Introduction to Matlab

ECE 111 Introduction to ECE
Jake Glower - Week #1

Please visit Bison Academy for corresponding
lecture notes, homework sets, and solutions




Becoming familiar with MATLAB

 Using the command window
- Using scripts

- Plotting with Matlab

« Random numbers in Matlab
- If-Statements

 For-Loops

« While-Loops

« Monte-Carlo Simulations

MATLAB
- “SIMULINK"




General environment and the console

Startup Screen:
« T usually close everything down except the command window

=T
File Edit Debug Deskbop Window Help
il = | ¥ BB~ | 8o R | ?) |Currer|t Folder: | C:{Dacments and Settingsiglower ECE101Q2\My DocmentsiMATLAE > | ... | (€]
* Shorbouts 2] Howto Add 2] What's Mew
Current Folder =R | Command Window RN s LR | Workspace +H 02 X
[0 < MATLAE » ~ o B - g =1 & m SR Y ||@Selectdatat.‘. -
INama n | > Clear Mame £ |\u'a\ue [
archives -
hin >
etc
help g
isicle
java =
utils
} activate.ini >
) add.m
@ adijoin.M >
% autorun.inf
) BoDE.M bos
) BODE_SvD .M
) BODERLOT M >
%) BoDEZ.M 5
) cadm
@ cloop.M S E I I _’I
@cust.m Command History + 0 a x
%) pavp_zM = ;ll
7] pamp_z2.M z = rand{4,4);
7] pamp_z3.M S ! §
Elosm ~surf(x,v, z)
fﬂ Display3l.m =2
E evalira ~z = rand(10,10)
::ﬂ FACT.M s
] FACTORIAM = “surf{x Z
A i :| = ( rYr )
Details
m = 4y
>> Yi
o ~surf(x,v, z)
z = Z'Fy;
Select a file ko view details > y !
e “surt(x,v, z)
fx > ‘ — ~clear Jz]
il » 4 | B
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Command Window

Matlab Works like a Calculator File Edit Debug Desktop  Window  Help
Mo B2 &y 2| |J|:n:ument5 and Settir

Shortcuts (2] How bo Add (2] What's Mew

== (2 + 3) * 5

« Solve

(2 + 3 ) *5

alns =
- Solve

Y = 5*cos(10*tan(3))

x> T = 5*cos (10*Lan(3))
You type it the way it looks:

0.7241

fi >> |




Matlab Function Names

p1
exp(x)
107x
log(x)
log10(x)
sin(Xx)
cos(X)
tan(x)
asin(x)
acos(X)
atan(y,x)
+ many more

T

ex

10"
In(x)
log 10()

sin(x) wunits = radians

"n

cos(x)
tan(x) "
arcsin(x)
arccos(x)

arctan(y/x)

) MATLAB 7.12.0 (R2011a)

File Edit Debug Deskiop Window Help

Shortcuts [2] How to Add (2] What's New

> expl(2)
ans =
7.36891
> log(l0)
ans =
2.3026
>» gin{l)
ans =
0.8415
> Ccos(2)
ans =
-0.4161
>> asini{0.6)
ans =
0.6435

s> |

4\ Start

hﬂ j & B9 M u 59 ﬂ © || C\Documents and Settingst,



Order of Operations

o Ist: A
- 2nd: *,/
e 3rd: +, -

Equations are executed
- By order of operations, then
- Left to right

Paranthesis never hurt,
« They can aviod confusion

J MATLAB 7.12.0 (R2011a)

Fle Edit Debug Desktop MWindow Help
hﬂ 5 dh EE) l_'_'j] ¥) h Ef' ﬂ 7] |C:'|,D|:ucuments and Setkingsta
Shortcuts (2] How to Add (2] What's New

> Al =4/72%3

2l =

> A2 = 47273
AZ =
0.6667
> A3 =4/ [2%3)
A3 =
0.6667

fr >> |




Matlab as a Calculator

You can define variables as you go
- 1st character must be a letter
- 2nd onward can be letters or numbers
« Case sensitive

