Contents

Part] Mathematics of Distances

1 GeneralDefinitions ...............ooo i 3
1.1 Basic DefInitions ....oovuiiiiiite et 3
1.2 Main Distance-Related Notions .............c.ccooviiiiiiiiiininnnnns. 12
1.3 Metric Numerical Invariants .......................coooiviiiiiinnna. 23
1.4 Main Mappings of Metric Spaces ............ooviviiiieviiiinnnen.. 36
1.5  General DIStanCeS .......oovvrrnnieit it 46
2 Topological SPaces...........cooouiiiiiiiiiiiiii i 63
3 Generalizations of Metric Spaces ..o, 71
3.1 m-Tuple Generalizations of Metrics ...........c.ccvvvieeviiieennnnn... 71
3.2 Indefinite MetriCS. ..ooivunitiie et 73
3.3  Topological Generalizations ..............c.c.ooeviiiiiiiiinieiinnnn... 75
34  Beyond NUmDbeTIS ........oooviiiiiiiiiiiiiiii i 78
4  Metric Transforms. ... ...t s 87
4.1 Metricsonthe Same Set ..........oovviiiiiiiiiii i 87
42  Metrics on Set EXtENSIONS ...ooivtuni ittt 91
43  Metricson Other Sets ........ooviiiiiii it 94
5 Metrics on Normed Structures..........................oooiiiiieiinna.. 97

PartII Geometry and Distances

6 DistancesinGeometry ................... i 111
6.1  GeodesiC GEOMELIY ...oovrnnniiititeetieiiee e e e eeeaannns 111

6.2 Projective GEOMEITY ......o.uvtiuiitiiiiie i e eaneens 117

6.3 Affine GEOMELIY . ... .eviiiiiiit it ee e e e 123

6.4 Non-Euclidean GEometry ..........covvviiiiiiniiiiiiiiiiiieeennaans 125

Xix

Bibliografische Informationen HE
http://d-nb.info/1110044747 digitalisiert durch IONAL
BLIOTHE


http://d-nb.info/1110044747

XX

Contents

Riemannian and Hermitian Metrics................................o.e 135
7.1  Riemannian Metrics and Generalizations ........................... 136
7.2 Riemannian Metrics in Information Theory ........................ 152
7.3  Hermitian Metrics and Generalizations ............................. 156
Distances on Surfacesand Knots .........................ooooiiiiiiinn. 169
8.1 General Surface MEtriCs .......oovvvviiiiiiiiiei it 169
8.2 Intrinsic Metrics on Surfaces ..........cooovvviiiiiiiiiiiii 175
83 Distances on KNnotS . .....ovviiniiiiiiiiiie i 180
Distances on Convex Bodies, Cones, and Simplicial Complexes ...... 183
9.1 Distances on Convex Bodies.............oooviiiiiiiieniinenennnnnnn. 183
9.2  Distances 0N CONES. .. ...uuuiiii it 189
9.3  Distances on Simplicial Complexes...............coovviiiiiiin. 192

Part III Distances in Classical Mathematics

10

11

12

13

14

Distancesin Algebra..................... 199
10.1 Group Metrics .......oveiiiiiiii e 199
10.2  Metrics on Binary Relations ..o, 209
10.3 Metrics on SemilattiCes .........oovuiiiiiiiiiiiiiiiiieeeeeeeennnnnns 210
Distances on Strings and Permutations .................................. 215
11.1 Distances on General Strings ...........ooooveiiiiiiiieiiiieeean. 216
11.2 Distances on Permutations ............coovveviiiiiiiiiiiieieeennnnnnn. 225
Distances on Numbers, Polynomials, and Matrices..................... 229
12.1 Metrics on NUmMDbBEIS. . .....ooviiiiiiiiiiii e 229
12.2  Metrics on Polynomials ... 235
123 Metrics On MatriCes ....ovivniiiiie ittt 237
Distances in Functional Analysis..........................cooiieneL. 247
13.1 Metrics on Function Spaces..........ccovvveviiiiinieiiineeennnnnn.. 247
13.2 Metrics on Linear Operators ...........cooeeviieiiieiiieeinnnnnnn. 254
Distances in Probability Theory .............................ool. 259
14.1 Distances on Random Variables ................cooiviiiiiiiiiiin.. 260
14.2 Distances on Distribution Laws ..., 261

Part IV Distances in Applied Mathematics

15

Distancesin Graph Theory .........................i 277
15.1 Distances on the Verticesof aGraph.................cc.oocinii 278
15.2 Distance-Defined Graphs ............c..coviiiiiiiiiiiiiiiinn... 286
15.3 Distances on Graphs ...........c.oooeviiiiiiiiiiiiiiiiiiiian.. 297

