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Introduction

The probability of an event 1s defined as

1 = WIKDEDIA @ s
The number of times an event happens

as the number of trials goes to infinity. = Monte Carlo method 5 ssimousces -

Article  Talk Tools v

From Wikipedia, the free encyclopedia

This leads tO One Way tO Compute the Not to be confused with Monte Carlo algorithm.

« Write a program to play a game one time . ,iﬁuﬁm;'?IJ"”.I_
« Then play the game one million times 2 *t‘m,

o

 Count the number of times the event happens SR T T

Monte Carlo methods, or Monte Carlo experiments, are a broad
class of computational algorithms that rely on repeated random
The probability Of the event happening is then sampling to obtain numerical results. The underlying concept is to use
randomness to solve problems that might be deterministic in principle.
The name comes from the Monte Carlo Casino in Monaco, where the

apprOXImately primary developer of the method, mathematician Stanistaw Ulam, was

inspired by his uncle's gambling habits.

* The number Of times the eVent happened, Monte Carlo methods are mainly used in three distinct problem classes:

optimization, numerical integration, and generating draws from a
probability distribution. They can also be used to model phenomena

¢ DiVided by 1 million with significant uncertainty in inputs, such as calculating the risk of a

nuclear power plant failure. Monte Carlo methods are often

implemented using computer simulations, and they can provide

This 1s termed A Monte Carlo Experiment




Matlab

- A little background on Matlab

Matlab is a computer program we'll use
throughout this course

- It's essentially a calculator

« It's also a programming language

The default screen includes

 Current folder

* Current directory - close
« Command Window

« Keep
- Workspace

- List of variables - close
« Command History

- Don't care - close

J) MATLAB 7.12.0 (R2011a)
File Edit Debug Desktop Window Help
xj o & ESY __‘_L. o) ™ h mﬂ ﬂ (7] .C:'l,Documents and Settings|Administrator My Documentsii, v-_E] £

Shortcuks (2] How ko Add 2] What's New

Curre... "
D «M.» v O =

Mame

= archives |
[ bir
= ECE111

- ECE320
[+ ECE3Z21
= ECE341
) ECESTE
) ECE463
E ECE7S1
[E=) (=1
] help
[+ jawa

Mew Folder

utils
=
"'ﬂ ZLinkDynamics.m
__;} activate.ini
) anovam
B amova.mat
"'ﬂ ArcEY.m
ﬂ Arrow,m
ﬂ Arrowl.m
ﬂ Arrow_HW3p2.m
ﬂ Arrow_HW3p3.m
ﬂ ArrowT.m
% autorun.inf
ﬂ Ball.m
ﬂ Ballz.m
) Ballz1.m
"'ﬂ BallDisplay.m
"'ﬂ BallDisplayz.m
fﬂ BallCrynamics.m
£ BalDvnamics2.m ¥

Details hd

Select a file to view details

4\ Start

Com..

) i

~A{1:10)
~Hand =
~Hand

~¥alue =
~¥alue =
~Suit =
~Hand

~Hand =
~Value =
~5uit =
&%-— 5/31,

|

.m0 A x
-
A = moc |

(3] Efe: |
3 |




Matlab as a Calculator

The command window acts like a calculator
* You can type in operations

- It then evaluates these operations

You can assign numbers to variables
- Case sensitive
- Variables can be functions of variables

- Valid syntax
 Variable name
- Equals
» Operation to evaluate

J MATLAB 7.12.0 (R2011a) Q@EI ]

File Edit Debug Desktop Window Help
ﬂ | & S _J_, ) N “ Eﬁ ﬂ 9 'C.:'l,Docurnents and Setting.s'l,.ﬁan V'E] =
Shartcuts [A] How to Add (2] What's Mew

> 243

ans =

5
=» d4+45*coz (6+7*8)
ans =

T.3675

= A = 2

> O = D+IFENZ
o=
20

Fx >>
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Matlab is a Matrix Language

Matlab can be treated like a calculator that
works with matrices

start of matrix
end of matrix
next column
next row

Ne ™ —

addition
subtraction
multiplication
division
transpose

- % |+

X element-by-element multiply
element-by-element division
element raise to a power