Example: Light Sensor

2200
R = ((lux)Oﬁ) Q

V=( 2 )10V

1000+R
Find Rand V @ 10 Lux

) MATLAB 7.12.0 (R2011a)

File Edit Debug Desktop Window Help
=R B9 o &y E) @ || ettingsiadministr.
Shartcuks (@] How ko &dd (2] \What's Mew

> lux = 10

lux =

10

>»> R = 2200 / (lux * 0.6)

552.6150
>> ¥ =R/ (1000 + R) * 10
Vo=
3.5593

s > |




Doing Several Operations at Once

Matlab 1s a matrix language

[ start of a matrix

, next column (a space also works)
; next row

] end of matrix.

' transpose

Multiplication, Power

¢ k A
b

« Matrix operations (coming soon)

Dot-Notation
o« K/ A

- Element-by-element operations
« Allows you to do several operations at once

J MATLAB 7.12.0 (R2011a)

File Edt Debug Desktop Window Help
13| & B9 ™ &y E @ || ettings\administratoriiy Do
Shartcuks (2] How ko Add (2] What's New

>» lux = [10,20,30]"
lux =

10

20

30

> R = 2200 ./ (lux .™ 0D.8)

55Z.6150
364.5859
285.8577

>» ¥ =R ./ (1000 + R} * 10
o=
3.5593

Z2.6718
2.2231




Formatting Output

« Terminate a line with a semi-colon if you don't fle Eb petug Deston Mindew R
e 2B E9 o &g E | @ | ethingsiadministrator|My

Wha.t the resu1t displayed Shortcuts [#] How to add (2] What's New
- Leave off the semi-colon if you do want to see the >> dux = 110,20, 3017
»» format long
result >> R = 2200 ./ {(lux .* 0.6)
format short R =
pi
1.0e+002 *
3.1416

5.526150143321077
3.64585594120735986

format long
: 2.858577216671873

P1

3.141592653589793 >> format short e
> ¥ = R ./ (1000 + Ry * 10

format shorteng

pi”30
3.5593e+000

821.2893e+012 2.6718e+000
2.2231e+000

£ > |




Matlab as a Graphing Calculator
Matlab has pretty good graphics

This 1s useful if you want to know what
happens over a range of values.

Example: Find R for 1 < lux < 100

2200
r=(2% )0

Linear spacing

1 to 100 lux, step size = 0.1
lux = [1 : 0.1 : 10071";

Log spacing from 107 to 10° with 100 points

lux = logspace (-2, 3, 100)"';

J MATLAB 7.12.0 (R2011a)

= lux =

»»> R = 2200
>> plot{lux,R);

> xlabel ("lux'):
»> ylabel ("Ohms ") ;

LRI

File Edit Debug Desktop ‘Window Help
o = -
=R Y

Shorteuts [#] How ko Add (2] what's Mew

[1:0.1:100]1";
LM 0lB) g

v

(1ux

H=

sektingstAdminiskratoriMy Documents\MATLAE E]

Dode|k

File Edit “iew Insert Tools Desktop window Help

'*-\-'-\-{"F'@‘-Eﬂ'@; DIE m

>> grid
Je >>
lqi Start :

2500

2000

1500 -

Ohms

1000

400




Matlab as a Graphing Calculator

Graphs are useful
« They show you how the two variables are related

- They allow you to determine V over a range of
lux

« They allow you to determine lux if you know V

Example: If you read 2.00 Volts, what is the
light level?

