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_ _ Virginia
Purpose of this Section P

. Toillustrate simple uses of the MATLAB™ Technical
language

. To help you understand under what circumstancesis
MATLARB abetter choice than spreadsheets and high-
level languages

- To understand some of the MATLAB toolboxes used in
specialized technical computation

. Just for the fun of learning something new (the most
Important reason)

™ trademark of the Mathworks (Natick, MA)
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Virginia
What IsMATLAB? [ Tech

. A high-performance language for technical computing
(Mathworks, 1998)

. Typical uses of MATLAB:
- Mathematical computations

- Algorithmic development

- Model prototyping (prior to complex model development)
- Dataanalysis and exploration of data (visualization)

. Scientific and engineering graphics for presentation

- Complex analysisusing MATLAB toolboxes (i.e., statistics,
neural networks, fuzzy logic, H-infinity control, economics, etc.)
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: Virginia
Why isMATLAB Good for Me? L) Tech

. Because it smplifies the analysis of mathematical
models

. It freesyou from coding in high-level languages (savesa
lot of time - with some computational speed penalties)

. Provides an extensible programming/visualization
environment

. Provides professional 1ooking graphs

. Thelearning curve of thislanguage is moderate (my own
bias)

. Our studentslearn the language in EF, Math and Physics.
Perhaps we should exploit this fact in our junior and
Senior courses
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Virginia

WhereisMATLAB in the Scheme of Things?

Complimentary tool to spreadsheets and prog. languages

M Tech
g

Tool My Remarks (subjective)

Spreadsheets (Excel)  Easy to use

» Good for general purpose computation
* Nice standard graphics

» Good connectivity to other applications
« Platform independent

Numeric/Symbolic Tools (MATLAB, » Moderate learning curve
Mathematica/M athcad) » Good for general and scientific computa-
tions

 Excellent graphics
» Good connectivity to other applications
« Platform independent

Compiled Languages (C/C++) * Require afairly steep learning curve

* Best control over the development cycle

» Good graphicsif aseparatelibrary is
available

» Generally platform dependent

Virginia Polytechnic Institute and State University
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Virginia

A Few More Facts About MATLAB g Tech

- MATLAB was created to be a numerical computation
package (based on the LINPACK routines)

- MATLAB isusually faster than Mathematica and Maple
IN nUMeric intensive tasks

- MATLAB has more textbooks than other packages
combined (850+ books). Perhaps this speaks on the
acceptance by the user community

. Go to www.mathworks.com for a complete set of books
on various subjects
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Tutorial Outline Vlrgﬁﬁmh
. Basicsof MATLAB (various modes of operation)

. | nput-output commands

. Dataanalysis functions

. Matrices and vector operations

. Script files and programming issues

. Output graphics and plots (bar, 2D and 3D commands,
Interactive features)

- Numerical solutionsto differential equations (queueing
and dynamic system applications)

. Simulink and other MATLAB toolboxes (C compiler,
Neural Networks, Statistics, etc.)
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- : Virginia
Basics of the Technical L anguage g Tech

- MATLAB isatechnical language to ease scientific
computations

. The nameis derived from MATrix LABoratory

- It provides many of the attributes of spreadsheets and
programming languages

- MATLAB isacase sensitive language (a variable named
“c” Isdifferent than another one called “C”)

. MATLAB can be used in interactive mode or in full
compiled version (platform specific mode)

. Ininteractive mode MATLAB scripts are platform
Independent (good for cross platform portability)
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! Virginia
MATLAB Foundations g Tech

. MATLAB works with matrices

. Everything MATLAB understands is amatrix (from text
to large cell arrays and structure arrays)

. Various datatypes exist within MATLAB
- single precision
- double precision
- integer (8 bit)

. Performance of MATLAB scripts can be improved using
vector operations (more on this later)

- MATLAB has advanced data structures including object-
oriented programming functionality and overloadable
operators
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The MATLAB Environment g Tech

HOME PLOTS APPS FBELiERogBE
r 0 New Variable Analyze Code mE a1 (% Community |
== R T N L B8 | [ @ ereferences | 2 B
= Lt} Open variable = k7 Run and Time = Request Support |
New New Open -|Compare Import Save Simulink  Layout ﬁsgt Path Help
Script  + - Data ‘Workspace [ ClearWorkspace ~ (' Clear Commands ~  Library - ~  OpAdd-Ons ~
FILE VARIABLE CODE SIMULINK ENVIRONMENT RESOURCES [
<A = 5 3 [/ ¥ Users b atrani » University work » courses b cee4674_files » Airport Simulator Trani h »0:
Current Folder ® Command Window ® Workspace ® |
: Namla = del.mdl (@) New to MATLAB? Watch this Video, see Examples, or read Getting Started. x ;;rge = Value doubl ;";1 z‘;"ﬁ |
\"a| accel_model.mi — ap 1x59 double N B
4 aceel_model takeoff.mdl Departures with no arrivals = 45.8015 (aircratt/hour) e ot oo 0 02e
£ cumulativeNormal.m 5 ROT [42,50,50,60,60,... 42 80
%) cumulativeNermal.m-~ 1 T1Time 1x59 double 230 8.70...
#) demo_AircraftGenerator.m 5 T2Time 1x59 double 271... 8.75.. |
| generate_interTimes . . . Co actualHeadway — Ix59 double 139.. 171...
fj‘ generate_interTimes~ AI’I‘IVBJS Only CapaCIty = 24 2 6 13 (all’craft/ hOUI’) ] aircraft 1x60 double 1 4 1
=] generator_arr_dep.m |E| aircraftData Ix60 struct
}‘j generator_arr_dep.m~ ] aircraftDepAtR... 1x63 double 230 8.99...
*| groupAssignment.m i O, i H H — i £l ai ftDepart... 1x63 struct
) erounAssionment. Sgroups.m Departures with 100% arrival priority = 24.8477 (aircraft/hour) e asiae e iots.. 123 150
% input_to_Simulation.m H arrivalAxis 1x90 double 0 24.8...
“| MC1_datacomm_sample.fig . . . ] arrivals 60 60 60 |
1 MG1_delayplot fig Departures with no arrivals = 45.8015 (aircraft/hour) ot Ankate .20 et 226 ase
L1 MC1_Queue_Plotl.ai f 1=
'E MC1Plot2.ai Command History ®
'Ei plot_MG1 [Converted].ai grid{axesl, ‘on');
';ﬂ plot_MG1.ai % hold(axesl,'all');
Bipusan_dep_delays.ai Arrivals Only Capacity = 24.3688 (aircraft/hour) hold on
| runnwaySim_stochastic_Sgroups.m % Create plot
i . . - B
€1 runmwySimatator stochacem it
£ runnwaySimulator_stochastic.m- Departures with 100% arrival priority = 25.379 (aircraft/hour) plot(aircraftbatalil. tine,aircraftbata(i

plot{timeRunwayThreshold, spaceRunwayThr

| runnwaySimulator_stochastic07.m
xlabel('Time (seconds)','FontSize',2@);

) runnwaySimulator_stochastic07.m-~

£ runwaySimulatorbain.m Departures with no arrivals = 45.8015 (aircraft/hour) ylabeld ‘Distance (m)',‘FontSize’,200; | |
runwaySimulatorMain.m-~ grid
| runwaySimulatorMain_complex.m end
“ runwaySimulatorMain_complex.m~ for w=1l:departures-1 |
jj runwayS?mulamrMa?n_mod‘m plot{aircraftDeparture(w).time,aircraftd |
- rumwaySimulatoriain_mod.m~ Arrivals Only Capacity = 24.6036 (aircraft/hour) xlabel('Tine (seconds)', 'FontSize’,20)y |
Details b ylabel{'Distance (m)', 'FontSize',20);
grid |
Departures with 100% arrival priority = 24.8135 (aircraft/hour) ?::waySimulatcham nogd 3
v % 9/25/13 5:21 AM "
Select a file to view detail . . .
Freea e fovandaa Departures with no arrivals = 45.8015 (aircraft/hour) L ST s
cle

runwaySimulaterMain_mod4

fx >> |

J
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Virginia
Basic Components of the MATLAB Environment ~ @I™®

MATLAB has the following basic window components:.

- Launch Pad Window
- toaccessal MATLAB services and toolboxes
. Command Window
- to execute commands in the MATLAB environment
. Current Directory Window
- to quickly access files on the MATLAB path
. Figure Window
- to display graphical output from MATLAB code

J
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Virginia
Basic Components of the MATLAB Environment ~ @I™®
. Workspace Window

- to view variable definitions and variable memory
allocations

. M-File Editor/Debugger Window

- to write M-files (includes color-coded syntax features)
- to debug M-files interactively (break points)

- MATLAB Path Window
- to add and delete folders to the MATLAB path

. Command History Window

- displays all commandsissued in MATLAB since the last
session (good for learning and verification)

J
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- : i Virginia
Composite MATLAB Window Environment [ Tech

. A Java-based GUI environment allowsyou to easily
navigate between various windows