~

inv (A) matrix inverse

J MATLAB 7.12.0 (R2011a)
File Edit Debug Deskkop MWindow Help

hﬂ ] & By __\j ) u mﬁ ﬂ @) || C\Documents and Settingsiadn | E] B
Shartcuts (2] How o Add (2] What's Mew
>> A = [1,2,3;4,5,6]

o=

> T = A*BR

14 32
32 i

=> D = inv({C)

1.4259 -0.5392¢
-0.5%2¢ 0.2593

Jx >>
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Flow Control [Command Window |

>» ¥ = zeros(l,4);

Matlab is a programming language with loops >> for i=1:4
X(i) = i*1i;
For-Loop end
for 1i=1:10 b 4
t =t + dt;
end
X =
While-Loop
time = 0; 1 4 9 16
while (time < 10)
X = x + dx*dt; == % o= 10
t =t + dt; o
end > dx = 07
=t = 07
If »»> dt = 0.01;
if(time < 10) »>» while (x>0}
x = 0; ddx = -9.8;
end dx = dx + ddx*dt;
If-Else ¥ = x + dx*dt;
i (x>y) Lt =t + dt:;
points = points + 1; end
elseif(x == vy) >t
points = points + 0.5;
else
points = points + O0; t =
end
1.4300




Matlab Scripts

e
B Editor - C:\Documents and SettingsMdministratoriMy Documents\MATLABAE. .. g@g|

- File - New - Script EELITL Y ERPE B LY ACECET Bl
B -0 [+ |2 [x [0 Run Script.m (F5)
. control N .| I
If you're going to run the same code OVer  |i-  fipiirae cors
and over, you can place it in a script. T
Each time you execute the script, it's like
pasting that code into the command
window. —
. . . . = -?‘_-:- B '-’p? o | Fh ﬁ;ﬂ © || comentsiMATLABIECE341100 Monte Carlo (] )
note: This 1s a convenient way to build a | s o s
Voltage is
more complex program. 3.3333
- Display the data when writing the program | >
to see what 1s happening
* You can fix errors along the way




Matlab Functions

Part of what makes Matlab so powerful 1s
you can create your own functions

« These functions become Matlab commands
that other functions can use.

« As companies build up their library of Matlab
functions, they get better and better at
designing their product.

- The Matlab functions become company
proprietary information (design secrets).

File Edit Text Go Cel Tools Debug Desktop Window Help

NMEE sRR2¢C 8D - A |k-88

BB -[to [+ | =11 x|« @

i function [. T ] - Nd6;{ N

B|= Y = sum{ ceil{6*rand(1,N)});
o end

7

Farklem  x |Nd6m ; MchooseMm x| hwd.m x| Poker.m®  x

J MATLAB 7.12.0 (R2011a)

File Edit Debug Desktop ‘Window Help
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Shaortcuts (2] How to &dd 2] What's Mew

Curre... = O 2 x ||

D«o. v 00?55 NdE(5)
Mame
ﬂFarkIe.m —
) 6 205 =
Poker.asv
J- *
jPoker.m )
>> Nd6(20)
ans =
83
Hd6.m (MATLAE Funct ™
€] nds(r) Jx >>
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Random Numbers in Matlab

L
>» randi(d, 1)

- rand(4,1): generate a 4x1 matrix of random
numbers in the range of (0,1)

ans =

 randn(4,1) generate a 2x3 matrix of normally

distributed random numbers 7060
- ceil(6 * rand(4,1) ): generate four 6-sided dice s

(4d6)

>» randn(d,1)
ang =
-0.8095
-2.9443
1.4384
0.3252

>» cell(e * randid,1))

ans =

L = oy

s > |




Useful Matlab Commands

command Description Matlab Command Description
+ - * / add, subtract, multiply, x = [0:107]; create a row matrix
divide starting from 0 going to
10, step size =1
A raise to a power x = [0:0.01:10]; |go from O to 10 step size
of 0.01
N .* ./ |element-by-element operations length (x) length of matrix x
ceil (2.3) round up size (x) dimensions of matrix x
floor (2.3) round down rand random number in (0, 1)
round (2.3) round rand (100, 1) 100x1 matrix of random
numbers
mod (x, 10) x modulus 10 randn random with a normal
distribution
A' matrix transpose mean (x) mean, average, lst moment
inv (A) matrix inverse std (x) standard deviation of x
sum (A) sum of all elements var (x) variance of x
max (A) maximum element of A disp (A) display A
min (A) minimum element of A tic start recording time
pause (0.1) pause 0.1 second toc display time since tic




