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Chapter 3

Functions and Debugging



Learning Outcomes

e Explain what a function is
e Call functions from your own programs
e Define your own functions

e Examine the function and command
workspaces

e Debug script files and functions



What Is a Function?

YOU PLACE INPUTS INTO THIS
FUNCTION, WRITE THE
APPROPRIATE CODE AND IT SPITS
OUT WHATEVER OUTPUTS YOU

WANT /

] |
N\ FUNCTIO -

™~ N




What Is a Function?

e Mathematical Function

function output y = f(X
— Takes\input and transformstjnto output

function input

(argument)
e MATLAB FuRction

vy = func (x)

— Examples x = linspace(-pi, pi, 10);
length (x)

Yy = sin (x)



Why Use Functions?

e Enables “divide and conquer” strategy
— Programming task broken into smaller tasks

e Code reuse
— Same function useful for many problems

e Easier to debug

— Check right outputs returned for all possible
Inputs

e Hide implementation ~ Black-Box

— Only interaction via inputs/outputs, how it is
done (implementation) hidden in function



Behaviour of a Function

e Functions should be well commented

— Users must be able to find out how a
function works

e Functions should be well defined
— Given inputs should give known outputs

e Functions should be well tested
— Inputs should always give correct outputs



Calling Functions

Functions can be called from command
line or a script

To call a function we need to know:
e The name of the function

e The function input(s)

e The function output(s)



Calling Functions

e Function names are case sensitive

(meshgrid, meshGrid and MESHGRID are
interpreted as different functioins)

e Inputs can be either numbers or
variables

= sin(3); y = min([3, 5, 1])

3; a=1[3, 5, 1]
sin(x); y = min(a)




Calling Functions

Command Window

File Edit Debug Desktop wWindow Help

»>» help meshgrid
MESHGRID ¥ and ¥ arrays for 3-D plots.
[¥,¥] = MEZHGRIDI(x,y) transformwms the domain specified by wvectors

1
/ [¥,¥] q MES GRI/\():J is-ar\ab eviation for [%,Y] = MESHGRID (x,x) .

e3 3-D arrays that can be used to
les and 3-D voluwetric plots.

X¥exxp(-x"2-y"2) over the

and output arguments a i ed (i.e., [X,¥,Z] = MESHGRID (x,¥.=2)
= NDGRID(¥,%,=21]. Because of
problems in cartesian space,

produces the sawe result
thizs, MEIHGRID is better s
while NDGEID is bhetter suite I problems that aren't spatially
hased. MESHGRID is also limitRd to\g-D or 3-D.

Class support for inputs X, ¥, 2:
float: double, =ingle

ZJee also surf, slice, ndgrid.

Reference page in Help browser
doc meshogrid




Calling Functions (inputs)

e Inputs are also called arguments

e Inputs are passed into the function
inside of parentheses, separated by
commas

e Order of input arguments is very
important

e Name of input arguments can be
anything you like



Calling Functions (outputs)

e The output is usually assigned to
variable(s) so that it can be used

e If more than one variable is returned we
use an array (square brackets)

[rows,cols] = size([3 2 1]);

e If only one variable is returned we do
not need an array

y=atan(0.5)
e Some functions have no outputs
plot(x,y)



Writing Functions

output variable/s

(must be assigned a value in file name
function body)

“function” keyword

& Editor - C:\Program F iles\MATLAB704 \work\polar_to_cartesian.m |Z E'E'
A X

function name

File \ Edit Text Cell Toolf Debug Deskkgf ‘Window Help N
k. >
ODRE | & BRpo o & F.l el ¥ BB H o~
1 function [x, ¥] = polar to cartesian(r, theta)
a = ¥ = E .% cositheta):;
3 - ¥ =r .% sinitheta); iInput variable/s or
4 - return; “‘arguments”
2 (these are the only
variables whose values
¢ . | the function can access)

Return statement, signifies the
end of the function.

polar_to_cars
1 —

function body

(can be 1 line or 100’s of lines)




Different Inputs and Outputs

e Multiple outputs
— No inputs function
— One input function
— Multiple inputs function

e One output
— No inputs function
— One input function
— Multiple inputs function

e No outputs
— No inputs function
— One input function
— Multiple inputs function

[0l, 02, ..] =myfunc/()

[0l, 02, ..] =myfunc(il)

[0l, 02, ..] =myfunc(il, 12, ..)
[01l] = myfunc ()

[0l] =myfunc(il)

[0l] =myfunc(il, 12, ..)

