Computer Applications

Lecture 1: What is MATLAB?




MATLAB

- - -

MATLAB (MATrix LABoratory) is a numerical
computing environment and programming language.

Developed by MathWorks.

MATLAB is widely used to solve engineering and
science problems in academic and research institutions
as well as the industry.

In MATLAB, problems are expressed in familiar
mathematical notation.

MATLAB is an interactive system whose basic data
element is a matrix (remember C/C++ arrays!).

Open-source alternative is: GNU Octave.
Paid alternative: LabVIEW MathScript




MATLAB can be used for;

Matrix manipulations (math computations).
Data analysis, exploration, and plotting.
Implementation of algorithm:s.

Creation of user interfaces.

Data acquisition.

Interfacing with }éro rams written in other
languages, (e.g., C, C++, Java, and Fortran).

An optional toolbox.

An additional package, Simulink®, adds graphical
simulation.




Solying Simultaneous Equations

 Find the values of x
and y that satisty the
following equations

simultaneously : 2 X + y — 4

* Can be solved by
hand to get: X — y — _1
x=1,y=2

e Remember how?




Simultaneous Equations

* Solving simultaneous

equations:
2x 2z= 4
* Can be solved by Y
hand to get: X—YV —Z=-
x=12,1=28, y—2z=
z=0.6

 How?




Solying Simultaneous Equations

* Many variables:
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« Humans are note good at this.
MATLAB (a computer software) is!
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MATLAB solution
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MATLAB is powertul!

* We often need to solve systems with 10,000
or 100,000 simultaneous equations (could be
non-linear or differential equations too)

* Can be done very quickly using a computer

* This is common in engineering
— Electrical circuits
— Image recognition
— Communication systems (MIMO, OFDM, etc)
— Operations research
— Mechanics and dynamics, etc




MATLAB vs. Programming languages

- - - - e

 MATLAB is a numerical analysis language:

— Can be used as an advanced calculator and
graphing tool
— Also can be used as a programming language
» This is ditferent than the programming
languages you are familiar with (C, C++, ...)

— Can be a little frustrating since it takes time and
effort to write code

— But the code is very effective




Know about MATLAB

- >~

MATLAB is easy to begin with but needs hard work to
master.

MATLAB is optimized for performing matrix operations.
MATLAB is interpreted

— for the most part slower than a compiled language such as C++
— but interactive and simplifies fixing errors

MATLAB is NOT a general purpose programming language

MATLARB is designed for scientific computation and is
not suitable for some things

MATLAB is very useful for data analysis and rapid
prototyping




Let usrun MATLAB ...

File Edit Debug Desktop Window Help
d_j \_; & Eé Lﬁ ) ™ “ Eﬁ ﬂ (7) CurrentDirectory::c:\MyMATLABFiIes
: Shortcuts 2] How to Add 2] What's New

Current Directory * O 2 X | [TERTRULT A sOax
@ % [ « MyMATLAB... v | >> elear
>> A=2%5%3
[] Name ~ Date Modified
#) actuator.m  8/7/09 1:56 PM X
#) cost.m 8/7/09 1:56 PM
# CubicEval.m  8/7/09 1:07 PM 356

# cubicsprin... /7409 1:57 PM
# demotor.m /7409 1:57 PM
#) ethanolm  8/7/09 1:57 PM
#) Falling_Sp... 3/1/04 4:49 AM
ij friction1.mdl  8/7/09 1:57 PM
#) half-sine.m  6{26/05 4:45 PM
#] height.m  8/7/09 1:58 PM 3.4903
# perfspecs.m  10/16/03 5:46 PM
# plantcost.m  6/29/04 7:11 AM

>> B=exp (0.005%4)

B =

>> C=4*scrt (A+B*3)

% speed.m 7]13{03 6:33 &AM
ﬂ TorqueDat... 10/18/04 8:07 AM C =
#) trapezoid.m  10/3/03 5:15 AM
# trebuchet... 7/10/035:3¢ AM 68.4130
>> D=5%1ogl0 (1000)
D =
15
>» x = 0:0.02:9;
>»> § = A¥sin(3%x):
trapezoid.m (M-File) v >> plot(x,¥y)