HOME PLOTS APPS (2B NN (2 Q search Documentation ﬂ
=
[zd ,{IF, ™~ [ & a Lz, New variable \_ngna\yze(nde wﬁw E @ preferences () Community |
Li» Open Variable {7 Run and Time. = Request Support
New  New Open | |Compare Import Save Simulink  Layout "5l Set path Help —
Script v - Data  Workspace () Clear Workspace v |7 Clear Commands ~  Library - ¥ O Add-Ons v
e wansie coot s awRonmENT Resounces |
< & (8 3 [0/ » Users » atrani » University work » courses » ceed674_files » Airport Simulator Trani hPall
Current Folder [CRl Command Window Workspace ® |
: e el @ New to MATLAB? Watch this Video, see Examples, or read Getting Started. x Nﬂﬂéﬁ‘ \f"; - |
accel_model.m 9 di 6.,
2 accel model takeoff.mdl Departures with no arrivals = 45.8015 (aircratt/hour) ﬁ,,j" i
#) cumulativeNormal.m i rOT [42,50,50,60,60....
Romimmr o, e ' Workspace
#) demo_AircraftGenerator.m HH T2Time 1x59 double '
7 generate_interTimes ) . . [0 actualHeadway  1x59 double 139... 171...
’ generate_interTimes-~ Current Arrivals Only Capacity = 24.2613 (aircraft/hour) o aircraft 1x60 double v I .
#) generator_arr_dep.m |E] aircraftData 1x60 struct
;Jganemm,an,uap.mm FOlder T aircraftDepAtR... 1x63 double 230 8.99...
%) groupAssignment.m i ) i iari = H [ €] aircraftDepart... Ix63 struct
) oroeesiomment. Saroups.m Departures with 100% arrival priority = 24.8477 (aircraft/hour) e Dosiao 15, 123 130
% input_to_Simulation.m HH arrivalAxis 1x90 double 0 24.8...
%) MG1_datacomm_sample.fig . . . 60 60 60 t
£] MGL_delayplot.fig Departures with no arrivals = 45.8015 (aircraft/hour) EREY A 22 ase
1 MG1_Queue_Plot1.ai Command Histor el
[E e Y ®
MG1Plot2.ai '
% plot_MGL [Converted].ai grid(axes1, on');
_'EaplnLMGLAi % hold(axes1, ‘all
Eipusan_dep_delays.ai Arrivals Only Capacity = 24.3688 (aircraft/hour hold on
:
#) runnwaySim_stochastic_Sgroups.m % Create plot
runnwaySim_stochastic_Sgroups.m~ o i for i=l:arrivals
#) runnwaySimulator_stochastic.m . . .. .
| runnwaySimulator_stochastic.m-~ Departures with 100% arrival priority = 25.379 (aircraft/hour) plot(aircraftbata(i).tine,aircraftbatall
£ runnwaySimulator_stochastico?.m plot(timeRunwayThreshold, spaceRunwayThr
£ nmnwazsnmulamr’smchasncm:m» xlabel('Time (seconds)','Fontsize',20); ||
& - o . . . label( 'Dista (m)", 'FontSize',20);
] rumwaySimuatorain.m Departures with no arrivals = 45.8015 (aircraft/hour) YA Bretanes i, Taninee |
runwaySimulatorMain.me grid
) runwaySimulatorMain_complex.m end
) runwaySimulatorMain_complex.m~ for w=1:departures-1 |
#) runwaySimulatorMain_mod.m plot(aircraftDeparture(w).time,aircraftd |f
£ runwaySimulatorMain_mod.m~ " . . i deyt v Size' .
* = Arrivals Only Capacity = 24.6036 (aircraft/hour) xlabel('Tine (seconds)', ‘Fontsize',20);
Deails v ylabel('Distance (m)', Fontsize’,200; || Om man
grid |
Departures with 100% arrival priority = 24.8135 (aircraft/hour) f::wslmulammmm i .
v % 9/25/13 5:21 AM % '
Select a file to view details . - - 2097/300 ! I Stor
Departures with no arrivals = 45.8015 (aircraft/hour) v o2e/15 10:23 AH o I I I
cle |
runwaySinulaterMain_mod4
S>> | ;

J
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: Virginia
MATLAB Command Window g Tech

. The command window allows you to interact with
MATLAB just asif you type things in a cal cul ator

. Cut and paste operations ease the repetition of tasks

. Use ‘up-arrow’ key to repeat commands (command
history)

<) MATLAE Command Window - |O] x|
File Edit Wiew “Window Help

D@ %2R @8 8 2|

To get started, type one of these: helpwin, helpdesk, or demo.
For product information, visit www.mathworks.com.

l}}l

J
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: Virginia
MATLAB Launch Pad Window g Tech

. The launch window allows you to quickly select among
various MATLAB components and toolboxes

. Shown below are MATLAB and threeinstalled toolboxes
In the launch window environment

<} Launch Pad =l E3
Fil= Edit View ‘Web Window Help

-\ MATLAE
—n@ Help .:
— gt Denos

= Current Directory

— WMorkspace

—[&E] rath

—[E| GUIDE (GUT Builder)

—°Pr|:|du|:1: Fage (Weh)

Flﬂ Mapping Toolbox

- M Simulink

.ﬂ---@o Dials & Gauges Blockset

J
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. ] Virginia
MATLAB Current Directory Window g Tech
. Provides quick accessto all files availlable in your Path

- Provides abrief description (when files are commented
out) of each M-file

-} Current Directory a3 -0
Fite Edit Wiew ‘Web ‘Window Help

&1l files File Twype Last Modified Description

leu_terminal_at... M-file Joript to estimate the area of the termi
4 I

Feady

J
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MATLAB Editor/Debuger Window

Provides the same functionality found in most
programming language devel opment environments

- Color codes MATLAB built-in functions (blue color)
- Easy accessto cut, paste, print, and debug operations
- Checks balance in MATLAB function syntax

%) D:\matlabR12\work\leo_terminal_area.m
File Edit Miew Test [Debug Breakpointz ‘wWeb ‘window Help

E§|}EL’3E"’J "“|!ﬁfl*| @)@|'ﬂlfﬁ P*l@ﬁ—|stam[r_i

virg

% Script to estimate the area of the terminal area on NYC airports
% Programmed by: 4. Trani (Dec. Z2000)

% CGiwven the following locations of three ajrports
=

2 Airport location matrix .:

% Newark, La Mardia, Eennedy

00—~ 30 N = O ) —

0
|

latloc = [40 42 00; 40 38 00; 40 47 00]:
longloc = [74 10 00; 73 36 00; 73 52 007:

— —
i, |
|

=
-2

%2 define edges of TCA for each airportin the same roder

)

inia
M Tech
-

J
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: Virginia
MATLAB Editor/Debugger g Tech

MATLARB has an interactive debugger to help you step
through your source code. This debugger has many of the
same functional features found in high-level
programming languages (i.e., FORTRAN, C/C++, etc.).

B} D:\matlabR12\work\leo_terminal_area.m
File Edit “iew Test Debug Breakpointz “Web ‘Window Help

DEEE| Lo @ QR EEE RS s

1 % 3cript to estimate the area of the terminal area on NYC airports
2 % Programmed by: &. Trani (Dec. 2000)

3

4 % iven the following locations of three airports

] %

] Y Airport location matrix

T % MNewark, La Muardia, Eennedy

B

| e latloc = [40 42 00; 40 358 00 40 47 00]:
10( - longloc = [74 10 00; 73 36 00; 73 52 00]:
11
12 % define edges of TCA for each airportin the same roder
13
14l = edelatr = FAN A2 On- A1 A1 Ane- A0 25 nNnl-

J
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Virginia
MATLAB Debugger JTech

- Allows standard programming techniques such:

Breakpoints

Break on error, warnings and overflows
Step in and out of script

Function dependencies

J
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MATLAB Figure Window

- Displays the graphic contents of MATLAB code (either
from Command Window, an M-file, or output from MEX

file)

Displacement (mm)

0.35 T i ! T
>> x=0:0.1:8:
03 J/\ >> y=sin(x).*exp(-x);: 7 i
/ \ y= . P -
omt f >> plothy/o==) :
i \ >> grid
02 | X >> xlabel('Time (s)") -
} "‘,,\ >> ylabel('Displacement (mm)’)
0.15 T
:' \
*
0.1 * ‘\
| A\
0.05H A
| \
o "o
-0.08 ; 3 4 5 5 7
Time (s)

VI Tech
L

J
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Virginia

MATLAB Figure Window (cont.) g Tech

Figure properties can be changed interactively using the
following commands:

. PlotEdit

- alows interactive changes to plots (add legend, lines,
arrows, etc.)

- Thisfunction is automatically invoked in MATLAB 5.3
. PropEdit

- Allows changes to all Handle Graphic propertiesin a
MATLAB plot

- Requires knowledge of Handle Graphics (more on this
|ater)

J
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Virginia

M Tech
g

MATLAB Fi P ty Edit
. .
L]
. Propedi
L]
res - Figure 1 nem +ey falure
File Edit View Insert Tools Debug Desktop Window Help _Ii@? 2 L
xe s FEAS Ik RO BEL- I 0B o BeingDeleted o om 8 &0
i 1 - BusyAction queue A 13
igure
= 5 4 ButtonDownFcn 7 B =
Clipping on -
0.35 CloseRequestFcn closereq &
N - Color & =
=
ra’ - o CreateFen &
0.3 =
@ BN CurrentCharac... 0 &
;
K b\h ~ CurrentPoint [0 0]
035 'F' n, DeleteFecn P
/ A DockContrals on -
f Q\\ FileName &
0.z : By Hand leVisibility on =
E ,"’ \u\ HitTest on -
% @ \Q\ IntegerHandle on -
. EMS ; 5, Interruptible on 1 | .
k-
_g Ir’ N InvertHardcopy on -
01! k-] KeyPressFcn [3x1 cel... & |3
? h\n KeyReleaseFecn &
| Y MenuBar figure =
0.05 s Name & [
|I N\B_ Aloseenlng acdd |
i &
s =
. Bﬂ“‘:“@-G-e-e-e——-e-&-a-aﬁu}&-&-&*"a&ﬁ_&
05y 1 ] 3 4 5 3 7 8
Time[s]

L] , L ]
Property Editor - Figure @
Figure Name: v Show Figure Number More Properties...
Colormap: [ B B ot = Export Setup...

Figure Color: | &y .

22 of 58
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Virginia
MATLAB Workspace ) Tech

As you develop and execute modelsin MATLAB the
workspace stores all variables names and definitions for
you. All variables are usually available to you unless the
workspace is clear with the ‘>>clear’ command.

<) Workspace - O] =]
File “edit View ‘wWeb ‘Window Help

= & | E | Y stase [Base ¥

Name NlEE Bgtes Class
EHE}J 1x3 24 double array
@c 1x1 g double array
@d 1x1 g double array
@theta 1xl i double array

Feady

J
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Virginia

Array Editor of Workspace Variables g Tech

. The workspace window allows you to inspect (and
modify) variables in a spreadsheet-type window

. Cut and paste operations from the clipboard are also
permitted from other applications

=) Array Editor: i
File Edt “iew “Web Window Help

Murneric format; ;shnr’[G l. 'h_.Eize: ;1 b 1101 x|
1 2 3 4 5 & 7 5
L 0, 0.01 0.0z 0.03 0.04 0.05 0.06 0.07
] ia

J
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Virginia

Matlab Help Window I Tech

. Provides accesto various help files (both internal and on-
line files available on the web)

&) Help
File Edit Miew Go “Web gindnw Help

=10) x|

Help Mavigator x| .
Fire i : Go
Product filtter: (= &) (7 Selectad Select I v h* * | S | il I —I
:i Add to Favarites I

-

| mMATLAR Help Documents Mot Found

Contents | Favorites I
Sl [0 umentation Mot Found Warning - Documentation Files Not Found

I%—@ R12 Release Notes
"B Support and Web Services

MATLAB i= unable ta find the HTML help documents, hased on yaur current
Documentation location setting. Some possible reasons for this are as

follows:

@ The Documentation location is set to your CD-ROM drive, hut the
Cocumentation CO-ROM is not in the drive.
® The setting is no longer valid, hecause the help files have been

maved or deleted.
& The setting is incarrect, perhaps mistyped.

il mem RANTL N mevem s b Fiemmd 4l L =]

i SR YRR ST CRCSTRCAITE | ERC FTRCRCR

Ready

J
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Virginia

MATLAB Workspace (M acintosh M odel) JTech

MATLAB Workspace

MATLAB Memory Allocation

MATLAB
Application

Computer RAM

J
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irginia

v
MATLAB Workspace (WindowsS'UNIX Models) — @™®

MATLAB Workspace

MATLAB Memory Allocation

Computer RAM

Swap Space Memory
MATLAB

Applicatio

Another
Application

J
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: Virginia
MATLAB Path Window g Tech

