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What is Programming?

Programming

o The implementation of algorithms in a particular computer
programming language for execution on a computer

Algorithm

O A step-by-step procedure for performing a computation, solving a
problem, performing some action, etc. — a recipe

o Algorithm design is the meat of programming — the rest is just
translation into a particular language

Programming language
o We'll use MATLAB. Others include C, C++, Python, Fortran, etc.

Computer
o May be a PC, or may be a microcontroller, FPGA, etc.
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Why Programming?
R

| don’t want to be a software engineer. Why do |
need to learn to program?

o All engineers will need to write computer code
throughout their careers

Design and simulation
Numerical solution of mathematical problems
Data analysis — from measurements or simulation
Firmware for the control of mechatronic systems
o More importantly: development of algorithmic
thinking ability

Learn to think like an engineer — single most important
takeaway from your engineering education
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Course Overview

Section 1: Introduction
Section 2: Vectors and Matrices

Section 3: Two-Dimensional Plotting

Section 4: Algorithmic Thinking &
Flow Charts

Section 5: Structured Programming in
MATLAB

Section 6: User-Defined Functions

Section 7: Three-Dimensional Plotting
Section 8: File I/O

Section 9: Engineering Applications

K. Webb

Introductory material:
= Course overview

® |ntroduction to required tools
= Linear algebra basics

Platform- (MATLAB) specific material:

= A valuable engineering tool —
learn to use it effectively

Algorithm fundamentals:
= Generic; Platform-independent

= Engineering thinking —
transcends programming

Application of the fundamentals:

= MATLAB-specific, but
= Similar to other languages
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MATLAB

This a course in programming fundamentals and
algorithmic thinking

The tool we’ll use to develop these concepts is
MATLAB

o Could just as well use another language, e.g., Python, C,
C++, Java, Fortran, ...

o The important concepts are not language-specific

Two goals of this course:

O Learn to develop basic algorithms and to write
structured computer code

o Learn to use MATLAB
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Introduction to MATLAB

The remainder of this section of notes is intended
to provide a brief introduction to MATLAB.

This is not intended to be a thorough tutorial on
the use of the tool, but the beginning of a process
that will continue throughout the course.
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The MATLAB Desktop

PUBLISH VIEW

Workspace ® | Command Window ® ‘_?] Editor - R:\Private\ MAE\MAE3020\ Motes\ MATLAB\MAE2020_Sectionl_QuarterCar... (¥) X
Mame = Value @ MNew to MATLAB? Watch this Video, see Examples, or read Getting Started. X % MAE3020_Sectionl QuarterCar2.m

<dxd double> » »> tf = 8;
[0:0:0:886.9737 de t£/2000; clear all; clc
[1,0,0,0] e
0 ms = 973;
1539 double> _ k= 5e3:

b = 2e4;
<40x39 double = k kt = 101115;
s Workspace pos - 114
40 10
9 11
<140 doubles 12
<40x39 double 13 O:dt:tf:

101115 . 14

973 - Flle 15 = 500:500:20e3;
16 = 1e3:500:20e3;

Current Folder G/ B rOwse r 17

@ HE | L« M. = 18 i :length (k)

19 i = 1:1length(b)
D MName «

20 A= [0, O, 1, oz
) MAE3020_Section]_moviem =

BMABUZUSct' 1_Quartert & o, 0,0, 1;

ectionl_QuarterCar.., . . ) .

. _ 22 -k ms, k ms, -b ms, b :
a MAE3020_Sectionl_QuarterCar... 1)/ 1)/ (337 {3) /m=

B quarterCarMovie.avi 23 k(i)/mus, -(k(i)+kt)/mus, b(j)/mus, -
; = L
|E| quarterCarMovield0.avi 24 [0 0 0 kt/mas]"';
=5 s L u i 25 i, o, o, 01:
Details La 25 = 0:
27

Command History ® Command 28 sysgc = ss(&,B,C,D);

29

/ .
clec 30 (:,1,3) = =step( fT)i
%.. & History o 1513, = sepiosse

o0s(i,3) = (max(y(:,i,3))-v(end,i,3))/v(end, i~
dt = tf/2000;: 4 n r

= O
b Z:l MAE3020_Sectionl_moviem = Ih'lABOEO_Sectionl_QuarlerCatZ.m ><I

OVR

4
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The MATLAB Desktop — Command Window

‘| & Command-line
operation

o Behaves like a
calculator

-1 Useful for:
o Quick calculations

o Simple debugging
tasks
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The MATLAB Desktop — Editor Window

A\ MATLAB R2012b
PUBLISH
5‘1:, - ﬁ [ Find Files Insert L fx IF'el v <o
e COtmare v  Comment % g i fGoTo ~ )
- - =L ‘ lndent |“FMv - ‘ - Time  Advance

FILE EDIT NAVIGATE BREAKPOINTS RUN

[2 @ E] Run Section

Run  Runand Runand (Sl Advance

Editor for m-files

o Scripts
Collections of commands

executed sequentially
o Functions

Built-in debugger
o Set breakpoints

o Step through code line-by-
line or by section
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=7 Editor - R:\Private\ MAE\MAE3020\ Notes\ MATLAB\MAE3020_Sectionl_QuarterCar... (¥ X

