Overview and Perspective . . . . . .................. 1
L1 Overview. . . ... 1
1.1.1  Properties and Distinctions. . . . ......... 1
1.1.2 Relations......................... 2
1.1.3  Abstraction . ...................... 6
1.1.4  Generation. . ...................... 8
1.2 A Brief Historical Sketch. . .. ................ 8
Foundations . . . . ....... ... ... ... ... ... ... ... 13
2.1 Objects, Relations, and Operations . . ........... 13
2.1.1 Distinctions . . ........ ... ... ... ... 13
2.1.2  Mappings. . . . oot 14
2.1.3  Power Sets and Distinctions. . . ......... 16
2.1.4  Structures. . . ....... ..o 19
2.1.5 Heyting and Boolean Algebras.......... 26
216 Operations. . ..............cocuo... 33
2.1.7  Parametrizing Constructions. . . . ... ..... 46
2.1.8  Discrete Versus Continuous . . . .. ....... 47
2.2 Axiomatic Set Theory . .. ................... 48
2.3 Categories and Morphisms. . ... ........... ... 50
24 Presheaves. ........... ... .. 62
2.5 Dynamical Systems. . ...................... 66
Relations . .. ...... ... ... ... .. ... ... .. .. ... 69
3.1  Elements Standing in Relations. . . ... .......... 69
3.2 Relations Specifying Elements . . .............. 71
3.3 Isomorphisms. . .. ..........0iiiininan... 71
34 Moduli Spaces of Graphs. . .. ................ 73
34.1 From the Vertices. . ................. 73
342 Fromthe Edges .................... 76
3.4.3  From the Edge Weights. . .. ........... 76
3.4.4 Representation Theory................ 76
Spaces . .. ... 89
4.1  Pretopological and Topological Spaces . ......... 90
42 o-Algebras. ... ... ... .. 101
43  Set SyStemsS . . .. ... 103
44 Measures . . . . .ot teee 108

