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Why another language?

HOW STANDARDS PROLFERATE:
(S A/C CHARGERS, (HARACTER ENCODINGS, IN STANT MESSAGING, £TC)

SITUATION:

THERE ARE
|4 COMPETING
STANDPRDS.

1?7 RiDicuoLs!

WE NEED To DEVELOR

ONE UNNERSAL STANDARD

THAT COVERS EVERYONE'S
USE CASES. YERH!

‘\O J

)

=

SITUATION:
THERE ARE
|5 COMPETING
STANDERDS.

Source: XKCD.

Some languages better represent data and algorithms in
specific domains (Domain Specific Languages or DSLs).
Also, history matters.


https://xkcd.com/927/

MATLAB

Dynamically-typed
Originally interpreted; JIT* since R2016a

Proprietary

Started 1970s

Influenced many languages

Continues to expand/evolve as it
iIncorporates developments in other

languages

*just-in-time compiled

Engineers —Mathematicians — Scientists

PC-MATLAB

A Personal Computer becomes a powerful
scientific and engince workstation.
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Simulink
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IDE and workflow

4\ MATLAB R2016a

https://www.cdslab.org/matlab/notes/preliminary-foundations/matlab-for-beginners/index.html

-

X
HOME TS AP EDITOR UBLISH VEW G 9 & (5 (3] search Documentation PE

=] Find Files < Insert [ - =] IS

q.lE' 1 htli Q = & & &&l D L‘)—“:i (2] Run Section \}}
|/Compare w ) GoTo w Comment % g2 4]

New Open Save i Breakpoints ~ Run  Runand |- Advance Run and
- - ~  Pint v L Find v Indent &1 [fo - ~  Advance Time

ALE NAVIGATE eom BREAKFOMTS AU

@ E & > G Program Files ¥ MATLAB » R2016a b bin >
Current Folder (Gl % Editor - Untitl
Name « +18 \ plotMVUfromEllipsoids.m | plotMVUfromEllipsoids.m 1 plotParaNestEllipsoid.m | getDrunken_simpleGauss.m | summationRiemann.m | Untitled*
m3iregistry 1 close all: 7
registry 2 addpath (genpath('../../')) % add all source code subdirectories to search path
uti 3 directory = './';
. win64 4
< 2 s
o 6 fontsize = 15;
,E :Eg:t:ﬁ;gml 7 fontSizelabel = 17;
4 matiabexe ¢ )
[ mbuildbat 9 % deterministic grid
[ mccbat 10 range = [0,51;
& mexbat 11 midpnt = linspace(range(1)+0.5, range (2)-0.5,npnt) ;
& mex.pl 12 mean = 1;
(%] mexextbat 13 height = exp(-midpnt);
_) mexsetup.pm 14
2 mexutils.pm 15 edge = zeros (npnt+l,1);
5] mw_mpiexecbat 16 edge (1) = range(1);
worker.bat 17 figure('visible', 'on', 'Color', 'white', 'Papersize', [6 51)};
Details ~ |18 hold onj;
Workspace @ [+ box on:
20 zaxis equal;

Name « Value 21 recFaceColor = [92/255. 219/255. 255/255.]; v
Command Window C]
fx >>

~| Ready script Ln 67 Col 34

Works with three types of files:

» scripts (.m)
« functions (.m)

data (.mat)

Get help:
help functionname
doc functionname



Run one section at a time

4\ MATLAB R2016a - X
s UBLISH VEEW PELEES Search Documentation
F{IE | [ Find Files < g nsett (=, fx [ v [2 [§ S {Q

|LICompare v ) GoTo v Comment % 4g %3
New Open Sawe

v v v [Pt v  Find ¥ Indent |5 | w3 |f

https://www.cdslab.org/matlab/notes/preliminary-foundations/matlab-for-beginners/index.html