% MAE3020_Sectionl QuarterCar2.m

-

clear all; clc

ms = 973;
k = 5e3;
b = Ze4;
kt = 101115;

dt = t£/2000;

k = 500:500:20e3;
b = 1e3:500:20e3;

for i = 1l:1ength(k)
for j = 1:1ength(b)

k=[O0, O, 1, O:
o, o0, 0, 1;
~ki{i)/ms, k{i)/ms, -b(i)/ms, bi(j)/ms;
k(i) /muas, -(k(i)+kt)/mus, bi(j)/mus,

B=[000 kt/muas]';

c=11 0, 0, 01:

D= 0:

sysgc = ss(4,B,C,D);

y(:,1,3) = step(sysqgc,t);
o0sii,J) = (max(v(:,i,3))-v(end, i,3))/v(end, i~

] | ;

| MAE3020_Sectionl_moviem [ MAE3020_Section]_QuarterCarz.m |

| script [Ln 12 Col 14 [OWVR
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The MATLAB Desktop — Workspace

W=

] Li Sts a I I Va ri a b I eS [ Editor - MAE3020_Sectionl_QuarterCar2.m |[¥] Variables - A ® x

Worksp ®
MName = Value . I“A ><]
A <dxd double> C u r re nt I Sto re d EH A <434 double>
B [0:0:0:886.9737 1 2 3 4 5 6
C [1,0,0,01 .
0 : IN Memor — . . X
«1x39 double> = 0 0 0 1
«13x2001 doul -20.5550 20,5550 -20.5550 20.5550

<40:39 double

o Values for

40

scalars and

<40x39 double

s [ small arrays
R— o Size and data 7

1754386, -1.0624e+03 1754386 -175.4386

2w moa ;o s W e

. types for larger |
‘¢ = arrays v

- Double-click a .
variable to open
in a spreadsheet
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The MATLAB Desktop — Current Folder

"1 File browser

o A built-in ‘Windows
Explorer’

o Open, move, copy,
rename, delete files
from within
MATLAB
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The MATLAB Desktop — Command History

-1 Lists previously-executed
commands

o All commands issued
through the command
window

o Double-click to re-execute

-1 Arrow keys cycle through
command history in the
command window
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The MATLAB Desktop — Docking Windows
e

HOME PLOTS APPS

@ E i % ﬁ ﬁ ﬁ E @ Search Documentation LI

New Variable Analyze Code mE @ Preferences @
'{_'I:' T [ Find Fies & E - w (=) © &, Community
— t> Open Variable + {7 Run and Time [ Set Path
Script - - Data Workspace @CWW«W = @Cwmmwﬂs ~  Library - %Pﬂ'ﬂd - -
FIEE | AN [E112 | MR ELD RO | RESOURGES —l
Workspace ® | Command Window ®
Value [ Editor - RAPrivate =) *
<4x4 double> e —
[0:0;0,886.9737] EDITOR PUBLISH VEW CEPARREETE ‘|
[1.0,0,0] Show Code Analyzer Report
Find Files = Y= P
0 'il—_'l:' 'ﬁ ﬁ @ [2 @ E‘RunSectinn Sh D d R
5 —— ow Dependency Report
<D36L struct> New Open Save i EDIT NAVIGATE  Breskpoints Run Runand Runand |5l Advance
: . N
2000 - - * (=Pt v — - - - Time  Advance ~ Dock Editor Ctrl+Shift+D_>
2.0333 FILE | | |BREN{POINTS| RUN # Undocl = _movie.m
261 1 % MAE3020 Sectionl movie.m o~
10000 2 F
101115 2= clear all:; clc
972 4
Current Folder £|= ms = 973; -
& — k = 10e3; =
<@ = (5 3« MAE3020 » MNotes » o= b = 2e35;
Mame = B = kt = 101115;
FLV 9= mas = 114;
) MAE3020_Section]_mavie.m 10 —
aMABUZU_Sectionl_Quar‘terCar.m 11— tf = 12;
aMABUZU_Sectionl_QuarterCarZ.m 75 (= dt = 1/30;
E| quarterCarMovie.avi 13 — t = 0:dt:tf:
B | quarterCarMovie.flv 14
= ssasfashasda st 15- &=1[0, 0,1, O;
Details s e o1, 0
16 o, o0, 0, 1;
Command History 17 -k/ms, k/ms, -b/m=, b/ms;
clec 18 k/mus, - (k+kt)/mus, bfmus, -b/mus];
tf = 8; 13 — B =[00 0 kt/mas]"';
dc = tf/2000: 20 — c=11, o, 0, 01:
ms 21 — D= 0;
MAE3020_Sectionl movie 22
widfile 2 sysgc = == (A,B,C,D):
MAE3020 Sectionl movie 24
= = 25 — up = [zeros(l,4/dt-2),3.33,6.67,10%0nes (1,4/dc-2),6.67,3.33, ... <
< [ ] »
| MAE2020_Sectionl_QuarterCar2.m  * [ MAE3020_Sectionl_moviem x|
| script [Ln 36 Col 7 [ OVR
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The MATLAB Desktop — Docking Windows
e

