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Section Outline

Creating functions

Calling functions

Workspaces

Path and precedence




Increasing Automation

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

f0 A0 B fm

% 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);

—4

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

s Amplitude decay rate.
% Frequency of the modulating envelope.
% Create the envelope

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

callmodel.m

) C _ x
% Create the call™ wijpace - =]

File Edit View Graphics Debug Desktop Window Help ]
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

Hyo <1x6001 doubl... 1x6001 48008 double
soundsc (call, £s)

© Terasft, Inc.




Creating a Function

Function Output Function [nput
declaration:  Keyword arguments name arguments
A A A A
f AN 4 \ ' 4 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 = oediniP2%krnidknkFNk+d




Calling a Function

4\ Command Window

callmodel fun.m | fx>

-

e | B e |
>> [x,t] = callmodel fur(3,175,2,1.5,0.65Y;

O]

7 CA\class\coursefiles\mibe\whale\callmodel_fun.m l:'@ g1
PUBLISH ><‘.. e ‘E
5‘} i E Lo Fnd Fes tnsert (<) E MR @ % [=] Run Section
New Open Save (JCanpare ~ | Comment % 5 %3 AR Breakpoints U Run and  Run and @Mm
> - - gprim - lndent Y Find = - . Time  Advance
FILE EDIT NAVIGATE BREA
1 |- function [call,t] = callmodel f
2
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
| [tn 1 col 1 [OWR

© Ter: <oft, Inc.




Workspaces

4\ Command Window l = ||§| Iﬂh‘
>> a = 42; =
>> b = foo(a);

fx >>

OVR

4\ Workspace { = ||§| H&I

MName Value Size Class 1

[ a 42 1x1 double

b 0.7623 1x1 double

© Ter¢icoft, Inc.

42

sin(x) ;

=x + 1;

0.7623

4\ Workspace

sin(x) ;

a*b;

function y = foo(x)

MName

i a
b
1 X
oy

double
double
double
double

BlackBox™




Calling Precedence

>> whale
1. Variable

2. Nested function
3. Subfunction
4. Private function

5. Class constructor

6. Overloaded method

1. whale.bi
2. whale.mexw32
3. whale.mdl
4
5

7. File in the current directory

. whale.p
. whale.m

¥ 8. File on the path




The MATLAB® Path

>> pathtool

© Tere<)ft, Inc.

4\ Set Path

k Add Folder...

J

| Add with Subfolders... |

Move to Top

Move Up

l Move Down

l Move to Bottom

Remove

All changes take effect immediately.

MATLAB search path:

I. C:\Program Files\MATLAB\R2012b\toolbox\matlab\demos

I. C:\Program Files\MATLAB\R2012b\toolbox\matlab\graph2d

|. C:\Program Files\MATLAB\R2012b\toolbox\matlab\graph3d

I 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

I. C:\Program Files\MATLAB\R2012b\toolbox\local

I. C:\Program Files\MATLAB\R2012b\toolbox\matlab\optimfun
I, 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

I CADPraaram FilacAMATI ARA\R 201 2h\tnnlhavimatlah\fiinfin
< | 1

L

search
In order

l Save ] ’ Close l Revert l Default l l
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Section Outline

= Private functions

= Subfunctions

= Nested functions

= Function handles

= Anonymous functions

= Precedence rules

= Comparison of function types




Course Example: Satellite Tracking

LsiderealTimeJ L precession J

o getElevations LsatelliteElevation




Private Functions

= Function files in a folder named private
= Accessible only from within this and the parent folder
= Use case: make function specific to a project

|. private
&

getElevations.m
@ )
f getRiseTimes.m precession.m
, satdata.txt *  satelliteElevation.m
getElevations t satelliteElevationWrapper.m
. ]
siderealTime.m
L getRiseTimes satelliteElevationWrapper satelliteElevation

{ siderealTime

{ precession

14

© Terasoft, Inc.




Private Functions

MATLARB search path:

) DAMATLABT TwworkexamplesiPA

L DAMATLAET 1'weorklexamples\PB

L1 DAMATLAET 1Mtoolboximatlabigeneral
1 DAMATLAEY 1Moolboximatlabhops

\ O B

][>

<]

“éji%li i E Accessed for parent directory on|y

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

>> edit AA.m

function AA (x)
C(x);

15 ‘
© Ter: <oft, Inc.




