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MODELING UNCERTAINTY
- Monte Carlo Simulation

PART I



Simulation

• Simulation may be defined as a technique that imitates the operation of a real-
world system as it evolves over time.

- This is normally done by developing a simulation model

• A simulation model takes the form of a set of assumptions about the operation 
of the system, expressed as mathematical or logical relations between the 
objects of interest in the system.

- In contrast to the exact mathematical solutions available with most analytical 
models, the simulation process involves executing or running the model through 
time, usually on a computer, to generate representative samples may be seen as 
a sampling experiment on the real system, with the results being sample points.

- To obtain the best estimate of the mean of the measure of performance, we 
average the sample results. Clearly, the sample points we generate, the better our 
estimate will be.

- However, other factors, such as the starting conditions of the simulation, the 
length of the period being simulated, and the accuracy of the model itself, all have 
a bearing on how good our final estimate will be.



Advantages and Disadvantages

• The major advantage of simulation is that simulation theory is relatively 
straightforward.

• In general, simulation methods are easier to apply than analytical methods. 

- Whereas analytical models may require us to make many simplifying 
assumptions, simulation models have few such restrictions, thereby allowing 
much greater flexibility in representing the real system.

• Once a model is a built, it can be used repeatedly to analyze different policies, 
parameters, or designs.



Simulation Process and Steps

① Statement of Objectives

② Model Development

③ Data Collection and Preparation

④ Solving the Model using Computer Program

⑤ Verification

⑥ Validation

⑦ Documentation
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Monte Carlo Simulation (MCS)

• Code name of technique used in WWII project(맨해튼) to invent atomic bomb
- Technique originated by 20C U.S. mathematician J. von Neumann

• The principle behind the methods is to develop an analytical model, which is 
computer based, that predicts the behavior of a system.

• Then, the model is evaluated, and therefore the behavior is predicted, several 
times.

• Each evaluation (or called simulation cycle) is based on some randomly 
selected conditions for the input parameters of the system.

Monte Carlo Simulation을 활용하여 원주률(π) 구하기
- [1,0] x [0,1]에서점 (x,y)를 표집
- 표집한점이중심이 (0,0)에있고반지름이 1인원에속하는지계산

(이는원의정의에따라 x2 + y2과 1을비교함으로써계산)
- 이과정을반복하여 원에속한점들의개수를계산
- 원의영역은 π/4의넓이를가지며원에속한점개수를전체점개수로나눈비율이이
값을근사화
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Monte Carlo Simulation (MCS)

• General Procedure

① Definition of the system

② Generation of random numbers

③ Generation of random variables

④ Evaluation of the model N times

⑤ Statistical analysis of the resulting behavior

⑥ Study of efficiency and convergence



Monte Carlo Simulation (MCS)

• General Procedure

① Definition of the system

- The definition of the system should includes its boundaries, input 
parameters, output (or behavior) measures, architecture, and models that 
relate the input parameters and architecture to the output parameters.



Monte Carlo Simulation (MCS)

• General Procedure

② Generation of random numbers

- Random numbers are real values, if normalized using the largest possible 
value, result in real values in the range [0 ,1].

- Random numbers have a uniform distribution on the range [0 ,1].

- A set of random numbers should also satisfy the condition of non-
correlation for the purpose of simulation use.



Monte Carlo Simulation (MCS)

• Table of Random Numbers in the Range [0,1]



Monte Carlo Simulation (MCS)

• General Procedure

③ Generation of random variables

- A random number u is first generated in the range [0 ,1]

- Then the value (x) of a generated continuous random variable, X, is 
determined as follows:


ିଵ

the inverse of the cumulative distribution function of the random variable X 
evaluated at u

- Since the range of  is in the range [0,1], a unique value for X is 
obtained all the time in each simulation cycle.
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• Triangular Density Function



Monte Carlo Simulation (MCS)

• Advantage

- When it is not obvious how to calculate an EMV, we can use this 
approach.

- After running the simulation many times randomly, we have an 
approximation of the probability distribution for the outcomes from the 
different alternatives.

- Finally, the results both cumulative curve of payoffs and average values 
can be used in decision analysis to choose an appropriate option.

- Commercial software: Oracle Crystal ball, @Risk, etc.
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