Monte-Carlo Experiments
« Named after Monte Carlo casino

One way to determine the probabilities " T J‘

ﬁ%ﬁ*i

- Write a script to play a game one time

« Next, play the game N times
« N i1s large, like a million
« Count how many times an event
happens

« Player A wins

The probability of winning is
 The number of events
« Divided by the number of games
» (approximately)




Case 1: 6-Sided Die

- What is the probability of rollinga 1 ona 6
sided die?

Start with something simple
« We know what the result should be
- p=1/6




v ;
Case 1 (c o nt d ) B Editor - C:\Documents and Settings\A dministrator\My Documents\MATLABXE. .. |'._||'E|rg|

File Edit Text Go Cell Tools Debug Deskbop  Window Help AW

MNMEB| R0 32 - Aer|BE-288 >0 ¥

Monte-Carlo Solution: B [ ]+ [ ]x EA G N
= Wins = 0;
. . : . = Die = ceil(6é * rand);:
Start with playing a game one time |
. . . q — Wins = Wins + 1;
 Script Window (upper image) _|
& — disp([Die, Wins])

7

Check that the program 1s working
properly

« Command window (lower image)

scripk Ln 7 Col |

MATLAB 2.0 (R20112

« Each time you press run

File Edit Debug Deskbop ‘Window Help

o y Ou get a di fferent result i’:;jts j HT tlﬁd:ﬁﬂ(&Wha:Nf B | e | ccccc b\ MATLABVECEZ41400 Mante Carlo "lE] (] .

- 1t's random e
1 1

« When you roll a 1, you win

Z 0
4 1]
) 0
5 0

fx >> -

4] | &




Case 1 (cont'd)

Once you can play a game one time,
play 1t a million times
« Place previous code in a for-loop

« Count how many times you win

Result
« Roll the die 1 million times

« Number of games won was
- 166223, 167085, 166974
- p=0.166

Note:
 Results vary each trial (it's random)
 The result is approximate

- The variation tells us something
- Future topic: t-Test

B Editor - C:\Documents and Settings\M dministrator\My Documents\MATLABAE. ... |ZHE|F5__<|
File Edit Text Go Cell Tools Debug Desktop ‘Window Help

NSl | sRRye|a2-Aesf (k-8R

BB -t |+ | 2t | x |Eat| O
= tiie
2= Wins = 0;
| [ B= for n=1:1et6
A= Die = cell(& * rand):
5= 1if(Die == 1)
& — Wins = Wins + 1;
= ard
g8 — end
G — disp! [Wins])
L@ = tocg
11

script Ln 10 Col 4

File Edit Debug Desktop ‘Window Help
TE| e BmE 9 o & | @ || cumentsiMATLABECESH1400 Monke Carle | v | (] )
Shortcuts (2] How to Add (2] What's Mew

les2Z3

Elapsed time is 0.1502%4 seconds.
157085

Elapsed time is 0.156000 seconds.
166974

Elapsed time is 0.150863 seconds.
Jx >>

4\ Start




Case 2: max(d4, d6) vs d6

Problem
« Player A rolls a d4 and a d6

« A's score 1s the maximum of the two

- Player B rolls a single d6
- Highest score wins

« B wins on ties

What 1s the probability that A will
win?