Subfunctions

= Several functions in one file

= Keyword function 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 end

subfunctions function y = subFctl (x)

© Teri=oft, Inc.




Subfunctions

| private
f getElevation..m

f getRiseTimes.m

satdata.txt * | satelliteElevation.m

satelliteElevationWrapper.m

getElevations

satelliteElevation \\

getRiseTimes satelliteElevationWrapper

L siderealTime L precession

A\ =~

© Terasoft, Inc.




Nested Functions

= Functions nested inside other functions

= Mark their extent using function and end

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

= Access to superior function workspaces

= Have their own workspace

function y = outerFct (x)

function y = innerFct (x)

!

end

v
end

|
18

© Tere<ft, Inc.




Nested Functions

satelliteElevation \ : .
mainFunction
l i
1
1
1
1]
. . . I \
siderealTime precession nestedl : :
¥
- J ¥
IXI
| J

| nested2 1, X \

main function data lt—: ] i

|| Ldoublenested ]
g

nested function \




Example: Nested Functions

function T = tax(income)
adjusted income = max(income - 6000, 0);
'T = compute_ tax;
(
S— _
function t = compute tax
t = 0.28*adjusted income;
end

end




Scope of a Variable

Using Subfunction

Using Nested Function

function [A,B] = sub scope(x,y)

A
B

subfunl (x) ;
subfun2 (y) ;

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

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

@ Teration, In. .




Function Handles

= Special MATLAB data type

= Create a variable for calling a function.

= Use case 1: Flexible/dynamic function calls

= Use case 2: Extending the visibility of a function

= Use case 3: Changing the function interface
~Integrators

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

ODE solvers
=@ I? >> [t,¥Y] = ...
.~~~  ode45(f,t, £0)

M.  Optimizers

>> xmin = ...
f' ~ fminsearch (£, x0)




Creating and Using Function Handles

= Syntax

fhandle = @functionname

= Example
create fhandle = (@sin;
use fhandle (argl, argz, ...);

—_

function plot fhandle(fhandle, data)

plot(data, fhandle(data))
>> plot Thandle(€sin, -p1:U.ULIpPI1)

© Teratioif Inc.




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)
> auyT| myReturnValue = x.*y;

>> myTimes (8, 2)

© Teratiof?, Inc.




Anonymous Functions

Wrapper to slightly change the function (interface)

Write @ followed by list of arguments and function call

No function name

No file necessary

AN . _
>> f = @myfun; f > “ function y = myfun(a,b,c)

y = a*(b-sin(c));

>> £ = @(a,b,c) a*(b-sin(c)); [Ef x

A




Comparison of Function Types

Aspect Private 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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Section Outline

= Creating flexible function interfaces

= Checking for warning and
error conditions

= Working with the try-catch construct
and Mexception objects

function £ = myfun(x, y, 2)

f = x*2 + 3*y*2 + cos(z)

/4
e

?




Setting Default Function Inputs

function [alt,t] = getElevations (tspan,dt,doplot)

>> [alt, t]

getElevations ([t0, t0+1],5/1440, true) ; v

>> [alt,t] = getElevations([tO,t0+1],5/1440); X

Error using getElevations (line 32)
Not enough input arguments.

>> [alt,t] = getElevations([tO,t0+1],5/1440);

[doplot = true]




Warnings and Errors

>> elv = getElevations (1/,5/1440) ;

getElevations.m

problem

27
Created 28 % Get parameters from file
29 — fid = fopen('satdata.tx=t');:
30 — params = textscan(fid, '%s%f');

feclose (fid) ;

params = params{2Y;

problem
... encountered .. ..

elv = ZelosisiZc i) s
for k = l:numel (t)
elv(k) = satelliteElevation(t(k),params);

end

% Plot the satellite elevation
if doplot
plot(t,elv,'.-")

R P 2l 2 s —

problem
explained? .

Attempted to access tspan(2); index out of bounds because numel (tspan)=1.

Error in getElevations

t = tspan(1l) :dt:tspan(2);

30

© Terasoft, Inc.