« Read it off the graph

« light = 36 lux (approx)

J MATLAB 7.12.0 (R2011a) |

File  Edit

="
D&
=

>
>>
>
>
>
>
>
>

>
i
4\ Start

Shartcuks (2] How ko Add

[1:0.1:100]";

Debug  Desktop  MWindow Help

sRB20C BFE| O

(7] What's New

lux =
R = 2z00 ./
V=R ./
plot(lux, V) ;
¥label {"lux');
vlabel {"Volts");
v1lim{[0,7])

Frid

{lux

settings! Administratoriiy DocumentsiMATLAE

So0Le

(1000 + Ry

* 10;

File Edit View Insert Tools Deskbop ‘Window Help

LA EL- S| 0E aD

Waolts

EF D




Plotting Functions in Matlab:

File Edt Wew Insert Tools Desktop ‘Window Help

Matlab has some pretty good graphics capabilities. Hdde » ~RUDRL B OF R
Matlab Plot Command X axis y axis type of function 0
plot(x,y) linear linear y=ax+b
semilogx(x,y) log() linear  y=alog(bx)
semilogy(x,y) linear log() y=ae™
loglog(x,y) og)  log) y=a:b’ o
subplot(abc) Create 'a' rows, 'b' columns of graphs.
Starting at #c o
x = [0:1:10]"; ol
y = 3*x + 4;
subplot (311) I

plot (x,v);
subplot (312

)
plot(x,v,"'.");
) ;

subplot (313

plot(x,vy,"'. ) ;




Matlab Help

If you forget how to use a function, type help

J MATLAB 7.12.0 (R2011a)

File Edit Debug Deskiop ‘Window Help
=

:ﬁ = | & By Cj] o ™ “ mﬁ ﬂ @ | Current Folder: | C\Documents and SettingstAdministratariMy DocumentsiMATLAE
Shortcuts (2] How to Add  [2] What's Mew

>> help plot

PLOT Linear plot.
PLOT (¥,¥) plots wector ¥ wersus vector ¥. If X or ¥ is a matrix,
then the wector is plotted wersus the rows or columns of the matrix,
whichever line up. If ¥ is a scalar and Y is a vector, disconnected
line objects are created and plotted as discrete points wertically at
X.

PLOT (Y} plots the columns of ¥ wersus their index.
If ¥ i5 complex, PLOT(Y) is equivalent to PLOT(real(Y),imag(¥)).
In all other uses of PLOT, the imaginary part is ignored.

Yaricus line types, plot symbols and colors may be cbtained with
PLOT (¥,¥,5) where 5 15 a character string made from one element
from any or all the following 3 columns:

b blue . point - solid

9| green o circle : dotted
r red ¥ ®-mark - dashdot
c Cyan + plus -= dazhed
m magenta * star (none) no line




Multiple Plots on the same graph:
plot(x1,vyl, x2,v2, x3,y3)
plot(x, [yl,vy2,y3])

Invest $1000 for 10 years at...
« 1% interest
« 3% interest
« 6% interest

« 9% interest
t = [0:0.01:10]

yl = 1000 * exp(0.01*t);
y3 = 1000 * exp(0.03*t);
y6 = 1000 * exp(0.06%*t);
y9 = 1000 * exp(0.09%t);

% Method #1
plot (t,vl,t,y3,t,y6,t,v9)

% Method #2
plot (t, [yl,y3,v6,y9])

2500

2000

1500

1000
1]




Polynomials
poly([a,b,c])

« Give a polynomial with roots at (a, b, c)

roots([a,b,c,d])
« Find the roots of the polynomial
ax’ +bx*+cx+d=0

poly ([1,2,3])

1 -6 11 -6

y=x3—6x*>+11x-6
=x-Dx-2)x—-3)
roots ([1,-6,11,-61)
3.0000

2.0000
1.0000

J MATLAB 7.12.0 [R2011a) E”E|g|
File Edit Debug Desktop “Window Help
TS e BmE 9 o & B | @ | rocuments and Settings) Administratoriiy Documents), V!E] (£

. Shortcuts [#] How to Add (2] What's Mew

>> poly([1,2,3])
ans =
1 = 11 =6
>>» roots([1l,-6,11,-6])
ans =
3.000000000000002
1...999299999999998

1.000000000000000

Jx >>

4\ Start




Note: The roots are the zero crossings
« Roots={1,2,3}
x = [0:0.01:41";
y = x."3 - 6% (x.72) + 11*x - 6;
plot (x,y);

grid on
b ! I I I ! I I
1 5 S S S —__—_— _
| N S WU WU N S Y :
| W S S N S s W :
S I S W N N NN N S _
{705 W S N S S S SO :
B I I I I | I I
0 05 1 15 2 25 3 35 4