MATLAE R2012 =
0 0 EDITOR B @ E ‘g, .% ﬁ ﬁ ﬁ E @ Search Docurmentation 2
Eﬂj - ﬁ (5l Find Files nsert 5 fx v | &g |‘2 &} L@ [5] Fun Secton
New  Open

=|Compare * Comment %% 53 & GoTo =
=1 Indent 2| |5 | Find ~ - - Time  Advance
FILE | EDIT | MAVIGATE | BREAKPOQINTS | RUN
Workspace ®  Command Window ®
Mame = Value (@) New to MATLAB? Watch this Video, see Examples, or read Getting Started. x 1 % MRE3020 Sectionl movie.m -
A <4l double> »| f 5y 2 B
B [0:0:0:886.9737 3= clear all; clc
C (10.0,0] = :
D 0 3 = ms = 973;
£l M «<1x361 struct>'— 6 - k = 1l0e3;
b 2000 7= b = 2e3;
dt 0.0333 g - kt = 101115:; =
hfig 1 9 — mus = 114;
i 361 10
10000 ahil|= tf = 12:
I+ 1M115 i _ - .
« T o 12 dt = 1/30; .
13 = t = O:dtc:tf;
Current Folder O] 14
e EE|Pe«M.r ~ 0 15 — a=1p(0, 0,1, 0O;
N 16 o, 0,0, 1:
ame «
17 -k/ms, kfms, -b/ms, b/ms;
FLV -
. . fun 18 k/mus, - (k+kt)/mus, b/mus, -b/mus];:
D MAE3020_Sectionl_movie.m 05| B = (000 ki/mus]':
) MAE3020_Sectionl_QuarterCar... | = | e
) MAE3020_Section]_QuarterCar... - e 000, 0
| quarterCarMovie.avi L D=0
|8 | quarterCarMovieflv 2
[ Y, i Azl = sysqc = =s(A,B,C,D);
Details Lad 24
: 25 — = 1,4/dt-2),3.33,6.67,10% 1,4/dt-2),6
Command History @ ue [zexos( ) ones )
e —— . 26 zeros (1,length(t)-8/dt)]:
: 27 — w = [upl: —
de = ©£/2000; 28 — [v.t,x] = lzim(svsgec,u,t):
ms 25 — v =y + 15;
HAE3020 Sectionl_mowvie 30 — xs = x(:,1) + 50:
widfile = 31 = xus = x(:,2) + 25; b
L MAE3020 Sectionl movic - ol m | '
1 T | » | MAE3020_Sectionl_QuarterCar2.m ><|[ MAE3020_Sectionl_movie.m ><]
| seript [Ln 36 Col 7 [OVR
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The MATLAB Desktop — Saving Layouts

PLOTS EDITOR PUBLISH

New Variable Analyze Code OE Preferences
E.:—_'I:' - [ Find Files E = i (=5 @ © @ &, Community
£} Open Variable ¥ {7 Run and Time [ Set Path
New New Open Oumare Import  Save Simulink Help 3nmmam
Seript v - Data Workspace |7/ Clear Workspace ~ [’ Clear Commands ~  Library - Paraliel ~ -
FILE ‘ VARIABLE ‘ CODE ‘ SIMULINK SELECT LAYOUT
Workspace ® | Command Window M Defautt
Mame = Value (@) Mew to MATLAB? Watch this Video, see Examples, or read Getting Started ctionl movie.m -

E Command Window Only —

fr >>

m History and Command Window 1c
F1 ANl but Command Window Minimized

B kwebb

Save Layout...

m

Organize Layouts...

+  Command History
] I b -

+  Current Folder

Current Folder ® v B
* * ,IE ﬁ ) < bin -0 Waorkspace 1, o:
N R +  Panel Titles 0, 1:
m;i:z;stn,r i Shortcuts Tab kfms, -bfms, bfms; _
! ol —(k+kt) /mus, b/mus, -b/mus]:
,—uiﬁ,_t,—} |i| " Toolstrip t/mus] " ;
winGd Quick Access Toolbar >, 01:
4 | insttype.ini Current Folder Toolbar >
=] lcdataxml il
o ' 23— sysgc = ==(R,B,C,D);
Details Ll 24
Command History ® 25 — up = [zeros(1l,4/dt-2),3.33,6.67,10%ones (1,4/dt-2),6
— = 200%3%100%27 (200+ 26 zeros (1, length(t)-8/dt)]: _
— 0.5%2 27 — w = [up]:
28 - [v,t,x] = lsim(sysgc,u,t):
abs (V) 29 — v =y + 15;
angled (V) 30 — ®s = x(:,1) + 50;
50/ (1+3*%0.785) = 31 = xus = x(:,2) + 25; kv
$—— 11/28/2012 4:37 BM - ~ < i ] L
4 m 3 r MAE3020_Sectionl_QuarterCar2.m ><|[ MAE3020_Sectionl_movie.m ><]

| script [Ln & Col 13

Ready
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Assignment of Variables
-

T—TT— Can define variables

(1) New to MATLAB? Watch this Video, see Examples or read Getting Started.

> a2 and assign values

Variable and value
echoed in command

window

Terminating command
with semicolon
suppresses echo

Variables then appear
in workspace
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- Data Types

K. Webb

Variables used in MATLAB can be of many different
types, e.g. integers, floating-point numbers,
alphanumeric characters, etc.

