Contents

Preface

Chapter 1.

1.1.
1.2.
1.3.
1.4.
1.5.
1.6.
1.7.
1.8.
1.9.

Chapter 2.

2.1
2.2,
2.3.
2.4,
2.5.
2.6.

Chapter 3.

3.1,
3.2,

3.3.

Matrix-Geometric Invariant Vectors

Introduction

The Main Theorem

The Case Where the Matrix A Is Irreducible

A Case Where the Matrix A Is Reducible
Complex Boundary Behavior

The Approach Using Complex Analysis
Continuous-Parameter Markov Processes
Marginal and Conditional Probabilities, Moments
Computational Procedures

Probability Distributions of Phase Type

Introduction

Definitions and Closure Properties
Asymptotic Behavior of PH-Distributions
PH-Renewal Processes

Two Applications of PH-Distributions
Concluding Remarks

Quasi-Birth-and-Death Processes

Introduction

The Bounded and Unbounded M/PH/1 and PH/M/c
Queues

The Busy Period Structure

vit

14
23
24
27
30
35
36

41

41
44
62
63
70
77

81

81
83

95



viii

3.4.
3.5.
3.6.
3.7.
3.8.
3.9.

Chapter 4.

4.1.
4.2.

4.3.
4.4,
4.5.

Chapter 5.

S.1.
5.2.
5.3.
S.4.

Chapter 6.

6.1.
6.2.

6.3.
6.4.
6.5.
6.6.
6.7.

References

Index

CONTENTS

The Computation of the Matrix G(x)

The Embedded Markov Chain at Left Transitions
The Busy Period of the PH/G/1 Queue

The PH/PH/1 Queue as a QBD Process

The Simplicity of Erlang Arrivals

Waiting Time Distributions in the QBD Process

The GI/PH/1 Queue and Related Models

The GI/PH/1 Queue

Generalizations and Variants of the GI/PH/1 Queue

4.2a. The SM/PH/1 Queue

4.2b. Examples of Queues With Semi-Markovian
Arrivals

4.2c. Group Arrivals and Group Setvices

A Design Problem for the D/PH/1 Queue

Some Models for Dams

The Multi-Server GI/PH/c Queue

Buffer Models

Introduction

Servers in Series with a Finite Intermediate Buffer
A. B. Clarke’s Tandem Queue

A Multiprogramming Model

Queues in 2 Random Environment

The Random Environment

The M/M/1 Queue and Related Models in a Markovian
Environment

A Queue With Server Breakdowns and Repairs

Overflow Models

Two Models in Which the Matrix A Is Triangular

A Finite-Source Priority Queue

Queues with Paired Customers

112
114
120
125
129
132

142

142
159
159
167

183
197
200
206

215

215
217
232
245

254

254
257

274
286
292
298
300

310

329