15.4 Distances ONTIEES ....vuviiiniiiiii it 305



Contents XXi

16

17

18

Distances in Coding Theory ..., 313
16.1 Minimum Distance and Relatives ....................ocoiiii.t. 315
16.2 Main Coding Distances ............ccovvviiieiiiiiiniiiiiniann... 317
Distances and Similarities in Data Analysis ............................. 327
17.1 Similarities and Distances for Numerical Data ..................... 329
17.2 Relatives of Euclidean Distance ..............c.coceviiiiiinenn... 333
17.3  Similarities and Distances for Binary Data ......................... 337
17.4 Correlation Similarities and Distances .................c.ooeenn.. 340
Distances in Systems and Mathematical Engineering .................. 347
18.1 Distances in State Transition and Dynamical Systems ............. 348
18.2 Distances in Control Theory ...............cooiiiiiiii.. 354
18.3 Motion Planning Distances ..............ooviviiiiiiiiiiiieeeannnnn 356
18.4 MOEA DiStANCeS ... uuuveiteettiiittee e eeaiee e eiaeeeeaanns 361

PartV Computer-Related Distances

19

20

21

22

Distances on Real and Digital Planes..................................... 365
19.1 MetricsonReal Plane.............coooiiiiiiiiiiiiiiiiiiiinnens 365
19.2 Digital MEMICS....vvvvtiiiiiiiiiiie i 376
Voronoi Diagram Distances......................coiiiiiiiiiiiiine . 383
20.1 Classical Voronoi Generation Distances ................ccceeeeeenn. 384
20.2 Plane Voronoi Generation DiStances .............c.evvvvvnvvennnnnns 386
20.3  Other Voronoi Generation DiStances ..............c.c.vvvvvvnvnninnnns 390
Image and Audio Distances......................c..cii 393
21.1 Image DiStances .........ceeeeiinuiiieeeiiiiieeaiiieee et 393
21.2 Audio DiStances .......cooviiiiiiiiiiii e 409
Distancesin Networks...................ooiiiiii i 419
22.1 Scale-Free Networks ........covviiiiiiiiiiiiiiiieeeeeeeenn, 419
22.2 Network-Based Semantic Distances.............cceevvviiiiiennnn... 424
22.3 Distances in Internetand Web .............cocoiiiiiiiiiiiiiiiieen 428

Part VI Distances in Natural Sciences

23

24

Distancesin Biology .............cco i 439
23.1 Genetic DIStaNCeS ........evviutiiinieiiiaiiiii e, 443
23.2 Distances for DNA/RNA and Protein Data ......................... 455
23.3 Distances in Ecology, Biogeography, Ethology..................... 467
23.4 Other Biological Distances .............ccevviieiiiiiiiniiennnenn. 484
Distances in Physics and Chemistry ..............................oo.L. 499
24.1 Distances in Physics.........oooiiiiiiiiiiiiiiiiiiii i 499

24.2 Distances in Chemistry and Crystallography ....................... 524



xxii Contents
25 Distances in Earth Science and Astronomy.............................. 533
25.1 Distances in Geography ..........c.cceviiiiiiiiiiiiiieiiieannn... 533
25.2 Distances in GEOPhYSICS «...oovviiiiiiiiiiii i 546
25.3 Distances in ASTONOMY ... .ueuutinetenteetteneeteeiieenieanannn 558
26 Distances in Cosmology and Theory of Relativity ...................... 577
26.1 Distances in COSMOIOZY .......uviviuiiiiiiiiiiiiiiiiieiieeaeen. 571
26.2 Distances in Theory of Relativity ..........cc..cocoiiiiiiiiii... 587
Part VII Real-World Distances
27 Length Measuresand Scales ...................cooooiiiiiiiiiiii. 613
27.1 Length Scales......c..ovviuiiiiiiiiiiiiic e 613
27.2  Orders of Magnitude for Length..................cooooia. 623
28 Distances in Applied Social Sciences ........................... 629
28.1 Distances in Perception and Psychology ............................ 629
28.2 Distances in Economics and Human Geography ................... 640
28.3 Distances in Sociology and Language.................cooeineinin. 653
28.4 Distances in Philosophy, Religion and Art.......................... 664
29 OtherDistances................coiiiiiiiiiiiiiiiiiiiiiiii i 683
29.1 Distances in Medicine, Anthropometry and Sport.................. 683
29.2 Equipment DiStances.............coviiiiiiiiiiiiiiiiiiiiiinieen. 701
29.3  MiSCellany ......co.eiiueiitiitiii i 716
References. ... ....ooouuiiii i 723