The following section introduces each of these data
types. You’ll gain a better understanding of each as
the course progresses.
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Variable Declaration

In MATLAB, it isn’t necessary to declare a variable
before using it, e.g.:

a = 7.4039;

Declaration occurs automatically upon assignment
o Default type is double

This differs from many other languages, e.g. in C:

float a;
a = 7.4039;
or
float a = 7.4039;
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Variable Names
-
Variable names must start with a letter

Names may contain letters, numbers, and
underscore characters

o No spaces
Names are case sensitive

Don’t name variables with names of built-in
functions

o Can be done, but that function will not be available as
long as the variable is defined in the workspace
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Fundamental MATLAB Data Types
R

MATLAB supports many different numeric and non-
numeric data types

Numeric types

O int8, intl6, int32, int64

0 uint8, uintl6, uint32, uint64
o single

o double

Non-numeric types
o logical o table o struct

o char o cell o function handle
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Data Types —double

e
When you assign a variable a numeric value, e.g.

a = 7.4039;

by default, its type is double
double

o Numeric value stored using double-precision floating-point
format

O 64 bits used to store each variable value

O Accurate representation of very large and very small values
Range: +2.22507 X 1073%8 _ +1.79769 x 10308

o Can usually ignore numerical errors due to inaccurate
numeric representation
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Non-Default Data Types

It is possible to force MATLAB to store numeric
variable values as other types
o We'll rarely, if ever, do this here

o May become important if writing code for execution on
non-PC target hardware,

E.g., microcontroller for control system application

o Default, double, type requires 64 bits
May consume excessive memory

Mathematical operations may be too slow on some
hardware

o Other data types trade off precision for memory
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Data Types —single
"""V
single
o Single-precision floating-point format
o 32 bits
o Less memory required than for double

O Less precise than double
o Range: +1.17549 x 10738 ...+ 3.40282 x 1038
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Data Types — Int§, Intl6, 1nt32, int64
I

Signed integers
o One sign bit — remainder for integer value

INt8 InNt32

o 8-bit o 32-bit

o Min: -128 o Min: -2147483648

o Max: 127 o Max: 2147483647

INtl6 1INt64

o 16-bit O 64-bit

o Min: -32768 o Min: -9223372036854775808

o Max: 32767 O Max: 9223372036854775807
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Data Types —uint8, uintl6, uint32, uint64
-

Unsigned integers
o All bits used to store integer value

urnts urnt32

o 8-bit o 32-bit

o Min: 0 o Min: 0

o Max: 255 o Max: 4294967295
urntlo6 urnté4

o 16-bit O 64-bit

o Min: 0 o Min: 0

o Max: 65535 O Max: 18446744073709551615
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Non-numeric Types — logical
.

Data type that stores one of only two values:
O True—storedasal
O False —storedasa 0

For example, relational (comparison) operations
return logical values:

> a = b;
- double 6 6 >> b =a <10
b logical 1

Relational operation evaluates as true
o b stored as a logical with value 1

K. Webb ENGR 112



Non-numeric Types — char
-
Data type used for text

o Alphanumeric characters

Useful for:
o Reading from and writing to files
o Annotating plots, etc.

Variables are of the char type when their assigned
value is enclosed in single quotes:

Thi=zs i=s text: abclZ3fe!

i >> |
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Non-numeric Types — cel |

A cell array is a collection of individual data
containers called cells

Each cell in an array may be of a different size or
different type

For example, C is an array of char and double
cells:

'text string' [57.3910] [12] 'more text' [3.7000)

fi >> |

c is of type cel |
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Non-numeric Types — table

[
Container to hold

»>» day = {'Monday';'Tuesday';'Wednesday'; ' 'Thursday"; "Friday'};

C0|umn-0riented data >> Thigh = [63;71;68;59;74];

»»> Tlow = [48:51;50:47;49];

M ¥» sky = {'Partly Cloudy';'Clear';'Partly Cloudy';'Cloudy';'Clear'};
of different types and | 7= o

M »» T = table(day,Thigh,Tlow, sky,precip)
SIZzes o

o Useful for
spreadsheet-like data

o Each column contains ey’ %8 T :
a different variable pednesdayt P Bmwasar 0o
May also include

T =

day Thigh Tlow sky precip

'Friday’ 74 49 'Clear’ 4]

. Je > |

metadata properties,
e .g. ) . . Mame = Class Value Min
o Variable units il oSStk

] Thigh double [B3:71:68... 59
O Row names, etc. e o st

] precip double [0.0100:0... 0

shy cell Sl cell
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Non-numeric Types — STruct
e
Structures are T

>» Weather.day = {'HMonday';'Tuesday';''Wednesday'; ' 'Thur=sday';"'Friday'};

a rrays With »> Weather.Thigh = [63;71:;68;59:74];

>» Weather . Tlow = [48;51:50:47:49]:

»» Weather.sky = {'Partly Cloudy';'Clear';'Partly Cloudy';'Cloudy'; 'Clear'};

namEd field$, »» Weather.precip = [0.01;0;0.04;0.8%:0]-:

