strategies for interaction nets. .. ... ... . 118
7.6.1 A textual interaction calculus. . ... ................... 120
7.6.2 Properties of the caleulus. . ... ... ... ... ... ... ... 125
7.6.3 Normal forms and strategies. . . ... ... .. .. ... . ... ... 126
7.7 Extensions to model non-determinism. . ... ... ... ... L. 127
78 Further reading. .. ... ... ... ... .. ... L. 129
79 Exercises. ............ ... 130
8. CONCUFTeNCY. . . ...t 131
8.1 Specifying concurrent systems. . .. ..... ... .. ... ......... 134
8.2 Simulation and bisimulation. .. .............. ... ... .. ... . 137
8.3 A language to write processes. .. ...............iiiai .. 139
84 A language for communicating processes. .. ... ............... 142
8.5 Another view of concurrency:
The chemical metaphor. . . ......... ... ... ... ... ... ..... 147
86 Further reading. . .......... ... ... . . . . . .. . ... ... ..., 147
87 Exercises.......... ... ... 148
9. Emergent Models of Computation. ......................... 151
91 Bio-computing. ............ ... ... 152
911 Membrane calculi. . ........ ... ... . ... .. ... 152
9.1.2 Protein interaction caleuli. . .. ... ... ... ... ... ... .. 153
92 Quantum computing.................. ..., 154
93 Further reading. .. ....... .. ... ... ... ... .. . ... . ... 157
10. Answers to Selected Exercises. ... ... ... .. ... .. ... ... .. ... 159
Bibliography. . ... .. 179
Index ... 183