. Shows all folders contained in the MATLAB path

- Allows you to include other folders from within
MATLAB can be executed

Ul Ol o S8 M3 22 = 0

[z, New Variable | Analyze Code mE ‘:,\ [",_4% Community
\=Ea) E {0} Preferences g
7 Open Variable + é)" Run and Time ::) Request Support
Simulink  Layout E Set Path Help
{7,/ Clear Workspace ~ ﬂ:/‘: Clear Commands «  Library - - I:E:I Add-Ons «
ARIABLE CODE SIMULINK ENVIRONMENT RESOURCES

ity work » courses » cee4674 files » Airport Simulator Trani

® | Command Window ®  Workspace
@) New to MATLAB? Watch this Video, see Examples, or read Getting Started. x | Mame &
o X

>> x=0:0.1:8; Hy
>> y=sin(x).*exp(-x);

>> plot(x,y,'0--")

>> darid

>>

> >  All changes take effect immediately.
MATLAB search path:

f >> Add Folder... 8 /Users/atrani/University work/courses /cee3804/Practice Files 2013

X >> — (] fUsers/atrani/Documents /MATLAB ]

T hddpwithSubfalderses 4\ jApplications {MATLAB_R2013b.app/toolbox /matlab/demas Command Histor
4\ /Applications {MATLAB_R2013b.app/toolbox/matlab,/graph2d x=0:0.1:15
4\ /Applications {MATLAB_R2013b.app/toolbox/matlab/ graph3d y=sini{x).#

4\ /Applications MATLAB_R2013b.app/toolbox/matlab/graphics

4\ /Applications {MATLAB_R2013b.app/toolbox/matlab/ plottools zt:;ix;y,
Mo op 4\ [Applications {MATLAB_R2013b.app/toolbox/matlab; scribe %=0:0.1:8;
4\ /Applications /MATLAB_R2013b.app/toolbox/matlab/specgraph clear v
4\ [Applications {MATLAB_R2013b.app/toolbox/matlab; uitools . !
4\ /Applications/MATLAB_R2013b.app/toolbox /local y-sm{x).t
Move Down 4\ [Applications {MATLAB_R2013b.app/toolbox /matlab/ optimfun plotix,y,
4\ /Applications /MATLAB_R2013b.app/toolbox/matlab/codetools grid X
bloueitoifotiom 4\ [Applications {MATLAB_R2013b.app/toolbox/matlab/ datafun xlabel( .T:!
4\ /Applications {MATLAB_R2013b.app/toolbox/matlab, datamanager ylabel('Di
4\ /Applications /MATLAB_R2013b.app/toolbox/matlab,/ datatypes clec
4\ /Applications /MATLAB_R2013b.app/toclbox /matlab/elfun clear
4\ /Applications /MATLAB_R2013b.app/toolbox/matlab/elmat x=0:08.1:8;
v Remove —_— —_— xlabel('Ti
clc
@ Save Close Revert Default *x=0:0.1:8;

y=sin{x).*
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Command History

%¥=0:0.1:15;
y=sin(x).*exp(-x);
plotix,y,'o )

clear x

*x=0:0.1:8;

clear vy

y=sin(x).*exp(-x);
plotix,y, 'o—")

grid

xlabel('Time (s)")
ylabel(‘'Displacement (mm)')
clc

clear
x=0:0.1:8;y=sinlx).*expl=x);plot(x,y, o
xlabel('Time (s)');ylabel{ 'Displacement
clc

*x=0:0.1:8;
y=s5in(x).«exp(=x);
plotix,y,'o )

grid

xlabel{ 'Time (s)')
ylabel('Displacement (mm)')
propedit

Virginia

MATLAB Command History Window

.- Displaysall previous commandsissued inaMATLAB
Session

. Good to verify computation sequences and for learning

1

M Tech
g

J
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Virginia

Interacting with MATLAB

There are severa options to interact with MATLAB

M Tech
g

Mode

Remarks

Command line

* Interactive mode
» Good for quick computations or
changes

M-files (script files)

» Semi-interactive mode

» Good to prototype small to com-
plex models

» Used most of the time

 Platform independent

Executable MEX files

* Require a C/C++ compiler
* Fastest to execute
 Platform specific (target specific)

J
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Virginia

Interactive Mode (1) ) Tech

. Usethe MATLAB Command Window to interact with
MATLAB In “calculator” mode

>>a=[324;456;123]
Try this out

- Multiple commands can be executed using the semi-
colon “;” separator between commands

>>a=[324;456;123];b=[325] ;c=a*b

This single line defines two matrices (a and b) and
computes their product (c)

J
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Virginia

Interactive Mode (1 1) ) Tech

. Use the semi-colon “;” separator to tell the MATLAB to
Inhibit output to the Command Window

>>a=[324;456;123]
>>a=[324;456;123];
Try this and see the difference

. Note that the semi-colon is also used to differentiate
between rows in a matrix definition

. All commandsthat can be executed withinthe MATLAB
Command Window

J
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Virginia

General Purpose Commands ) Tech

helpwin  help window with hypertext navigation

demo runs MATLAB demosfromaMATLAB
created Graphic User Interface (GUI)

helpdesk troubleshooting with hypertext navigation

ver tells you the version of MATLAB being used

who lists all variables in the current workspace

whos lists all variables in the workspace including
array sizes

clear clears all variables and functions from

memory

J
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Virginia

General Purpose Commands (cont.) ) Tech

pack consolidates workspace memory

load load workspace variables from disk (from a
Previous session)

save saves all variables and functionsin the
workspace to disk

quit quits MATLAB session

what lists MATLAB filesin directory

edit editsaMATLAB M-file

diary save text of MATLAB session

J
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Virginia

Operating System Commands that Work in L Tech
MATLAB
cd changes directory

copyfile copy afile

dir listsfiles in current directory

pwd displays the working directory and its full path
delete  deleteafile

mkdir make a directory

dos execute DOS command and return result

unix execute UNIX command and return result

J
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: _ Virginia
Creating MATLAB Files [ Tech

Two waysto interact with MATLAB:

. Interactive console mode - allows you to do
computations and plots from the command line

. Through M-files- savesyour “code’ inatext file (with.m
termination) allowing you to reuse any function or
algorithm in it

. For thistutorial you will be working with M-files most of
the time

. Other types of filesin MATLAB are MAT (binary) and
MEX (executable) files

J
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They can be saved, refined and reused as needed
Thesefilesend in“.m” in all platforms
Use the MATLAB editor to accomplish this task

Any wordprocessor can also be used (save files as text)

: Virginia
MATLAB M-Files g Tech

looptestZm=———————— [0 H

1
2
%)
4
S
a]
T
=
=
10
11
12
12
14

O0=——————
EEEEIBEE

& Exwample of wectorization

E Il lustrates an example where a vector operation is used
f to calculate the sine of numbers ranging from O Lo 10 Fadians

tic;
i=1:1:10000;
®= =incin;
t=toc;

displ['Computer time is ' ,numZstrotall % displays the computer time neseded

plotdi, =

SENEEREINE

A starts clock time

& wector or array index
g fills in vector =
2 ends clock time

J
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_ Virginia
Sample M-File ) Tech

The following file generates random numbers

% Sample file to generate Random Numbers using
% MATLAB built-in functions

ntrials = 1000; % No. of trialsto be simulated
I=1:1:ntrias, % defines avector with 1k cells
RU(i) = rand(1,ntrials); % uniform random number

% generator
RN(i) = randn (1,ntrials); % normal random variate

% generator
hist(RU) % generates a histogram for

% variable RU
xlabel('RN") % adds the x-label to the plot

ylabel(‘No. of Trials) % adds the y-label to the plot

J
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: _ Virginia
Executing the Sample M-File g Tech

. Typethe previous file using the MATLAB Editor. Name
and save the file asrandem.m

.- To execute the M-file type randem in the Command
Window

. Or just go to Run from the Debug pull-down menu in
the Editor/DebugWindow

. Alternatively (in the Mac OS) select the “ Save and
Execute’” under the File menu

. Usethe “up-arrow” key to go back to previous
commands (cycle back through the MATLAB Command
History)

J
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Virginia
Output of randem.m I Tech

The following figure illustrates the output of randem.m

140 T T T T T T T T T

120

100

80

No. of Trials

60

40

20

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
RN

J
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é Virginia

Adding Commentsto Your Code ) Tech
It isagood practice to add commentsto your source code.
Use the % operator to introduce commentsin MATLAB

. Simplifies our task for code reviewing

. Easy to remember what you did in your code

=
1{% Example of wvectorization Bl
2
2% Illustrates an example where q wvector operation is used
4 (% to calculate the =ine of numbers ranging from 0 to 10 radians
3
Bitic; B starts clock time
Tli=1:1:10000; B wector or array index
\ J
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[ Virginia
Few Tasksto Try on Your Own ) Tech

1) Modify the randem.m M-file and plot a histogram of
variable RN

2) Modify randem.m and plot the index variable | versus
the values of RN and RU

- Use the plot command as follows:

plot(x,y)
- where:

- X Isthe independent variable (index | in our case)
- y Isthe dependent variable (values of RU and RN)

3) From the Command Window execute the zoom
command and select an areain the plot to view in
more detail

\ J
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VirginiaT h
Plot of i vs. RN and RU 1§ e
This plot showsindex i versus the values of RU and RN
4 T T T T T T T T T
)
o
© : A ? N %
J‘“ ~ 3 )
©
-3
O
“ 100 200 300 400 500 600 700 800 900 1000
Index i
J
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: : Virginia
MATLAB Binary Files [ Tech

. Thesefiles are convenient to store information that needs
to be reused

- MATLAB binary filesend in .mat
- MATLAB mat files are platform independent

. Usethe“save” command at the MATLAB command
line.
- save (saves all workspace variables to matlab.mat)
- savefname (saves all workspace to fname.mat)
- savefname x y (saves x and y to fname.mat)
- savefnamex y -ascii (saves x and y in 8-digit text format)
- savefname x y -ascii -double -tabs (tab delimited format)

J
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. . . Virginia
Properties of Binary Files ) Tech

Binary files are compact files only interpreted by
MATLAB

. Good to store datato be reused later on

. Easy to transfer among PCs (compact size)

- Thisworkswell across platforms

- MATLAB 7/8 has good binary files backward
compatibility

. Easy to retrieve and work with using the ‘load’ command
. Fast retrieval

J
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: : : Virginia
L oading Binary Files I Tech

Binary files can be loaded ssmply issuing the ‘load’
MATLAB command.

|dentified by .mat ending (e.g., traffic.mat)

For exampleif | want to load a file named traffic.mat
(notice the termination) just invoke the load command
and do not include the file type termination,

>>|oad traffic

>>\Who

>> observation density speed volume
>>

Note: that in this case the binary file has four variables

J
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Virginia

Importing Datainto MATLAB [ Tech

There are several ways to enter datain MATLAB:

. Explicitly as elements of amatrix in MATLAB

. Creating datain an M-file

- Loading datafrom ASCII files

. Usethe Import Wizard in MATLAB (7.0 version or later)

.- Reading datausing MATLAB’s I/O functions (fopen,
fread, etc.)

