Introduction to Simulation
1) Simulation defined: way to reproduce the conditions of a situation, as by means of a model, for study, testing or training.
2) It is the modeling of a process or system in such a way that the model mimics the response of the actual system to events that take place over time.  It is a technique to perform experiments on a model of a system in order to obtain data that may be useful in making predictions about the system.
3) We can also define it as the imitation of a dynamic system using a computer model in order to evaluate and improve system performance.

a. We will focus on discrete-event simulations, sometimes called Monte Carlo simulations because of their method of employing probability in ways similar to games of chance. (Monte Carlo was a popular center for gambling.)

4) Simulation provides a way to validate design decisions while avoiding the expensive, time-consuming nature of traditional trial-and-error techniques. 
a. Characteristics of simulations that make it a powerful planning and decision-making tool:

i. Captures system interdependencies.

ii. Accounts for variability in the system.

iii. Is versatile enough to model any system.
iv. Shows behavior over time.

v. Is less costly, time consuming and disruptive than experimenting on the actual system.

vi. Provides information on multiple performance measures.

vii. Can represent systems visually.

viii. Runs in compressed (or delayed) time.

ix. Forces attention to detail in design.

5) Process of simulation experimentation:
a. Start

b. Formulate a hypothesis

c. Develop a simulation model

d. Run simulation experiment

e. Hypothesis correct?  If yes, continue.  If no, return to step b.  

f. End

6) Typical simulation applications:

a. Planning (work-flow, capacity, staff and resource)
b. Analysis (bottleneck, throughput, layout)

c. Scheduling (production, resource, maintenance) 

d. Work prioritization

e. Cost reduction

f. Inventory reduction

g. Productivity improvement

7) When simulation is appropriate:

a. Not all system problems that could be solved via simulation should be approached with simulation.   It could be overkill.  The following guidelines should hold true:

i. An operational (logical or quantitative) decision is being made.

1. Qualitative issues like how to improve reliability or personal performance are better addressed by other means (although the impact of these can be measured).

ii. The process being analyzed is well defined and repetitive.
1. Don’t simulate processes that don’t follow a logical sequence or will never happen again.  

iii. Activities and events exhibit some interdependency and variability.

1. Simpler analytical such as mathematical calculations and spreadsheets might be adequate if processes do not interfere with each other and/or are deterministic.

iv. The cost impact of the decision is greater than the cost of doing the simulation.

1. Do not waste time or money on inconsequential decisions.

v. The cost to experiment on the actual system is greater than the cost to do the simulation.

1. If a question can be answered through direct experimentation quickly, inexpensively and with minimal impact to the current operation, then do not simulate.
Homework:

1) Define simulation.

2) Why is simulation becoming more popular?

3) When is simulation the right tool?  When is it not appropriate?