VE P

EDITOR

Breakpoints  Run  Runand | Advance  Runand
v - Advance Time

ALE | navesE | eor | BREARPONTS | AU |
«EA » C » Program Files » MATLAB » R2016a » bin » v |R
Current Folder [ON W Editor - Untitl
Name ~ +18 [ plotMvUfromEllipsoidsm | plotMVUfromEllipsoidsm | plotParaNestEllipsoid.m ¢ | getDrunken_simpleGaussm summationRiemann.m
m3iregistry 1 close al
registry 2 addpath (genpath('../../*)) % add all source code subdirectories to search path
uti 3 directory = './';
wing4 4
deploytool.bat o npnt = 57
b lcdataxmi 6 fontsize = 15;
= cdatasd 7 fontsizelabel = 17;
1 Icdata_utfgxmi
4 matiabexe ¢ L )
[ mbuild bat 9 % deterministic grid
% mecbat 10 range = [0,5];
[=] mexbat 11 midpnt = linspace(range(1)+0.5, range (2)-0.5,npnt) ;
& mexpl 12 mean = 1;
[] mexextbat 13 height = exp(-midpnt);
) mexsetuppm 14
2 mexutilspm 15 edge = zeros (npnt+l,1);
) mw_mpiexecbat 16 edge (1) = range(1);
worker.bat 17 figure ('visible', *on", 'Color', 'white', 'Papersize’, [6 5]);
Details ~ |1 hold on;
Workspace ® 19 box on;
20 %axis equal;
Name = Value 21 recracecolor = [92/255. 219/255. 235/255.1; M
Command Window ®
i >>
- Ready script Ln 67 Col 34

Like using the REPL in Python



Workspace

4\ Workspace

Mame =

(H A

HH B

|| filename
£ patient
[ t
Eval'l
EE‘UEIP_
HH x

 y

HH 2

WValue

dvd double
[1:23:4]
"‘myfile et’

Ix7 struct

'Hella'

Zx3 cell

[17.21,42]

325
[9300,26025,39600]
-Inf

Class

double
double
char
struct
char
cell
double
double
uint32
double

Min

17
325

-Inf

Mamn
16

42
323
39600
-Inf

Mean

8.5000
2.5000

26,6667
325

-Inf

* “Workspace”™ == namespace
e Save variables with save
* Load variables with load



Variables (data types / objects)

Most everything is a matrix or array

Matrix or Array Scalar
(full or sparse)

function
logical string char numeric table cell struct handle (@)

V| |str| [c|h {} |-E =g

int8, uintd, single deuble
intl6é, uintlé,
int32, uinti2,
int64, uintb6d

Similarities:
MATLAB Python c
cell array list

containers.Map dictionary

structure struct




Default is a matrix (1D or 2D)
ND arrays are also possible

Cell arrays are most similar to Python lists, but cell arrays can be
multidimensional

Most numerical computations should be handled through vectorized
operations with matrices or arrays



More examples:

»» C = {'lat", "lom', 'alt'; 57.2, 6.35, 8}
1D arrays are row-wise by default: C-
2x3 cell array

a = 1:5; ape T feria
N {'lat T {"lon ¥ {"alt"}
size(a) {[s7.30e0]}  {[e.3ee]} {[ el}

»» § = struct("lat"', 57.3, "lon", .35, 'alt"', @)
g =
struct with fields:
lat: 57.388@
lon: 6.3588
alt: @
»» M = containers.Map({'lat®, "lon', 'alt'}, [57.3, 6.35, @]}
M=
Map with properties:
Count: 3

KeyType: char Extract contents:
ValueType: double

»> C{1,1:)
ans =

1x3 cell array

ans = {'lat'} {"lon'} {"alt'}
1 2 2 »» 5. 1at
ans =
»» [13 23 3] 57.3088
ans = »» 5.('1lat")
1 ans =
- 57 .3088
3
»» M{"'lat"})
ans =

57.38688



Array Indexing

MATLAB arrays are 1l-indexed rather than
O-indexed (Python and C). l.e., the first
index is 1 instead of 0.