Warning and Error Messages

>> 1/0
Warning: Divide by zero.
(Type “warning off MATLAB:divideByZero” to suppress
this warning.)
ans =
Inf

warning warndlg lastwarn

>> [1 2]*[3 4]
??? Error using ==> *
Inner matrix dimensions must agree.

error errordlg lasterr

y



Example 6-4: Input Argument Checking

= Given the function foo,

function £ = foo(x, y, z)
error (nargchk (2, 3, nargin))
% syntax

% msgstring = nargchk (minargs, maxargs, numargs)
>> Loo (1)

??? Error using ==> foo

Not enough input arguments.




Checking for Error Conditions

Gy

elv = getElevations ([t0,t0+1],5/1440);

.

Correct number of inputs?
Correct data type?
Correct dimension?
Within expected range?




Argument Checking

Did the user supply inputs
of an appropriate type?

Did the user supply an
appropriate number of inputs
and ask for an appropriate
number of outputs?
nargchk, nargoutchk




Example: Class Checking

» Class =2 Create object or return class of
object
>> A=2;
>> nameStr = class (A)

nameStr =
double

» isa =2 Determine if input is object of
given class
isa(rand(3,4), '"double')
ans =
1




Example: Input Argument Checking

function ¢ = testargl(a, b)
if (nargin == 1)
c=a .» 2;
elseif (nargin == 2)
c =a + b;
end

>> testargl (1)

ans =
1

>> testargl (1, 2)

ans =

3




Flexible Interfaces

provide optional inputs
(how many?)

elv = getElevations([],10/1440,true;'Color','r;);

T

u S e d efau It Val u e Satellite elevation relative to the horizon

60

40~

20~

20+~

Elevation [deg.]

-40}
.60 [

-80f- : |

_100 r r r r
12:00 18:00 00:00 06:00 12:00 18:00

Time

© Teratio't, 'nc.




Parsing Property-Value Lists

elv = getElevations([t0,t0+1],5/1440, 'Width',2, 'Color','r'");
\ J

1] "Width' 2 '"Color' 'r'

'Width' 2 '"Color' 'r'

I I
Validate Color r | Validate

Marker | none

»| Width 2

© Teratior, Inc.




Variable Number of Inputs and Outputs

= The varargin and varargout functions let you pass any number
of inputs or return any number of outputs to a function.
— number of inputs and outputs:
e function [u,v] = myfun(x,vy, z)
— number of inputs and outputs:
e function [u,v] = myfun(varargin)
e function varargout = myfun(x,y, z)
e function [u,varargout] = myfun(x,y,varargin)

e function varargout = myfun(varargin)

varargin and varargout are cell arrays

© Teratioit. Inc.




The try-catch Construct

>> elv = getElevations([tO,t0+1],[],true, 'LineWidth',b'2");
Error using plot
Value must be numeric.

function

—

error check [ function ‘

—

error check -
‘ basic error
error check ‘ checking

‘ - try

sort out
errors

if
error

‘ run code

‘ run code

catch

—

‘ still get errors?

© Teratioif Inc.




The MException Object

funCtlon ( 4\ Workspace é‘ﬂu1
try Name = Value Size Class
U]
12| MExc <1x1 MException> 1x1 MException

(=, |-

-

Variables - MExc

catch MExc

VARIABLE

i[MExc =

Sort OUt ME)(C <1x1 MException>
errO rS Property ~ Value

'‘MATLAB:hg:dt_conv:Matrix_to_Real:ExpectedNumericl’
*Value must be numeric’

<0x1 cell>

<1x1 struct>

end

© Teratiof, Inc.
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Section Outline

Generating reports on multiple files

Finding potential problems in code

Debugging code

Assessing code performance




Directory Tools

@@= EE | » o cass ¥ coursefiles » mipr * Chapter3 * Original

New Folder
Name ~
. MNew File *
) getElevations.m
) getRiseTimes.m Reports ’F Code Analyzer Report
£ precession.m Compare TODO/FIXME Report
satdata.txt Find Files Ctrl+Shift+F Help Feport
) satelliteElevation.m < , Contelits Report i
. . ow
%) siderealTime.m Sort By , Deperdency Report
. Y .
- » CoverJge Report % F‘IXME This doc.asn t work at all :(
trise = t(elevation == 0);
* Minimize
O Maximize Ctrl+Shift+M
2 Undock  Ctrl+Shift+U
X Close  Cirl=W §
@ Web Browser - TODO/FIXME Report [
b i gt e s | [TODO/FOXME Report =] + Bma0 -

o« |

TODO/FIXME Report /)