Change the Problem to Fit the Solution

File Edit Debug Desktop Window Help
| & B9 & & rd B | @ | ettings\administratority D
Shartcuts (2] How to Add (2] What's New

> roots([1,5,7,2])

roots() finds the zero crossings of a polynomial
0=x’+5x*>+7x+2

If you want to find a different answer, change the
—-2.6180
problem -2.0000
-0.3820
6=x3+5x>+Tx+2
>» roots([1l,5%,7,2] - [0,0,0,&])
becomes e o
0= (X3 +5X2+7x+2)—(6) ~2.7144 + 1.40001
-2.7144 - 1.40001
Note that 0. 4289
c 6=0x3+0x2+0x+6 RS A
* You have to use matricies with similar dimensions c T
0.4288

= ®M3 O+ BFxMZ o+ TFx o+ 2

ans =

&.0000

fr -~




Matlab Scripts

1 MNEH| sRR20 (L2 Aesfi|(B-28R0 >0 ¥
Instead of typing the same set of commands | D-< <557 %o ac

File Edit Text Go Cell Tools Debug Desktop ‘Window Help

over-and-over again, you can place these - IR =
Matlab commands in a file (a Matlab script) = atseiny))

 The file must have a .m extension

« You can execute this script using the green e

oy

drrow ) MATLAB 7.12.0 I.R201aj

File Edit Debug Desktop ‘Window Help

. You can execute this Script by Calling it from a6 Bl o dr 5| @ | oty DocumentsMATLABECEL 11401 Basics v |[.] &)

Shortcuts [#] How to Add  [2] What's New

the command window ssaerid Dato
-2.0000 -=15.0000
=-1.5000 -5.6250

=-1.0000 ]

-0.5000 Z2.6250

0 3.0000

0.5000 1.8750

1.0000 ]

1.5000 -1.8750

Z2.0000 -3.0000
Jx >
L 4\ start




Random Numbers: Rolling Dice

J MATLAB 7.12.0 (R2011a)

File Edit Debug Desktop ‘window Help

TS Bl 9 o & E) | @ |)ocuments and Settingsadmir VEE][;E |

rand random number: (0,1) Shortcuts (2] How to Add 2] What's New
randn standard normal random # >> rand

1%@ ans =

1 rand() 0.6463

0.8 =

0.6

> randni{l, 3)

04 _\ randn()
0.2 \ ans =

0

-3 -2 -1 0 1 2 3
X 1.0933 1.1093 -0.8637
rand (1, 5) 1x5 matrix of random # >> cell(8*rand(l,3))
' * ' ' ans =
cell ( o6*rand ) b—sided die
6 6 2

ceil( 8*rand(1l,3) ) 3d8

| fx >> |
sum( 6*rand(5,1) ) sum of 5d6

(level 5 fireball)

4\ Start




If-Statement

if - end
if - else - end
if — elseif - end

Do a set of operations if a statement is true

Valid boolean statements:

(N == 3) N=3

(N > 3) N>3
N=>3
N#3
3<NLT

zZ =
-V
TR
w W

(
(
(

=
Vv
i
W
-
Z
VAN
I
Z

Example: Roll a loaded die
« 20% of the time you always roll a 6
 The rest of the time it's a fair die

« Each time you run the script, you get a new die
roll

B Editor - C:\Documents and Settings\Administrator\My Documents\MATLABAE. .. IZIIEI['S_TI
File Edit Text Go Cel Tools Debug Desktop ‘Window Help A X

NEA | $RBY6 |82 - Aanfib-B8 B >0
BB -0 ]+ +[u |x|X%(0,

1-  if(rand < 0.2) -
2= de = &;

d|= elze

al | = dé = ceil{ &*rand );

Bl end

6 — dispide)

Script_Demo.m® = | IceStorm.m = | ForLoop.m ><|LoadDie.m x|

Click and drag to move Forf C:\Documents and Settings\AdministratoryMy DocurmentsiMATLAB\ECEL 11401 _Basics\ForLoop.r