»>>» Weather

each containing| s -
data of varied e )

Tlow: [5x]1 double]

type and size

precip: [5x1 double]

Field data can 7> Weathex. 2Ky

ans = Workspace

be accessed

'Partly Cloudy'

. . . "Clear' Weather Ix1 struct
IndIVIdua“y 'Partly Cloudy’ Sl cell
'"Cloudy"®
'Clear’
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Mathematical Operations and Built-In Functions

MATLAB includes an extensive library of
general-purpose, as well as many application-
specific, built-in functions.
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Basic Mathematical Operatio

MATLAB includes all of the
basic mathematical functions
you would expect in a scientific
calculator

o Addition
o Subtraction i
o Multiplication
o Division i
O Exponentiation

NS

K. Webb
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Order of Operations
-
MATLAB order of operations: Comandlincon '

> 2 + 9 - 372/ 10*%4

ans =

1) () parentheses
N\

2) exponentiation

T.4000

3) negation

> 2 + 9 - 3™ (2/10%4)

2 *,/,\ multiplication, division ans =
5) 4+, - addition, subtraction 8.5918

’

> 2 + (9 - 3)"2/10%4

Expressions are evaluated left to
right within each level of the
precedence hierarchy

ans =
16.4000

fg >> |
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Built-In Functions
e

MATLAB includes many Conri
built-in mathematical 3 e
functions, including:

o Square root: \/x e

o Exponential: e*

o Factorial: x! Cme

40320

o Absolute value: | x|

> p = abs (y-x)

o And many, many more... o -

0.5858

J55:>:>|
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Trigonometric Functions

Trigonometric
functions expect input
arguments expressed in
radians

Inverse trig functions
return values in radians
To operate in degrees
o Convert

O Use degree-specific
functions: sind, cosd,
atand, etc.

K. Webb

g

>

e

0.8540

sin (90%pi/180)

1

2ind (90)

atand (1)
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Built-In Functions—clear, clc

C I ea r X Workspace @ | Comman d Window
y' L O r MName « lass Value Min v =

C
Eﬂ p double 0.5858 0.5858
C I ear a I I Hﬂq double 40320 40320 1.4142
H x double 2 2
an double 14142 14142 »>» g = factorial (x™3)
Eﬂ z double 7.3891 73801

o Deletes some or all
variables from memory

clc

O Clears the Command R — v| £ >> clear all:; clc

window C
Good practice to start S—

a” Scripts With: Name & s Value Min | f& >>
clear all; clc

40320

»> Z = eXp(x)
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Logarithms
R

Natural logarithm

b> v = log(0.3679)

y = 1og(x) , -
Log base 10 e _{:gjzglﬂtlﬂeﬁ}

y = 10gl0(x) ;-
Log base 2 >y : log2 (4096)

y = 10g2(x) ;-

fe >> |
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Built-In Constants

>» pi

Some built-in MATLAB
constants: e

om:pli

o Imaginary unit (Vv—1): 1 or J
o Infinity (e): inf e
o Not-a-number: NaN -

o Result of most recently
executed command: ans

O Largest positive floating-point
number: realmax

???????????

o Smallest positive floating-point
number: realmin
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Scientific Notation

Use scientific notation to represent very large or small
numbers, e.g.:

1.58 x 107°

Very bad practice to type a lot of zeros — never do this:

0.00000000158

o Difficult to read, and much too easy to miscount zeros
In MATLAB use e for X 10%, e.g.:
X = 1.58e-9;

Don’t confuse with e* (i.e. 2.718%) represented by exp(x)
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MATLAB Help Documentation

-~
Two ways to access

Command Window

MATLAB help files: >> neip oo |
log Hatural logarithm.
log(¥) is the natural logarithm of the elements of X.
n Type: Complex results are produced if X is not positive.
he I p <funCtion> at See also loglp, log2, logld, exp, logm, reallog.
the Command Ilne Cverloaded methods:
gfflog
codistributed/log
n Use the hE|p gpulrray/log
documentation browser sym/log
Reference page in Help browser
Not sure if a function seeted
. . f,_-
exists to do something e

you want?

O It prObably dOeS - SearCh 5] L by ’ f-‘vﬂj Search Docurentation I &
foritin the
documentation
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n MATLAB Scripts — M-Files



MATLAB Command Window
-0V
As we’ve seen, we can enter commands into
MATLAB through the command window
o Useful for quick calculations, debugging, etc.
O Enter one expression at a time

O To execute a sequence of commands repeatedly, must
re-enter all commands each time

o Command history is only record of executed commands

Better practice is to write all commands to be
executed in a single file or script, called an m-file
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M-Files

M-files are files containing a series of MATLAB
commands

o These are scripts or programs
o So called due to the -m filename extension

o Quickly and easily re-run at any time — no need to re-type all
commands in the command window

o Executed by entering the m-file name on the command line
or by clicking the Run button
et 5 AP v B

o =| : ;
e L= L@* (2] Run Section
i '{E & :J&“:l QI]GDTD' B poinge ¥in and Run and I%Adu’m
Time  Advance

i rea

ent [} o7 b2 e = v
EDIT NAVIGATE BREAKFOINTS |

rmmand Window ] " Editor - B\Privatel MAELN

Our primary mode of interaction with MATLAB
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Scripts vs. Programs

We'll use the terms scripts or programs interchangeably
when referring to MATLAB m-files

Technically, m-files are scripts, but this distinction is not
important for our purposes.