The TODO/FIXME Report shows MATLAB files that contain the text strings selected belgtw (Learn More).

l Rerun This Report I [ Run Report on Current Folder ]

FTODO HFIXME [z NOTE

Report for folder C:\class\coursefiles\mlpr\Chapter3\Original

MATLARB File List

getElevations

getRiseTimes 41 trise = t(elevation == 0); % FIXME This doesn't work at all :(
precession

satelliteElevation

siderealTime

© Tera<)ft, Inc.




Analyzing Code in the Editor

M-Lint messages
display while you
work in the Editor

Red underline
indicates code will
have a syntax or
run-time error
(must fix)

Orange underline
indicates a variety
of M-Lint warnings
(investigate)

© Terasoft, Inc.

( 7 Editor - Ciclass\coursefiles\mlpr\Chapter3\AttemptligetRiseTimes.m ﬂ'@g‘
PUBLISH
,al'_,l:, - ﬁ [l Find Files: Insert = E v | <o [2 @ [ ot
New Open Save 5| Compars = | Comment % "Q ‘{j @] GoTo > Breakpoints  Run  Runand Runand | Advance
- - EPrim - Indent N L4 Find ~ - - Time  Advance
FILE | EDIT NAVIGATE BREAKPOINTS | RUN —
[ getRiseTimes.m ><]
36 +D
37 % Use getElevations to get elevations at a bunch of times
38 — [elevation,t] = getElevations (tspan,dt,doplot,varargin{:}):
39
40 % Use the elevations to find when the satellite is rising over horizon
41 — n = length (elevation) ;
42 — trise = []:
43
44 % Step through times
45 — for k = 2:n
46 % Look for change of sign (of elevation)
47 — if (elevation(k)*elevation(k-1) > 0)
48 ind where in that interval the sign chanage occured L
49 — _;MEEWI £ Line 49: The value assigned to variable 't0° might be unused. | Details = ‘
50 2 d this to the list of rise times
il |= trise = [trise;to]; \
52 — end =
53 — end =
54
55 % Plot risings, or warn if there weren't any
56 — if isempty(trise) W
57 [= warning ('SatelliteTracker:getRiseTimes:NoRiseTimes', ...
58 'No rise times found in given interwval') -
< | 11 | »
F | [ln 1 col 1 [OWR

a5




Resolving Dependencies

« Tools * Original

-l o|@ %-

MName «

2| getElevations.m

2| getRiseTimes.m

2| precession.m
satdata.t«t

) satelliteElevation

) siderealTime.m

Mew Folde

Mew File

Reports
Find Files

Show
Sort By
Group By

Help

r

Command Window

Jx >>

]

Ctrl+Shift+F

Code Analyzer Report
TODO/FIXME Report
Help Report
Contents Report
Dependency Report

Caoverage Report

getRiseTimes

© Teri =oft, Inc.

fzero

satelliteElevationWrapper

@ Web Browser - Dependency Report = [ o
‘[ Dependency Report x| + BO E@‘ -

L3R Y

Dependency Report

The Dependency Report shows dependencies among MATLAB files in a folder (Learn More).
l Rerun This Report ] [

Run Report on Current Folder ]

Show child functions [/ Show parent functions (current folder only)
Show subfunetions

Built-in functions and files in toolbox/matlab are not shown

Report for Folder C:\Perforce\sandbox'mlprifiles\Chapter3\Attempt2
Children

(called functions)

current dir

MATLAB File List

getElevations satelliteElevation

getRiseTimes current dir

getElevations

unknown satelliteWrapper
precession
satelliteElevation current dir precession
current dir siderealTime

satelliteElevationWrapper|/current dir satelliteElevation

siderealTime

satelliteElevation

siderealTime precession



Entering Debug Mode

>> tr = getRiseTimes ([t0,t0+1],5/1440)
Error using fzero (line 274)
The function values at the interval endpoints must differ in sign.