[] = myfunc/()

[] = myfunc(il)
[] = myfunc(il, 12, ..)



Function filenames

.
e All functions are saved to a file with a .m extension

e The filename (without the .m) must match EXACTLY
the function name

e Function names may only use alphanumeric characters
and the underscore

e Functions names should NOT:
— include spaces

— start with a number
— use the same as an existing command

o Consider capitalising the first letter of a function name
(a common convention)



Function headers

o All functions should have a header comment, just
under the function defintion

e Header should describe
— input(s) and output(s)
— purpose of the function
— who wrote it

function [f] = ConvertToFarenheit (c)

% ConvertToFarenenheit (c) takes a
temperature value c

% measured 1n degrees celsius and returns
the equilvalent

% value in farenheit

$ Author: Peter Bier
f = 9/5 * ¢ + 32;

return



Function headers

eSS
o All functions should have a header comment, just
under the function defintion

e Header should describe
— input(s) and output(s)
— purpose of the function
— who wrote it

e Header comment becomes the function help

>> help ConvertToFarenheit

ConvertToFarenenheit (c) takes a temperature value c
measured 1n degrees celsius and returns the equilvalent
value in farenheit

Author: Peter Bier



Polar to cartesian example

e Polar coordinates useful for describing
circular shapes

e Need to convert to Cartesian coordinates
for plotting ty

I \%¢
/: Y = rcosé

s
4




Pseudocode

INPUTS: rand 6

1. Calculate x value
2. Calculate y value
OUTPUTS: xand y




The PolarToCartesian Function

function [x, y] = PolarToCartesian(r, theta)

Inputs: r =
theta =
Outputs: x =
Y
Author: Peter Bier

o0 o o° o° o o\© o©

Note the use of the

o® o© o° o\© o©°

= r .* cos(theta);
= r .* sin(theta);

X

return;

PolarToCartesian transfroms r and theta from polar
coordinates into (x,

y) cartesian coordinates
radial distance
radial angle
cartesian x coordinate
= carteisan y coordinate

we use the dot operator so that our code will also work
if r and theta are arrays.

semi-colon to suppress output,

otherwise our function will print ou the x and y values
when calculating them



Using our Function

e You use your functions exactly as if they
were built-in MATLAB functions

% spilral.m draws a spiral using polar coordinates.
% Author: Peter Bier

% our array of 20 radius values will range from 0 to 10
spiralRs = linspace(0,10,20);

% our array of 20 theta values will range from 0 to 2pi,
% 1e a full circle

spiralThetas = linspace (0, 2*pi, 20);

[x, y] = PolarToCartesian(spiralRs, spiralThetas);
plot (x,vVy)



Using our Function

) Figure 1 o (=1/E
File Edit Wiew Insert Tools Deskiop ‘Window  Help »

hedE h R0 & 0E 80




The Matlab Workspace

e When you create variables in Matlab
— Via the command window
— In script files

Matlab stores them in the “workspace”

J MATLAB 7.4.0 (R2007a)
File Edit Wiew Graphics Debug Desktop ‘Window Help

0w | & B oo | W ﬂe El @ Current Directory: | E:docs

Shortcuts [#] How bo Add  [#] What's New

Current Directory Workspace . Ll Command

P e S R M | stk > koru

Tarme - Yalug 1lin TMa \ >
1]

H = 13100 double> 0 2.264 \

HH h 161.0018 161.... 161... >
1]

HH 1 <1¥50 doubles a 10
<1100 doubles D 12.9...

