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What is MATLAB?

Introduction
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MATLAB is...

Introduction

e high-level programming language (4th gener. language)
e interpreted language (not compiled, but... JIT)
e intended mainly for numerical computing (nevertheless includes MuPAD
symbolic kernel)
e philosophy: kernel + tool boxes + user-defined functions — wide application
e wide possibilities of linking with other tools (Java, C++, Fortran, Python, .NET,
Excel, physical- / multi-physical softwares)
e speed (of well written) algorithm comes near to that of C++
e excellent for ,,fast prototyping™
e Matlab does not require variables declaration (not always the advantage)
e multi-license for CTU
e Available for students as well!
° — CTU students
° - FEE students
2/20/2017 12:32 PM AOB17MTB: Introduction

4 Department of Electromagnetic Field, CTU FEE, miloslav.capek@fel.cvut.cz étel;)}})w



download.cvut.cz
https://matlab-lic2.feld.cvut.cz/
https://matlab-lic2.feld.cvut.cz/

Why to learn MATLAB?

Introduction

Matlab is a worldwide standard

used by more than 5000+ universities worldwide

licenses used by thousands of corporations in aviation, biotechnology,
electronics, cybernetics, mechanical engineering, finance, ...

knowledge of Matlab can be used in other courses at the University as
well as in professional life

2/20/2017 10:41 AM AOB17MTB: Introduction
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Introduction

Where to make use of Matlab?

e (ata processing and visualization during laboratory exercises
e when elaborating diploma works
e seminar exercises (signals, algorithm development, ...)

e theory verification (mathematics and physics classes, electromagnetic
field, electronic circuits, ...)

e studying abroad (Erasmus, Sokrates)

= “gverywhere® :)
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Introduction

Historical development of MATLAB

e /0’s
e Cleve Moler, Matlab used instead of Fortran
e MATrix LABoratory — matrix is the basic data structure
e Fortran-based syntax
e 1983
e Jack Little rewriting Matlab in C
e new functionality and new mathematical libraries added
e 1984 (Matlab is so far for free!)
e MathWorks founded in 1984

o 2004

e Matlab used by more than 1 million of active users
e NOW...

e ...R2016b is the newest version of Matlab

e local distribution: Humusoft s.r.o.

see: http://www.mathworks.com/company/aboutus/founders/clevemoler.html

20.2.2017 10:41 AO0B17MTB: Introduction ‘»} Iy
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Alternatives to MATLAB

Introduction

Fortran — most of the libraries still in Fortran, used mostly by physicists

Python — for free, fast and intuitive; Spyder provides MATLAB-like
features

Mathematica — symbolic and numerical calculations, excellent symbolic
kernel, extensive applicability, mostly for mathematicians and physicists

Maple — symbolic and numerical calculations

MathCad —used for symbolic and numerical calculations, slightly out-of-
date

Octave — for free, syntax and functionality similar to Matlab, not so
extensive, smartphone executable

R — for free, designed particularly for statistical applications
Scilab — Matlab-like, open documentation
Derive — small, fast, Casio calculator executable

20.2.2017 10:41 AOB17MTB: Introduction
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Introduction

Alternatives to MATLAB

e Matlab vs. C/C++
e optimal language strongly depends on the application
e C/C++ faster in general, Matlab, on the other hand, provides implicit parallelism

e general principle: Matlab more than suitable for everything except commercial
compiled code (especially Matlab 6.5 and above: JIT + Real-Time Type Analysis)

e Matlab vs. Fortran
e Matlab has wider support, more intuitive syntax
e speed of a well written code is (usually, at least) comparable
e utilization of Fortran is on the decline

e Matlab vs. Python
e Matlab offers significant support thanks to MathWorks, Matlab File Exchange
e Python entirely for free, it's becoming more and more popular

20.2.2017 10:41 AO0B17MTB: Introduction ‘»}
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Introduction