C= {11 2, 3}1'

»» C{1}
Generally, you should use (), except {} to ans =
extract single element of cell arrays. :
»> C(1)
a = 1:18@; 1x1 cell array
disp(a(2:5));
disp{aiend}}; {011}
disp{af9:end});
disp{a(1:1ength{a) > 5)); »>» C{1:2)
1=x2 cell array
2 3 4 &
18 {[11} {[213%
9 1a



Math

Operations are vectorized (like NumPy — which was inspired by MATLAB)

MATLAB

»» disp([1; 2] + [3; 4])

»» 1118 £ 5
ans =

1x1& logical array

Python

»»> import numpy as np

»»» print{np.array([1, 2]) + np.array{[32, 41))

[4 5]

»»» nNp.arange(l8} < 5

array({[ True, True, True, True, True, Fal
False])

5B,



“Gotchas” — differences from Python

« Element-wise operators — prefix with e ]
period (*.”)

* Not operator is ~ instead of ! 5
o NOt equal tO |S —_ Instead Of !: Matrix multiplication (dot/inner product):

*»»>a * b
ans =
11
»» 1:5 < 3
ans = Element-wise multiplication

1=5 logical array

> a b
1 1 a a8 2
ans
3 =
»» ~(1:5 ¢ 3) 4 8
ans = »» a .*b'
1=5 logical array ans =

2 8 1 1 1 3



Characters and strings

Use single quotes to define character Function Description Example
arrays stremp compare strings stremp( ‘abc', ‘abc')

strcat OF [ 1 join strings stcat('abc', “def')
Use cell arrays to hold a series of character strznun convert strings to numbres stranun('s')
arrays. (OI’ StI'LIC'[) num2str convert numbers to strings (also  num2str(s)

SEe sprintf)
sprintf format strings sprintf( 'Hello %s',
"world')
lower~/~upper change case lower('a")

string = "abc”; ) : ; : - T '
array of strings = {'abe’, 'bed'}: findstr find shorter string in longer string  findstr{'b', 'abc')




CO ntrOI structures Largely similar to Python, C

MATLAB

nrows = 4;

ncols = B; F))/tr]()r1

A = ones(nrows,ncols);

for € = 1:ncols import numpy as np
for r = l:nrows

nrows = 4
if r == ncols = 6
A{r,c) = 2; A = np.ones({nrows, ncols))
elseif abs{r-c) == _
A(r,c) = -1; for ¢ in range(ncols):
else ) for r in range{nrows):
A{r,c) = @; .
end if r ==
Alr,c] = 2
end elif abs{r - ¢} == 1:
end Alr,c] = -1
else:
Alr,c] = @
»» Class(A)
ans = »»> A.dbype
dtype('floated"}
"double” a3 A
array([[ 2., -1., ©., 8.,
> A [-1., 2., 1., &.,
[ 8., -1., 2., -1.,
A= [ 8., e., -1., 2., -
2 -1 a a8 =] a
-1 2 -1 a <] a
a -1 2 -1 <] a
a 8 -1 2 -1 a

=D @D @D
M w
oD@ @
[y - -1
et W



Functions

Single return value

Multiple return values

Anonymous function

Functi

func

MATLAB

square(x)

tion [m,5] = stat(x)

n = length{x};

m = sum{x}/n;

5 = sgro(sum{{x-m).~2/n}};

only first argument captured
need to explicitly capture multiple outputs

end
out = stat(l:18)
power = @(x, ¥} xX."y

Python

det square(x)
¥ = X3

return y

from math import sgrt
def stat(x):

n
m
5

len(x)
sum{x}./n;

sqri(sum{map(lambda x: (x-m)*¥*2, x}}/n)
return m, s

out = stat({range{1l, 11))

power = lambda x, y: X¥¥y

return value is a tuple



Where to define functions

Before Release 2024a:
« at the end of the script

* in separate “function files” — each function in a separate .m file with the
same name as the function

Since Release 2024a:

 can include anywhere in the script — but only accessible to this script (not

command “ne) “Local functions are only visible within the file where they are defined. They are not visible to functions
in other files, and cannot be called from the Command Window.”



https://ch.mathworks.com/help/releases/R2024a/matlab/matlab_prog/local-functions-in-scripts.html

Function files

Each function must be defined in its own file.
A function called only by one other function can be defined in the latter function’s file.