. Using specialized file reader functions (wk1read, imread,
wavread, dimread)

. Develop an MEX-fileto read the data (if FORTRAN or
C/C++ routines exist)

J
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Virginia

Exporting Data from MATLAB ) Tech

There are several ways to export datafrom MATLAB:

. Usethe diary command (only for small arrays)
. ASCII (use the save command with “-ascii’ option)

. Use the function dimwrite to specify any delimiters
needed

. Save datato afilein any specific format (use fopen,
fwrite and other MATLAB 1/0 functions)

. Use specialized MATLAB write functions such as:

- dimwrite (user-defined delimeter ascii file)
- wklwrite (Spreadsheet format)
- imwrite and so on

J
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Virginia

Importing Capabilities (I) @ Tech

Suppose that we have a datafile (called ohare schedule)
containing atypical schedule of daily aircraft operations
at Chicago O'Hare Intl Airport. Theinformation provided
Includes:

1) column 1 = local time (hours)

2) column 2 = number of arrivals per hour
3) column 3 = number of departures per hour
4) column 4 = total operations

Thisfile can be treated as a (24x4) matrix

J
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[ Virginia

Sample Data File (ohare_schedule) @k

The following represents a subset of the ohare _schedule
datafile

04711
1325
2224
3426
42810

\ J
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@ VirginiaTech
Invent the Future

Importing Data with Matlab

Procedure Remarks

Load Comand Good to import Matlab binary files (.mat files)

Import Built-in Good for well-defined formatted data
Wizard (numbers and strings)

Textscan Good for well-defined formatted data
Command (numbers and strings)

Xlsread Import Excel files directly
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Importing Data with Matlab (2)

Procedure Remarks

Xlsread

fopen and

fscanf Commands

Import Excel files directly

3 VirginiaTech

Invent the Future

Low-level command to read more complex datasets

Air Transportation Systems Laboratory
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Reading the Sample Data File

Method 1 - Usethe MATLAB load command

>> |oad ohare schedule

- Loads the datafile into the MATLAB Workspace and
produces anew array variable called ohare schedule

. Thisnew array variable has dimensions 24 x 2

- All comment lines (if any) are neglected in the loading
process. Only numerical datais read.

Virginia

M Tech
g

J
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Virginia

MATLAB Import Screen (version 7.0) g Tech

Method 2 - To import data go to the Editor Window

. Select Import from the File pull-down menu

IMPORT

HOME PLOTS APPS O Delimiteg <M ASIMItErs Range: [a3i30  ~| |EACUIRESNIE ¥
|5pace - [ matrix .
UNIMPORTABLE CELLS

[+ Import
. JJ? ~ Fixed Width B < Variable Names Row: H % Efllérray a _ S«EIE{Ftliorl .
u_,‘!l Ei_F' L1 Lgl Find Files E_A| Ijﬁl DELIMITERS SELECTION IMPORTED DATA IMPORT
Ohare.txt
_NF_.W Mew Open |1z Compare Import Save n = = = = = = = |
script - - Data  Workspace
VarNamel Data file with informati.. forl Chicago OHare VarName9
o NUMBER ~ ~NUMBER  ~NUMBER  ~NUMBER  +TEXT ~TEXT ~TEXT ~TEXT ~TEXT -
1 Dat t formati... |for Chicago |OHare
2 rport
3 % Column 1 Time of day (hrs)
4 P Column 2 = Arrivals per hour (aircraft)
I m Ort 5 B Column 3 = Departures per hour (aircraft)
p 6 [ Column 4 = Total operations per hour (aircraft)
710 4 7 11
Command e "

9 |2 2 2 4
1003 4 2 6
114 2 8 10
12 |5 b 20 i
13 |6 63 38 101
14 |7 64 68 132
15 |8 87 84 171
169 78 68 146
17|10 79 67 146
18|11 78 68 146
19|12 51 103 154
20|13 91 72 163
21|14 77 83 180
22|15 76 73 149
23 |le 82 70 152

J
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! VirginiaTech
Invent the Future

Matlab Import Wizard
(Built-in Interactive Procedure)
HOME
E @ df O g Select the output format
New New New Open [1z] Compare
Script Live Script v -
FILE
IMPORT VIEW a 4 9 @
O Delimited Column delimiters: Ko, LAZ:H117 - Output Type: ' Qf
. ' Tab M S — _ [Ed Table ~!' UNIMPORTABLECELLS  |mport
® Fixed Width @ nalimiter Options = o 20 ames Row. 1 ' @ Text Opti... v Selection v
DELIMITERS SELECTION IMPORTED DATA v IMPORT
- carData.txt \
A B = D E F G H
carData
Model Country Type Weight TurningC.. Displace.. Horsepo.. GasTank..
Text v(Categori... vCategori... vNumber ~vNumber ~Number ~Number ~Number ~
1 |Model Country Type Weight Turning ... |Displace... |Horsepo... |Gas Tank...
2 |Acuralnt... Japan Small 2700 37 112 130 13.2
3 |Acura Le... Japan Medium 3265 42 163 160 18.0
4 |Audi 100 Other Medium 2935 39 141 130 21.1
5 |Audi 80  Other Compact 2670 35 121 108 15.9
6 |Audi 90  Other Compact 2790 35 141 130 15.9
7 |BMW 325i Other Compact 2895 35 152 168 16.4
8 |BMW 535i Other Medium 3640 39 209 208 21.1
9 |Buick Ce... USA Medium 2880 41 151 110 15.7
10 |Buick Ele... USA Large 3350 43 231 165 18.0
11 |Buick Le ... USA Large 3325 42 231 165 18.0
12 |Buick Riv... USA Medium 3465 41 231 165 18.8
J
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! VirginiaTech
Invent the Future

Matlab Import Wizard
(Built-in Interactive Procedure)
IEEC308:1¢:n;nCc.'jE\il?nsc(l):;pring 2022 Class » Assignments = T e .
Range: A2:H117 ~ ol zcarData
- Table v
Produces a table with data
CommandWindowr i i ® i:::rlmnd History '
fxii Sl =Country
' “Displacement
=GasTankSize
P “Horsepower
Range: |A2:H117 ~ P YR “Model
1} Column vectors ~ _ _
“TurningCircle
Produces individual vectors with data “Type
“Weight
)
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@ VirginiaTech
Invent the Future

Matlab Import Wizard
Handling Data Stored In Tables
[EE 3804 » CEE 3804 Spring 2022 Class » Assignments
Command Window @  Command History NG e
Name A
Output Type:
Range: A2:H117 ~ ‘ ZzcarData
HH Table |
Produces a table with data
_f carData
£H 116x8 table
1 2 3 4 5
Model Country Type Weight_bs  TurningCircle_ft
1 ‘'Acuralintegra’ ‘Japan’ '‘Small’ 2700 37
2 'Acura Legen... 'Japan' 'Medium' 3265 42
3 'Audi 100 'Other’ 'Medium’ 2935 39
4 'Audi 80" 'Other’ '‘Compact’ 2670 35
5 'Audi 90 'Other’ '‘Compact’ 2790 35
6 'BMW 325i' 'Other’ '‘Compact’ 2895 35
7 'BMW 535j 'Other’ '‘Medium' 3640 39
8 'Buick Century' 'USA' '‘Medium' 2880 41
9 'Buick Electra ... 'USA' ‘Large’ 3350 43
10 'Buick Le Sabr... 'USA' ‘Large’ 3325 42
J
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@ VirginiaTech

Invent the Future

Referencing to Data Stored In Tables

Example: reference all elements in two columns of

the table carData

carData(:,1)

carData(:,4)

carData

116x8 table

2 3 4 | 5

Country Type Weight_Ilbs urningCircle_ft
1 apan' 'Small’ 2700 37
2 apan’ 'Medium' 3265 42
3 Dther' 'Medium' 2935 39
4 Dther' 'Compact' 2670 35
5 ' Dther' 'Compact’ 2790 35
6 ' Dther' 'Compact’ 2895 35
7 ' Dther' 'Medium' 3640 39
8 'Buick Century' JUSA' 'Medium’ 2880 41
9 'Buick Electra ... JUSA' '‘Large’ 3350 43
10 'Buick Le Sabr... JUSA' 'Large’ 3325 42

J
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@ VirginiaTech

Invent the Future

Define New Variables from Table Data

Creating a new variable using all the elements of the

first column in carData

carName = carData(:,1)

Produces a one-column table

| carName |

HH 116x1 table

= O 00O NO VLT WIN B

| carData ‘\;

fH 116x8 table

Model

'‘Acura Integra’

'‘Acura Legen..
'‘Audi 100’
'‘Audi 80’

'‘Audi 90"
'BMW 325i'
'BMW 535i'
'‘Buick Century
'‘Buick Electra .
'‘Buick Le Sabr.

2 3
Country Type
Japan’ 'Small’
Japan’ 'Medium'
'‘Other’ 'Medium’
'Other’ '‘Compact’
'‘Other’ '‘Compact’
'‘Other’ '‘Compact
'Other’ 'Medium'
'USA' 'Medium'
. 'USA' 'Large’
. 'USA' 'Large’

4

Weight_Ilbs
2700
3265
2935
2670
2790
2895
3640
2880
3350
3325

5
TurningCirg

O O N O UV DN WIN =

e S N
W N = O

=
AN

1
Model
'‘Acura Integra’
'‘Acura Legen...
'Audi 100"
'‘Audi 80"
'‘Audi 90"
'BMW 325i"
'BMW 535j'
'‘Buick Century’

'‘Buick Electra ...
'Buick Le Sabr...
'Buick Riviera ...

'‘Buick Skylark’
'Cadillac Brou...
'Cadillac De V...
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4 @ VirginiaTech
Invent the Future

Matlab can Create a Script to Import the Data

&

Output Type: - i ith = -
Range: |A2:H117 > | [] Replace unimportable cells with * NaN + W
i Table v —oor
Variable Names Row: c
L ¥ @ Text Options ~ _ |Selection
SELECTION IMPORTED DATA UNIMPORTABLE CELLS Import Data 1

-
J carData_excel.xIsx 1

A B C D E F G H .
Generate Script
carDataexcel

erate Function

Model Country Type Weight_IbsTurningC.. Displace.. Horsepo.. GasTank..