File Edit Debug Desktop Window Help
E R o &rd B @ | stor\My Documents\MATLARECEL 11101 _Basic v | [ ] )

© Shortcuts [2] How to Add (2] What's Mew
]

.
&

4

Jx >>
4\ Srart

1=




For-Loops

for 1i=1:100
Matlab commands
end

Repeat a set of commands a fixed number of
times

Terminate with an end statement

Example: Cast a level-8 Fireball
- y=28d6
- Use loaded dice (20% chance of a 6)

« Each time you run the script, you get a different
result

B Editor - C:\Documents and Settings\Administrator\My Documents\MATLABAE. .. |'.
File Edit Text Go Cell Tools Debug Desktop ‘Window Help

OEdE | $RB2 0|83 - desi|kl-ELE8
BB -0 J+|+[1 Jx |40,

il Damage = 07

2= for i=1:8

= if(rand < 0.2}

il de = B;

5= else

6 — de = ceil{ &*rand ):
7= end

i Damage = Damage + d&;
B= end

10 — disp (Damage)

Seripk_Dema.m® x| IceStormom = | Forloopam = | LoadDie.m ><|

scripk Ln 10 Col 13

A TLAB 12.0 (R2011a)

File Edt Debug Desktop ‘Window Help
NS &l o @rd 2| @ | oy DocumentsiMATLABECEL11101_Basic -
Shartcuts (2] How to Add (2] What's Mew

29

30

21

28

36




Monte-Carlo Simulations
« One extermely useful capability of Matlab is to run Monte Carlo simulations
 To find the probability of an event, repeat an experiment 100,000 times
- The probability is then roughly the percentage of the time the outcome happened

Procedure:
« Write a script to run an experiment one time
« Once that works, repeat 100,000 times
* (place the code inside a for-loop)




Example: Ice Storm

The Dungeons and Dragon's spell Ice Storm
does 6-40 damage
« The sum of two 8-sided dice and four 6-sided
dice
- y=2d8 + 4d6

Determine...
« The probability of doing N damage
 The probability that N > 30

B Editor, - C:\Documents and Settings\Administrator\My Documents\MATLABAE. .. |Z||E

File Edit Text Go Cell Tools Debug Desktop Window Help N A
o H | $RaBY 0| oD A B-EEE >0
CERE| -0 [+ | F (11 [ x || @

i = d8 = ceil({ 8*rand(1,2) }:
Z = dé = ceil{ &*rand(l,4) );
3= ¥ = sum{ds8) + sumide)

4

. Script_Dema.m* = |IceSt0rm.m xl

scripk Ln 4 Col 1

MATLAB 0 (R2011a

File Edit Debug Desktop ‘Window Help
| % Bl o & rd B | @ || oy DocomentsimATLABECEL 101 Basics v [

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

'Y =
32

'y' =
27

y’ =
16

fx >>

4\ Start




Solution: Step 1

« Create a file IceStorm.m NCW|4MBOC |00 - hesf B 2RA 0O

I B[ [0 ]+ | =[x |%%]0,
 Find y = 2d8 + 4d6 Ry R

B Editor, - C:\Documents and Settings\Administrator\My Documents\MATLABAE. .. |:||§||
File Edit Text Go Cell Tools Debug Desktop Window Help LY | a

2= dé = ceil{ &*rand(l,4) );
3= ¥y = sum({dg8) + sumide)
4

Note that every time you run this script, you get
. Script_Demo.m* xi| TceStorm.m xl
a different answer e

o it's randOm | MATLAB 7.12.0 (R2011a)

File Edit Debug Desktop ‘Window Help
S s R o B @ | ey DocumentsiMATLARECE 1 L1101 Basics v |[

Shartcuks (2] How ko Add (2] What's Mew

'Y =
32

y’ =
27

y’ =
16

fx >>

4\ Start [€




Solution: Step 2
- Repeat 100,000 times

« Keep track of how many times you did y
damage

The odds of doing 30 damage
>> Damage (30) / 100000
ans = 0.0297
The odds of doing 30 or more damage