£ >> |

trapezoid.m Trapezoidal voltage profile

v[Z]:Q

Workspace 0 a x
B R [ - stek

[ MName ~ Value Min Max '
FH & 250 250 250

He 3.4903 3.4903  3.,4903

H ¢ 68,4130 68,4130 68,4130

HHo 15 15 15

E X <1x451 double> 0 9

v <1x451 double> -249.... 249.9...

Command History S e [T, 55
E 8/7/09 12:49 PH --% A

A=275°3

B=exp (0.05%4)
C=4*sqrt (A"3+B~3)

~D=5%1og10 (1000)
x = 0:0.03:9
elel

ole

clear
A=2%5~3

- B=exp (0.005%4)
C=4*sgrt (A+B"3)
~D=5%1ogl0 (1000)
x = 0:0.02:9;

v = A*sin(3*x):

“plot(x,¥)

4 Start
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MATLAB Enyironment

Menubar
Help Current Working Directory
| Toolbar
A\ MATLAB J7.8.0 (R20093) |
File ® Editf View Debug Parallel Desktop Window Help
;ﬂ & :Iﬁ EE) ﬁ ) | u ﬁ Q | L7 ! CurrentDirector}f:'_C__:"..Usgrs".,ln_hn\_!:locgmerjts_‘\Mh_'l'L.:ﬂ_\B - Q i
© Shortcuts [#] How to &dd (@] ‘What's New
| CtnentPissctonaiilal = BLIRS Command Window » O 2 X| Workspace H=RRY
@ | | « MATLAE v | i ONewto MATLAB? Watch this Video, see Demos, or read Getting Started. X TH| m = ug B | @ - | Base
[] Name~ Date Modified Jy = bome = (Walue NG 1N
Current Workspace
Directory ( Variable List )
Contents ,
Command Window Command Histary “ [0 A x
Deiaile == | e . $-— 3/28/10 5:12 PM —-%
File Details
Select a file to view details Command Hlstﬂﬂl’

\

\ Function Catalog

Getting Started ( Start here )
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MATLAB as a Calculator

* You can enter
expressions at the

command line and vevoss [553 T 5 g
evaluate them right command

away. s

* The >> symbols o 43
° ° X
indicate where command |>>

commands are

typed.




Mathematical Operators

Operator | MATLAB |Algebra
+ + 5+ 4 =9
— - 5 - 4 =1
X * 5 % 4 = 20
+ / 5/ 4 = 1.25
ab a“b |54 = 625




Order of Precedence (BEDMAS)

* B = Brackets

* E = Exponentials

* D = Division

* M = Multiplication
* A = Addition

* S = Subtraction

* Careful using brackets:
check that opening and
closing brackets are
matched up correctly.




Order of Precedence

Precedence Operation

First (), evaluated starting with the
INNermost pait.

Second Exponentiation (power) | evaluated from
left to right.

Third Multiplication * and division / with equal
precedence, evaluated from left to right.

Fourth Addition + and subtraction - with equal
precedence, evaluated from left to right.




Exercise;
Iry 1t
yourself

>> 47°2-12- 8/4%*2
ans =
0

>> 472-12- 8/ (4*2)
ans =
3




Built-in Math Constants

pi TT: ratio of circle's
circumference to its diameter

i V-1 Imaginary unit

] V-1 Imaginary unit

Inf oo: Infinity

NaN Not-a-Number

>> 2*pil
ans =
6.2832

>> Inf+100000
ans =
Inf




o o

>> 1/0

ans =
farare

>> 0/0

ans =
Farare

>> 7/2%*1

ans =
Farare

>> 7/21

ans =
Farars




Exercise

Answers

>>
ans

>>
ans

>>
ans

>>
ans

1/0

Inf

0/0

NaN

7/2%1

0 + 3.5000z1

7/21

0 - 3.50001




Possible Formats

Command Description and example

format short Four decimal digits (the default); 13.6745.

