
Table of Contents 
 
 
INTRODUCTION .............................................................................................................9 
 
CHAPTER 1: THE CONCEPT OF SIMULATION .......................................................12 

1.1 What is a stochastic process?.................................................................................13 
1.2 Why is simulation useful?......................................................................................13 
1.3 What are its disadvantages and limitations? ..........................................................14 

 
CHAPTER 2: PSEUDO-RANDOM NUMBERS ...........................................................17 

2.1 Why use random numbers .....................................................................................17 
2.2 Requirements of random number generators.........................................................20 

2.2.1 Programmable .................................................................................................21 
2.2.2 Quick...............................................................................................................22 
2.2.3 Reproducible ...................................................................................................22 
2.2.4 Fine-grained ....................................................................................................22 
2.2.5 Non-repeating .................................................................................................23 
2.2.6 Random...........................................................................................................23 

2.3 Pseudo-Random Number Generators ....................................................................23 
2.3.1 Modulo Arithmetic..........................................................................................23 

2.4 Tests for randomness .............................................................................................25 
2.4.1 Uniformity or Unbiasedness ...........................................................................25 
2.4.2 Poker test.........................................................................................................26 
2.4.3 Run Tests ........................................................................................................27 
2.4.4 Auto-correlation..............................................................................................27 

 
CHAPTER 3: Generating Random Samples from Distributions.....................................29 

3.1 Introduction............................................................................................................29 
3.2 Discrete Distributions ............................................................................................29 

3.2.1  (Discrete) Uniform Distribution ....................................................................30 
3.2.2 Binomial distribution ......................................................................................30 
3.2.3 Poisson distribution.........................................................................................31 
3.2.4 Other Discrete Distributions ...........................................................................33 

3.3 Continuous Distributions .......................................................................................33 
3.3.1  (Continuous) Uniform Distribution ...............................................................34 
3.3.2 Exponential Distribution.................................................................................34 
3.3.3 Weibull Distribution .......................................................................................35 
3.3.4  Normal Distribution .......................................................................................35 
3.3.5  Lognormal Distribution .................................................................................37 
3.3.6  Other Distributions.........................................................................................38 

3.4 Self-Defined Distributions .....................................................................................38 
3.4.1  Discrete User-defined Distributions ..............................................................38 
3.4.2 Continuous User-defined Distributions ..........................................................40 

3.5 Conditional Probabilities .......................................................................................40 
 
CHAPTER 4: Simulation Using Spreadsheets ................................................................43 

4.1 Random Sampling..................................................................................................43 
4.2 Number of failures in a given time ........................................................................44 

4.2.1 Repair to same-as-old condition .....................................................................44 
4.2.2 Partial rejuvenation .........................................................................................48 



4.2.3 Limited number of repairs before replacement...............................................49 
4.2.4 Overhaul Lifing limits.....................................................................................50 
4.2.5 Soft Lifing.......................................................................................................52 

4.3 Comparison of distribution fitting techniques .......................................................53 
4.3.1  Median Rank Regression ...............................................................................54 
4.3.2  Maximum Likelihood Estimators ..................................................................55 

4.4  Suspended Trials and Censored Data ...................................................................61 
4.4.1  Simple Censoring...........................................................................................62 
4.4.2 Not so simple censoring..................................................................................63 
4.4.3 More advanced censoring ...............................................................................63 
4.4.4 Competing failure modes................................................................................63 
4.4.5 Words of caution.............................................................................................64 

4.5 Confidence intervals ..............................................................................................64 
4.5.1 Method 1 .........................................................................................................66 
4.5.2 Method 2 .........................................................................................................68 

4.6 Number of Replications and Variance Reduction Methods ..................................68 
 
CHAPTER 5: Discrete-Event-Based Simulation.............................................................70 

5.1 Introduction............................................................................................................70 
5.2  Building Blocks ....................................................................................................71 

5.2.1 Entities ............................................................................................................72 
5.2.2 Events..............................................................................................................72 
5.2.3 Sets, Lists and Queues ....................................................................................74 
5.2.4 Processes .........................................................................................................75 
5.2.5 Accumulate .....................................................................................................76 
5.2.6 Tally ................................................................................................................77 
5.2.7 Reset (totals) ...................................................................................................77 
5.2.8 Sampling from standard distributions.............................................................78 

5.3 Building Simulation Models ..................................................................................78 
5.3.1 Top-Down Approach ......................................................................................80 
5.3.2  Entity-cycle diagram......................................................................................83 
5.3.3 Program Generators ........................................................................................86 
5.4 Converting an Entity-Cycle Diagram into Computer Code...............................87 

 
CHAPTER 6: ARISINGS FORECASTING ...................................................................89 

6.1 What is an arisings forecast?..................................................................................89 
6.2 Operations ..............................................................................................................90 

6.2.1 Operational data ..............................................................................................90 
6.2.2 Modelling the operation..................................................................................90 

6.3 Arisings ..................................................................................................................92 
6.3.1 Unplanned failures ..........................................................................................93 
6.3.2 Planned rejections ...........................................................................................93 
6.3.3 Semi-planned rejections..................................................................................94 
6.3.4 Primary rejections ...........................................................................................94 
6.3.5 Secondary rejections .......................................................................................96 

6.4  Maintenance..........................................................................................................99 
6.4.1 Selecting the site for maintenance ..................................................................99 
6.4.2 Stripping the engine ......................................................................................100 
6.4.3 Rebuilding an engine ....................................................................................101 
6.4.4 Test Engine ...................................................................................................102 



6.4.5 Module Recovery..........................................................................................102 
6.4.6 Modifications ................................................................................................104 
6.4.7 Life Extensions .............................................................................................105 

6.5 Supply Environment ............................................................................................105 
6.5.1 Stock Holding Rules .....................................................................................105 
6.5.2 Queuing disciplines.......................................................................................106 
6.5.3 Other selection criteria..................................................................................106 
6.5.4 Configuration Control...................................................................................107 

6.6 Runtime Changes .................................................................................................108 
 
CHAPTER 7: Miscellaneous Topics .............................................................................109 

7.1 Visual Simulation.................................................................................................109 
7.2 Optimisation.........................................................................................................110 

7.2.1 Module management.....................................................................................111 
7.2.2 Target Build Life...........................................................................................112 

7.3 Benchmarking ......................................................................................................114 
 
BIBLIOGRAPHY..........................................................................................................116 