Case 2 (cont'd)

Monte-Carlo Solution

« Start with playing the game one time

« Check that your code works

« Col#1: d4 1s random over [1,4]
Col#2: d6 i1s random over [1,6]
Col#3: A 1s the maximum of (d4, d6)
Col#4: B 1s random over [1,6]

Col #5: A wins when A > B

* B Editor - C:\Documents and Settings\Administrator\My DocumentsWATLABAE. .. [~ |[01/X]
F?Ie E.d.it Text Go Cel Tools Debug Deskbop  ‘Window Help - B . LRI
MNMEA BRI Neni|b-808- >0~

TEE| -0 |+[=[r = [&EE[0 [Run Seript.m F5)]

1= Wins = 0; =
2= dd = ceil{d*rand) ;
2= dé = ceil{6*rand)
dl = A = max{dd, de);
5= E = ceili{&*rand);
&= if{A > B)
7= Wing = Wing + 1;
Bi= end
9 — dispi{[d4, d&, A, B, Wins])
10
1L
[ script tn 10 ol 1

) MATLAB 7.12.0 (R2011a) (=03
File Edit Debug Desktop Window Help
SRR ¢ @ B | @ | cumensimaTLaBEcE341100 Monte Carlo | v [

Shortcuks (2] How to add (2] What's Mew

1 5 5 5 0 &
4 & & 3 1
3 5 o 5 ]
4 2 4 & 0
1 & & 1 1
1 & & & 0
Jx >> v
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Case 2 (cont'd)

Once that works, repeat 1 million times
« Place previous code in a for-loop

« Count the number of successes
« A wins

Result:
- {486188, 486293, 485298, 486182}
« About a 48.6% chance that A wins

Note
« Results are different each run
- Answers are approximate

« The variation tells us something

o t-Test
« Future lecture

B Editor - C:\Documents and Settings\Administrator\My Documents\MATLABAE. ... |Z||E|rz|
File Edit Text Go Cell Tools Debug Deskbop  Window Help w A X

TMEHE $RR20 (29 - Aes | k888 >0 v
BB -fuo |+ | #1 x| &|0

1= e ci]
2= Wing = 0;

2= for n=1:1e6

4 — dd = ceil{d*rand):

5 — dé = ceil(&*rand):

Bl= A = max(d4, de):

= B = ceil({&*rand);

B= if(n » B)

9 — Wing = Wins + 1:
1@= end
1i|= end
1z|= toc =
2= bisp(wins)

scripk Ln 13 Cal 1

File Edit Debug Desktop ‘Window Help
o et RBda0 2| @ |cuments'l,MF\TLAB'l,ECESﬂ'l,DDMonteCarIo v|[:]@

. Shorkcuts (2] How ko Add (2] What's MNew
486188 ~

Elapsed time is 0.428344 seconds.
486293

Elapsed time is 0.426028 seconds.
485298

Elapsed time is 0.438454 seconds.
486182

1fx > v

IL 4\ Start




Case 3: 5-Game Match

Assume A and B are playing a match
 Each match consists of 5 games

A has a 60% chance of winning any
given game

« Similar to basketball NBA finals

What is the probability that A will win
the match?

Toam Fours

- F il
£ A 4
3 - J ! o
(o .y R A
# : A 74
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b CCTAYOR SIS S
\ \ PRy N
" 40k
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Case 3 (cont'd)

B Editor - C:\Documents and Settings\Administrator\My Documents\MATLABAE... |- 'E@

Monte-Carlo Solution LT LT ELILE SLETY DGR cliel
. . - he = O S =
« Start with playing one game .|
. F= B = 0;
- Repeat 5 times (a match) 4~ [lfor i-1:5
Sl= if{rand < 0.8&)
« Record who won the match I e T
« Check that your code is working i TRy
» Wins for A and B vary each match | -
« A+ B =5 (5 game match) Ve T viee v
- A wins when A > B 14— disp((2, B, Wins])
15
) WATLAB 7.12.0 (R2011a) EEX
File Edit Debug Deskiop ‘window Help
eS| ¥ ag@go o™ .'ﬁ o B '_ 0| ccccc Es|MATLAB\ECE3411,00 Monte Carlo v|E] ]
Shortcuts. 2] How ko Add  [2] What's New ) - l
2 = a |
2 3 a
4 1 1
3 2 1
Jx > 3
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v
Case 3 ] (c o nt B Editor - C:\Documents and Settings\AdministratoriMy Documents\MATLABAE. .. = ||

lFiIe Edit Text Go Cell Tools Debug Desktop Window Help A A X
e i NEH[*RRIC (0D - Aesn[p-28A8 *0O4
Now repeat 1 million times B8 [0 I+ |+l x| EA O