Programs

o Written (possibly) in a high-level language — source code

o Compiled (once) by a compiler into a machine language
executable file — object code

o Fast, because compilation performed once, ahead of runtime

Scripts

o High-level source code is interpreted and executed line-by-line by
an interpreter at runtime

o Slower than compiled programs
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MATLAB Editor

2 O

MNew Open Save

Lq] Find Files
Omme -

Workspace Command Window Editor - R:\Private\ MAE\MAE3020\ Motes\ MATLAB\MAE2020_Sectionl_QuarterCar... (¥) X

Mame = Value @ MNew to MATLAB? Watch this Video, see Examples, or read Getting Started. % MAE3020_Sectionl QuarterCar2.m

<dud double> =« »> tf = 8;

[0:0:0:386.9737 de C£/2000; clear all; clc
1,000

t[]' o0 ms ms = 973;

<1x39 doubles o k = Se3;
13,2001 doul b = 2e4:

<40x39 double kt = 101115;
0.0040 mus = 114;

40 10

B 11 tf = &;

<140 doubles 12 dt = t£/2000;
<40x39 double 13 = 0:dt:tf;
101115 14

973

15 = 500:500:20e3;
16 = 1e3:500:20e3;
Current Folder 17
@ HE | L« M. v 2 18 i :length (k)
19 i = 1:1length(b)
D Neme = 20 A= [0, 0O, 1, O0O;
EMABnm_Sect@onl_mouie.m i o 00 1
aMABUZU_Sectlonl_QuarterCar... 22 ~k(i)/ms, ki{i)/ms, -b{j)}/ms, bij)/ms:

£ MAER020 Sectionl_QuarterCar.. 23 k(i) /mus, - (k(i)+kt)/mus, b(j)/mus, -
\E| quarterCarMovie.avi
24 = [0 0 0 kt/mus]"';

& quarterCarMoviel00.avi
I_I-‘i. L u 25 [i, o, o, 01:

Details 26 = 0:
27
28 sysgc = ss(&,B,C,D);

29
cle 30

4

Comrmand History
k

y(:,1,3) = step(sysgc,t);
tf = & 31 0s(i,3) = (max(v(:,i,3))-v(end,i,3))/v(end, i~
dt = tf/2000;: 4| n r

ns | MAE3020_Sectionl_moviem = Ih'lABOEO_Sectionl_QuarlerCatZ.m ><I

| script [Ln 12 Col 14 [OWVR
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M-File Naming Requirements
e
M-file names must start with a letter

Names may contain letters, numbers, and
underscore characters

o No spaces
Names are case sensitive
Don’t name m-files with names of built-in functions

o Can be done, but may lead to confusion

o Local m-file will take precedence over the built-in
function — determined by the MATLAB path
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The MATLAB Path
I

M-files can be executed three ways

o Click the “Run” button (see p. 4)
o Enter the m-file name at the command line
o Call the m-file by name from within another m-file

But, the m-file must be in the MATLAB path

The path is an ordered list of directories where MATLAB
looks to find m-files when called

The MATLAB path includes:

o The present working directory

o All MATLAB libraries of built-in functions

o Any directory that you explicitly add to the path
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The MATLAB Path

All m-files outside of the PWD — user-defined or
built-in — must be in the path to be accessed

BHAS| o = [
2 & Community All changes take effect immediately.
MATLAB search path:
Help = Request Support : | AddFolder.. | i
=i Change the search path used by MATLAB to Iu:u:ukfu:urflles| I} C\Users\kwebb3\Documents\MATLAB -
e : T | | Add with Subfolders.. | | C:\Program Files\MATLAB\R201 2b\toolbosx\user =
. C\Program Files\MATLAB\R2012b\toolbox\matlab\demos
. C\Program Files\MATLAB\R2012b\toolbox\matlabh graph2d
. C\Program Files\MATLAB\R2012b\toolbox\matlabh graph3d

. CAProgram Files\MATLAB\R2012b\toolbox\matlabh graphics
CAProgram Files\MATLAB\R2012b\toolbox\matlabhplottools

[ ]
FO r n OW’ t h I S I I l e a n S LRIy | C:\Program Files\MATLAB\R2012b\toolbox\matlab\scribe

. C\Program Files\MATLAB\R201 2b\toolbox\matlab\specgraph
. Ch\Program Files\MATLAB\R201 2b\toolbox\matlab\uitools

yo u m u St S et t h e [ e ] | C:\Program Files\MATLAB\R201 2b\toolbaxlocal
. Ch\Program Files\MATLAB\R201 2b\toolbox\matlab\optimfun
Move to Bottom l . C\Program Files\MATLAB\R201 2b\toolbowmatlabh codetools
. Ch\Program Files\MATLAB\R201 2b\toolbox\matlab' datafun
P W D to e t e . C\Program Files\MATLAB\R2012b%toolbox\matlab\datamanager
. Ch\Program Files\MATLAB\R201 2b%toolbox\matlab'\datatypes
. C\Program Files\MATLAB\R2012b\toolbox\matlab'elfun

L] L
- . CA\Proaram Files\MATLAB\R201 2b'toolbox\matlab' elmat =
[ Remove l 4 LU | C

l Save l [ Close Revert Default ] l Help

you’'re working with —_

Mowve Up
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Present Working Directory — Current Folder

-

- -
TEY o
I..