Xi


http://dx.doi.org/10.1007/978-3-319-20436-9_1
http://dx.doi.org/10.1007/978-3-319-20436-9_1
http://dx.doi.org/10.1007/978-3-319-20436-9_1#Sec1
http://dx.doi.org/10.1007/978-3-319-20436-9_1#Sec1
http://dx.doi.org/10.1007/978-3-319-20436-9_1#Sec2
http://dx.doi.org/10.1007/978-3-319-20436-9_1#Sec2
http://dx.doi.org/10.1007/978-3-319-20436-9_1#Sec3
http://dx.doi.org/10.1007/978-3-319-20436-9_1#Sec3
http://dx.doi.org/10.1007/978-3-319-20436-9_1#Sec4
http://dx.doi.org/10.1007/978-3-319-20436-9_1#Sec4
http://dx.doi.org/10.1007/978-3-319-20436-9_1#Sec5
http://dx.doi.org/10.1007/978-3-319-20436-9_1#Sec5
http://dx.doi.org/10.1007/978-3-319-20436-9_1#Sec6
http://dx.doi.org/10.1007/978-3-319-20436-9_1#Sec6
http://dx.doi.org/10.1007/978-3-319-20436-9_2
http://dx.doi.org/10.1007/978-3-319-20436-9_2
http://dx.doi.org/10.1007/978-3-319-20436-9_2#Sec1
http://dx.doi.org/10.1007/978-3-319-20436-9_2#Sec1
http://dx.doi.org/10.1007/978-3-319-20436-9_2#Sec2
http://dx.doi.org/10.1007/978-3-319-20436-9_2#Sec2
http://dx.doi.org/10.1007/978-3-319-20436-9_2#Sec3
http://dx.doi.org/10.1007/978-3-319-20436-9_2#Sec3
http://dx.doi.org/10.1007/978-3-319-20436-9_2#Sec4
http://dx.doi.org/10.1007/978-3-319-20436-9_2#Sec4
http://dx.doi.org/10.1007/978-3-319-20436-9_2#Sec5
http://dx.doi.org/10.1007/978-3-319-20436-9_2#Sec5
http://dx.doi.org/10.1007/978-3-319-20436-9_2#Sec8
http://dx.doi.org/10.1007/978-3-319-20436-9_2#Sec8
http://dx.doi.org/10.1007/978-3-319-20436-9_2#Sec9
http://dx.doi.org/10.1007/978-3-319-20436-9_2#Sec9
http://dx.doi.org/10.1007/978-3-319-20436-9_2#Sec10
http://dx.doi.org/10.1007/978-3-319-20436-9_2#Sec10
http://dx.doi.org/10.1007/978-3-319-20436-9_2#Sec11
http://dx.doi.org/10.1007/978-3-319-20436-9_2#Sec11
http://dx.doi.org/10.1007/978-3-319-20436-9_2#Sec12
http://dx.doi.org/10.1007/978-3-319-20436-9_2#Sec12
http://dx.doi.org/10.1007/978-3-319-20436-9_2#Sec13
http://dx.doi.org/10.1007/978-3-319-20436-9_2#Sec13
http://dx.doi.org/10.1007/978-3-319-20436-9_2#Sec14
http://dx.doi.org/10.1007/978-3-319-20436-9_2#Sec14
http://dx.doi.org/10.1007/978-3-319-20436-9_2#Sec15
http://dx.doi.org/10.1007/978-3-319-20436-9_2#Sec15
http://dx.doi.org/10.1007/978-3-319-20436-9_3
http://dx.doi.org/10.1007/978-3-319-20436-9_3
http://dx.doi.org/10.1007/978-3-319-20436-9_3#Sec1
http://dx.doi.org/10.1007/978-3-319-20436-9_3#Sec1
http://dx.doi.org/10.1007/978-3-319-20436-9_3#Sec2
http://dx.doi.org/10.1007/978-3-319-20436-9_3#Sec2
http://dx.doi.org/10.1007/978-3-319-20436-9_3#Sec3
http://dx.doi.org/10.1007/978-3-319-20436-9_3#Sec3
http://dx.doi.org/10.1007/978-3-319-20436-9_3#Sec4
http://dx.doi.org/10.1007/978-3-319-20436-9_3#Sec4
http://dx.doi.org/10.1007/978-3-319-20436-9_3#Sec5
http://dx.doi.org/10.1007/978-3-319-20436-9_3#Sec5