Example: main.m called the function stat().

example directory example directory

f— main.m — main.m
— square.m L tat.m
L— stat.m

square.m stat.m

function y square(x)
Lt = bat function [m,s] = stat{x)
A
= n = length{x};
m = sum{x}/n;
s = sgrt(sum{square(x-m}/n}};

[Tl

stat.m end

function [m,s] = stat({x) - - £
- function ¥ = squarefx)
n = length({x}; ¥ L)
oo ¥ = X."2;
< ' avi - =
sum{x}n; end

m

sqri{sum{{x-m).*2/n}};
end



Paths

* List of paths determines method
resolution order

ABFA
I AP 1 T e MA ARY B T 1k Y] % +a ]
PY d th th C:\Program F_1Ls 1 AB'\R281; a_.tn:u:n__Ln:nx_.ﬁ.: ___aI:- wdatatun
query Or er WI a. C:%Program Files\MATLAB\R2Z817a‘\toolbox\matlabh\datatypes
C:\Program Files\MATLAB\R2@817a‘\tocolbox\matlabielfun
C:\Program Files“MATLAB\R2817a‘\toolbox'\matlabyelmat
C:%Program Files“MATLABYR2817a\toolbox'\matlab™funfun
C:\Program Files%MATLABYR2817a‘\toolbox'\matlabygeneral
C:\Program Files“MATLAB“R2817a‘\toolbox'\matlab'iocfun
. - . - - C:%\Program Files“MATLABYR2217a‘\toolbox'matlab'lang
* find function with which —all functionName C: \Progran Files\WATLAB\R2917a\ oo Loox \mat Lob\matfun

 add path with addpath()



File I/O

Use fileparts and fullfile to deconstruct and construct file names. Example: "num1.csv"

« deconstruct with fileparts

coli,col?,col3

2.9,08.1,8.2

[filepath,name,ext] = fileparts("/home/jsmith/myfile.txt"}) 8.3,0.4,8.5

filepath = fscanf and fprintf

" fhome/ §smith”

Gotchas:

Mame =

=T » Note that transposed dimensions have to be provided for fscanf and

ext = » the tranpose of the matrix must be provided to fprint+.
fid = fopen{ 'numl.csv'});

» construct with fullfile header = split{fgetl(fid), *,");

& = fscanf{fid, '%Ef,%F,%F", [2, Inf])}"; % note tramspose
fclose{fid);

fullfile{filepath, strcat{name, ext))

fout = fopen{ 'numl_cut.csv", "w'};

ans = fprintf{fout, 'coli,col2,col3kn’);
fscant{fout, "X, %F,%F', A"); X note transpose
" /heme/ jsmith/myfile, twt" fclose(fout);

Check files in directory / check if file exists:

« dir: list folder (directory) contents
» isfile({filename): check if file exists



Graphics
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Scatter and Bubble Charts

scatter

bubblechart3
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Data Distribution Plots

histogram
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Polar Plots

polarplot
Py
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polarhistogram

polarbubblechart

A

compass
A
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ezpolar
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Contour Plots

contour

contourf
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contour3
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contourslice

fcontour

Vector Fields
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Surface and Mesh Plots
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Volume Visualization

streamline

(v

streamslice

7

streamparticles

Animation

animatedline
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Images

image

imagesc

Source: MathWorks



X = @:pi/1ea:2¥pi,
¥ = sin{x};
plot(x,y)