>> sum (Damage (30:40) / 100000)
ans = 0.0866

+=

tEw
=
=
o
il
.
e
e
o

=

B Editor - C:\Documents and Settings\A dministrator\My Documents\MATLABAE. .. g@
File Edit Text Go Cell Tools Debug Deskbop Window Help E' R

NEH| R0 |0 - NMesr|B-B80R >0

-fre | #[tr |x || @
Damage = zeros(40,1);
for n=1:1eb

dsg ceil({ B8*rand(

1,2y 3
de ceil({ &*rand(l

d

{

2
4) )
)
)

v o= sum(dg8; + sum(dé
Damage (yv) = Damage(y) + 1;
end

bar (Damage)

Script_Demo.m* ;.IceStorm.m S

scripk Ln & Cal 12

Fle Edit View Insert Tools Desl;.top Window  Help

‘J_’:{H‘lﬁ % *\-_\-{ﬂ?@@ﬂ' @) D @m0

9000

8000 -
7000 -
6000 -
5000 -
4000 -
3000 -
2000 -

1000

0

o]




Monte-Carlo Example #2
A and B are playing a match

« A has a 60% chance of winning any given
game.

- What is the probability that A will win the
match?

Start by playing a single match
- A won the match 5-2
- Different result each time you run the script

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

NEE sRR9 ¢ | o2 - hanh | b-808E8 »0
B -0 J+] [ [x [s#%:5]0

1= Matches = 0; .
Z = o= 07

2 B = 0¢

Al |= forsi=127

5= if({rand < 0.86)

5 — AL=5+ 1;

T else

&= BE =8B+ 1;

= end

fL = end

1i|= if{A > B)

12— Matches = Matches + 1:
L3 = end

14 — disp([&, B, Matches]})

. Script_Demo.n® 3 | IceStorm.m o |F0rL00|:|.m x|

[ln 14 ol 21

__ MATLAB 7.12.0 (R2011a) - [O]
File Edit Debug Desktop ‘Window Help
g s R0 ErTR| e |at0r'|,My DocumentsiMATLABIECEL 11401 _Fasit v|E] =

. Shortcuts (2] How ko add (2] What's Mew

5 2z 1

fx >>

l!.a Start|




Now repeat for 100,000 matches
« A wins 70,913 times in 100,000 matches

« A has roughly a 70.9% chance of winning any
given match

B Editor - C:\Documents and Settings\Administrator\My Documents\MATLABAE. ..
File Edit Text Go Cell Tools Debug Desktop ‘Window Help 2

MEE | $RR9 ¢ (LT (hesi|B-888 =
A== e P N R -

1= Matches = 0;

2— [Hfor N=l:le5b

3= A= 0;

diis E = 0;

5|— = tor d=l7

6 — if{rand < 0.6}
TH= A=5A+1;
g8 — else

9 — B=E + 1;
L= end|

iLit|= 5 end

2= if (A > B}

13 |= Matches = Matches + 1;
LAt = end

5= -end

1la — Matches

Script_Dema,m* xi IceStorm.m  ® i| ForLoop.m =

| script |Ln 10 Cal 11

0 (R20
File Edit Debug Desktop Window Help
== | i RER9 |j& 7 = | (7) ||at0r'|,My Dacuments\MATLAB\ECEL1 1401 _Basic »

Shortcuts [A] How to Add (2] What's New

Matches =
70413

fx >>




While-Loop

while (statement is true)
do the following
end

Example: Count how many times you roll
a die until you geta 1

B Editor - C:\Documents and Settings\M dministratorWMy Documents\MATLABMatch_... |:||§||z|
File Edit Text Go Cell Tools Debug Desktop Window Help - | A X

NMESA|sRR90 |02 Mesdr R ERBRE[ >0

CCERE| -0 |+ | =11 % | ot o2 | @,

il = N = 0; -
Zil= de = 0r
32— [dwhile(de ~= 1)
l | = dé = ceil{e*rand);
5 i N =N+ 1;
&— end
T disp(['# rolls = ",intZstr(N)1);
s
| script |Ln & Col 1 |GWR

