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Increasing Automation

% Create the time base for the signal.
fs = 4000;
t = 0:(1/fs):1.5;

% SeE:ffs fundamental frequency of the call.
% Create the harmonics.

y0 = sin(2*pi*f0*t) +
sin (2*pi*2*£f0*t) + sin(2*pi*3*f0*t);

% Set additional parameters in the model.
AQ = nitial amplitude.

B ———
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f0 A0 B fm

—4

B s Amplitude decay rate.

fm = % Frequency of the modulating envelope.
% Create the envelope

A = AQ*exp(-B*t) .*sin(2*pi*fm*t

) _ X
% Create the call™ w¢mmue - EEE
File Edit View Graphics Debug Desktop Window Help El
call = A.*y0; =
= M % & & | stack:| Base ~ || [ Select data to piot ~
. Name < |Vdue |Eze |Bytes |Class | |
5 Plot the model fy <1x6001 doubl... 1x6001 48008 double
figure tH Ao 2 1x1 8 double
H B 1.5000 1x1 8 double
plot(t,call) ] cal <1x6001 doubl... 1x6001 48008 double
xlabel ('Time") HH fo 175 1x1 8 double
, . HH fm 0.6500 1x1 8 double
ylabel ('Amplitudefg 4000 1x1 8 double
title (' {\bf Blue Ht <1x6001 doubl... 1x6001 48008 double
H yo <1x6001 doubl... 1x6001 48008 double
soundsc (call, £s)
4
1-3

callmodel.m
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Creating a Function

Function Output Function Input
declaration: Keyword arguments name arguments
A A A A
f N [ \ ' Y4 \

(:) ~function [call,t] = callmodel fun(N,f0,AQ0,B,fm)
2

3 [-% CALLMODEL FUN Models a blue whale B call (func
4 %

5 % Uses a model of the form y = A.*y0

& % where AQ0 = A*exp(-B*t) .*sin(2*pi*fm*t)

7 % and y0 is a sum of harmonics

L&) T o = odiniP%krnidnkFNk+d
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Calling a Function

4\ Command Window b‘@g
>> [x,t] = callmodel fur(3,175,2,1.5,0.650; °

callmodel fun.m >>

( = C:\class\courseﬁIes\mlbe\whale\callmodel_fum “ é‘ﬁuj
PUBLISH B EMERONC g
(5] Find Files Insert = fx -
Elf ;E: E Cnmpare ~  Comment % ‘gz %
1 @R
Z A
3 []% CALIMODEL FUN Models a blue whale B call (functional form) .
4 %
5 % Uses a model of the form =
6 % y = A.*y0
7 % where A = AO*exp (-B*t) .*sin(2*pi*fm*t)
8 % and y0 is a sum of harmonics
9 % yn = sin(2*pi*n*f0*t) =
10 %
11 % Inputs:
12 % N The number of harmoniecs in the call.
13 % f0 Fundamental frequency of the call.
14 % A Initial amplitude of the call.
15 % B Amplitude decay rate.
16 % fm Frequency of the modulating envelope.
17 %
18 % Outputs:
19 % call The model call. o
| [ln 1 col 1 |OWR B
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Workspaces

4. Command Window | | (=] |ﬂh‘
>> a = 42; © 42 .
function y = foo(x)
>> b = foo(a); { I
fx >> .
= sin(x) ;
- D ! — x + 1 ;
0.7623 = sin(x);
a*b;
4\ Workspace | == ‘&I 4\ Workspace
Name Value Size Class 1l Name
a 42 1x1 double a double
b 0.7623 1x1 double b double

1 X double
oy double

BlackBox™
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Calling Precedence

>> whale
1. Variable

2. Nested function
3. Subfunction
4. Private function

5. Class constructor

6. Overloaded method '
. whale.bi

. whale.mexw32
. whale.mdl

. whale.p
. whale.m

7. File in the current directory

' 8. File on the path

b WNRKr
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The MATLAB® Path

>> pathtool

4\ Set Path

k Add Folder...

| Add with Subfolders..

Move 0 Tor
vilve 1O 10Op

viove Up

-
]
|

l Move Down

l Move to Bottom

Remove

All changes take effect immediately.

MATLAB search path:

C:\Program Files\MATLAB\R2012b\toolbox\matlab\demos
C:\Program Files\MATLAB\R2012b\toolbox\matlab\graph2d
C:\Program Files\MATLAB\R2012b\toolbox\matlab\graph3d
C:\Program Files\MATLAB\R2012b\toolbox\matlab\graphics
C:\Program Files\MATLAB\R2012b\toolbox\matlab\plottools
C:\Program Files\MATLAB\R2012b\toolbox\matlab\scribe
C:\Program Files\MATLAB\R2012b\toolbox\matlab\specgraph
C:\Program Files\MATLAB\R2012b\toolbox\matlab\uitools
C:\Program Files\MATLAB\R2012b\toolbox\local

C:\Program Files\MATLAB\R2012b\toolbox\matlab\optimfun
C:\Program Files\MATLAB\R2012b\toolbox\matlab\codetools
C:\Program Files\MATLAB\R2012b\toolbox\matlab\datafun
C:\Program Files\MATLAB\R2012b\toolbox\matlab\datamanager
C:\Program Files\MATLAB\R2012b\toolbox\matlab\datatypes
C:\Program Files\MATLAB\R2012b\toolbox\matlab\elfun

C:\Program Files\MATLAB\R2012b\toolbox\matlab\elmat

C\ADPraaram FilacAMATI ARA\R 201 2h\tnnlhavimatlah\fiinfin
4 I

search
In order

l Default ‘ l

=]
3]
(37

l Save J I Close

Help
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Section QOutline

e Private functions

e Subfunctions

e Nested functions

e Function handles

e Anonymous functions

e Precedence rules

e Comparison of function types
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Course Example: Satellite Tracking

%

ol getElevations ] LsatelliteElevation]
LsiderealTimeJ L precession J
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Private Functions

e Function files in a folder named private
e Accessible only from within this and the parent folder

Training Course

e Use case: make function specific to a project

.