Text ¥ Text ¥ Text *Number ~¥Number ~*Number ~Number ~Number ~
1 Model Country Type Weight_|lbs Turning ... | Displace... |Horsepo... Gas Tank...
2 |Acuraint... Japan Small 2700 37 112 130  13.2000]
3 JAcura Le... Japan Medium 3265 42 163 160 18|
4 AUdl 100 Other EDITOR PUBLISH
- [ E‘ =l Compare ~ SRS | Yo U %4 e = |Z] Section Break
5 AUdI 80 Other li]jv Opﬁen Sa’e g: tpv G?Eo L Find ~ Reéf{fjor »i [ Lf»: f;l E Run and Advance Lil Step Stop
6 Aud| 90 Other v v v o v [ Bookmark ¥ v v A Section [zl Run to End v
R FILE NAVIGATE CODE ANALYZE SECTION RUN
— - | cruiseCalculator.m ¢ | thrust_calculationNoLoss.m W TTBW_class.m T UnrestrictedClimb.m ¢ | UnrestrictedDescent.m | untitled * 1+]
VU { VA
7 % Auto-generated by MATLAB on 28-Feb-2024 08:31:55

8
9 %% Set up the Import Options and import the data
10 opts = spreadsheetimportOptions("NumVariables", 8);
11
12 % Specify sheet and range
13 opts.Sheet = "carData";
14 opts.DataRange = "A2:H117",;
15
16 % Specify column names and types
17 opts.VariableNames = ['"Model", "Country", "Type", "Weight_Ibs", "1
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@ VirginiaTech
Invent the Future

Working with Table Data
Make a plot of car weight versus turning circle

Command Window

>> plot(carData.Weight_|bs,carData.TurningCircle_ft,'or’)
>> xlabel('Car Weight )Ibs)’)

>> xlabel('Car Weight (Ibs)’)

>> ylabel('Car Turning Circle (ft)")

>> grid |
| | o
o o
o o
%42 o 00 oO@OW OoO»® O @
.g O 00 W O O
g’ 40 0 0 O o} o}
§ O COOoCW® O o © ©
g 38 O 0 GO0 ®O o 0 o0
000 0O 0 00O OO O O O
36 o 000 © O O ONS
O oD o O ©
34 o 00 0 o
o o
32 P\ | PN | |
1500 2000 2500 3000 3500 4000 4500
Car Weight (Ibs)
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Reading the Sample Data File

Method 3 - Use MATLAB fopen and fscan functions

The following script will read the text file
‘ohare_schedule’ using ‘fopen’ and ‘fread’ functions.

% Format for data input is a 4-column datafile

format long

fid = fopen (‘'ohare _schedul€,’'rt’) % ‘rt’ = read text file
y = fscanf(fid, '%g’, [4,inf]); % reads in 4 columns
y=Y;

[nrow,ncol] = size(y); % extracts array size

Virginia

M Tech
g

J
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: : _ Virginia
Manipulating Array Datawith MATLAB g Tech

. Suppose we would like to maintain the results from the
datafile‘ohare schedule infour one-dimensional arrays

called ‘hour’, arrivals',’ departures’, and ‘total_ops'.

. Here we use an explicit for-loop to insert values of array
'y’ into column vectors hour’,’ arrivals’,’ departures’, and

‘total_ops
% read data in vector form for each variable
for i=1:1:nrow;
hour(i) =y(1,1);
arrivals(i) =vy(i,2);
departures(i) =y(i,3);
total ops(i) =y(i,4);
end

J
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Virginia

Manipulating Array Datawith MATLAB (I1) g Tech

. An easier procedure to assign and create four 1-D arrays
ISto use an implicit declaration in MATLAB

. Here we use avector operation (takes less time)
% implicit assignment form
hour =y(:, 1),
arivas =y(:, 2);

departures = y(: , 3);
total ops =y(:,4);

J
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@ VirginiaTech
Invent the Future

Reading Data Files

e Method 4 - Using the Textscan Command

® Here is a sample script to read a text file
containing data on bridges of the world

fid = fopen(‘bridges _of the world’)
readHeader = textscan(fid, ‘%s’, 4, ‘delimiter’, ‘|’);
readData = textscan(fid, '%s %s %f %f");

fclose(fid);

Virginia Tech (copyright A.A.Trani) 562




@ VirginiaTech
Invent the Future

Data File (bridges of the world)

Name | Country | Completed | Length (m) € Header
Mackinac United-States 1957 8038 <

Xiasha China 1991 8230
Virginia-Dare-Memorial United-States 2002 8369
General-Rafael-Urdaneta Venezuela 1962 8678
Sunshine-Skyway United-States 1987 8851
Twin-Span United-States 1960 8851
Wuhu-Yangtze-River China 2000 10020
Third-Mainland Nigeria 1991 10500

Seven-Mile United-States 1982 10887
San-Mateo-Hayward United-States 1967 11265
Leziria-Bridge Portugal 2007 11670
Confederation Canada 1997 12900 Data
Rio-Niterol Brazil 1974 13290

Kam-Sheung Hong Kong 2003 13400

Penang Malaysia 1985 13500

Vasco-da-Gama Portugal 1998 17185
Bonnet-Carre-Spillway United-States 1960 17702
Chesapeake-Bay-Bridge-Tunnel United-States 1964 24140
Tianjin-Binhai China 2003 25800
Atchafalaya-Swamp-Freeway United-States 1973 29290
Donghai China 2005 32500

Manchac-Swamp United-States 1970 36710
Lake-Pontchartrain-Causeway United-States 1956 38422 <

J
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@ VirginiaTech
Invent the Future

Explanations of the Matlab Script
fid = fopen(‘bridges_of the world’)
e fid - file ID assigned by Matlab

e fopen - “opens” (or reads) the text file called
‘bridges_of the world’

readHeader = textscan(fid, ‘%s’, 4, ‘delimiter’, ‘|’);

e variable readHeader will store the contents of the first
row in the file (‘bridges_of the world’)

e textscan reads the first row of the file using ‘%s’,4
(four string variables) with ‘delimiter’ = ‘|’

Virginia Tech (copyright A.A.Trani) 56c¢




Explanations of the Matlab Script
readData = textscan(fid, '%s %s %f %f');

e variable readData will store the contents of the
information starting in the second row (until the end) in
the file (‘bridges_of the world’)

e textscan reads the row data using ‘%s %s’ two string
variables and two ‘%f %f numerical variables (f stands
for floating point)

fclose(fid);

e fclose(fid) closes the file (fid) opened at the beginning
of the script

@ VirginiaTech
Invent the Future

Virginia Tech (copyright A.A.Trani)
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What is Produced by the Matlab Script!?

@ VirginiaTech
Invent the Future

X a =0 Command Window
>> whos
Name Size Bytes Class Attributes
ans 1x1 8 double
fid 1x1 8 double
readData 1x4 4428 cell
readHeader 1x1 634 cell

Jx >>

X a »[

B |

L LD sel

Workspace

Name 4

H ans

HH fid
readData
readHeader

® Four variables (2 are temporary - "ans" and "fid")

e Two variables with the information in the file

(readHeader and readData)

e Both variables are cell arrays (more on this)

Virginia Tech (copyright A.A.Trani)
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@ VirginiaTech
Invent the Future

What is a Cell Array?

® A special structure in Matlab to store dissimilar
data types (i.e., strings and numeric data)

>> readData

readData = {23x| cell} {23xI cell} [23x] double] [23xI| double]

Bridge Name

Year

Completed

Length (m)

Virginia Tech (copyright A.A.Trani) 56f




Addressing the Contents of a Cell Array

e (Cell arrays are referenced
using curly brackets (first)
then using standard

brackets - to address
individual elementsof the
cell array

readData{1} references the
first column of the array

>> readData{1}
ans s

'Mackinac'

'Xiasha'
'Virginia-Dare-Memorial'
'‘General-Rafael-Urdaneta’
‘Sunshine-Skyway'
"Twin-Span'
'‘Wuhu-Yangtze-River'
"Third-Mainland’
'‘Seven-Mile'
'‘San-Mateo-Hayward'
‘Leziria-Bridge'
'‘Confederation’
‘Rio-Niterol'
‘Kam-Sheung'

@ VirginiaTech
Invent the Future

Virginia Tech (copyright A.A.Trani)
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@ VirginiaTech
Invent the Future

Addressing the Contents of a Cell Array

X a - [ Command Window

e Cell arrays are referenced | >> readDatailk3,1)
using curly brackets (first)
then using standard
brackets - to address

'Virginia-Dare-Memorial'

individual elements of thé /*>>
readData{1}
cell array ”
¢ readData{1}(3,1) Mackinac
references the third row Virginia-Dare-Memorial”
element of the cell array Sunshine-Skyway

'Wuhu-Yangtze-River'
'Third-Mainland'
'Seven-Mile'
'‘San-Mateo-Hayward'
'‘Leziria-Bridge'
'Confederation’
'Rio-Niterol'
'Kam-Sheung'

J
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Addressing the Contents of a Cell Array

e Cell arrays are referenced | =~ g ™M™ ~—__
using curly brackets (first) | 2"
then using standard

brackets - to address

individual elements of th

cell array

readData{1}(3:5,1)
references the third, fourth
and fifth row elements of

the cell array

@ VirginiaTech
Invent the Future

Jx >>

'Virginia-Dare-Memorial’
'‘General-Rafael-Urdaneta’
'‘Sunshine-Skyway'

>> readDataf{1}
ans =

'Mackinac'

'Xiasha'
'Virginia-Dare-Memorial'
'General-Rafael-Urdaneta'
'Sunshine-Skyway'
'Twin-Span'
'Wuhu-Yangtze-River'
'Third-Mainland'
'Seven-Mile'
'‘San-Mateo-Hayward'
'‘Leziria-Bridge'
'Confederation’
'Rio-Niterol'
'Kam-Sheung'

Virginia Tech (copyright A.A.Trani)
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Addressing the Contents of a Cell Array

e (Cell arrays are referenced

using curly brackets (first)
then using standard
brackets - to address
individual elements of the
cell array

readData{3} references all
the elements of the third
column of the cell array

@ VirginiaTech
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X a - Command Window

>> readData{3}

2000
1991
1982
1967
2007
1997
1974

Virginia Tech (copyright A.A.Trani)
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Addressing the Contents of a Cell Array

e (Cell arrays are referenced
using curly brackets (first)
then using standard
brackets - to address
individual elements of the
cell array

e readData{3}(1:5,1)
references the first five row
elements of the third
column of the cell array

@ VirginiaTech
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X a - [0 Command Window

>> readData{3}(1:5,1)

1957
1991
2002
1962
1987

Virginia Tech (copyright A.A.Trani)
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Reading Excel Data Files with Matlab

e Method 5 - Using the xlsread Command

® Here is a sample script to read a data file containing data
on bridges of the world

[num,txt,raw] = xlsread
(‘bridges _of the world short.xlIs','Bridge data');

 Reads the Excel worksheet named ‘Bridge data’
contained in file called 'bridges of the world short.xlIs'

 Assigns all numeric data to variable ‘num’
e Assigns all text data to variable called ‘txt’

e All other unassigned data is stored in variable ‘raw’

