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Monte Carlo Method

* Monte Carlo simulation (also called the Monte Carlo
Method or Monte Carlo sampling) is a way to account for
risk in decision making and quantitative analysis.

* The method finds all possible outcomes of your decisions
and assesses the impact of risk.

* |t was invented during the Manhattan Project by John von
Neumann and Stanislaw Ulam and named for Ulem'’s uncle
who enjoyed playing games of chance in Monte Carlo,
Monaco.

* The technique uses intensive statistical sampling methods
that are so complex they are usually only performed with
the aid of a computer.
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Monte Carlo Method

* The procedure is complex for several reasons:

— The input model is simulated hundreds or
thousands of times (or sometimes hundreds of
thousands of times), where each end simulation is

equally likely.

— The result is a probability distribution of possible

outcomes.

— This could be one, or many different distributions

including the normal distri
distribution, uniform distri
dozens more different pro
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bution, chi-squared
bution, or one of

bability distributions.



Monte Carlo Method

* Monte Carlo transforms numbers from a random number
generator, and sequences of these transformed numbers will
repeat after a certain number of samples.

* While error in calculating statistics (like the mean) will become
acceptable, the errors will not vanish completely or become
insignificant.

* This violates the Central Limit Theorem and The Law of Large
Numbers (Fishman, 1996), two theorems that are the
underpinnings of the “usual” statistics most people are
comfortable with.

* |f absolute accuracy is your goal, this method isn’t for you, but
if you're looking For numbers that are “in the ballpark” with at
best a 5-10% error, then this may be a good choice.
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Monte Carlo Method

* The Monte Carlo method tells you:
— All of the possible events that could or will happen,
— The probability of each possible outcome.

* As far as the Manhattan project went, one of the
possible events that could have happened was that

the atomic bomb caused a chain reaction that blew
up the world.

* The probability was calculated as being so
improbable that it was impossible (that said, the
simulation did account for the possibility!).
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Monte Carlo Method — Real Life b

* The Monte Carlo simulation returns a quantified
probability, which means that it gives you scenarios with
numbers you can use.

* Let's say you're company wants to know if local bird life
will be adversely affected by the construction of a new
Factory close to wetlands.

* A quantified probability would be “If we build the fFactory,
there is a 30% chance the nesting bird population will be
adversely affected.”

* This is more useful that a more general, qualified
statement like "“If we build the factory, the nesting bird
population will be affected”.
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Monte Carlo Method — Real Life b

* Monte Carlo simulations are used in many areas of industry and science,
including:

— Analyzing radiative heat transfer problems (Wang et.al),

— Estimating the transmission of particles through matter (Biersack &
Haggmark),

— Calculating the probability of cost overruns in large projects
(McCabe),

— Foreseeing where prices of securities are likely to move (Boyle et. al),

— Analyzing how a network or electric grid will perform in different
scenarios. For example, Sortomme et. al ran simulations for how
electric vehicle charging will affect the electric drig in the Future.

— Assessing risk for credit or insurance (Gordy).
— Simulating proteins in biology (Earl et. al)
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Accuracy

* While a Monte Carlo simulation provides some
good accuracy, it is unlikely to hit the “exact” mark
for several reasons:

— Vast amounts of data are usually involved.

— There are usually several unknowns in the
system.

— As it is probabilistic (i.e. randomness plays a role
in predicting future events), there will always be
a margin of error related to the results.
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Accuracy

* In fact, it can be quite easy to run a “bad” Monte Carlo simulation
(Brandimarte, 2014). This can happen for a variety of reasons,
including:

— Use of an incorrect model or an unrealistic probability
distribution,

— The underlying risk factors aren’t complete (i.e. you haven’t
specified them well enough),

— The choice of Monte Carlo (which uses a stochastic model)
isn't suited to your data,

— The random number generator chosen for the method isn’t
good enough,

— Computer bugs, which you may not be aware of if your area of
expertise is statistics (as opposed to programming).
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Example:

* Odds of Blackjack

— A Blackjack in cards consists of an Ace and one ten-
point card.

— Let's say you wanted to find the probability of getting
a blackjack (a “21" in cards). Aces are worth 11 points
and the following cards are worth ten points: Jack,
Queen, King. You could write down all the possibilities:

* Ten of clubs / Ace of clubs

* Jack of clubs / Ace of clubs

* Queen of clubs / Ace of clubs
« Jack of clubs / Ace of clubs...
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Example:

* |f you wrote down all of the possible combinations of cards
(including all those combinations of two cards that don’t
add up to 21, you would find the probability of getting a
Blackjack is about 1:21.

* In other words, the probability of getting a blackjack is one
in twenty-one hands. With small numbers, like a deck of
cards, figuring out your sample space (i.e. all of the possible
outcomes) is fFairly simple and doesn't take a ot of time.

* Butif you have a larger number of inputs — say, thousands
of cards, then figuring out a sample space using a
probabilistic method like this one becomes unwieldy. Enter
the Monte Carlo method.
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Example:

* Another way of figuring out the probability of
getting a Blackjack is to choose two cards a set
number of times (say, one hundred times) and
record the outcomes.

* The more times you take a sample of two cards, the
closer you'll get to the “real” figure of 1:21.

* For example, if you choose two cards a thousand
times you're probably going to get very close to
1:21; IF you choose two cards a dozen times, you
probably won’t get close at all — you might get a
run of “luck” or you might get no “21s” at all.
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Example:

* This is essentially how Monte Carlo simulations
work. Instead of writing out the sample space
(which is what we did in the First part of this
example), Monte Carlo samples and locates the
most likely outcome, creating a stochastic model.

* The fact that Monte Carlo uses a very simple draw
(in this example, two cards), and repeats it over and
over again, is why the method is sometimes called
The Method of Statistical Trials.
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Thank you

This presentation is created using LibreOffice Impress 5.1.6.2, can be used freely as per GNU General Public License
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