AOB1/MTB

e 13 weeks (14" week is a ‘reserve’)
e 11 blocks with new theory, 1 block of bonuses, 1 block of examples
e conditions of credit award:
e to hand in a project (next-to-last week of the semester, 60 points)
e competition assignment (see next slide)

e to pass atest, 20 points (min. 50%, next-to-last week)
e on top of that two short tests during semester, 20 points (min. 10 points are needed)
e 3 bonus examples during the semester, 5 bonus points

e max. 2 missed classes (more absences only after prior arrangement)
e any lecture can be substituted
e could happen that not all of the stuff of the course will be presented,
because of time constraint — understanding the basics is a priority
e Dbonus stuff (slides) available for advanced students

)
Data types Code execution Visualization Relation and logical operators
Matrix operations User scripts and functions Numerical methods Symbolic math
20.2.2017 10:41 AOB17MTB: Introduction
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Introduction

Competition assignment

® assignments from previous semesters:

Jacobi method Effective plotting

® See
e project can be selected by any number of students
e conditions:

e project is completed according the assignment — credit award

e project is the best one — winning the competition
e prizes for the first three winners

20.2.2017 10:41 AOBL7MTB: Introduction ») 2B
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AOB17MTB - Course syllabus

Introduction

Introduction, information on the course, MATLAB workspace, basic arithmetic operators,

L basic functions

5 Compl_ex nu_mbers, cpmplex matr_ix d_esign, mgtrix_ opergtions, element-by-element
operations, introduction to vectorization, matrix dimension

3 Indexing, data type and size, output format

4  MATLAB Editor, script design, relation and logical operators, cells

5 Cycles, cycles vs. vectorization, control flow, program branching

6 Visualization in MATLAB #1, debugging

7  Set operations, sorting, searching, user-defined functions #1

8 Functions #2 (main functions, subfunctions, nested functions, anonymous functions)

9  Struct, strings, ‘eval’ and ‘feval’ functions, MATLAB path

10 Visualization in MATLAB #2, GUI #1

11 GUI #2

12 Date and time functions, error handling, 1/0, basics of symbolic computations

13 Exercises , test

14 (Reserve)

2/20/2017 10:41 AM AOB17MTB: Introduction
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Introduction

AOB17MTB - Deadlines

1 call for project proposals

2

3 bonus example (1-3 points), list of projects, discussion on own topics

4

5 short test (approx. 10-15 min) aimed on solving given problem in Matlab, 10 points
6 project choice

7  bonus example (1-3 points)

8  short test (approx. 10-15 min) aimed on solving given problem in Matlab, 10 points
9
10 bonus example (1-3 points)

11
12
13 test (20 points), project hand-in (next-to-last week of the semester, 60 points), credit award

14 reserve, competition assignment measurement

20.2.2017 10:41 AO0B17MTB: Introduction
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Introduction

Credit award

Points Min. points

Bonus example #1 2 Grade Points

Short test #1 10 A 90-100

Bonus example #2 1 10 B 80-89
C 70-79

Short test #2 10 > 50_69

Bonus example #3 2 E E0_EQ

Test 20 10 = 0-49

Project 60 30

20.2.2017 10:41 AOB17MTB: Introduction
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Introduction

AOB17MTB - Schedule

e harmonogram of SS 2016/2017 (also on the web page):

1. tyden 2. tyden 3. tyden 4. tyden 5. tyden
20.2. 22.2. 27.2. 1.3. 6.3. 8.3. 13.3. 15.3. 20.3. 22.3. Naplf predmétu:
PO 16:15 5T 16:15 PO 16:15 ST 16:15 PO 16:15 5T 16:15 PO 16:15 ST 16:15 PO 16:15 5T 16:15
Mila- 5 (cykly, 9 (textavé 13 (test,
poznamka a Milg-EnCap [Mila-EuCap 1 (Gwod) {evkly V( E:H e ftas
Workshop vetveni) fetézce) proj.)
master iktar “iktar Wiktar Wiktar Mila Mila “iktar Wiktar Wiktar iktar 2 (matice) |6 (vizual. 1)| 10 {guil) |14 (rezerva)
3 7 (mnoz.
slave Michal Michal Wit Michal Wit Michal Wit Michal Wit Michal 11 (gui2)
(indexace) | op, fon. 1)
3 3 4 {editor, | 4 (editor, | 5(cykly, 5 {eykly, 4 {editar,
naplfi 1 (dvod) 1(0wod) | 2 (matice) | 2 (matice) (ecltor (ecltor fevkly (evkly (ecltor g (funkce 2)[12 (honusy)
(indexace) | (indexace) | relac. op.) | relac. op.) | vetveni) vetveni) relac. op.)
bonusowf | bonusovy . . zacdani B . L. - honusowy
harmonogram - . 1. pisemka | 1. plsemka . | 1 pisemka [ 2. pisemka test zapodet soutdi »
pifklad piiklad projektd piiklad
Pozn.: bonusowf pifklad je za 1-3b a vyhran ze Zedyich pitkladd (pfipadng zcela mimo slajdy).
6. tyden 7. tyden 8. tyden 9. tyden 10. tyden Pozn.: véend ast harmonogramu mi¥e bit postupné mimé zpozdéna
27.3. 29.3. 3.4. 5.4, 10.4. 12.4. 17.4. 19.4. 24.4. 26.4.