The koru.m script files creates

<D doudle> 078, B2L the variables in the workspace
<1100 double= 235, BZ832

] <1x50 douhle> A72.10

2 <1x100 doublex 128 102,

HH v <1%50 doublex 783, 3
H <1100 doubles 125,

Command HisToTy

seend; =
~Fiw. w. Fi




Starting Over

e Matlab can be cleared

File Edit Debug Deskkop ‘Window Help
(3 Iﬁr:'| ul"é- By - 1 |ﬂ ﬁ @ | ? |Current Directaory: | E:\docsiEngScit Te.
Shortcuts [#] How bo Add  [#] What's Mew
| Current Directory Workspace w0 a X .
': . =i % | ,- | - T 5t'3':k: *r koru
Mame - Walue Min Mane >> clear
>
Command History w0 2 X
surfix, v, Z) ~
ey = O:5:

= =5:5;



Function Workspaces

e Functions create their own workspaces

e Function inputs are also created in workspace
when function starts

e Function doesn’t know about any variables in
any other workspace

e Function outputs are copied from workspace
when function ends

e Function workspaces are destroyed after
functions end

— Any variables created in function “disappear” when
function ends



Debugging: Stepping In

& Editor - E:\docs\EngSci\Teaching\ENGGEN131\2007\MATLAB Lectures and Labs\Week3\koru.m [= |[B][X]
File Edit Text Go Cell Tools BeEEEN Deskiop  Window Help WA X

N Bl % [ «» v OpenM-Files when Debugging B Stack:
. : Skep F10
Z |88 8| - +

1 - rl1l = linspace(0,

Skep Qut
2 - thetal = linspace Cantinue
3 @0 [x1, ¥1] = polar ]
4 - g = linspace[pi: o Until Cursar File Edit Text Go Cell Tools Debug Desktop Window Help A X
5= rz =13 ¢ oingm; ok EEden T lnEE s mRe G Aesf B8 QOB o, v 09
£ — theta? = linspace SetfModify Conditional Breakpaint. .. h
7 — [x2, ¥2] = polar Enable/Disable Ereakpoint = "E [;% L% = + | + £ %9& %9& ﬂ_
8 — h = f£filli[x1l, x2]  Clear Breakpoints in &l Files 1 function [%, ¥] = polar to cartesian(r, theta) [ |
9 — set(h, 'Edgellphs Stop iF ErrorsfWarnings. .. 2 % Inputs: r = array of radial distance
10 = set(h, 'FaceColol  Exi Debug Mode Shift+Fefl 3 3 theta = array of radial angle [(same length as r)
11 = hold on 4 ¥ dutputs: x = Cartesianh x-coocrdinates
12 = axisi([-15, 15, -15, 15]) 5 % 7 = Cartesian y-coordinates
13 — axiz edqual =] % polar to_cartesian transforws r and theta from polar coordinates
ld — axis off 7 % into (®x, ¥) Cartesian coordinates
g
9 % Check that the polar coordinates are vectors
10 — g if (si=zeijr, 1} ~= 1),
11 — error (' Radial distance mwust bhe a wector') !
12 — end;
15 — if (si=ze(theta, 1) ~= 1),
14 — error [ 'Badial angle must be a wector'):
15 — end:
la — if (si=ze(r, 2) ~= size(theta, 2],
E:|k1:|ru.m ><| polar_to_cattesian.m = 17 — error (' Radial distance and angle wectors have different lengths');
script 18 = end;
19
Z0 - ¥ = r .% cozithetal):
21 — ¥ = r .¥ sinitheta):
Z2 — return:
23
E:|p0|ar_ta_cartesian.m ><| korum =
polar_to_cartesian Lm 10 Cal 1




Debugging: Matlab Workspace

' Editor - E:\docs\EngSci\Teaching\ENGGEN131\2007\MATLAB Lectures and Labs\Week3\koru.m [= |[B1](X]