J
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Excel File to be Read

uooo\:cnn.thHL

Name

Mackinac

Xiasha
Virginia-Dare-Memorial
General-Rafael-Urdaneta
Sunshine-Skyway

Twin-Span
Wuhu-Yangtze-River
Third-Mainland

Seven-Mile
San-Mateo-Hayward
Leziria-Bridge

Confederation

Rio-Niterol

Kam-Sheung

Penang

Vasco-da-Gama
Bonnet-Carre-Spillway
Chesapeake-Bay-Bridge-Tunnel
Tianjin-Binhai
Atchafalaya-Swamp-Freeway
Donghai

Manchac-Swamp
Lake-Pontchartrain-Causeway

1 B \ C

Country Completed
United States 1957
China 1991
United States 2002
Venezuela 1962
United States 1987
United States 1960
China 2000
Nigeria 1991
United States 1982
United States 1967
Portugal 2007
Canada 1997
Brazil 1974
Hong Kong 2003
Malaysia 1985
Portugal 1998
United States 1960
United States 1964
China 2003
United States 1973
China 2005
United States 1970
United States 1956

D
Length (m)
8038
8230
8369
8678
8851
8851
10020
10500
10887
11265
11670
12900
13290
13400
13500
17185
17702
24140
25800
29290
32500
36710
38422

Bridges of the world short.xls

@ VirginiaTech
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What Happens after Executing the One
Line Script?
® Three arrays are created using the previous script

e Array ‘num” is a standard matrix with size (23 x 2)

e Arrays ‘raw’ and ‘txt’ are cell arrays (24 x 4) each

>> whos e

Name Size Bytes Class Attributes &num
S raw

num  23x2 368 double xt

raw 24x4 12328 cell

txt 24x4 11960 cell

J
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Observations
>> num

® ‘num’ is a standard B

numeric array as num =
shown 1957 8038
e Elements of ‘num” 1991 8230
can be referenced 200 8369
in the usual 2 8678
(row,column) 1987 8851
format / 1960 8851
2000 10020
1982 10887
1967 11265
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Observations (2)

txt' is a cell array
containing string
data as shown

Elements of ‘txt”
can be referenced
using the cell array
nomenclature
cell{i}(row,column)

txt{1,2}=Country

@ VirginiaTech
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txt <24x4 cell>

2

e 1
nlName ICountry

Mackinac Um States
Xiasha

Virginia-Da... |Ufiited States
Ceneral-Raf.. fenezuela

United States
United States
... China
..|Nigeria
United States
.\United States

3
4
5
6 |Sunshine-S.
7
8
9

13 fonfederation/Canada
14'Rio-Niterol |Brazil
Kam-Sheung Hong Kong
16 Penang Malaysia

17 Vasco-da-... Portugal

18 Bonnet-Car... |United States
19 Chesapeake...|United States
20 [Tianjin-Binhai China

21 Atchafalaya... United States
22 |Donghai China

23 |Manchac-S... United States
24 |Lake-Pontc... United States

3
Completed

4
Length (m)

Virginia Tech (copyright A.A.Trani)
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Note Differences in How Cell Arrays

Store Information
® |n previous case, a cell array storing numerical

data Can be referenced X a +» [ Command Window
>> readData{3}(1:5,1)
¢ readData{3}(1:5,1) _ ans =
T 1957

® |n this case, the cell array contains string

iInformation >> txt{1}(1,1)
* tt{1}1,2)=N \ans =
N

@ VirginiaTech
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Matlab xIsread can Read a Range in an
Excel

® The Matlab statement:

® [num,txt,raw] = xlsread
('oridges_of_the_world_short.xls','Bridge data
(A2:D24)");

® Reads the Excel file but only across the range
specified (A2:D24)

® This is useful if you know the data structure of
the file you are reading (however, does not
work in Macintosh computers)
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Exporting Data in Matlab

® Five methods are presented here:

® Some have been discussed in previous pages of the
handout:

e Save data to Matlab binary files (save function)

e Save data from Matlab to ASCII delimited file
(dimwrite function)

® Save data to a text file (fprintf function)

e Save data to an Excel spreadsheet (xIlswrite
function)

e \Write results to Command Window (disp function)
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Save Function in Matlab

® Saves data in binary format (.mat files)
e Fast retrieval and fast saving

e .mat files can only be opened with Matlab

>> save fname variablel variable2 ....variableN

T |

save fname )
, list of
function file name .
variables

Remember: files save using the save command can
be loaded using the “load” function

@ VirginiaTech
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Example: Saving Data to Binary File

16 7% Read the complete Excel file (previous exercise)

17

18 - [num,txt,raw] = xlIsread('bridges_of the world_short.xls",'Bridge data’);

19

20 % Create individual variables with names: NOTE: convert cell array to

21 % string array (equal length)

22

23| = noRows = length(raw); % 23 entries for this case

24

25 bridgeName = char(raw{2:noRows, 1}); % converts cell array into a string array in Matlab -
26 % saves the result into variable bridgeName
2 bridgeCountry = char(raw{2:noRows,2}); % saves result into string array bridgeCountry
28 - bridgeYear = num(;,1); % no need to convert - values are all numeric
29 - bridgeLength = num(;,2); % no need to convert - values are all numeric
30

31 % Save all 4 variables created in this script to a Matlab binary format

32

33 - save bridgesOfTheWord bridgeName bridgeCountry bridgeYear bridgeLength

binary

file saved ist of

variables saved
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Delimited ASCII File (dlmwrite)
dimwrite('FILENAME',M,"DLM’)

Writes matrix M into FILENAME using the character
DLM as the delimiter

ASCI| stands for American Standard Code for
Information Interchange

ASCII is a character-encoding scheme used to
represent text in computers

Generally writes numerical data to an ASCII file
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Example Delimited ASCII File (dlmwrite)
® Writes matrix M into FILENAME using the character
DLM as the delimiter
16 % Read the complete Excel file (previous exercise)
17
18 — [num,txt,raw] = xIsread('bridges_of the world short.xls",'Bridge data’);
19
20 % Create individual variables with names: NOTE: convert cell array to 1957 8038
21 % string array (equal length) 1991 8230
22 20882 8369
_ _ 1962 8678
72i= noRows = length(raw); % 23 entries for this case 1987 8851
24 1960 8851
75 |= bridgeYear = num(:,1); % no need to convert - values are eiggg :‘lgg;g
213|= bridgeLength = num(:,2); % no need to convert - values are di9s2  1e887
27 1967 11265
. . . . . _ |20087 11670
28 % collectAllVariables = [bridgeName, bridgeCountry, bridgeYear, bridgelLength]; |17 12006
29 1974 13290
30 % Create a text file (called myOutout2.txt) and write the numerical data igg: ngg
31 % variables (year completed and length) to an ASCII file 1998 17185
32 1960 17702
33~ dimwrite(myOutput2.txt',[bridgeYear bridgeLength],'delimiter’,"\t") ;gg: ;;';gg
1973 29298
2085 32500
1970 36718
< 1956 38422
. tab delimited ASCII file )
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® This time we use the “comma’” as the delimiter

between data

Another Example of ASCII File (dimwrite)

16
17
18 -
19
20
21
22
23 -
24
25 -
26 —
27
28
29
30
31
32
33 -

% Read the complete Excel file (previous exercise)
[num,txt,raw] = xlIsread('bridges_of the world short.xls",'Bridge data’);

% Create individual variables with names: NOTE: convert cell array to

% string array (equal length)

noRows = length(raw); % 23 entries for this case

bridgeYear = num(;,1); % no need to convert - values al
bridgeLength = num(:,2); % no need to convert - values a

% collectAllvVariables = [bridgeName, bridgeCountry, bridgeYear, bridgelLength

% Create a text file (called myOutout2.txt) and write the numerical data
% variables (year completed and length) to an ASCII file

dimwrite('myOutput2.txt',[bridgeYear bridgeLength],'delimiter',")")

I

1957,8038

1991,8230

2002,8369

1962,8678

1987,8851

1960,8851

2000,10020
1991,105080
1982,10887
1967,11265
2007,11670
1997,129080
1974,132%0
2003 ,13400
1985,13500
1998,17185
1960,17702
1964,24140
2003 ,25800
1973,292%0
2005,32500
1979,36710
1956,38422

comma delimited ASCII file

Virginia Tech (copyright A.A.Trani)
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Using the fprintf Function

fprintf (fid,format,A)

Applies the FORMAT to all elements of array A and
any additional array arguments in column order, and
writes the data to a text file

“fid” is an integer file identifier designated
automatically by Matlab

You need to get an “fid” using the “fopen” statement
(see next example)

@ VirginiaTech
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Example of using the fprintf Function
16 % Read the complete Excel file (previous exercise)
17
18 - [num,txt,raw] = xlIsread('bridges_of the world_short.xls",'Bridge dat[™
19 create 4 new
20 % Create individual variables with names: NOTE: convert cell array to variables to store
21 % string array (equal length) . values of bridge hame,
22
ZEi= noRows = length(raw); % 23 entries for this case

@ VirginiaTech
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country, year and length

bridgeName = char(raw{2:noRows,1}); % converts cell array into a string array in Matlab -
% saves the result into variable bridgeName

bridgeCountry = char(raw{2:noRows,2}); % saves result into string array bridgeCountry
bridgeYear = num(:;,1); % no need to convert - values are all numeric
bridgeLength = num(;,2); % no need to convert - values are all numeric

% Create a text file (called myOutout.txt) and write all four output

% variables (bridge name, country, year completed and length)
or i=1:noRows- % loop to write outpy

fid = fopen (‘'myOutput.txt','a"); % create a text file
fprintf(fid, '%s %s %f %f \n',bridgeName(i,:), bridgeCountry(i,:), bridgeYear(i), bridgeLength(i));

status = fclose(fid);
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Comments on the Matlab Code

The data read using xlsread contains three variables:
num, txt and raw

Because txt and raw contain information in Cell
Arrays, before exporting the information to a file, we
are required to change the data type from Cell array
to String array

Use the char function to do the conversion from cell
arrays to string arrays

Once bridgeName and bridgeCountry are string
arrays, they can be exported using the fprintf function

J
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More Explanations

31 % Create a text file (called myOutout.txt) and write all four output
32 % variables (bridge name, country, year completed and length)
33
34 - for i=1:noRows-1 % loop to write output
2{5)= fid = fopen (‘myOutput.txt','a’); % create a text file
36 — fprintf(fid, '%s %s %f %f \n',bridgeName(i,:), bridgeCountry(i,:), bridgeYear(i), bridgeLength(i));
37 - status = fclose(fid);
38 - end
e Asimple FOR-Loop is used to iterate through the complete
string array and save variables
e An output file called myOutput.txt is created to save the
values of four variables: bridgeName, bridgeCountry,
bridgeYear and bridgelLength (line 36)
e Qutput format is controlled by %s or %f statement in line 36
®

the format ‘a’ in line 35 “appends” (i.e., adds a new line) a
line every time the loop executes

Virginia Tech (copyright A.A.Trani)
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" Example Output File Produced (myOutput.txt)