08

T
o

06 F I "-."

04

-0.2

04

08

=1 -

X = 8:pifiee:2*pi;
¥ = sin{x);
h = plot{x,y);

ax¥ = gca; X current axes
axk.XLim = [@, 2];
ax.XLabel.string = "my x label';
ax.XLabel.FontSize = 28;
ax.yYLabel.string = "my y label';
h.LinewWwidth = 3;

my y label

ﬂ 1 1 1
0 0.5 1 1.5 2

my x label



Root

Figure

Annotation
Objects

Axes

llustration
Objects

Ul Objects

Chart and Primitive
Objects

Source: MathWorks

‘MathWorks* Products  Solutions  Academia  Support  Community  Events

Help Center ~ Q

Help Center

— Documentation ~ Examples Functions Apps  Videos  Answers § TrialSoftware  § Product Updates
Axes Properties R2022b
Axes appearance and behavior expand allin page

Axes properties control the appearance and behavior of an Axes object. By changing property values, you can modify certain aspects of the axes. Use dot notation
to query and set properties.

ax = gea;
¢ = ax.Color;
ax.Color = 'blue's

Font expand all

> FontName — Font name
supported font name | ' FixedWidth®

> Fontwieight — Character thickness
“normal’ (default) | *bald’

> Fontsize — Font size
scalar numeric value

> FontSizeMode — Selection mode for font size
‘auto’ (default) | *manual”

> FontAngle — Character slant
*normal’ (default) | *italic’



h.LineStyle = "none’;

h.Marker = "+"; scatter{x,y)

08 1

my y label
= oo
o
*s
"

=
.
-

02t ¥ |

01 =

0*' i i i
0 0.5 1 1.5 £

my x label



Debugger

EDITOR PUBLISH VIEW

e 3 H [iz! Compare - DH < d;@ % % %3 &I Profler b |= Section Brea Lh:' @P

@ 3 Step In a
Find = R d Adv —
Mew Open Save = print v GoTo ' Refactor wi B¢ L& Analyze Run e AN Continue Step @ Step Qut StoP
- - - = u Bookmark - - Section E Run to End -
FILE MAVIGATE CODE AMNALYZE SECTIOM RUMN
) 19 fid = fopen( ' num:
19 fid = fopen( numl 20 A = textscan(fid
20 A B textscan(tid, Z seyModify Condition...
21 fclose(fid) - . :
a1 “  Disable Breakpoint
2: Set Breakpoint “ Clear Breakpoint
" Set Conditional Breakpoint... « '
2 z  Disable All Breakpoints in File |
2! Disable All Breakpoints in File * 9
21 _ Clear All Breakpoints
5 Clear All Breakpoints © Clear All Breakpeints in File
5, Clear All Breakpoints in File ‘
1 ¢« Run to Here
2"+ Show Run Section Margin C _ _
3 . Show Run To Here Margin =+ Show Run Section I"u"Iarg|T1
1: + Show Code Folding Margin B e

= ~ Show Code Folding Margin



Examples

Exercises on sieprog island

« éolienne: hint, partial solutions
e oiseaux: hint, solutions
 suisse: solutions

Modern additions
« functional programming, part 1, part 2
* object-oriented programming



https://stakahama.gitlab.io/sie-eng270/exercise_eolienne_hint_MATLAB.html
https://stakahama.gitlab.io/sie-eng270/html/exercise_eolienne_soln_MATLAB.html
https://stakahama.gitlab.io/sie-eng270/exercise_oiseaux_hint_MATLAB.html
https://stakahama.gitlab.io/sie-eng270/html/exercise_oiseaux_soln_MATLAB.html
https://stakahama.gitlab.io/sie-eng270/html/exercise_suisse_soln_MATLAB.html
https://blogs.mathworks.com/loren/2013/01/10/introduction-to-functional-programming-with-anonymous-functions-part-1/
https://blogs.mathworks.com/loren/2013/01/24/introduction-to-functional-programming-with-anonymous-functions-part-2/#eadbce51-e1cc-46e9-80ea-58f1108621fc
https://ch.mathworks.com/company/technical-articles/introduction-to-object-oriented-programming-in-matlab.html
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