File Edit Text @o Cel Tools Debug Deskitop  Window  Help A X
Dl fmRo o & Aes 5 B8 BREBE | stk lou v
2 |*BLB B -[to |+ | +[11 [x || @
1 - rl = linspace(D, 10, 50); =
2 — thetal = linspace(-pif4, 2 ¥ pi, lengthirl)):
3-¢|[x1, ¥1] = polar to cartesian(rl, thetal):
4 — a = linspace(pi - asin(10/13), 0, 100):
(= rZ = 13 ¥ sinla):
6 — thetaZ = linspace(2 ¥ pi, -3 ¥ pi/f4, lengthir2)):
= [#2, wi] = polar to cartesian(rZ, theta):
8- h = f£filli[=1, =27, [¥1i, 2], 'g'i:
9 — 3etih, 'Edgelilpha', 0):
10 — z=etih, 'FaceColor', [0, 10Z/255, 0O]1):
11 - hold on :
12 —  axis([-15, 15, —15 BRaeelicieEles
13 — axis equal File Edit ‘Wew Graphics Debug Desktop  Window  Help
14 — axis off i E = | e | [ - Staclg:

Walue Min Man

=150 double= ] 10
=1%50 double= -0.78... B.25832

| korum 3| polar_to_cartesian.m




Debugging: Function Workspace

& Editor - E:\docs\EngSci\Teaching\ENGGEN13112007\MATLAB Lectures and Labs\Week3\pol... [= |[B]X]

File Edit Text Go Cel Tools Debug Desktop  Window  Help A A X
O = & J‘Egﬂﬁ'%ﬁ**.ﬂ @:@ @%@@@lpular_tn_ca... v| ||:| v|
& (BrBiB| - [to |+ | #[11 |x || @
1 function [x, ¥] = polar to cartesian(r, theta] [ |
Z ¥ Inputs: ¢ = array of radial distance
3 % theta = array of radial angle [(same length as r)
4 ¥ Outputs: x = Cartesian x-coordinates
5 % v = Cartesian yv-coordinates
[ ¥ polar to cartesian transforms r and theta from polar coordinates
7 ¥ into (%, ¥] Cartesian coordinates
g
9 % Check that the polar coordinatez are wectors
10 — = if (si=ze(r, 1) ~= 1},
— I i —_—
E . End;errnr( Fad ! Workspace (= | E|r>__(|
13 — if (size(theta, File Edit Mjew Graphics Debug Desktop  wWindow  Help u
14 — error (' Radi ': ﬁ g & | H @ - 5I:au:l_q:| polar_ko_carkesian v|
T =nd; Marne Yalue i Maz
16 — if I(size(r, 2} -
17 - error (' Radi :: t <1%560 double= 1] 10
15 — end: 1 theta =1x50 double> -0.78... B.Z2832
13
20 — ¥ = r .*¥ cosit
2l — ¥ = r .%¥ 3init
22 —  return;
23

e | polar_ko_cartesian.m ><| koru.m




Debugging: Stepping Out

B Editor - E:\docs\EngSci\Teaching\ENGGEN13112007\MATLAB Lectures and Labs\Week3\koru.m [= |[B1][X]