1= tic a O
« Code modified 2= wins = 0;
el Jfor n=1l:leb
- Another way to play a 5-game match | e A <0
B — B =5- A&;
7= if(n > B)
= Wins = Wins + 1;
B= end
Result .
. . 3 toc
- A wins about 68.2% of the time 12— disp([Wins]) L
 MATLAB /7.12.0 (R2011a) -

File Edit Debug Desktop ‘Window Help
SRR o @ B | @ | comentsiMATLABIECE341100 Monte Carla v | (1] ()

* Shorkeuts (2] How ko Add (2] What's Mew

ey

Elapzed time is 8.32009]1 seconds.
682978

Elapsed time is 8.273502 seconds.
6B2573

Elapsed time is 8.449342 seconds.
652128

Elapsed time is 8.274578 seconds.
6826zl

Jfx >>

4\ Start
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Case 4: Win by 3 Match 8

) ¥ ROLEX @ 2.1

Novak DJOKOVIC 13 0

Assume A and B are playing a match

« A has a 60% chance of winning any given Roger FEDERER +1 1 20
same p————

 The match is over when one player 1s up
by 3 games
 Similar to tennis (win by 2)
What is the probability that A will win
the match?




Case 4 (cont'd)

Monte-Carlo Solution
- Start by playing a single match

- The for-loop 1s replaced with a while-loop

Test your code
« 1st match, A loses 4 games to 7
 2nd match, A wins 4 games to 1

* 3rd match, A wins 3 games to 0

e
B Editor - C:\Documents and Settings\A dministrator\My Documents\MATLABAE. .. |._||E|[g|

File Ed_it Text GD_ Cell  Tools Debug_ Deskiop  Window He||_3 - k] ?' X.
BEL IR Y BEC R ADEEE-E B
R -0 ]+ | #11 ] x |6 | @

i |= Wins = 03 -
2= 2 = 0;

3= B =07

4 — [HJwhile{abs (A-B) < 3)

B|= if({rand < 0.6}

&= A=A+ 1;

7= else

g8 — BE =B+ 1;

g — end

L= -end

1i = if (A>B)

1z|= Wins = Wins + 1:

13— end

14 — disp([&, B, Wins])

['script [ln 12 ca 21 [owR

o MAITLAL 2.0 (R2011a)
File Edit Debug Desktop ‘Window Help

SRR g o @ B | @ || comentsiMATLABIECE341400 Monte Carlo v (1] )

* Shorbeuks (2] How to Add (&) What's Mew

uuuuuu

5
4 7 0
4 1 1
3 0 1
= 3 1
fx >> v
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Case 4: (cont'd)

Now play 1 million matches

« Place the previous code inside a for-loop

« Count how many times A wins the

match

« Also record the longest match

Result
« A wins 77.1% of the time

 The longest match was 105 games

 Can be infinite in theory
» TV hates this format

Documents and Settings\A dministratoriMy Documenis\MATLAB i

.File Edit Text Go Cell Tools Debug Deskbop  Window Help
NMEdH B2 0|89 - Aei|Bl-888 >0 ¥
BB [0 |+ | +[1 |x | H|0,

= tic -
2= Wins = 0

= Nmax = 0;

4 — for n=1:1et

5= A =07

&= B =07

T|= while (abs (BR—-B) < 3)
3= if({rand < 0.&)

8= A=A+ 1;
1= else

1= B=E+ 1;

L2 = end

13= end

dkal = if (A>B)

1L5= Wing = Wins + 1;
1l — end

17 = Nmax = max{Mmax, A+B);
18 — ard

19 — toc

20|= disp{[Wins, Nmax])

) MATLAB 7.12.0 (R2011a) =13
File Edit Debug Deskbop ‘Window Help

SRR 9 o & E | @ || wmentsimaTLARECEI1100 Mortke Carle v |[1] ()

o Shortcuks [A] How to Add (2] What's Mew

Elapsed time is 0.687989%9 seconds. =
771583 105

Elapsed time is 0.69799%6 seconds.
171147 91
Fx v

|£

4\ Start




Case 5: Rolling Dice (Farkle)

Roll six 6-sided dice (6d6)

What is the probability of getting
« Two triples: xxx yyy?