http://dx.doi.org/10.1007/978-3-319-20436-9_3#Sec6
http://dx.doi.org/10.1007/978-3-319-20436-9_3#Sec6
http://dx.doi.org/10.1007/978-3-319-20436-9_3#Sec7
http://dx.doi.org/10.1007/978-3-319-20436-9_3#Sec7
http://dx.doi.org/10.1007/978-3-319-20436-9_3#Sec8
http://dx.doi.org/10.1007/978-3-319-20436-9_3#Sec8
http://dx.doi.org/10.1007/978-3-319-20436-9_4
http://dx.doi.org/10.1007/978-3-319-20436-9_4
http://dx.doi.org/10.1007/978-3-319-20436-9_4#Sec1
http://dx.doi.org/10.1007/978-3-319-20436-9_4#Sec1
http://dx.doi.org/10.1007/978-3-319-20436-9_4#Sec2
http://dx.doi.org/10.1007/978-3-319-20436-9_4#Sec2
http://dx.doi.org/10.1007/978-3-319-20436-9_4#Sec3
http://dx.doi.org/10.1007/978-3-319-20436-9_4#Sec3
http://dx.doi.org/10.1007/978-3-319-20436-9_4#Sec4
http://dx.doi.org/10.1007/978-3-319-20436-9_4#Sec4

Xii

45 Sheaves. ... ....... . 112
4.6 Cohomology ............ ... ... ... ... .... 116
477 Spectra .. ... 119
What Is Space? ......... ... .. ... ... .. ... .... 123
5.1 A Conceptual Deconstruction and a Historical
Perspective. . . ... ... .. 123
52 Axiomsof Space .......... ... ... ... ... ... 127
53 Manifolds . ........ .. . ... .. 132
5.3.1 Differential Geometry . ............... 138
5.3.2 Riemannian Geometry. .. ............. 142
5.3.3  Curvature as a Measure of Nonlinearity. . .. 152
54 Schemes ......... ... ... i 163
541 Rings . ... ... 165
54.2 Spectraof Rings.................... 169
5.4.3  The Structure Sheaf. . . . .............. 171
544 Schemes ......... ... ... ... ... ... 173
Spaces of Relations . . . .. ....................... 177
6.1  Relations and Simplicial Complexes . .. ......... 177
6.2 Homology of Simplicial Complexes . ........... 179
6.3  Combinatorial Exchange Patterns . . . ........... 196
6.4  Homology of Topological Spaces . . ............ 203
6.5 Homotopy Theory of Topological Spaces. . . ... ... 208
6.6 Cohomology ............ ... ... 213
6.7  Poincaré Duality and Intersection Numbers . . ... .. 217
Structures . . ........ ... . .. ... 221
7.1  Generating Structures . . .................... 221
7.2  Complexity .. ....... ... 224
7.3 Independence............. ... .. ... ... ... 225
Categories ... ........... . 231
8.1 Definitions. . .. ....... ... .. .. .. . ... 232
8.2  Universal Constructions. . . .. ................ 233
8.3  Categories of Diagrams . . . . ................. 248
84 Presheaves............. ... ... ... ... ... .. 254
8.5 Adjunctions and Pairings. . .................. 255
Topoi....... ... .. .. 261
9.1  Subobject Classifiers. . ..................... 262
9.2 TOPOL « vt ot et 270
9.3 Topoiand Logic. .. .......... ... ......... 276
9.4  Topoi Topologies and Modal Logic ............ 282
9.5 Topologies and Sheaves. . . .................. 285