File Edit Text Go Cell Tools Debug Deskiop Window Help d A X
Ol {BEBR o~ 5 M@ 5 EoE B RE R Stacb:|k1:nru v| ||:| v|
Z BB iB| -[t0 |+ | #[11 [x || @,
l - rl = linspace(0, 10, 50i:
2 — thetal = linspace(-pif4, 2 * pi, lengthirl)): —— :
3@ [x1, vl1] = polar to cartesiani(rl, thetal): & Editor - E:\docs\EngSci\Teaching\ENGGEN131\2007\MATLAB Lectures and Labs\Week3\pola... |._ E|E|
4 —® g = linspace(pi - asin(l1l0/13), 0, 100); File Edit Text Go Cel Tools EEE0GEN Deskiop  ‘Window  Help d A X
8- r2 =13 ¥ sinia); D=l 32 [ «3 cu v Open M-Files when Debugging 13 # ||:uo|ar_tn_cart... v| |D v|
6 — thetaZ = linspace(Z ¥ pi, -3 * pif4, lengthir:
T|= [#2, ¥2] = polar_to_gcartesianirz, thetaz): = +E [i% JE = + EEZDI
8- h o= £ill{[x1, =21, [vl, 21, 'g'}; 1 function [x, 7] - ik =
9 — s=et(h, 'Edgellpha', 0); 2 % Inputs: r .
10 — s=setih, 'FaceColor', [0, 1027255, 0]1): 3 & theta Continue Fs ingth as r)
Go Unkil Cursor
11 = hold on 4 5 Outputs: x
1z — awisz([-15, 15, -15, 15]] 5 . - SetfClear Breakpaint F1z
13 = axis egual g % polar to cartes SetModify Conditional Breakpoint... inlar coordinstes
14 — axis off 7 % into [%x, ¥ Cat Enable/Disable Breakpoint
& Clear Breakpoints in all Files
9 % Check that Stop if ErrorsfiWarnings. .
10 -= if (sizeir, 1 ExiDebugMode Shift-+F5
11 — error (' Badlsl dISTHEOCE MUST De & WeECLOL "2
12 — end;
15 — if (si=e(theta, 1) ~= 1),
14 — error (' Radial angle must bhe & wecotor') !
15 — end;
16 — if ([(sizelr, 2) ~= sizel(theta, 2],
| kerum x| palar_to_cartesianm = 17 — error ('Radial distance and angle wectors hawve different lengths'):
scripk g — end;
19
20 — ®x = r .* cos(theta);
21 — ¥ = r .%¥ sinitheta):
Z&2 — return;
23
korum x| polar_to_cartesian.m x|
polar_to_cartesian Ln 10 Caol 1




Recommended Reading

Chapter 3 Introduction to Matlab 7 for Engineers (2" | A Concise Introduction to Matlab (1%t ed)
Functions, Problem Solving and ed)

Debugging

Topic Section Pages Section Pages
Debugging 1.4 32-34 1.4 25-26
Workspaces 2.1 80-81 1.2 47-48
Debugging 4.7 228-233 4.6 184-188
Writing functions 3.2 148-152 1.4 126-130
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Chapter 4

Logical Operators and
Conditional Statements



Learning Outcomes

Use pseudocode and flow charts to describe
Drograms

Understand relational and logical operators
Understand conditional statements
Create and use boolean variables

Control program flow with conditional
statements and boolean variables




Controlling your Computer

.~y e A computer program IS

a sequence of simple
steps.

e Each step does one
thing.
o Before writing a program, we need a plan

e A plan helps us focus on the problem, not the code

e Once we have written a plan, the plan can be
implemented in whatever language we want to use
(Matlab, C, Java, Perl, Python, etc)

e Two common ways of writing a plan are pseudocode
and flowcharts



Pseudocode and Flowcharts

e Pseudocode

— Text description of program steps
e May contain fragments of code
e Doesn'’t contain the nitty-gritty details

— Similar to a recipe

e Flowcharts
— Geometric symbols to describe program steps
— Captures “flow” of program

e Both are useful for any programming
language.



Flowchart Elements

Beginning of <start main> . _ o
algorithm Computation | area = m . radius

|

End of < : > Output / print radius, area /
stop main

algorithm

Input /read radius / Comparison
}

From Etter Figure 3.1 page 87

}

_ Yes
radius < 0




Flow charting functions

r—
——
——4



Programming Example

e (Calculate your final percentage given your
coursework and exam percentages

Pseudocode

Get coursework percentage C
Get exam percentage E
Calculate C + 10

Calculate E + 10

Calculate (C+ E) / 2

Set final percentage F to be minimum of C +
10,E+ 10, (C+E)/ 2

A o e



Programming Example (Startma@

e Calculate your / resac

!
final percentage / rease )/
given your I
coursework and Cinc = C + 10

exam percentages
Einc=E + 10

Avg=(C+E)/2

min IS an
in-built Matlab » |F = min(Cinc, Einc, Avg)

function
<stop main >
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MATLAB Program

Thiz script file calculates ywour 131 f£final percentadge
from wour coursework percentage and your examwm percentage
Inputs: C = CoursSework percentage

E = exam percentage
output: F = f£inal percentade
lear:

et CcoursSework percentage C
= input('Enter coursework percentage > '):

et exam percentage E
= input('Enter exstn percentage > ']:

Calculate © + 10 NOte that
inc = 2 4+ 10;

pseudocode makes
Caloulate E + 10 good comments

ine = E + 10;

Calculate (C + E) /2

ivg = (C + E) F Z:

&
F

Set final percentage F to be winiwum of C + 10, E + 10,
min([Cinc, Einc, awvg])

e

(C + E)

;2




#ginclude <stdic.h»

#gdefine min(X,¥) ({X) < (¥) 2 (X) : (¥)) // Define the min function C PrOg ral I l

int main{int argc, charc* argv[]) |
J** This script file calculates vyour 131 final percentage
* from your coursework percentage and your exXam percentage
*f
double C, E, Cinc, Einc, &wvg, F;

S/ et coursework percentage C
printf ("Enter coursework percentage > ")
scenf ("1, =C)»

S/ Get exam percentage E
printf ("Enter exam percentage > ");
scanf ("¥1L", &E);

S5 Caleculate © + 10
Cinc = C + 10;

Jf Cealeoulate E + 10
Einc = E + 10;

S Calculate {(C + E) 7 2
Bvyqg = (C+E) / 2;

S Set finel percentage F to be minimom of C + 10, E + 10, (C + E} /F 2
F =min{Cinc, min{Einc, &wvg));

printf("Final percentage = Igwn", F)r

return 0;



Implementing Min

e What if min was not an in-built function?
— Need comparisons and logic
e Pseudocode
1. F=Cinc
2. If Einc < F, set F = Einc
3. If Avg < F, set F = Avg
e Flowchart

IS
Einc<F
?

No IS No

— F =Cinc Avg < F

Yes

F = Einc

L ]

F =Avg




Relational Operators

o Relational operators test relationships between

variables

A

>

>

~

< B

B

tests w
tests w
tests w
tests w
tests w

net
net
net
net

net

equal to B
tests whether A is greater than or

equal to B

ner A equals B

ner A does not equal B
ner A is less than B
ner A is greater than B

ner A is less than or



Using Relational Operators

>> a=3; >> a>b
>> b=4; ans =
>> a==Db 0
ans = >> a<=Db

0 <«——false ans =
>> a~=p 1
ans = >> a>=p

1 «—true ans =
>> a<b 0
ans =

1




Logical Operators

e Logical operators are test conditions

— expressed as relationships between
variables

— 0 is false, everything else is treated as true

e Common logical operators

~Pp true if p is not true
true if both p and q are true
true if either p or g are true



Using Logical Operators

>> a=3; >> (a>b) | (a>c)

>> b=4; ans =

>> ~ (a==Db) 0

ans = >> (a>b) | (b<c)
1 ans =

>> c=bh; 1

>> (a<b) & (b<c)

ans =
1




Conditional Statements

e Dissecting the conditional:

o "If it is sunny outside, then [ will cycle to uni.”

Y hd
condition dependent

e “If I pass the exam then I will be happy.”
\ y, \ )

Y Y
condition dependent
— Using MATLAB
o"If e > 50 then disp('happy')”
\ ) \ )
Y Y

condition dependent



1f ... end

e Syntax

if condition
some Commands} dependent

end
TT——cnd lets MATLAB know when
conditional statement is finished



1f ... end
GGG E S EGEeTEEEE EE S EE S EE S EE EEE T e e e
Pseudocode

1. If conditon, some commands

Alternative Pseudocode

1. If condition
a) Some commands

Flowchart

IS
condition

No

Some
commands




if ... end Example

File: myif.m
a=2;
b=5;
1t a<h Matlab command prompt
disp (a) >> myif
end 2
>>




Describing myif.m

Pseudocode Flowchart
1. Seta="2 (_begin_ )
2. Setb =5 a;'z
3. Ifa<b

a) Display a b=5

IS
a<b
)

Yes
No /displaya/

v

(end)




1f ...else ... end

e Syntax

if condition

some commands

Slse T T T T T 1

| : This section is
| Some other commands | OPTIONAL

end
\

end lets MATLAB know when
the conditional statement is finished



1f ...else ... end

e Pseudocode

1. If condition
a) Some commands
2. Else

a) Some other commands



1f ...else ... end

e Flowchart

Yes




if ... else ... end Example

File: myifelse.m
a=>5;
b=4;
1f a<b
disp (a)
e s Matlab command prompt
disp (b) >> mylfelse
end *
>>