. . . .
Error in getRiseTimes (line 49)  eaor- o S P — ey
. . EDITOR
t0 = fzero(@satelliteE ationWrapper| . . g omre nec - o
- - R =L | Indent (P v
FILE | EDIT NAVIGATE
" getRiseTimesm x [getRiseTimesm x|
42 — trise = []: -
43
44 % Step through times
45— [lfor k = 2:n
46 % Look for change of sign (of elevatien)
** if (elevation (k) *elevation(k-1) > 0)
db % Find where in that interval the sign change occured
s toP 190 t0 = fzero(@satelliteElevationWrapper,t(k-1:k));
5 % Add this to the list of rise times
Z* trise = [trise;t0]; %#ok [I don't know how many rise times there
’ 5 end
53— rend
54
55 % Plot risings, or warn if there weren't any
56 — if isempty (trise)
57[= warning ('SatelliteTracker:getRiseTimes:NoRiseTimes', ...
58 'No rise times found in given intexval')
59 — elseif doplot
60 — hold('on') E
61 — plot(trise,O*trise, 'rx')
62 — hold('off"')
63— “end
€4 -
= - ] I | >
>> tr = getRlseTlmeS ( [to,t0+1] ,5/1440) im [tn 49 cal 1 [OWR

49 t0 = fzero(@satelliteElevationWrapper, t(k-1:k)) ;
K>>

© Ter:=oft, Inc.




Examining Values

e

7 Editor - C\class\coursefiles\mlpr\Chapter3\Attempt3\getRiseTimes.m

PUBLISH
5‘1] 'ﬁ ﬁ BHMF“"S Insert E - <4:L' = [E % [:"',HStenln Function Call Stack: a
[/ compare v  Comment % ‘g %d ) GoTo = ) 5 |_dr Step Out —
eve Open Save St~ Indent ] o3 [fp  ({Find ~ frelponis | Gmine S 1 | Run to Cursor \getRiseTimes g
FILE | EDIT NAVIGATE |BREMPO|NT5| Afzero
getRiseTimes.m ><|[getRiseTimes.m X] fzerom =
12— | trise = [1; ™ K>> dbstack
43 In fzero at 274
44 % Step through times . .
| It > In getRiseTimes at 49
46 % Look for change of sign (of elewvation)
47 — if (elevation(k) *elevation(k-1) > 0)
48 k: 1x1 double =Helevation: 1x289 double =
49 @ 3
50 2 Columns 1 through 8
L= trise = [trise
S end -55.2013 -45.3634 -35.3619% -25.0261 -13.8498 0.5581 42.55086 1.1157
53— |[end
54
Columns 9 through 16
55 % Plot risings, or war
56 — if isempty(trise)
- ing ('Satellit -13.3443 -24.4748 -34.7305 -44.6280 -54.3392 -63.8928e -73.3900 -B82.4574
- warning ('Satellite
58 'No rise times il 1 e
59 — elseif doplot © s LS
60 — held('on')
61 — plot (trise,O*trise -85.3862 -77.0029 -67.6230 -58.0785 -48.4288 -38.6440 -28.621e -18.0786
62 — hold('off')
63— lend Columns 25 through 32
64
F<| -6.0262 12.0045 6.0597 -9.4293 -20.8055 -31.0932 -40.9609 -50.6185
Columns 33 through 40
-60.1405 -69.5231 -78.5776 -B85.1389% -80.069% -71.1252 -61.740% -52.1936| 48
© Terasoft, Inc.
Columns 41 through 48