31 % Create a text file (called myOutout.txt) and write all four output
32 % variables (bridge name, country, year completed and length)
33
34 - for i=1:noRows-1 % loop to write output
tln|= fid = fopen (‘'myOutput.txt','a"); % create a text file
36 - fprintf(fid, '%s %s %f %f \n',bridgeName(i,:), bridgeCountry(i,:), bridgeYear(i), bridgeLength(i));
37 - status = fclose(fid);
38 - end
20
Mackinac United States 1957.000000 8038.200000
Xiasha China 1991.200000 8230.000000
Virginia-Dare-Memorial United States 2002.000000 8369.000000
General-Rafael-Urdaneta Venezuela 1962.0200000 8678.0200000
Sunshine-Skyway United States 1987.000000 8851.000000
Twin-Span United States 1960.000000 8851.000000
Wuhu-Yangtze-River China 2000.000000 10020.000000
Third-Mainland Nigeria 1951.000000 10500 .000020
Seven-Mile United States 1982.000000 10887.000000
San-Mateo-Hayward United States 1967.000000 11265.0800000
myO UtP UC.CXL | | Leziria-Bridge Portugal 2007.000000 11670.000000
Confederation Canada 1957.0200000 12960.000000
ASC” text Rio-Niterol Brazil 1974.000000 13290.000800
Kam-Sheung Hong Kong 2003.200002 134060.000000
file Produced Penang Malaysia 1985.0200000 13500.000000
Vasco-da-Gama Portugal 1998.000000 17185.000000
Bonnet-Carre-Spillway United States 1960.0000800 17702.000000
Chesapeake-Bay-Bridge-Tunnel United States 1964.0200080 24140.000000
Tianjin-Binhai China 2003.000000 25800.000000
Atchafalaya-Swamp-Freeway United States 1973.0000080 29290.000000
Donghai China 2005.0200000 325060.000000
Manchac-Swamp United States 1970.0080000 36710.000000
L Lake-Pontchartrain-Causeway United States 1956.0000800 38422.000000
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Exporting Data to Excel
1 . ” . .
o Use the Matlab “xIswrite” function to write data to
J writeToExcelData.m* [ + | \
1 % Sample file to import Excel data into Matlab using the
2 % xlsread and xlswrite commands
3 % Line 22 illustrates the procedure to export from Matlab to Excel
4 % NOTE: Mac users: Line 22 will not work if the data exported is a cell
5 % array. You can export numerical data using the xlswrite function.
6
iy e Exports data contained
9 % Sample Excel data file in variable “raw’’ to
10 .
11 % Name Country Completed Length (m) EXCGl (Sheetl and Startmg
12 % Mackinac United States 1957 8038 in cell A|)
13 % Xiasha China 1991 8230
14 % Virginia-Dare-Memorial United States 2002 8369
15
16 % Read the complete Excel file (previous exercise)
17
18 - [num,txt,raw] = xlsread('bridges_of the_world _short.xls",'Bridge data’);
19
20 % Read the Excel file specifying columns and rows to read
22 xlswrite('exportToExcel.xls',raw,'Sheet1','’A1") % writes to Excel starting at cell Al
23
J
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Exporting Data to Excel
Note to Mac Users

® The xIswrite function has a problem for Mac users
¢ Mathworks states:

e “If your system does not have Excel for Windows,
or if the COM server (part of the typical
installation of Excel) is unavailable, xIswrite:
Writes ARRAY to a text file in comma-separated
value (CSV) format

® [gnores SHEET and RANGE (the last two
arguments) arguments

e (Generates an error when ARRAY is a cell array”.

J
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Exporting Data to Excel

® This example works on both Mac and Windows

because the data is all numeric
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® Xxl|swrite(‘'exportToExcel.xIs',num)

tom\lmm-thl—ll_

e \Writes to Excel starting at cell A1

Produced file is: 15

Xls in Windows 17
.csv in the Mac OS -

A

1957
1991
2002
1962
1987
1960
2000
1991
1982
1967
2007
1997
1974
2003
1985
1998
1960
1964
2003
1973
2005
1970
1956

8038

8230

8369

8678

8851

8851
10020
10500
10887
11265
11670
12900
13290
13400
13500
17185
17702
24140
25800
29290
32500
36710
38422

Virginia Tech (copyright A.A.Trani)
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Displaying Output on the Command Window @) Tech

. Usefunction ‘disp’ to display output to the screen.

. Typically used in conjunction with ‘num2str’ to convert
numerical to string variables

Example:

X=35
displ([‘Thisisatest todisplay ', num2str(x), * here'])

Results:

Thisisatesttodisplay 35 here
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Matlab Introduction

Handling Basic Searches in Matrices and

Arrays

Dr. Antonio A. Trani
Professor
Dept. of Civil and Environmental Engineering
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Using Index Variables in Searches
performed in Matlab Matrices

Manipulation of data requires “parsing” information
from data sets

Parsing is the process of selecting individual data
elements from a larger dataset for further analysis

Matlab provides some simple functions to find
iInformation contained inside arrays or cell arrays

Once the information is found we can use index
variables to locate data we want
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Data File (bridges of the_ world.txt)

Name

Mackinac

Xiasha
Virginia-Dare-Memorial
General-Rafael-Urdaneta
Sunshine-Skyway

Twin-Span
Wuhu-Yangtze-River
Third-Mainland

Seven-Mile
San-Mateo-Hayward
Leziria-Bridge

Confederation

Rio-Niterol

Kam-Sheung

Penang

Vasco-da-Gama
Bonnet-Carre-Spillway
Chesapeake-Bay-Bridge-Tunnel
Tianjin-Binhai
Atchafalaya-Swamp-Freeway
Donghai

Manchac-Swamp
Lake-Pontchartrain-Causeway

Country
United States
China
United States
Venezuela
United States
United States
China
Nigeria
United States
United States
Portugal
Canada
Brazil
Hong Kong
Malaysia
Portugal
United States
United States
China
United States
China
United States
United States

Completed
1957
1991
2002
1962
1987
1960
2000
1991
1982
1967
2007
1997
1974
2003
1985
1998
1960
1964
2003
1973
2005
1970
1956

Length (m)
8038
8230
8369
8678
8851
8851
10020
10500
10887
11265
11670
12900
13290
13400
13500
17185
17702
24140
25800
29290
32500
36710
38422

Suppose we
would like
to find all the
bridges that
were build
after the year

2000

Assume the variables are imported into Matlab
using the Import Wizard method

@ VirginiaTech
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® Saving as column vectors

IMPORT
O Delimited Colbumndelimiters: Range: [;2:024 v Qf

a M . n I UNIMPORTABLE CELLS
~ Fixed Width (@ \10re options ~ Variable Names Row: 1 (] cel Array : _ et
DELIMITERS SELECTION IMPORTED DATA IMPORT
bridgesOfTheWorld.txt
A B {= D
Name Country Complete..VarName4 We Select to im Ort

TEXT v TEXT vNUMBER ~ vNUMBER ¥ P
1 |Name | Country | |Complet o
2 [iackimae Uned 519575078 using column vectors
3 Xiasha China 1991 8230 o o
4 Virginia-... United-5... 2002 8369 This way each column is
5 |General-... Venezuela 1962 8678
6 [Sunshine... United-S... 1987 8851
7 |Twin-Span United-S... 1960 8851 Saved as a Separate
8 [Wuhu-Ya... China 2000 10020 0 f ollg o 0
o [third-t.. Nigeria 1991 10500 variable facilitating its
10 [Seven-Mile United-S... 1982 10887
11[san-Mat... United-S... 1967 11265 use |a_te|" on.
12 |Leziria-B... Portugal 2007 11670
13 |Confeder... Canada 1997 12900
14 [Rio-Nite... Brazil 1974 13290 o o
15 [Kam-She... Hong_Ko... 2003 13400 After' |mPO r’t|ng
16 |Penang Malaysia 1985 13500
17 [Vasco-d... Portugal 1998 17185 —
18 |Bonnet-... United-S... 1960 17702 Workspace v
19 |Chesape... United-S... 1964 24140 Name A Value Min Max
20 [Tianjin-B... China 2003 25800 . ;
21 |Atchafal... United-S... 1973 29290 ct] Completedyear 23x1 double 1956 2007
22 |ponghai  China 2005 32500 [ﬁ] Country 23x1 cell
23 |Manchac... United-S... 1970 36710 R .
24 |Lake-Po... United-S... 1956 38422 11 Length 23x1 double 8038 38422

11} Name 23x1 cell
[eals =3 sAs .8 a s ~ 3 I )
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After Import (4 Column Vectors)
Name Country \
(3] 23x1 cell | Name ] Country I \ |
1 ] 23x1 cell : +2 i Completedyear i | Length
1 Mackinac 1 tH 23x1 double : #2 | Completedyear | Length
2 Xiasha 1 United-States 1 1FH 23x1 double I
3 Virginia-Dare-Memorial 5 china 1 1957 - ; ;
4 General-Rafael-Urdanet 3 United-States 2 1991
5 Sunshine-Skyway 4 Venezuela 3 2002 1 8038
6 Twin-Span 5 United-States 4 1962 2 2230
7 Wuhu-Yangtze-River 6 United-States ; 1987 3 8369
8 Third-Mainland 2 China 6 1960 4 8678
9 Seven-Mile 8 Nigeria 5 5000 5 8851
10 San-Mateo-Hayward  |g United-States A 1991 6 8851
11 Leziria-Bridge 10 United-States 9 1982 d 20020 Four Variables
12 Confederation 11 Portugal 5 1067 8 10500
13 Rio-Niterol 12 Canada 11 2007 9 10887 We re Created:
14 Kam-Sheung 13 Brazil 12 1997 10 11265
£i[Penang 14 Hong_Kong 13 1974 =2 11670
- 12 12900
16 Vasco-da-Cama 15 Malaysia 14 2003 3 13290 I ) Name
17 Bonnet-Carre-Spillway ;¢ Portugal 15 1985
18 Chesapeake-Bay-Bridge17 United-States 16 1998 14 13400 2) Countr)’
19 Tianjin-Binhai 18 United-States 17 1960 = 13500
20 Atchafalaya-Swamp-Fre¢; g China 18 1964 16 17185 3) Comp|etedyear'
21 Donghai 20 United-States 19 2003 s 24702
22 Manchac-Swamp >1 China 5F 1973 18 24140 4) Length
23 Lake—Pontchartrain—CaLZZ United-States 21 2005 ;g ;;ggg
23 United-States 22 1970 51 32500
23 1956 22 36710
23 38422

y,
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Bridges Built After the Year 2000

® Define an index variable called “indices”

e Use the Matlab “find” function to find all
bridges built after the year 2000

Command Window

indices =

3
11
14
19
21

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

>> indices=find(Completedyear>2000)

Workspace

Name a

11 Completedyear
({}| Country

11 Length

[{}] Name

@ VirginiaTech
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Y\»find(Completedyear' > 2000)
searches the vector

