
Preface xi

Historical Prologue xv

Chapter 1 The Multitype Galton-Watson Process (The Positively 
Regular Case)

Section 1.1. An Intuitive Description and Examples..................... 1
Section 1.2. Mathematical Foundations.......................................... 3
Section 1.3. Generating Functions and Explicit Forms of the Off­

spring Distributions........................................................ 6
Section 1.4. Generation Sizes............................................................ 8
Section 1.5. Irreducibility and the Classification of States............. 11
Section 1.6. Positive Regularity and Generation Means............... 13
Section 1.7. The Probabilities of Extinction................................... 15
Section 1.8. Limit Theorems When p > 1....................................... 18
Section 1.9. On the Distribution Function of the w Random

Variable............................................................................ 31
Section 1.10. Limit Theorems When p = 1....................................... 38
Section 1.11. A Limit Theorem When p < 1.................................... 47

Chapter 2 The Multitype Galton-Watson Process (The Nonpositively
Regular Case and Immigration)

Section 2.1. Introduction.................................................................... 52
Section 2.2. The Periodic Case.......................................................... 52
Section 2.3. The Reducible Case....................................................... 60
Section 2.4. Limit Theorems in the Reducible Case....................... 65
Section 2.5. Some Lemmas................................................................. 70
Section 2.6. Proof of Theorems in Section 2.4................................. 80
Section 2.7. A Multitype Galton-Watson Process with Immi­

gration ............................................................................... 83
Section 2.8. Further Reading............................................................. 95
Section 2.9. Problems and Miscellaneous Complements............... 96

Chapter 3 Generalized Multitype Age-Dependent Branching Pro­
cesses

Section 3.1. Introduction.................................................................... 105
Section 3.2. Mathematical Foundations........................................... 106



Section 3.3. Random Functions........................... :........................... 107
Section 3.4. The Multitype Bellman-Harris Process............... 113
Section 3.5. An Imbedded Multitype Galton-Watson Process.... 113
Section 3.6. Regularity................................................................ 114
Section 3.7. Probabilities of Extinction..................................... 118
Section 3.8. The Mean Functions of the Process..................... 120
Section 3.9. The Malthusian Parameter of Population Growth. . . 124
Section 3.10. The Covariance Functions of the Process............ 133
Section 3.11. A Limit Theorem for the Covariance Functions of

the Process....................................................................... 135
Section 3.12. The Convergence in Quadratic Mean of the Vector

Random Function W(i) = exp[—af]Z(0.................. 138
Section 3.13. On the Almost Sure Convergence of the Vector­

Valued Random Function W(t)................................... 139
Section 3.14. An Explicit Form of the Potential Birth Process

Associated with Each Individual.................................. 145
Section 3.15. Semi-Markov Processes with a Finite Number of

States........................   146
Section 3.16. Problems and Miscellaneous Complements........ 147

Chapter 4 Some Further Properties of Multitype Age-Dependent
Branching Processes

Section 4.1. Introduction..................................................................... 152
Section 4.2. On the Distribution of the w Random Variable in a

General Age-Dependent Branching Process................ 152
Section 4.3. Stationary Age Distributions......................................... 161
Section 4.4. The Reducible Case........................................................ 167
Section 4.5. Applications of Haar^ Tauberian Theorem................. 174
Section 4.6. The Case p<l................................................................ 185
Section 4.7. The Case p = 1............................................................... 190
Section 4.8. Acknowledgment............................................................. 196
Section 4.9. Problems and Miscellaneous Complements................. 196

Chapter 5 On the Mathematical Foundations of General Stochastic
Population Processes

Section 5.1. Introduction..................................................................... 203
Section 5.2. Point Processes................................................................ 203
Section 5.3. Random Counting Measures.......................................... 208
Section 5.4. Generating Functionals.................................................. 213
Section 5.5. Problems and Miscellaneous Complements................. 219

Chapter 6 General Markov Branching Processes with Discrete Time
Parameter

Section 6.1. Introduction..................................................................... 220
Section 6.2. Examples.......................................................................... 220



Section 6.3. Mathematical Foundations......................................... 225
Section 6.4. Generation Sizes and Their Means............................ 228
Section 6.5. Eigenfunctions and Eigenvalues of Strictly Positive

Integral Operators....................................................... 233
Section 6.6. The Probabilities of Extinction.................................. 238
Section 6.7. Extinction Probabilities for Compound Branching

Processes with Power Series Distributions................. 241
Section 6.8. The Second-Order Moments....................................... 247
Section 6.9. Limit Theorems When p> 1..................................... 250
Section 6.10. An Alternative Approach to Limit Theorems When

p > 1............................................................................... 255
Section 6.11. On the Distribution Function of the w Random

Variable........................................................................... 257
Section 6.12. A Limit Theorem When p = 1................................... 265
Section 6.13. Problems and Miscellaneous Complements.................. 266

Chapter 7 General Branching Processes with a Continuous Time 
Parameter

Section 7.1. Introduction................................................................ 268
Section 7.2. Mathematical Foundations......................................... 270
Section 7.3. Random Functions...................................................... 274
Section 7.4. An Imbedded General Markov Branching Process

with Discrete Time Parameter....................................... 277
Section 7.5. Regularity.................................................................... 277
Section 7.6. Probabilities of Extinction.......................................... 279
Section 7.7. The Mean Functions of the Process........................... 280
Section 7.8. The Fredholm Theory................................................. 283
Section 7.9. The Malthusian Parameter of Population Growth. .. 290
Section 7.10. A Limit Theorem for the Mean Functions of the

Process.......................................................................... 295
Section 7.11. The Covariance Functions of the Process..................... 300
Section 7.12. A Limit Theorem for the Covariance Functions........ 303
Section 7.13. The Convergence in Quadratic Mean of the Random

Function exp[ —A)............................................ 307
Section 7.14. On the Almost Sure Convergence of the Random

Function W(t, A)........................................................ 310
Section 7.15. Acknowledgment.......................................................... 315
Section 7.16. Problems and Miscellaneous Complements............... 315

References.......................................................................................... 318

Author Index..................................................................................... 325

Subject Index....................................................................................... 327