format long 16 digits; 17.27484029463547.

format short e Five digits (four decimals) plus exponent;
6.3792e+03.

format long e 16 digits (15 decimals) plus exponent;

6.379243784781294e —04.
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Built-in F

v - r =

* Like a calculator,
MATLAB has many
built-in mathematical
functions.

unctions

>> 10g2(131072)
ans =

17
>> sqgrt (4)
ans =

2

>> abs (-3)
ans =
3

>> exp(—1)
ans =

0.3678794411714472




Commo
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Function MATLAB syntax*
et exp (x)
W sqrt (x)
In x log (x)
logio x 1log10 (x)
COS X cos (x)
sin X sin (x)
tan x tan (x)
cos ' x acos (x)
sin~ ! x asin (x)
tan~ ! x atan (x)




Exercise: Discussed Later.,.

x = 0:p1/100:2*p1i;
y = sin(x);
plot(x,Vv)

* By the way, what s
the purpose of the
semicolon at the end
of the command?




Exercise; Discussed Later.,.

x = 0:p1/100:2*pi;
y = sin(x);
plot (x,vy)

0.8+

0.6

0.4r

0.2r

0.2+

0.4}

-0.6

-0.8+




To Know More; help

>> help
HELP topics:

matlab\general
matlab\ops
matlab\lang
matlab\elmat
matlab\randfun
matlab\elfun
matlab\specfun
matlab\matfun
matlab\datafun
matlab\polyfun
matlab\funfun
matlab\sparfun
matlab\scribe
matlab\graph2d
matlab\graph3d
matlab\specgraph
matlab\graphics
matlab\uitools
matlab\strfun
matlab\imagesci
matlab\plottools
fuzzy\fuzzy
images\images
signall\signal
wavelet\wavelet

General purpose commands.
Operators and special characters.
Programming language constructs.

Elementary matrices and matrix manipulation.

Random matrices and random streams.
Elementary math functions.
Specialized math functions.

Matrix functions - numerical linear algebra.

Data analysis and Fourier transforms.
Interpolation and polynomials.
Function functions and ODE solvers.
Sparse matrices.

Annotation and Plot Editing.

Two dimensional graphs.

Three dimensional graphs.
Specialized graphs.

Handle Graphics.

Graphical User Interface Tools.
Character strings.

Image and scientific data
Graphical User Interface Tools.
Fuzzy Logic Toolbox

Image Processing Toolbox

Signal Processing Toolbox

Wavelet Toolbox
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Go inside; help

>> help elfun
Elementary math functions.

Trigonometric.
sin - Sine.
sind — Sine of argument in degrees.
sinh - Hyperbolic sine.
asin — Inverse sine.
asind - Inverse sine, result in degrees.
asinh — Inverse hyperbolic sine.
cos — Cosine.
Exponential.
exp - Exponential.
expml — Compute exp(x)-1 accurately.
log - Natural logarithm.
loglp — Compute log(l+x) accurately.
logl0 — Common (base 10) logarithm.
log2 — Base 2 logarithm and dissect floating point num.
pow2 — Base 2 power and scale floating point number.
realpow — Power that will error out on complex result.
reallog - Natural logarithm of real number.

Rounding and remainder.

fix - Round towards zero.

floor - Round towards minus infinity.

ceil - Round towards plus infinity.

round - Round towards nearest integer.

mod - Modulus (signed remainder after division).
rem - Remainder after division.

sign — Signum.




For a specific function: help exp

>> help exp

EXP Exponential.
EXP(X) 1s the exponential of the elements of X, e to the X.
For complex Z=X+1*Y, EXP(Z) = EXP(X)*(COS(Y)+1*SIN(Y)).

See also expml, log, 1logl0, expm, expint.

Overloaded methods:
codistributed/exp
fints/exp

Reference page in Help browser
doc exp