= s Tim—~w

» I » kwebb » Private » MAE » MAE4020 5020 » Motes » MATLAB » Sectionl0 »

Current Folder
MName «

html
a aliasing.m

dft_demo.m

a dft_pulse.m

|| fft_lab_signals.asv

a fft_lab_signals_1.m

a fft_lab_signals_2.m
four_trans_sem

a four_trans_sym.m

a MAE4020_5020_fft_lab_1.m

Tl N T T S R

EH MAE4020_5020_fft_lab_l.mat
#4 wanranan S

- PWD is indicated on the MATLAB desktop

dft.m (Function)

s

in one of two possible locations

o As shown here, or
o In the Current Folder sub-window

-1 Current Folder sub-window shows
contents of the present working directory

o These files are all automatically in the path
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M-Files — Best Practices

Start m-files with a comment listing the file name. Additional comments with a

File names cannot contain spaces or special brief overall m-file description
characters. and other details is useful.
“clear all” clears all variables /
stored in the workspace. ol o
3 % K. Webb 4/24/14
\ 4 % Simmlation of the motion of a pendulum of specified length
4 CIC’ C|earS the Command {\ % in response to specified initial conditions
window — you’ll know if error 7-  clear all; cle
]
messages are from the current run. [ 9 - 1=o0.5; % length of the pendulum [m]
1= thetal = -10*pi/180; % initial angle [deg]
11| = wd = 0 % initial ang. wvelocitcy [rad/sec]
121 = x0 = [thetal, w0]: % vector of initial conditions
13 = ti = 0; % initial time for simulation
14 - tf = 10: % final time for simunlation
. . P15 = tespan = [ti,cf]: A
Define constants to be used in s
. 17 % Try different tolerance settings
equatlonS- Parameters Can be 18 % RelTol = le-3 can be unstable for large thetal
h d . . I I 1% - options = odeset ('EelTol’',le-&);
C ange In a Slng e p ace' 20 — [L,x] = ode45(Bpendode, tspan,x0,options,1);
21

Always comment your code.

Err on the side of excessive comments.
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Comments
X

Comments are explanatory or descriptive text added to your code
o Not executed commands

In MATLAB, comments are preceded by the percent sign: %

Comments may occupy an T BTy

entire line Bl . i coponor to opeciticd iminiel condivions
Or, may be inserted at the e

end of a line, after - s e mem
uncommented expressions [ i ol i i

Ctrl+R comments a line of text in the MATLAB editor
Ctrl+T uncomments a line

Commenting is useful for temporarily removing instructions from an m-file
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Clearing the Workspace —clear.m

Good practice to clear all variables from memory at
the start of an m-file

O Prevents problems due to variables of the same name
from previous runs or other m-files

Use clear .mto clear the entire workspace:
clear all;

Or, to clear individual variables, e.g.:

clear x A N
or

clear(“x”,’A”,’N”)
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Clearing the Workspace — Example

.
M-file to generate a vector of N = 10 random numbers:

1 % clear test.m

2

3 % demonstration of the importance of clearing the workspace
4 - clc

5

6 — N = 10; % length of =

7

g - for i = 1:H

9= IT ®({1) = 1*rand; % a uniformly-dist. random number scaled by 1
10 — end

11

12 — displayv(x):

Column= 1 through 7

0.5472 0.2772 0.4478 1.0300 4.2036 1.5257 5.7000

Columns 8 through 10

1.9482 §.3634 3.48988
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Clearing the Workspace — Example

.
Run again for N = 5 without clearing the workspace:

1 % clear test.m

2

3 % demonstration of the importance of clearing the workspace
L clc

5

& — H = &; % length of x

7

Bi|= for i = 1:N

9 - [T x (i) = i*rand; % a uniformly-dist. random number scaled by i
1 = end

11

12 — displav(x):

x still contains 10 numbers —last 5 from the previous run:

Columns 1 through 7

0.1%66 0.5022 1.8481 1.8932 1.7583 1.5257 5.7000

Column= & through 10

1.9482 8.3634 3.4988
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Clearing the Workspace — Example

.
Run again for N =5, but now clear the workspace:

1 % cl _
2
3 x d b © f cle g worksp
iiaiy cl 1
— 5
& — H =25 % leng £
7
g - £ = 1:H
9 [f x (i) = and % uniformly-dist. d urmks scaled by
10 d
11
12 — display(x):

Now, the length of x is 5, as expected:

0.8308 1.1705 1.6482 3.6688 1.4282
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cle.m

-
Issuing the command clc clears all text from the
command window

Good practice to always do this at the start of every
m-file

Errors are reported in the command window

o Want to know if they are from the most recent m-file
execution or a previous run

o If the command window is cleared first, any error
messages must be from the most recent run
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Pseudocode
-