... MATLAB 7.12.0 (R2011a)
File Edit Debug Desktop ‘Window Help

D B ! * % m g lu ﬁ @ ! 0 HC:'!,Documents and Settings'Administrakoriy Do V|E] =)

Shortcuts (2] How ko Add  [2] What's New

# rolls = 2 e
# rolls = 4
# rolls = 19
# rolls = 2
# rolls = 4
# rolls = 3
# rolls = 2
# rolls = 1
Jx > o

~
Thv

El
;|
=l




While-Loop (cont'd)

What 1s the chance that it will take 7 or more
rolls to geta 1?

Repeat 100,000 times

« Monte-Carlo Simulation

In 100,000 trials

It took 7 or more rolls 33,343 times

« There 1s about a 33.34% chance it will take 7 or
more rolls to get a 1

) MATLAB 7.12.0 (R2011a)
File Edit Debug Desktop ‘Window Help

e s aBoe &rd

Shortcuts (2] How to Add  [A] what's Mew

= ¥ = [

for n=1:1ek

while{ de ~= 1

= | @ || CiDocuments 2 v E] =

)

de = ceil (e*rand);

=MW+ 1;
end
1if (N »>= 7}
X=X+ 1;
end
end
> disp(X)
33343

>> disp(¥/1leb)
0.3334

Jx >




While-Loop (cont'd)
Player A and B are playing a match

 Player A has a 60% chance of winning any
given game
- When a player is up 3 games, the match is over

What 1s the chance player A wins the match?

Solution: Play a single match
« If A wins, A gains 1 point.
« If A loses, A loses 1 point.
« Keep playing until A 1s up 3 or down 3

B Editor - C:\Documents and Settings\Administrator\My Documents\MATLAB\Match_... |Z”E|rz|
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1= A = 07 -
2= while {abs (R) < 3)
3= if{rand < 0.6}
4 — A=A+ 1;
5= else
B = A=54- 1;
= end
1 8— end
9 — if (A == 3)
L= Wins = 1;
i3k i= elze
1z|= wWing = 0;
13 — end
14 — disp(['Wins = ',intZstr(Wins)])
scripk Ln 14 Col 30
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Win-by-3 (cont'd)

Now play 100,000 matches

« A wins about 77% of the time with this format

« TV hates this format since a match can take a

very long time

B Editor - C:\Documents and) Settings\Administrator\My Documents\MATLABMMatch, ... EIE'E'
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1= Wins = 07 -
2= for n=1:1eb
3= A= 0;
all= while (abs (&) < 3)
Shiss if{rand < 0.6}
&= A=A+ 1;
T i elsze
e L =AaA-1;
Y= end
L= end
ALk = if{a == 3)
1z = Wins = Wins + 1;
LB = end
14 — end
15—  disp(['fiins = ',int2str(Wwins)])
scripk - ilS Col & i
LT = L =18 =5t B e e = ]
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While-Loop: Tennis
Assume A and B are playing a match

« A has a 60% chance of winning any given game

- If a player wins 4 games and 1s up by 2 games,
the match is over.

« Otherwise, the match continues until a player 1s
up two games.

Find the probability that A wins the match

Solution: Start with playing a single match
- Awins 4 -1
« A wins 6 - 4
-« Aloses8-6
« Awins 4 -1

B Editor - C:\Documents and Settings\Administrator\My Documents\MATLABAE. .. g@g|
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ikl B o= 07 -
2= B =0

B while (max (A, B) < 4)

4 — if{rand < 0.6) A = A + 1;

L= else B = B + 1;

G end

7= end

g — while {abs (A - B) < 2}

9 — if({rand < 0.6) A = A + 1;

A= else B = B + 1;

Ll = end

1z — end

13 = bisp([A,B])

whisloop.m % || Tennis.m x|

script Ln 13 Col 1
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Now repeat for 100,000 matches

Result 1s A wins about 73,500 times
« A has about a 73.5% chance of winning the match

Results will vary each time you run this script
* it's random

To find the actual odds, you need to use a
student-t test (week #15 of ECE 111)

B Editor - C:\Documents and Settings\AdministratoriMy Documents\WWA TLABAE.