 One triple: xxx abc or xxx aab

F

; “': GAME OF l:.uf M‘“‘ “"c“

=ll mmz




Case 5 (cont'd)

* B Editor - C:\Documents and Settings\Administrator\My Documents\MATLABAE... : : tad

File Edit Text Go el Tools Debug Desktop wWindow Help N X
» NEH| BRI 02D - Aesi [ B-B08 *0 =
Monte-Carlo Solution Y DIEm RN S o o~
. T i . o e R 2 AD
« Write a program to play the game one - R
. 3
time 4 — Dice = ceil({&*rand(l,6))r
5= Dice = sortiDice):
 Check your code °
il N = zeros(l,&):
» Dice are six 6-sided dice (6d6) g Foor e | |
. E)= N{1) = sum({Dice == 1});
« N is sorted frequency of numbers 10~ lend
' . el = M = sort{N, 'descend'):
 Three 5's count as a triple - |- [T G
13 = pair33 = Pair33 + 1;
T elself{ (N(1l) == 3)*(N(Z) < 3))
15 = Pair3 = Pair3 + 1:
le — end
17 |= disp({Dice):
18 — disp (1)
18 = disp({['Two Trlipples = ',intistr(Pair3i) i)
20 — disp(['0ne Tripple = ',intZstr(Pair3)])
< > 5
scripk Ln 19 Col 14
Shortcuks (2] How bo Add (2] What's Mew
2 2 4 o) :5) 45} 3
2] 2 1 0 0 0
Two Tripples = 0
One Tripple =
1/ > 3
IlJtstart




Case 5: (cont'd)

Once that works, roll the dice 1 million

times

 Count the number of times you roll

« Two triples: xxx yyy
 One triple: xxx aa b or xxx abc

Result

« 6337 times I rolled two triples

« p=0.006337
« approximately

« 309323 times I got one triple

« p=0.309323
- approximately

B Editor - C:\Documents and Settings\A dministrator\My Documents\MATLABIE. .. E||E|E|

File Edit Text Go Cel Tools Debug Deskiop Window Help A X
NSA ¢RI o -Mesn|B-208 >0 &
BB -0 |+ | +[11 |x o @
1'—” Pairi3i = 0: TD
T Pair3 = 0;
= tic
4 — for n=1:1et
5 — Dice = ceili{e*rand(l,6)};
Bl= Dice = sorti{Dice);
T M = zeros(l,6);
2= for i=l:¢
9 — WNi{i) = sum{Dice == 1i);
L= ard
i1l |= M = sort(N, ‘dezcend’):;
12 = if{ (Wi{l) == 3)*F(N{2) == 3))
13= Pair33 = Pair33 + 1:
Ll elgeif{ (N(1l) == 3)*{N{2) < 3}
15|= Pair3 = Pair3 + 1;
1L G|= end
17 1= end
AL = toc
1&i|= disp(['Two Tripples = ',intZstr(Pair33)1];
ZA disp(['0One Tripple = ',intZstr(Pair3)])
1 ~|
scripk Ln 7 Col 20
e L I il T T ko A 1 0 I =
Shortcuts [#] How ko Add [#] wWhat's Mew
.
=
e
Elapsed time is 57.817493 seconds.
Two Tripples = 6337
One Tripple = 309313
Jx > o




Case 6: Poker

In a game of poker
« Start with a deck of 52 cards
« Shuffle the deck

 Deal out 5 cards
» 5-card stud poker

What is the chance of being dealt
« A full-house?

© XXX Yy
« 3-of-a-kind?