Diagnosing Performance

>> |tic|) tr = getRiseTimes ([t0,t0+1],5/1440,false); |toc

algorithm 1

R=-9 _
=3

algorithm 2

2334




MATLAB® Profiler

getRiseTimes satelliteElevationWrapper satelliteElevation

fzero

) Profiler l g

File Edit Debug Desktop Window Help El siderealTime precession
end| oA
- Start Profiling Run this code: tr = getRiseTimes([t0,t0+1],5/1440 false); ~ | @ Profile time: 0 sec
. -
Profile Summary — —_ )
Generated 13-Feb-2012 15:52:24 using cpu time. £) Profiler =
i * . - ] 1 Profiler =N
Function Name Calls Total Time | Self Tims* | Total Time Plat File Edit Debug Deskiop Wind 2] Profiler
(dark band = self time) B e File Edit Debug Desktop Wind
g File Edit Debi Deskt Wind Helj =
getRiseTimes 104208 0.001s | po— ' StartProfiling Run this code: tr = o | % & | & | db AL
. 52 % Check ing| |- StartProfiling Run this code: |tr = gq | L~ I
satelliteElevation 1 _ 33 validateact|| == T et Start Profiling Run this code: |tr = getRiseTimes([10,t0+1],5/1440 false); - @ profile time: 0 sec
T vancaeet m fa = FunFen(a,varar| | Function Name | Function Type  Calls
getElevations I— I vali i g
‘» 445 if haveoutputfcn || fzero function 48
fzero 7 0.037 s 0012s | mmm 5 Use gstil
—— 0.06 167 [FunFcn, errStrucc] u " " .
3 ines where the most time was spent
satelliteElevationWrapper | 48 0023 s 0015s 1 40 % Use che f | Al atherlin
1 41 n = lengoh( Line Number | Code Calls Total Time = % Time | Time Plot
i T % perermine|| Total
precession 337 0017 s 0017 s - :i : ;;;n«::, (il 9 = satelliteElevarion(t,param... 48 00085 | 346% | mmmm
fenchk 7 0002 s 0002 s 1 . ;; N . ’?[ Children (called functions) 3 £id = fopen('satdata.txt'); 48 0007s  304% | mmm E
riseids =
siderealTime 337 0001 s 0.001s | + 46 o0 = ciriss] Function Name Functfl) 4 params = textscan(fid,'%s¥f')... 48 0006s  26.1% | mE
siderealTime. =
4% % Find che || sateliteElevationWrapper functif| 5 folose (£1d) ; ® | o002 8.7%
sph2cant 337 |oo0ls | 0001s o R : clome ) : |
| 50 trise = zep|| fonchk functid| g params = paraws{Z}; 48 0Os 0%
cart?pol 674 Os 0.000s % e
can<pol L ee eaor o massage functill| - Al other lines 0s 0%
aptimget 35 Os 0.000 s o.02 . ;4 ':r::lk optimget functif | Totals 0023s  100%
optimaetsoptimastfast ¥ |os 0000 s 7 :5 end Selftime (buili-ins, overhead, etc.) Children (callsd functions)
57 % Flot risi| Totals
B Function Name Function Type  Calls Total Time % Time Time Plot
L
< | satelliteElevation function 48 0008s 34.6%  m——m
© Tera!io't, 'nc Self time (huitt-ins, overhead, etc.) 00155  652% @ —m
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Preallocation of Memory

¢= zeros(l,ND
for J = 1:N for J =\1:N
A(J) = £(J); A(J)\= £(J);
end end
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Preallocation

x(1) =1 x| 1
x(2) = 2 ——% x| 1 2
x(3) = 3 ——73 2 x| 1 2 3




Preallocation (Continued)

Cell Array

>> C = cell(1,5)

C

—e
—e
—e
——e
e

Structure Array

>> S(5).fieldl = 1;

>> S(5) .field2 = 2; i
g| fieldl = [] fieldl = [] fieldl = [] fieldl = [] fieldl =1
field2 = [] field2 = [] field2 = [] field2 = [] field2 = 2




Vectorization

for k = 1:n
d(k) = sqrt((x(k)-x0)"*2 + (y(k)-y0)~*2);
end

48

1
1

46

1

44

7

42

7

40

1

38

1

1
1

36

d = sqrt((x-x0) .42 + (y-y0).”2); \/
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Vectorizing and Memory

4 1| 2 !
>
S | > S| 6|7 bsxfun —p = - -
6 71819
| 4
repmat S5 | >
¢ 6
4 1 3
51 5|5 ]|>| 4 >
6| 6| 6 7 6




Optimizing File I/0O

Write Functions

Read Functions

textscan is faster fprintfis vectorized,
248 than textread to l.e., format is cycled
read large files through all the file

memmapfileis faster | fwrite

Binary file
than fread multibandwrite




Memory Anatomy

Data - Exec(tables

Libraries FFree Space
>> memory
Maximum possible array: 804 MB (8.431e+008 bytes) *
Memory available for all arrays: 1273 MB (1.335e+009 bytes) *¥*
Memory used by MATLAB: 512 MB (5.367e+008 bytes)

Physical Memory (RAM): 3070 MB (3.219e+009 bytes)
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