The most important part of the process of writing
computer code is planning

o Determine exactly what the program should do
o And, how it will do it

Before writing any code, write a step-by-step
description of the program

o Natural language
o Graphical — flow chart (more later)

This may be referred to as pseudocode
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Programming Process
e

Programming process:

o Define the problem
Ensure you have a complete understanding of the problem

Determine exactly what the program should do
Inputs and outputs
Relevant equations

o Design the program
Pseudocode — language-independent

o Write the program
Simple translation from pseudocode

o Validate the program
Do the outputs make sense
Test with inputs that yield known outputs
Test thoroughly — try to break it
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Pseudocode

1 Comments can serve as pseudocode
o Write the comments first
o Then insert code to do what the comments say

-1 For example:

1 % This script calculates the theoretical maximum
2 % power generated by a hydropower facility with
3 % a given head and flow rate
4

1 % This script calculates the theoretical maximum

) L L 5 %2 clear the workspace/command window
2 % power generated by a hydropower facility with
. i 6 — clear all; clc
3 % a given head and flow rate - R
4
) . 8 % Define density of water [kg/m™3]

L] % clear the workspace/command window
9 - rho = 1000;

e 10

7 % Define density of water . . . .

8 11 %2 Define gravitatiomal acceleration [m/s"2]

. . . ) 12 — g = 9.81;
9 % Define gravitational acceleration .
10
. . 14 %2 prompt user for the amount of head [m]

11 %3 prompt user for the amount of head [m] . )

12 15 — h = input ({"Enter head [m]: "):
18

13 % prompt user for flow rate [m~3/s]

14 17 % prompt user for flow rate [m™~3/s]

i ) alls| = Q = input ("Enter volumetric flow rate [m™3/=s]: °'
15 % calculate the maximum power D
16
. i 20 % calculate the maximum power

17 % display the power

D 21 — B = rho*g*h*{Q;
22

139

o 23 % display the power
24 — fprintf ("\nPmax = %1.1f MW'n\n',B/Sle&):
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Sequential Code Execution

In general code is executed line-by-line sequentially
from the top of an m-file down

There are, however, very important non-sequential
code structures:

o Conditional statements — code that is executed only if
certain conditions are met
1T .. else
switch

O Loops — code that is repeated a specified number of times
or while certain conditions are met

for
while
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- Inputs & Outputs



Inputs to Scripts
e

Inputs to a script:
o Assignments of variable values

Several input methods:

o At the command line

o Within the script

o Specified by user during execution — input.m
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User-Specified Input — Tnput.m
.
Prompt user for value to be assigned to a variable

var = input(Prompt)

o Prompt: a string that will be displayed in the command
window, prompting the user for an input

O var: variable to which the user-specified input is stored

For example:

& — Ti = input ('Enter the initial temperature of the fluid (K): "1

J% Enter the initial temperature of the fluid (K):
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Outputs from Scripts
-
Outputs from scripts:
o Display of values calculated by the script

Several output methods
o Plotting

o In the command window
Omission of trailing semicolon (;) in script
disp.m
display.m
fprintf.m
o Writing data to files (more later)
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fprintf.m

-
Output formatted data to a string in the command window

fprintf(formatSpec,Al,A2,..,An)

o FormatSpec: a string — may contain formatting sequences for
insertion of variable values

o Al,A2,..,AN: variables whose values are to be inserted into
the string — one for each formatting sequence in formatSpec

For example:

& — fprintf('\nThe value of pi i=s %0.5f\n'\n',pi):

The walue of pi i=s 3.1415%

fx 5> |
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Formatting Sequences

Command Window

»» 8 = g2printf('The wvalue of pi i pi]

String may contain number formatting sequences
o Percent character (%) followed by conversion sequence

%6 .4°F

A
. Conversion character:
Indicates the .
. here, T indicates
beginning of a

: representation in fixed-
formatting sequence ,
point format

Field width:
minimum number of
character spaces
used to display the

variable value
K. Webb ENGR 112

Precision:

# of digits to the right of the
decimal point (f, e, or E) or #
of significant digits (g or G)




Conversion Characters

Conversion characters specify how to format variable
values within a string

Value Tvpe Conversion
* Character

Signed integer %d
Unsigned integer %u
Fixed-point notation %f
Exponential notation %e
(e.g., 1.6e-19)

Exponential notation %E
(e.g., 1.6E-19)

More compact of %e or %f %g
More compact of %E or%f %G
Single character %c
String %s
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Formatting Sequences — Examples

Command Window

= x = 10ed4*pi/f2;

FIXEd-pOInt nOtatIOH* —_— -4—- >» fprintf('\nitx = %0.2f\n\n',x);
X = 157079.63
| »> fprintf('\n\tx = 210.2£'\n\n',x);
Field-width control > —
il x = 157079.63

*» fprintf('\m'tx = 0.Zerni\n',x®x);

Exponential notation —_ x = 1.57e+05

*» fprintf('\nYtx = 20.Z2E\n\n',x);

x = 1.5TE+05

Compact format 4

= >> fprintf('‘n'\tx = %20.2g\n\n',x);

i

x = 1.62+05

wohnt, ®) o

P
6
e

*» fprintf('\n'\tx = %0.

x = 1.86E+05
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