Contents

(= 1 vii
Acknowledgments . .. ..... ...ttt ittt ix
O IntroduCtOn . . ... .. it ir i i ittt ettt aeassennnas XV
1 AFirstLook atLISP ... ... ...t iiiinineenans 1
1.1 Theoriginsof LISP. . ........ . iiiiiiiiiennnnan. 1

1.2 A glimpse into the structure of LISP. . ................... 4
121 Data .. ..iti e ittt it 5

122 FUncHONS. . ... ... viiin s innereoaenneenns 6

1.2.3 Expressionsinthe language. ..................... 8

124 QUOTE. . ... itvii ittt e inian s 9

125 Logical terms. ... .....ovi i eonnnonnnnas 11

1.2.6 Branching incomputations. ............couueeeon 12

127 Lambdafunctions. .........ccvvivevennennnsnn 14

128 ASSIgNMENtS. . . ... vi it iii it 16

13 Additionalreading. .......... ..o cviiiiiinnennenan 19

2 Elementary Programming. . . . .. c oo vt vvnctnnononsoaaannens 20
2.1 Programming straightforward computations. .............. 20

2.2 Recursive and iterative computations. . . . . e et 25
22.1 Ageneralviewofrecursion. .........ccvveunnn 25

2.2.2 Programming recursive computations. . ............. 27

2.2.3 Rules for recursive programming. . ... ............. 33

224 IEration. ... .....cceeeeinennenronenonnensas 35

23 External flles. . ..o\ttt e 39

i

. ) ) E HE
Bibliografische Informationen digitalisiert durch NATIONAL
http://d-nb.info/900785098 IBLIOTHE



http://d-nb.info/900785098

24 Searching. ... .....cuv ittt e 43

2.4.1 Is searching a sign of ignorance? ................. 43
242 Kindsofsearch. . .......... it iiinnnns 43

2.5 Extra variables and functions, for efficiency. .............. 50
2.6 Otherlistfunctions. .. ....... ..o iiiiiennenonan 54
26.1 MEMBERANA MOTE. ........covuivrnrnroneonos 54
2.6.2 Functions for association lists, ................... 56
2.6.3 Example: translation between Inuit and English. ... .... 57

2.7 The fixed-point style of computation. ................... 61
28 Inputand output. . . ... ... co vttt irininn e eanans 64
2.9 The procedural and functional styles of computation, ........ 68
2.10 Additionalreading . ..........c.ceiuvvii i 70
3 Deeperinto Essential Structure . . ... ... ... 71
31 LISP'sdata. . ........oiiin e nonersonnencennan 71
311 S-exXpressions. ... ...ov ittt 72
3.1.2 Representationsofdata. .............0......... 74
313 AMOMS. ot iie e ie ettt et e 76
314 Datatypes. .. ..o vin i e 81

3.2 Another look at familiar functions ..................... 82
3.2.1 CaR, CDR, and CONS: an alternate semantics. . ...... 82
322 EQand EQUAL. ... vttt istetenoonansnnnanons 83
3.2.3 Options for LAMBDA functions. .................. 85
324 SETF. vttt inn et enasonneeneranasnansns 87

33 LISPsyntaxindetail.............. ... oot 88
331 TeIMS. &t iiiniee it ettt 89
3.3.2 Variablesandforms. ............ . i, 89
333 Syntax puzzles. ... ...t iiie e 91

3.4 Self-processing.. .. ... ..ottt 92
3.5 Bindings, scopes, and environments.. . . ... ... ..o 96
3.6 Additional reading. ........ RPN 103
4 Computational Philosophy .. .......coiiiiiiiia, 104
4.1 Modelsofcomputation. ............. ...l 104

y ,

4.11 Mathematical formalisms for computation. . . ........ 105
Pl



4,12 Church’s thesis and computational completeness. . . ... 107

42 Pure LISP. .. ... it i it it i e 110
43 Types Oof reCUrSion. . ........ ... civiieinenenvnnnnn 114
4.3.1 Fat recursion and tail recursion. ................. 114
432 Compoundrecursion. ...........c..eenvveuunens 115
4.3.3 Monotonic and nonmonotonic recursion. ........... 116

44 ‘The limits of LISP: an unsolvable problem. . .. ........... 118
4.5 The folklore of fixed-point computation. . ............... 122
4.6 AdditionalReading. . .............. ..o i 125
5 LISP Functions for Powerful Programming. .. ................ 126
5.1 Debuggingtools.............. .. 126
5.1.1 The listener, access to local bindings, and BACKTRACE. 127
512 STEPANd TRACE. . . ...ttt nernntnenanaonnns 129
5.1.3 Other tools fordebugging. . .. .................. 131
5.1.4 Application: debugging a LISP text (optional). ....... 134

52 Applicative Operators. ..............couverininnnnn 137
5.2.1 APPLY, FUNCALL, MAPCAR, and MAPLIST...... 138
5.2.2 Application: symbolic differentiation. ............. 141

S5.3 MaCIOS. ot vt ve vt stenaecnnoeeeaaseaennneennenss 145
53.1 Thebasicidea.............. .o, 145
5.3.2 Applications: INFIX and EVAL&TIME. ........... 148

5.4 Structures, vectors, and arrays. . ... .... ... 000 151
54,1 Vectorsandarrays. .. ........coit s 151
542 SHUCITES.. . .t vv v vt i tnnteneernoernnennnes 153
5.4.3 Application: working with organic molecules.. ....... 156

55 Functionclosures. . .......cviiiiiiiiiinniinannnn 163
5.5.1 Creating and using closures.. . . ................. 163
5.52 Application: COMPOSE and Currying CONS. ........ 166

S6 COERCION. . .. ..vvvevnennnnnn. et e e e 168
5.7 Surgicaloperations. .. ........ ..ottt 170
6 Interpreters: from Algebra to LISP ... ... ... .. ciiiiiiinnnnn 176

6.1 Algebras and interpreting: an abstract View.. . ............ 176

i



Xiv

6.1.1 Algebras of objects and algebras of terms. . ......... 177

6.1.2 Interpretation and computation. ................. 179

6.2 LISPinterpreters. .. ... . ..ot ronennsnaas 183
6.2.1 A sketch of the usual LISP interpreter. . ........... 184

6.2.2 A call-by-name interpreter for LISP. . ... .......... 190

6.2.3 Put the interpreter inside, keep the userout. . ........ 194

6.3 Compiled LISP. ..........c00 i, 198

7 Mathematical Foundations of LISP . . ... ................... 200
7.1 The lambda calculus defined. .................... ... 200

7.2 Straightforward computation in the lambda calculus. . . ... ... 205

7.3 Fixed-points for object functions. . .. .................. 208

7.4 Recursive functions in the lambda calculus. ... ........... 210

7.5 Pure LISP in the lambda calculus. .. .................. 213

7.6 Additionalreading. ........... ...y 215

8 Automatic Reasoning, Algebraic Intelligence ................. 216
B.1 LOZICS. .o vvei ittt e 217
8.1.1 Propositionallogic. ... ....... . .., 218

8.1.2 Fundamental theorems for the propositional calculus. . . . 223

8.1.3 Other approaches to automatic reasoning inPC. ...... 225

8.2 Predicate logic and unification. ...................... 229

83 PROLOG. ...ttt ettt i e 233

8.4 Speculation on algebraic intelligence. . ................. 236

8.5 Additionalreading. ........... ... .. . i i, 239

9 Bibliography . ... ... ... i i i 240
10 Answers to Selected Exercises ..........ccviiiiiiieenan 246
5 S 4 To > 269