¢ XXX ab




Case 6 (cont'd)

Do P and Se gsiAd ato Do B ATLAB I |

File Edit Text Go el Tools Debug Deskto!:- Window  Help A X
Start by shuffling a deck SR anar s ey Aot b-aod D
. L Em R )
- Pick 52 random numbers |
Bi= Deck = Deck - 1:
« Sort these numbers |
. 5= Value = mod(Hand, 13) + 1:
« The sort order 1s the deck 6= suit = floor(Hand/13) + 1;
T disp({"Hand")
. T g — disp {Hand)
ards 1..
. g — disp{'value"')
« Minus one: 0..51 o o value)
. . 13 [= di FRiShra)
« Your hand is the first 5 cards of the . |- [
deck -
_'script ':Ln 7 ol 1 ]
IIl thlS example 'MATLAB 7.12.0 (R2011a (=]

Flle Edit Debug Desktop ‘Window Help

o Hal’ld — #50, #33, #2, #4, #19 "j Sl B2 Rz @ |cuments'l,MATLAB'l,ECE34l'|,DDMonteCarIn "|D

o Shortcuts (2] How o Add (2] What's New

. Q Spades Hand
8 Hearts
2 Clubs Valui2 B 2 5 7
5 Clubs |

7 Diamonds Ry 8 4 1 3

P

50 33 1 4 18

= o>

4\ Start

|




Case 6 (cont'd)

-
B Editor - C:\Documents and Settings\A dministratoriMy Documents\MATLAB)E

Fle Edit Text Go Cell Tools Debug Desktop  Window  Help A X
Next, check what kind of hand it 1s SELE S SRS Bl ELY L DM |
I et Tald : 1 _ | Wi ¥, ik -D
il {= F 32 = 0; |
 Count the frequency of each type of .,
3= a = rand{l,52);
Card 4 — [b,Deck] = sortia):
» Ace through King B DeEk = Dok i
& — Hand = Deck(l:5);
» Sort in descending order 7= value = mod(Hand, 13) + 1;
8 — sult = floor(Hand/13) + 1:
« N(1) 1s most frequent card 9= N = zeros(1,13);
. 1@ = for 1=1:13
» N(2) is second most frequent 11 — N(1) = sum(value == 1)
1Z|= end
. 12|= N = sort(M, 'descend');:
In thlS example 14—  AF((N(1)==3)*(N(2)==2))
15 = Palir3z = Pair3z + 1:
o N(l) =3 16 —  elseif (N(1)==3)
17 |= Pair3 = Pair3 + 1:
« There are three 5's 18—  end
18— disp{value)
. N(2) =1 20 —  disp(N(1:5)) |
. 21 — disp([Pair32, Pair3]) —
d There IS One Seven . i -script “Ln 13 Col 4
. N(S) =1 7 9 5 5 5
« There 1s one nine 3 1 1 0 0
0 1
Jx > v




Case 6 (cont'd)

B Editor - C:\Documents and Settings\Administratoriy Documents\MATLABAE. .. g@]g|

Now determine the type of hand you have S L L LT IO
L B e
« N(1)=3 + N(2)=2: full-house B i - o
= Pair3 = 0;
. — —1- . 4 — for n=1l:leé
N(1)=3 + N(2)=1: 3 of a kind il S e
Hi= [b,Deck] = sortia):
. . . il Deck = Deck - 1;
Similar logic for other types of hands - Hand = Deck(L:9):
g — ¥alue = mod{Hand, 13) + 1;
L= Suit = floor{Hand/13) + 1;
. . . L= N = zeros(l,13):r
Then repeat 1 million times 12— for 11113
18— N{i) = sum({vValue == 1i);
- 1422 full-house e =nd
15= N = sort(N, 'descend?'):
. p=0.001422 = | Rz =2
17 1= Pairi32 = Pair3Z + 1;
» 20957 3-of-a-kind D
« p=0.020957 -
B = toc|
23— disp([Pair32, Pair3]; 3
Note: script h 22 Col 4 ;
G YRR ¢ Ry B |@ |[wnen s\ MATLABIECE341100 Morte Carlo v [1.) (&)
- Results are different each time e it St :
o Itvs random Elapsed i_rgz is 99.2;2;?2 seconds.
Jx > v




Summary

The probability of an event 1s defined as the frequency that event happens as
the number of trials goes to infinity.

This leads to a Monte-Carlo experiment
» Write a program to play a game one time

- Then, repeat a million times
* (or some large number)
« Count the number of times the event happens

 The probability of the event 1s then

« The number of times the event happened
 Divided by the number of trials
« (approximately)