PO 16:15 ST 16:15 PO 16:15 ST 1m15 | PO 1A:15 | 5T 16:15 PO 16:15 ST 16:15 PO 16:15 | ST 16:15

amk Mila- velikanani
oznamka
B habilitace pondéli
master Mila Mila il Mila Mila Wiktor il Mila Mila
slave it Michal Wit Michal Wit Michal Michal Wit Michal
7 (mnoz. 7 (mnoz. 9 (textové | 9 (textové
napli G [vizual. 1]|8 (vizual. 1) { { 8 (funkce 2)|8 (funkce 2) V( . V( N 0 (guil)
op., fen. 1) | op, fen. 1) fetézce) fetézce)
zadani zadani honusovy | honusowy B . honusowi
harmonogram N N » - 2. pisemka | 2. plsemka -
projektd projektd piiklad pifklad nifklad
11. tyden 12. tyden 13. tyden 14. tyden soutdd
15. 25. 3.5. 8.5. 10.5. 115. 155. 17.5. 225. 24.5.
PO 16:15 | UT 16:15 ST 16015 PO 16:15 ST 16:15 CT 16:15 FO 168:15 ST 16015 PO 16:15 ST 16:15
, Swatek  |Vyuka jako Den Vyuka jake Rektorsky .
pozniamka B . hude doplnéna (wiz weh)
prace v PO osvohozen| v PO den
master Mila Wit Michal Wit Michal wEichni vEichni
slave Wit il Mila Mila Mila
13 (test, 13 (test,
napli 10 (guil) | 11{gui2) 12 (honusy)| 11 (guiz) |12 (bonusy) (tes { _EE
proj.) proj.)
harmonogram - test,zapocet|test, zapocet] souté
priklad

e this is how the bonus slides look like (see the background color...)

20.2.2017 10:41 AO0B17MTB: Introduction
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Introduction

AOB17MTB - Principles

e the aim of the course is to teach you something — if the presentation is to
fast, be heard

e if you have an idea / proposal how to solve a problem in a more efficient
way, put it forward

e can happen that the lecturer is not able to answer your question
Immediately, in that case the answer will be provided during the next
lecture

20.2.2017 10:41 AO0B17MTB: Introduction
16 Department of Electromagnetic Field, CTU FEE, miloslav.capek@fel.cvut.cz




You will be able to ...
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Introduction

Recommended literature, resources

e Matlab documentation >> doc % opens the help browser

e Basic web-based textbooks on Matlab (so called primers)

° www.mathworks.com/help/pdf doc/matlab/getstart.pdf
° http://artax.karlin.mff.cuni.cz/~beda/cz/matlab/primercz/matlab-primer.html

e Attaway, S.. Matlab — A Practical Introduction to Programming and
Problem Solving, 3rd ed.

available at Department’s library

e Hahn, B. H., Valentine, D. T.: Essential Matlab, 5th Ed.

available at Department’s library

e other literature and sources will be mentioned during the semester...