L getRiseTimes

getElevations J

I
o

£ getRiseTimes.m

private

getElevations.m

satdata.txt

precession.m
satelliteElevation.m

satelliteElevationWrapper.m

I e e

siderealTime.m

satelliteElevationWrapper

satelliteElevation

~

t siderealTime J {_ precession J

AleraSoft iz n s
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Private Functions

.......................................... —. MATLAE search path
: ¥l : ) DAMATLABT TwworkexamplesiPA
L DAMATLAET 1'weorklexamples\PB
L1 DAMATLAET 1Mtoolboximatlabigeneral
1 DAMATLAEY 1Moolboximatlabhops V|
& il | E

N

Accessed for parent directory only

>> cd([matlabroot '/work/examples'])

>> edit AA.m

function AA (x)
C(x);
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Subfunctions

Several functions in one file

Keyword used as delimiter

First function accessible from outside world
Others accessible only from within the same file
Use case: hide internal utility functions

function y = primaryFct (x)
Optional when
using only

subfunctions

end
function y = subFctl (x)

end
function y = subFct2 (x)

AXIBras0M s & 1 &
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Subfunctions

| private

f getElevation..m

f getRiseTimes.m

| satdata.txt » * satelliteElevation.m

£ satelliteElevationWrapper.m

getElevations

satelliteElevation A
getRiseTimes satelliteElevationWrapper

LsiderealTimeJ L precession J

2.7 AleraSoft s mnx
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Nested Functions

e Functions nested inside other functions
e Mark their extent using and

e Can be called
¢ From level immediately above
¢ From function at same level within same parent function
¢ From a nested function at any lower level

e Access to superior function workspaces
e Have their own workspace

function y = outerFct (x)
function y = innerFct (x)

end
end

5.8 AleraSoftscsn s
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Nested Functions

satelliteElevation \

siderealTime precession

A /

main function data

|

nested function

\ 3
< /

B
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mainFunction \

3

-

| nestedl

X

ltn 7
ooz 1| K]

L doublenested

AleraSoft iz n s



‘\IS‘\I%\II'i\‘Il?l.\'K Training Course

Example: Nested Functions

function T = tax(income)
adjusted income = max(income - 6000, 0);

T = compute tax;

function t = compute tax
t = 0.28*adjusted income;

end

end

>> edit tax 2-10 AleraSoftscen s
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Scope of a Variable

Using Subfunction

Training Course

Using Nested Function

A
B

subfunl (x) ;
subfun2 (y) ;

function v = subfunl (u)
v = rand(u)l);

function [A,B] = sub_scope(x,y)

function T = tax(income)

adj income = ...
max (income - 6000, O0);
T = compute_ tax;

function t = compute_ tax
t = 0.28%adj_income;

function v = subfun2 (u) end
v = randn(g/l); end
separate shared
workspaces workspaces
2-11 AxIerasoft s e o &
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Function Handles

e Special MATLAB data type

e Create avariable for calling a function.

e Use case 1: Flexible/dynamic function calls

e Use case 2: Extending the visibility of a function
e Use case 3: Changing the function interface

~Integrators
> I = ...
. quad(f,a,b)

: ODE solvers
=@ “ >> [t,Y] = ...
-~~~ oded5(f,t,6 £0)

.. Optimizers

>> xmin = ...
' fminsearch (£, x0)

2. 12 Aleraoft sz nw
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Creating and Using Function Handles

e Syntax

fhandle = @functionname

e Example
fhandle = (@sin;
fhandle (argl, arg2, ...);

function plot fhandle(fhandle, data)
plot (data, fhandle(data)) ;

>> plot fhandle(@sin, -pi:0.01:pi)

4444444444
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Example:
access to subfunction using function handle

function myFhandle = myFunction (myInput)
SomeOtherValue = 7;
myFhandle = @mySubFunction;

disp(['7 times ' num2str (myInput) ' is ' .
num2str (myFhandle (myInput, SomeOtherValue))]):

function myReturnValue = mySubFunction(x, y)
myReturnValue = x.*y;

>> myTimes = myFunction (7)

>> myTimes (8,2)
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Anonymous Functions

e Wrapper to slightly change the function (interface)
e Write @ followed by list of arguments and function call
e No function name

e No file necessary

_ 4\ ~ | function y = myfun(a,b,c)
>> £ = @myfun; [Ef = |y = a%(bsin(o)) ;

>> £ = @(a,b,c) a*(b-sin(c)); [&+ x
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Comparison of Function Types

Aspect Private Sub Nested Anonymous
File Yes Yes Yes No
Workspace | Separate Separate | Shared Depends
Access Files in Within file | See page | Via function
private 2-6 handle
and parent variable
folder

Typical use | Project Hide Share Change of
specific utilities application | function
functionality data Interface
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