
Computer with 
Simulation

Computer with 
Simulation

• 하지운(SKKU)

• Department of Statistics



1  Motivation

2  Time Complexity & Space Complexity

3 Monte Carlo Method

4 Bootstrap Method

Index



031 Motivation 

In AI period and big data period, we need the ability to 
analyze the data efficiently and to interpret the result of 
estimations.

But we have faced several problems: efficiency of running 
code and using memory, estimation for population, and 
evaluation for estimators.

How to deal with those problems?
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python3 C
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Q.What is the time complexity of this code?
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1311 Monte Carlo Method

▪ Monte Carlo Method is a class of computational algorithm 
that rely on repeated random sampling to compute results.

▪ Monte Carlo methods, or Monte Carlo experiments, are a 
broad class of computational algorithms that rely on 
repeated random sampling to obtain numerical results.

▪ Developed in the 1940’s by Neumann, Ulam, and 
Metropolis, while they were working on Manhattan Project 
in the Lost Alamos National Laboratory.

▪ Named from the Monte Carlo casino.
▪ Also called parametric bootstrap.  



1412 Monte Carlo Method

▪ MC method for estimation in Simulation situation.
▪ We know every information from population even the true 

parameter of distribution.
▪ The purpose of this method is to compare the several 

estimators to find the best efficiently estimator for true 
parameter.

▪ We consider the making sample with repeating a lot from 
the population with known distribution.

▪ We will focus how to estimate the true parameter.
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1816 Monte Carlo Method
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▪ MC method for estimation in Data analysis situation.
▪ We only do not know the one parameter from population.
▪ The purpose of this method is to estimate the unknown 

parameter with assumption for distribution.
▪ We consider the making sample with repeating a lot from 

the pseudo-distribution by replacing unknown parameter 
with sample parameter.

▪ We will focus how to estimate the unknown parameter.
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2119 Bootstrap Method

▪ Bootstrap is a class of nonparametric Monte Carlo Methods that 
estimate the distribution of estimators by resampling, that is, 
sampling with replacement.

▪ Introduced by Efron in 1979.
▪ Consider an observed sample as a finite population and random 

samples are generated (resampled) from the observed sample.
▪ Often used when the distribution of target population is not 

specified (i.e., only information is sample).



2220 Bootstrap Method

▪ Bootstrap is impossible to have a simulation situation but 
data analysis situation.

▪ Data analysis situation means that we do not know the 
population distribution.

▪ Also Bootstrap cannot assume the distribution of population.
▪ We only consider “resampling” with producing 

pseudo-distribution by generated samples.
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min: 0, max: 
95, mean = 70, 
otherwise.
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max: 85, mean 
= 70, my score 
= 55, 
otherwise.
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24 Example

 



2725 Conclusion 

• So, we learned about time complexity and space 
complexity for efficiency of codes.

• Monte Carlo Method is useful with estimators for 
population. (Evaluation for estimators is hard to cover!)

• Bootstrap Method is also useful without any assumptions 
for populations.



Thank you