Completedyear and finds the
cells that contain numerical values

indices stores

greater than 2000

demointerpq

the positions of vector
Completedyear
with values > 2000

J
58e
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Workspace
@) New to MATLAB? Watch this Video, see Examples, or read Getting Started. Name &
: . : 1| Completedyear
>> indices=find(Completedyear>2000) ,C99r'};v )
- 2 rCompIetedyear I | Length
indi tH 23x1 double
Inaices = 1 2 3
1 1957
________________ 2 1991
3 T e 3 2002 |
11-.. 2 1962
Seell 5 1987
14._\. e 6 1960
19, -, RRE TN 7 2000
pR S~ AT 8 1991
21~~~~ ~~~~ .~§.. ..'._. 9 1982
~~~~ ~~~~ .‘~.. ._'._. 10) 1967
Seo el el ", 2007 |
Teel .. R 12 1997
N Seo Teell M3 1974
§~~~ ~~~~ * 14 2003 I
~~~~ ~~~~ 15 1985
“e “eo 16 1998
indices contains the T T
ol . Yoo Al
positions of data in I F |
vector Completedyear Al 2005 ]
22 1970
that satisfy the condition 23 1956
J
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Bridges Built After the Year 2000
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Command Window ® Workspace
@) New to MATLAB? Watch this Video, see Examples, or read Getting Started. x| |Name &
: : . : H] Complete L
>> bridgesBuiltAfter2000 = Name(indices) fg:gnt:v l
7\ ye | Country | h§ +v2 | Completedyear | Length
bridgesBuiltAfter2000 = U 1 cel b 23x1 double
;s 1 3
" oo i 1/Mackinac 1 1957
Virginia-Dare-Memorial 2 Xiasha 2 1991
1 . . 1 3 Virginia-Dare-Memorial 3 2002|
LeZ|r|a Brldge 4 General-Rafael-Urdaneta 4 1
'Kam—Sheung' 5 Sunshine-Skyway 5 1987
- ‘s . -1 6 Twin-Span 6 1960
TIanJIn_Blnhal 7 Wuhu-Yangtze-River 7 2000
'Dong hai' 8 Third-Mainland 8 1991
9 Seven-Mile 9 1982
San-Mateo-Hayward 1967
1 Leziria-Bridge 11 2007
12 Confederation 12 1997
Rio-Niterol 1 1974
14 Kam-Sheung 14 2003 I
indices is now used 15 Penang 15| 1985
. . 16 Vasco-da-Gama 16 1998
as index variable 17 Bonnet-Carre-Spillway 17 1960
~ —Bri ~ 18
to extract the names 9[Tianjin-Binhal 19 2003
. . 20 Atchafalava-_Swamp_Freeway 20
of the bridges built b1 Dongha T
22 Manchac-Swamp 22 1970
after the yea’r 2000 23 Lake-Pontchartrain-Causew... 23 1956
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Another Example: Find Bridges whose

Length is Greater than

14,000 meters

@ VirginiaTech
Invent the Future

Name

Mackinac

Xiasha
Virginia-Dare-Memorial
General-Rafael-Urdaneta
Sunshine-Skyway

Twin-Span
Wuhu-Yangtze-River
Third-Mainland

Seven-Mile
San-Mateo-Hayward
Leziria-Bridge

Confederation

Rio-Niterol

Kam-Sheung

Penang

Vasco-da-Gama
Bonnet-Carre-Spillway
Chesapeake-Bay-Bridge-Tunnel
Tianjin-Binhai
Atchafalaya-Swamp-Freeway
Donghai

Manchac-Swamp
Lake-Pontchartrain-Causeway

Country
United States
China
United States
Venezuela
United States
United States
China
Nigeria
United States
United States
Portugal
Canada
Brazil
Hong Kong
Malaysia
Portugal
United States
United States
China
United States
China
United States
United States

Completed
1957
1991
2002
1962
1987
1960
2000
1991
1982
1967
2007
1997
1974
2003
1985
1998
1960
1964
2003
1973
2005
1970
1956

Length (m)

8038
8230
8369
8678
8851
8851
10020
10500
10887
11265
11670
12900
13290
13400
13500
17185
17702
24140
25800
29290
32500
36710
38422
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Bridges with Length > 18,000 m

e Define a new pointer variable “indices2”

e Use the Matlab “find” function to find all
bridges with bridge length > 18,000 m

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

>> indices2=find(Length>18000)

indices2 =

18 indices? finds the indices of

;g ) array Length with values > 18,000

21
22
23

@ VirginiaTech
Invent the Future
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@ VirginiaTech
Bridges with Length > 18,000 m

Workspace
@) New to MATLAB? Watch this Video, see Examples, or read Getting Started. X |idiamacs Malug
(] Completedyear  23x1 double
>> bridgesWithMorethan14k = Name(indices2) | & County 23x1 cell
t Length 23x1 double
= +2 | CompletedyeT}. | Length | | Name - | Country \
bridgesWithMorethanl4k = F 23x1 double 0] 23x1 cell
1 2 3 1
. . ' 1 8038 1 Mackinac
Chesapeake-Bay-Bridge-Tdnnel > 2330 T -
'Tianjin_Binhai' 3 8369 3 Virginia-Dare-Memorial
'A h f I —S —F ' 4 8678 4 General-Rafael-Urdaneta
tChara aya Wamp r eway 5 8851 5 Sunshine-Skyway
'Dong hai' 6 8851 6 Twin-Span
' ' 7 10020 7 Wuhu-Yangtze-River
Manchac-Swamp 8§ 10500 8 Third-Mainland
‘Lake-Pontchartraif-Causeway' 9| 10887 9 Seven-Mile
10 11265 10 San-Mateo-Hayward
11 11670 11 Leziria-Bridge
12 12900 12 Confederation
13 13290 13 Rio-Niterol
c . . 14 13400 14 Kam-Sheung
indices2 is now used e 13500 SlPenang
Q a 16 17185 16 Vasco-da-Gama
as a Index varla‘ble 17 17702 17 Bonnet-Carre-Spillway
to eXtI"aCt the names 18 24140 18 Ehesapeake-Bay-Bridge-Tu...
19 25800 19 Tianjin-Binhai
Of the bridges Whose 20 29290 P0 Atchafalaya-Swamp-Freeway
21 32500 21 Donghai
Iength > |8,000 m 22 36710 22 Manchac-Swamp
23 38422 23 Lake-Pontchartrain-Causew...
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Another Example: Find Bridges Built in

United States

@ VirginiaTech
Invent the Future

Name

Mackinac

Xiasha
Virginia-Dare-Memorial
General-Rafael-Urdaneta
Sunshine-Skyway

Twin-Span
Wuhu-Yangtze-River
Third-Mainland

Seven-Mile
San-Mateo-Hayward
Leziria-Bridge

Confederation

Rio-Niterol

Kam-Sheung

Penang

Vasco-da-Gama
Bonnet-Carre-Spillway
Chesapeake-Bay-Bridge-Tunnel
Tianjin-Binhai
Atchafalaya-Swamp-Freeway
Donghai

Manchac-Swamp
Lake-Pontchartrain-Causeway

Country Completed
United States 1957
China 1991
United States 2002
Venezuela 1962
United States 1987
United States 1960
China 2000
Nigeria 1991
United States 1982
United States 1967
Portugal 2007
Canada 1997
Brazil 1974
Hong Kong 2003
Malaysia 1985
Portugal 1998
United States 1960
United States 1964
China 2003
United States 1973
China 2005
United States 1970
United States 1956

Length (m)

8038
8230
8369
8678
8851
8851
10020
10500
10887
11265
11670
12900
13290
13400
13500
17185
17702
24140
25800
29290
32500
36710
38422
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Bridges Built in the United States

® Define a new index variable “indices3”

e Use the Matlab “strcmp” function to compare

string arrays to extract information needed

>> indices3=strcmp(Country,'United-States’)
indices3 =

1 ° ° .

0 indices of variable

1 Country that meet

0 the criteria

1 <€

1 | =

O - tl"ue

0 0 - false

@ VirginiaTech
Invent the Future
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Bridges in the United States

>> indices3=strcmp(Country,'United-States’)

indices3 =

@ VirginiaTech
Invent the Future

\

indices3 is a vector of 0-1
(called a logical variable)
that contains information
on what values of vector
Country match the
condition tested

indices3 Name Country
V] 23x1 logical  [0}] 23x1 cell
1 1 2

1 |1 1 United-States

»2 0 2 China

» 31 3 United-States

>»(4 0 4 Venezuela

>»(51 5 United-States
61 6 United-States
70 7 China
8§ 0 8 Nigeria
91 9 United-States
101 10 United-States
110 11 Portugal
120 12 Canada
130 13 Brazil
14 0 14 Hong_ . .
R e Value of indices3
16 0 16 Portugg
171 17 United- are.
181 18 United-
190 19 China
201 20 United- I —_— true
210 21 China
221 22 United- 0 - false
231 23 United- |
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Bridges in the United States

@ VirginiaTech
Invent the Future

@) New to MATLAB? Watch this Video, see Examples, or read Getting Started. x| |Name 4
) : ) t Completedyear
>> bridgesIinUS = Name(indices3) f:,:’g"f,:y
[}l Name
bridgesInUS = [T ind ce@h"d|_°\°'"r~3';me Country |
V] 23x1 logical [}] 23x1 cell
1 . 1 1 ]
M.aCI.(“:\aC . il ‘ 1 Mackinac I
'Virginia-Dare-Memorial' 30 17 Xasha |
1 . 1 31 3 Virginia-Dare-Memorial
SunShlne_Skyway 4 0 4 General-Rafael-Urdaneta
"Twin-Span’ 5 1 5 Sunshine-Skyway |
1 PN 61 6 Twin-Span
Seven-Mile 7.0 |7 Wuhu-Yangtze-River
'San-Mateo-Hayward' 8 0 8 Third-Mainland
1 . 1 91 9 Seven-Mile
Bonnet_carre_splllway 101 10 San-Mateo-Hayward |
'‘Chesapeake-Bay-Bridge-Tunhel’ TT0 [[Tlezna-Bndge
1 1 120 12 Confederation
Atchafalaya-Swamp-Freeway 130 5 Rio-Niterol
'Manchac-Swam p' 14 0 14 Kam-Sheung
. p
.  'Lake-Pontchartrain-Causeway’ 1o B o
‘ \ 171 17 Bonnet-Carre-Spillway
\ 18 Chesapeake-Bay-Bridge-Tu...
. . . fanjin-Binhai
IndlceSB IS NOW used 20 Atchafalaya-Swamp-Freeway

to extract the names
of the bridges in the US

23 Lake-Pontchartrain-Causew...
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@ VirginiaTech
Invent the Future

Summary

® Parsing data from a large set is relatively easy with
Matlab

e “find” - function is useful to find numeric data
contained in large datasets

e “strcmp” - function is useful to find string data
contained in large datasets

® These functions can be used in regular Matlab
scripts to parse or filter data and perform analyses

J
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