9.6 Topoi Semantics. . ...............c. ... 288

Contents


http://dx.doi.org/10.1007/978-3-319-20436-9_4#Sec5
http://dx.doi.org/10.1007/978-3-319-20436-9_4#Sec5
http://dx.doi.org/10.1007/978-3-319-20436-9_4#Sec6
http://dx.doi.org/10.1007/978-3-319-20436-9_4#Sec6
http://dx.doi.org/10.1007/978-3-319-20436-9_4#Sec7
http://dx.doi.org/10.1007/978-3-319-20436-9_4#Sec7
http://dx.doi.org/10.1007/978-3-319-20436-9_5
http://dx.doi.org/10.1007/978-3-319-20436-9_5
http://dx.doi.org/10.1007/978-3-319-20436-9_5#Sec1
http://dx.doi.org/10.1007/978-3-319-20436-9_5#Sec1
http://dx.doi.org/10.1007/978-3-319-20436-9_5#Sec1
http://dx.doi.org/10.1007/978-3-319-20436-9_5#Sec2
http://dx.doi.org/10.1007/978-3-319-20436-9_5#Sec2
http://dx.doi.org/10.1007/978-3-319-20436-9_5#Sec3
http://dx.doi.org/10.1007/978-3-319-20436-9_5#Sec3
http://dx.doi.org/10.1007/978-3-319-20436-9_5#Sec4
http://dx.doi.org/10.1007/978-3-319-20436-9_5#Sec4
http://dx.doi.org/10.1007/978-3-319-20436-9_5#Sec5
http://dx.doi.org/10.1007/978-3-319-20436-9_5#Sec5
http://dx.doi.org/10.1007/978-3-319-20436-9_5#Sec6
http://dx.doi.org/10.1007/978-3-319-20436-9_5#Sec6
http://dx.doi.org/10.1007/978-3-319-20436-9_5#Sec7
http://dx.doi.org/10.1007/978-3-319-20436-9_5#Sec7
http://dx.doi.org/10.1007/978-3-319-20436-9_5#Sec8
http://dx.doi.org/10.1007/978-3-319-20436-9_5#Sec8
http://dx.doi.org/10.1007/978-3-319-20436-9_5#Sec9
http://dx.doi.org/10.1007/978-3-319-20436-9_5#Sec9
http://dx.doi.org/10.1007/978-3-319-20436-9_5#Sec10
http://dx.doi.org/10.1007/978-3-319-20436-9_5#Sec10
http://dx.doi.org/10.1007/978-3-319-20436-9_5#Sec11
http://dx.doi.org/10.1007/978-3-319-20436-9_5#Sec11
http://dx.doi.org/10.1007/978-3-319-20436-9_6
http://dx.doi.org/10.1007/978-3-319-20436-9_6
http://dx.doi.org/10.1007/978-3-319-20436-9_6#Sec1
http://dx.doi.org/10.1007/978-3-319-20436-9_6#Sec1
http://dx.doi.org/10.1007/978-3-319-20436-9_6#Sec2
http://dx.doi.org/10.1007/978-3-319-20436-9_6#Sec2
http://dx.doi.org/10.1007/978-3-319-20436-9_6#Sec3
http://dx.doi.org/10.1007/978-3-319-20436-9_6#Sec3
http://dx.doi.org/10.1007/978-3-319-20436-9_6#Sec4
http://dx.doi.org/10.1007/978-3-319-20436-9_6#Sec4
http://dx.doi.org/10.1007/978-3-319-20436-9_6#Sec5
http://dx.doi.org/10.1007/978-3-319-20436-9_6#Sec5
http://dx.doi.org/10.1007/978-3-319-20436-9_6#Sec6
http://dx.doi.org/10.1007/978-3-319-20436-9_6#Sec6
http://dx.doi.org/10.1007/978-3-319-20436-9_6#Sec7
http://dx.doi.org/10.1007/978-3-319-20436-9_6#Sec7
http://dx.doi.org/10.1007/978-3-319-20436-9_7
http://dx.doi.org/10.1007/978-3-319-20436-9_7
http://dx.doi.org/10.1007/978-3-319-20436-9_7#Sec1
http://dx.doi.org/10.1007/978-3-319-20436-9_7#Sec1
http://dx.doi.org/10.1007/978-3-319-20436-9_7#Sec2
http://dx.doi.org/10.1007/978-3-319-20436-9_7#Sec2
http://dx.doi.org/10.1007/978-3-319-20436-9_7#Sec3
http://dx.doi.org/10.1007/978-3-319-20436-9_7#Sec3
http://dx.doi.org/10.1007/978-3-319-20436-9_8
http://dx.doi.org/10.1007/978-3-319-20436-9_8
http://dx.doi.org/10.1007/978-3-319-20436-9_8#Sec1
http://dx.doi.org/10.1007/978-3-319-20436-9_8#Sec1
http://dx.doi.org/10.1007/978-3-319-20436-9_8#Sec2
http://dx.doi.org/10.1007/978-3-319-20436-9_8#Sec2
http://dx.doi.org/10.1007/978-3-319-20436-9_8#Sec3
http://dx.doi.org/10.1007/978-3-319-20436-9_8#Sec3
http://dx.doi.org/10.1007/978-3-319-20436-9_8#Sec4
http://dx.doi.org/10.1007/978-3-319-20436-9_8#Sec4
http://dx.doi.org/10.1007/978-3-319-20436-9_8#Sec5
http://dx.doi.org/10.1007/978-3-319-20436-9_8#Sec5
http://dx.doi.org/10.1007/978-3-319-20436-9_9
http://dx.doi.org/10.1007/978-3-319-20436-9_9
http://dx.doi.org/10.1007/978-3-319-20436-9_9#Sec1
http://dx.doi.org/10.1007/978-3-319-20436-9_9#Sec1
http://dx.doi.org/10.1007/978-3-319-20436-9_9#Sec2
http://dx.doi.org/10.1007/978-3-319-20436-9_9#Sec2
http://dx.doi.org/10.1007/978-3-319-20436-9_9#Sec3
http://dx.doi.org/10.1007/978-3-319-20436-9_9#Sec3
http://dx.doi.org/10.1007/978-3-319-20436-9_9#Sec4
http://dx.doi.org/10.1007/978-3-319-20436-9_9#Sec4
http://dx.doi.org/10.1007/978-3-319-20436-9_9#Sec5
http://dx.doi.org/10.1007/978-3-319-20436-9_9#Sec5
http://dx.doi.org/10.1007/978-3-319-20436-9_9#Sec6
http://dx.doi.org/10.1007/978-3-319-20436-9_9#Sec6

Contents xiii

10 A Review of Examples . ........................ 293
101 @ (Nothing) . ............ ... 293
102 {1} (Something). ... .......... . ... . ...... 293
10.3 {0,1} (An Alternative) . .................... 294
Bibliography . . . .. ... ... .. .. 299


http://dx.doi.org/10.1007/978-3-319-20436-9_10
http://dx.doi.org/10.1007/978-3-319-20436-9_10
http://dx.doi.org/10.1007/978-3-319-20436-9_10#Sec1
http://dx.doi.org/10.1007/978-3-319-20436-9_10#Sec1
http://dx.doi.org/10.1007/978-3-319-20436-9_10#Sec2
http://dx.doi.org/10.1007/978-3-319-20436-9_10#Sec2
http://dx.doi.org/10.1007/978-3-319-20436-9_10#Sec3
http://dx.doi.org/10.1007/978-3-319-20436-9_10#Sec3

2 Springer
http://www.springer.com/978-3-319-20435-2
Mathematical Concepts

|ost, ).

2015, ¥V, 312 p. 130 illus., 18 illus, in color,, Softcover
ISBN: 278-3-319-20435-2



	Contents

