Contents

1 Introduction ............ooiiiiii ittt 1
1.1 Historical Notes and Motivation ............c.ceeviiiiiiiniiieiiinnnn. 1
1.2 Sampling the Principal Results............cooooiiiiiiiiiii.. 9
1.3 EXAmMPIeS ..ottt 12
1.4 SHAIPRESS .. .ettinnitie et et et s e e et 19
1.5 Approach and Main Tools ........cooeviiiniiiiiiiii 26
1.6 An Overview of the Contents of Subsequent Chapters................ 29
2 Geometry of Quasi-Metric Spaces .............ccooviiiiiiiiiiiiin i 33
2.1 Quasi-Metric SPaces ......vvvvirnreeeriiiirireeiiii et 33
2.2 A Whitney-Type Decomposition and Partition of Unity .............. 39
2.3 Vitali-Type Covering Lemma on Quasi-Metric Spaces ............... 44
2.4 Ahlfors-Regular Quasi-Metric Spaces ..............ccoooiiiiiiiann. 47
2.5 The Smoothness Indices of a Quasi-Metric Space .................... 62
3 Analysis on Spaces of Homogeneous Type ....................ccoooee. 71
3.1 More on the Regularization of a Quasi-Distance ...................... 74
3.2 The Hardy-Littlewood Maximal Operator ..............ccceveiiviinn. 79
3.3 A Sharp Version of Lebesgue’s Differentiation Theorem ............. 87
3.4 A Maximally Smooth Approximation to the Identity ................. 101
3.5 Dyadic Decompositions of Spaces of Homogeneous Type ........... 114
4 Maximal Theory of Hardy Spaces ..............cooviiiiiiiiiiiiiinen. 121
4.1 Distribution Theory on Quasi-Metric Spaces..................c..o.eee. 123
4.2 A Grand Maximal Function Characterization of Hardy Spaces ...... 130
4.3 Nature of HP(X) Whenp € (1,00] ..c.cviiiiiiiiiiiiiiiiiiiieni e, 141
4.4 The Completeness of HP(X) ..ooiiiiiiiiiiiiiii i 159
5 Atomic Theory of Hardy Spaces ..................oooiiiiiiiin.. 161
5.1 Atomic Characterization of Hardy Spaces....................oooiiee. 162
5.2 Calder6n-Zygmund-Type Decompositions .........ovvvvveereiiiiianns 200
5.3 Decomposing Distributions into AtoOms............covivuvieiiiiiniian, 231

vii



viii Contents

6 Molecular and Ionic Theory of Hardy Spaces ............................ 265
6.1 Molecular Characterization of Hardy spaces ..................oeiiis 266
6.2 Ionic Characterization of Hardy Spaces ..........cooviiiiiiiiiiiniinn 281
6.3 Main Theorem Concerning Alternative Characterizations

Of Hardy SPaces ........ouviviieiiiiiiitiia e 288

7 Further Results........oooiirieiiiiomiiiiiiiii e 293

7.1 The Measure Quasi-Distance and Relations to Other

Hardy SPaceS .....ouvirieeintiete it 294
7.2 TheDual of HP(X) c.ovioeii et ae e e e e 322
7.3  More on Atomic Decompositions ......covviviiiiiiiiiiiniieiieeaaanns 326
7.4 Dense Subspaces of HP(X) ...covviniiiiiiiiiiieee 346

8 Boundedness of Linear Operators Defined on H?(X) .................... 353
8.1 General Classes of Topological Vector Spaces ..................oovee. 356
8.2 Boundedness Criteria and Applications............oovvveviiiineiennnn. 371

82.1 MainResults .........cooiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiae e 371
8.2.2 Operators Bounded on Lebesgue Spaces ...................... 390
8.2.3 Fractional Integral Operators on Hardy Spaces ............... 395
8.2.4 Square Function Estimates in Spaces
of Homogeneous Type......c.ovviriiiiiiiiiiiiiiiiiaiennns 408
8.2.5 The Dirichlet Problem for Elliptic Systems
in the Upper-Half Space ..., 416
8.3 Integral Operators of Calderén-Zygmund Type ...................c.e. 434

9 Besov and Triebel-Lizorkin Spaces on Ahlfors-Regular
Quasi-Metric SPaces ..........coiviiieiiiiiiiiiiiiii e 449
9.1 Definitions with Sharp Ranges of Indices and Basic Results ......... 450
9.2 Atomic and Molecular Theory .........covvviiiiiiiiiiiiiiiiiiiiennnnn. 458
9.3 Calderé6n’s Reproducing Formula and Frame Theory ................. 463
9.4 Interpolation of Besov and Triebel-Lizorkin Spaces

viathe Real Method.........ooviiiiiiiiii e e e 467

References. ... .. ..ot e 471

Symbol Index ...........ooo i e 479

Subject Index ...t e 483



	Inhaltsverzeichnis
	[Seite 1]
	[Seite 2]