Describing myifelse.m

Pseudocode
1. Seta=5
2. Setb =4
3. Ifa<b
a) Display a
4. Else
a) Display b

Flowchart

( begin )

/dlsplay b/

/dlsplay a/

(e};d>




1f...elsei1f ... else ... end

e Syntax

if condition
some commands

__________________ .
I

elseif another condition

| . This section is
. some different Commandsl OPTIONAL

:else |
|

— — — — — — — — — — — — — — — — — —

end T end lets MATLAB know when
the conditional statement is finished



1f...elsei1f ... else ... end

e Psuedocode

1. If condition

a) Some commands
2. Else If another condition

a) some different commands
3. Else

a) some other commands



if ... elseif ... else ... end Example

- """
File: myelseif.m

a=5;
b=4;
1f a==b,

disp (a)

disp (b)

elseif a<Db, Matlab command prompt

disp(a) >> myelself

else

disp (a) 4

end >>




Describing mylfElselfElse.m

Pseudocode Flowchart
1. Seta=>5 begin D
2. Setb =4 ai5
3. Ifa==

a) Display aand b
4. Elseifa<b

a) Display a
5. Else

a) Display b




Testing Multiple Conditions

e Suppose we wanttoknowifa < b < ¢

1f

(a < b < ¢) % Two relationships!!

ea < bandb < c
e Test whether both are true.

1f

SHE

(a<b)

disp (‘b

d

&

(b<c)

between a and c¢’)

Note use of “&”
to test whether
both conditions
are true




More on precedence

e Suppose we want to check if a is less
than b and c

e This statement is ambiguous and can be
interpreted in a few ways

e Use brackets to clarify which meaning



check if ais less than b and c

e test that the value of a is less than b AND that the
value of a is less than ¢

(a<b)&(a<c

e find the value of b & c and test to see if a is less than
this
a<(b&c)

e find the value of a<b and see if both this value and ¢
are true

(a<b)&c



Implementing Min Again

©)

% myMin — finds min(Cinc, Einc, AvQ)
function [F] = myMin (Cinc, Einc, AvQg)

% If Cinc < Einc and Avg, set F = Cinc
1f (Cinc < Einc) & (Cinc < Avqg),

F = Cinc;
% If Einc < Cinc and Avg, set F = Einc
elseif (Einc < Cinc) & (Einc < Avqg),

FF = Einc;
5 If Avg < Cinc and Einc, set F = Avg
else % Must be true by default

F = AvQg;
end;

return,;



Boolean Variables

e Boolean variables used store “true” and
“false” values.

e Very useful with relational operators and
conditional statements.

e MATLAB uses 1 to represent true
— Actually any NONZERO

and 0 to represent false.



Boolean Variables

e Create boolean variables just like other

variables:
1sFinished = 1 % true
7
////1sFound = (0 % false

Variable name
Variable value

e Use boolean variables to store answer to
some “question” that controls a
conditional statement or while /loop.



Using Boolean Variables

e Good programming practice to choose a
variable name which indicates what kind
of value is stored in the variable

e For booleans it is common practice to
start the variable name with the word 'is'

e Use meaningful boolean names, eg
isSuccessful ratherthan status

e Try to write statements which read well.

if isSuccessful Y if ~isFailure X

do something do something
end end




Using Boolean Variables

e Choose a name that is a question with a
ves/no or true/false answer

1f ( atUniversity & stillAStudent)
needMoreMoney = 1;

end



Recommended Reading

Chapter 4 Introduction to Matlab 7 for Engineers (2" A Concise Introduction to Matlab (1t ed)
Logical operators and conditional ed)

statements

Topic Section Pages Section Pages
Relational operators and conditional 1.6 44-48

statements

Relational operators 4.2 191-192 4.1 153-155
Logical operators 4.3 194-197 4.2 156-160
Conditionals 4.4 201-208 4.3 163-167




