Contents

1 Introduction ...t 1
0 Y (0] #1710 s HP 1
1.2 SHUCHUIE ..o e e 2
2 Closed Queueing Networks .......... ...ttt 5
2.1 ASSUMPUONS . ettt ettt 5
2.2 CharaCteriStiCS . ..o v ettt ettt et e e et e e iee et 9
3 Literature Review........................... 15
3.1 Relevant Theorems............oooiiiiiiiiiiiii it 17
3.2 ExactMethods ......coooouiiiiiii 19
3.2.1 Product-Form Networks ..............coooiiiiiiiiiiii i, 19
3.2.2 Non-Product-Form Networks ....................ooooii.t. 24
3.3 Approximate Methods ... 26
3.3.1 Exponential Distribution and Infinite Buffer Capacity ........ 26
3.3.2 Exponential Distribution and Finite Buffer Capacity ......... 28
3.3.3 General Distribution and Infinite Buffer Capacity ............ 33
3.3.4 General Distribution and Finite Buffer Capacity .............. 42
4 Decomposition Approach ... 45
4.1 Algorithme.......oooii 45
411 OUter LOOP «vvveeiie 47
4.1.2 INNErLoop ..evveeeee 50
4.2 Numerical Study .........ooiiiiii 56
5 Markov-Chain Approach ...................... 61
5.1 Overview of the Markov-Chain Approach............................. 61
5.2 Phase-Type Distributions ............oooiuiiiiiiiiiiiieniiiiie.., 64
5.2.1 Selection of Phase-Type Distributions ......................... 65

5.2.2 Two-Moment Parameter Fit of Selected
Phase-Type Distributions .............ccooeiiiiiiiiaiiiinn... 67

vii



viii Contents

5.3 MOEING ..ot 71

5.3.1 Phase-Type and Original Representation ...................... 71

5.3.2 Markov-Chain Odels of CQN ...............ccoiiiiiiiinn.. 73

5.4 State SPACE .ottt 79

5.4.1 Generation of Workpiece Allocations ......................... 82

5.4.2 Generation of Phases ..........ccooviiiiiiiiiiiiiiiiiiinns 86

5.4.3 Generation of Blocking Statuses ...............ccvvvviiiia.... 89

5.5 Transition Rates ...t 91

5.5.1 Derivation of the Global Balance Equations .................. 91

5.5.2 Construction of the Transition Rate Matrix ................... 111

5.6 Solution of the Linear System of Equations ........................... 116

5.6.1 GMRES ... 116

5.6.2 EXAMPIES ..ovvtitiiiiiiiit e 118

5.7 Performance Measures........covveiiiiiiiiiiiiiieeinniiiieeneeannnnnnn. 120
5.7.1 Aggregation of the Markov-Chain Steady-State

Probabilities ........ovviiiiiiiiiiii s 120

5.7.2 Calculation of the Performance Measures..................... 121

5.7.3 EXAMPIES ..ottt 123

5.8 Runtime Performance and Numerical Results......................... 124

6 Distribution of the Time Between Processing Starts ..................... 131

6.1 MOUVALION ..ottt e 132

0.2 SHUCIUTE ..ottt e 133

6.3 Assignment of the Markov-Chain States to Subsets................... 135

6.4 Components of the Distribution ...................oviiiiii.... 137

6.4.1 Probabilities of Transition into Non-active States............. 137

6.4.2 Time Spent in a Non-active State .....................ooeeenan. 140

6.4.3 Transition Probabilities Between Non-active States .......... 142

6.5 Determination of the Distribution ...................oooiiiiiiinneaa... 142

6.5.1 General Phase-Type Distribution .........................o.... 143

6.5.2 Transition Rate Matrix of the TBPS;-Distribution ............ 144

6.6 EXamples ....oooinniiii e 147

6.6.1 Exponential Distribution ...............ooooeiiiiiiiiiiiaa. 147

6.6.2 CoxX-2 DiStribution .........vvvviiiiiiiiiieeeaes 150

6.7 Numerical Study of the Parameter Influences on C V2(TBPS;) ...... 151

6.7.1 Influence of the Processing Rate ........................oo.. 152

6.7.2 Influence of €2 ... ..ot 153

6.7.3 Influence of the Buffer Capacity .................oooeeeiia. 157

T Conclusion ... 159

Bibliography ......... ... 161

IdeX ... o e 169



2 Springer
http://www.springer.com/978-3-642-32213-6

Performance Analysis of Closed Queueing Networks
Lagershausen, 5.

2013, XX, 169 p. 49 illus., 5 illus. in color., Softcover
ISBN: @78-3-642-32213-6