File Edit Text Go Cel Tools Debug Desktop “Window Help
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1= Wins = 0;

T for n=1:1e5

= B o= 0;

dli= B =0;

5= while (max(A,B) < 4)

B|= ifirand < 0.6) & =& + 1;

7= else B =B + 1

o= end

8= end

L= while{abs (A - B) < 2)

= ifi{rand < 0.6) & = & + 1;
12 = else B = B + 17

1= end

14 — end

5= if{A » B) Wins = Wins + 1; end
1G|— end

17 = disp(Wins)

T e

script ln 17 Col
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Summary
Matlab i1s a fairly friendly computer language

You can use the command window as a calculator
« Adds, subtracts, multiplies, divides

Scripts allow you to try & modity code as you write it

For-loops let you run code multiple times
« Monte-Carlo simulations...

If-statements allow you to check for conditions
« If the sum is 25 or more...

While-loops let you run code until an event happens
« repeat until you roll a 1




Matlab Commands

Display
« format short display results to 4 decimal places
- format long display results to 13 decimal places

- format shorte  display using scientific notation
- format long e  display using scientific notation

Polynomials
* poly(x)
* 100tS(X)
« conv(Xx,y)




Analysis

« sqrt(x) square root of x

 log(x) log base e

« log10(x) log base 10

- exp(x) eNX

« explO(x) 107X

« abs(x) x|

 round(x) round to the nearest integer

- floor(x) round down (integer value of x)

« ceil(x) round up to the next integer

« real(x) real part of a complex number

 imag(x) imaginary part of a complex number

« abs(x) absolute value of x, magnitude of a complex number
« angle(x) angle of a complex number (answer in radians)

« unwrap(x) remove the discontinuity at p1 (180 degrees) for a vector of angles
e sum(X) sum the columns of x

« prod(x) multiply the columns of x




Trig Functions

* sin(x) sin(x) where x 1s in radians
« cos(X) cos()

* tan(x) tan()

- asin(x) arcsin(x)

« acos(Xx) arccos(x)

- atan(x) arctan(x)

- atan2(y,x) angle to a point (X,y)

Probability and Statistics

- factorial(x) x!

« gamma(x) x!

 rand(n,m) create an nxm matrix of random numbers between O and 1

« randn(n,m) create an nxm matrix of random numbers with a normal distribution
« length(x) return the dimensions of x

« mean(x) mean (average) of the columns of x

- std() standard deviation of the columns of x




Display Functions
. plot(x) plot x vs sample number
- plot(x,y) plot x vs.y
. semilogx(x,y) log(x) vsy
- semilogy(x,y)  x vslog(y)
* loglog(x,y) log(x) vs log(y)

- mesh(x) 3d plot where the height is the value at x(a,b)
« contour(X) contour plot

* bar(x,y) draw a bar graph

- xlabel('time") label the x axis with the word 'time’'

- ylabel() label the y axis

. title() put a title on the plot

« grid() draw the grid lines

Useful Commands
« hold on don't erase the current graph
* hold off do erase the current graph




diary create a text file to save whatever goes to the screen

linepace(a, b, n) create a 1xn array starting at a, increment by b

logspace(a,b,n) create a 1xn array starting at 10”a going to 10”b, spaced logarithmically

subplot() create several plots on the same screen

disp(‘hello’) display the message hello

Utilities
« format set the display format
« zeros(n,m) create an nxm matrix of zeros
« eye(n,m) create an nxm matrix with ones on the diagonal
« ones(n,m) create an nxm matrix of ones
* help help using different functions
* pause(X) pause X seconds (can be a fraction). Show the graph as well
« clock the present time
. etime the difference between two times
. tic start a stopwatch

« tOC the number of seconds since tic




