Contents

2 o - 8- T Y

AcknowledgementsS ...eeeeeresssssosecenccsssscesescneeees  VITT
List Of abbreviations ..ieiiieieceeeeneeennnncneennennenes IX
Standardized denotationsS ..uiiieeeeeecrecccnccnocsscnnnan X
Standard nNotations ...u.ieiiesircecceorseesnnnsonceennneess XI

Contents cesessessecteretres sttt e st seassesessenonccnsness XII

CHAPTER I. Natural and formal 10GiC .eerivveveccoconnnnnns 1
1. Logic abstracted from natural reasoning ............. 1

2. T0GIcal FULES tiiiiiurerenoceenosronnceancnencnonanns 6

CHAPTER II. The connection method in propositional logic . 11
1. The language of propositional 109iC ...eveevevevennes 11
. The semantics of propositional 10giC ..vveveevsveeen. 21
- A basic syntactic characterization of validity ...... 25

The connection calcUlUS ...ivveeenvenneensonenensnnees 32

Consistency, completeness, and confluence ........... 40
. Algorithmic aspects ....iecieeeeeveorensecvenvensens. A5

B eECLSeS  L.titteneeeuissntacnnennenssoscosnsonnonnnnes 53

O N e wN
.

. Bibliographical and historical remark§ .............. 55

CHAPTER III. The connection method in first-order logic .. 57
1. The language of first-order 10GiC .....vvvveveeeseoe.. 58
2. The semantics of first-order 10giC .....eeveveeeeenn. 67
3. A basic syntactic characterization of validity ....... 70
4. Transformation to normal fOrm ..........coeeeeeeees... B84
5. Unification ...iiiieiiiinincennneessnsannencsaceenenns. 88
6. The connection calculusS ...iiieeevennccnneonoooeonans 97



XIII

7. Algorithmic aspects ....cceeeaae cesenstsssssassssnsss 109
8. EXercises .....cccecesenn T R 1Y
9. Bibliographical and historical remarks ......ccc.. ... 118

CHAPTER IV. Variants and improvements .......cccesccesae. 119
1. ResOlution ...i.iiieiiieeieesnnsnessvessscosnssannssnease 120
2, Linear resolution and the connection method ......... 134
3. On performance evaluation ....ceceicececcscccsscacscas 138
4. Connection graph resolution and the connection method 144
5. A connection procedure for arbitrary matrices ....... 155
6. Reduction, factorization, and tautological circuits .. 162
7. Logical calculi of natural deduction ....¢cceeeveeeas 170
8. An alternative for skolemization .......cccc000000ees 178
9. Linear unification .....cciieiiiiiiirarensecasnnsanss 186
10. Splitting by need .....c.icceesvoescecsesonnscscanecsess 195
11. Summary and pProSpecCtuS ....cssessssccssccssassssasecce 207
12, EXErCLiSeS .everecesseecocasansoscssosssscsnssassnsnee 214
13. Bibliographical and historical remarks .....cveeeee.. 216

CHAPTER V. Applications and extensions ....c..cceccececeese 218
1. Structuring and processing knowledge ......ev0000000. 219
2. Programming and problem solving ....cecccceccccccsees 225
3. The connection method with equality .....ceeeveeceecss 234
4, Rewrite rules and generalized unification .....c.cc... 242
5. The connection method with induction ......ccc00e0eee. 247
6. The connection method in higher-order logic ......... 254
7. Aspects of actual implementations .......cecececeees. 262
8. Omissions ...cceeccccccnne cesessesssnsscsscnnssccasas 271
9., EXErciSesS ...eicceccccecrcsccccccscosssonsssosnsassase 273
10. Bibliographical and historical remarkS ....cceceseee. 275

REFERENCES .tccecesvocccocscctcsaccsccssnsncscssnsansnsnnss 277
INDEX .cccetecsesscnscncsssoocnssosssscsensnsscsssnsssansscse 288

LIST OF SYMBOLS ccccccccscoccccsconssssssesccsocsasnssnse 293