20.2.2017 10:41 AO0B17MTB: Introduction
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Introduction

Launching Matlab

A

Spravce: CWindows' system32' cmd.exe

e command line
e matlab

e Matlab can be launched with a set of optional parameters (see later)
e matlab -r "test (10)"

e 2016b: 2 GB RAM, 2 GB disk space (Matlab only), 4-6 GB typical
installation, Win7 and newer

e version dependent

20.2.2017 10:41 AOB17MTB: Introduction )»
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Introduction

The Matlab Environment (£ R2011b)

) MATLAB 7.11.0 (R2010b) =10l =l
File Edit Debug Parallel Desktop Window Help
i | 6| d$BR9 & |“ g =) | @ || current Folder: | 0:\MiaMatiabl,_mfiles{TCMapp4. 1a hd : Shorteuts 2] How to Add (2] What's New
Current Folder CH=RraEg | | command Window Workspace +0ax
||« TCMappa.1a » v | O &) £~ = B % || LD sdectdatatoplt ~
py— C:\Program Files\MATLAB\RZ010b\bin Name |Value
thistoryBdata Workspace is changing to: £ 299792458
1 1source ] eps0 8.8542e-12
rew D:\Mila\Matlab\ mfiles
] mbin -
b= results Rugust 31, 2011 9:00:45.868 PM
.ﬂ activateTCMpath.m )
f‘ﬂdusterﬂatch.m Keep on working...
ﬁdust&rﬁatmc:)mpleted.m fe >
@ createTCMBatch.m
| logout. bt
@mstﬁM.m
fa prepTCMinput.m
) preTcMm
HH preTminit.
ﬁresTCM.m
@TCMjfsfexemtor.m
ﬁTCM_jchanager.m
@TCMJJFS_exemtor.m
faTCM_RUN_solver.m
) TomdistribSalver.m Command History il
) TeMparalielsolver. m i relear,clc ]
) Temsinglesclver.m O-2-- 18.8.2011 19:31 —-%
._. ver. ikt clear,clc, preTCH
1] vercomvertor.m plotEigNum (pTCMout)
B ZZ_sweep_Qeig_Qu_vs_lambda_vs... PlotEL olum (pTCMout2)
postTCH (pTCHMout)
postTCM (pTCMout2)
plotEigHum (pTCHout)
plotEigHum (pTCHo
- 29.8.2011 18:5
doc
t-glear,cle
- 30.8.2011 11:32 --%
Select a fle to view detalls bench
doc bench)
edit bench
clear, clc, quit
-— 31.8.2011 21:00 --% j
—
QvR >
20.2.2017 10:41 AOB17MTB: Introduction m
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e >>n = [-1 1;1 -2]
Integration_routines B [123; 456; 78 9]
TCHMapp+.2h [123456784]
‘ leastsquares.m 1
5
(oo
[0;0;1)

>> e = [1 0 0] Command History

d = [0;0;1] '":Or’““‘”

& = [-11;1 -2], B = [1 2 3;

~who

whos

~-gize (£ilip)

filip

~filip = []

~-size (£ilip

size (£ilip)

~whos

~bar (B, "DisplayNa Y 'B")

clear,clc

B [-1 1;1 -2]

B [123; 45 6; 7829]
1

a
Select a file to view details
b = 5;

AOB17MTB: Introduction »}
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The Matlab Environment — panels

Introduction

ONONONGONONONONG,

Command Window (CTRL+0)
Workspace (CTRL+3)

Command History (CTRL+1) — not activated in case of > R2015a; to activate...

.%E. E {0} Preferences @ (*% Community
SIJ“ Layout] L7 SetPah o ‘57 Request Support
Current Folder (CTRL+2) orary v | [l postel + =z soons

SRl seLECT LAYOUT

[ pefault

] Twao Column
C U rre nt FO I d e r - D etal I S @ All but Command Window Minimized
] Command Window Only

Save Layout...

Organize Layouts...

Current Folder (with history)

Current Folder

Workspace

Start (Windows like), only for < Matlab R2011b e

Command History >

Quick Access Toolbar Popup

status

Current Folder Toolbar »| o Closed

20.2.2017 10:41
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Environment setting — basics

4\

Introduction

MATLAB R2012b

e Mewe Variable Analyze Code [l E )
l—LUIJ I:I_l:I Lt L/ Find Files J} DE = Iff \=a) U {13 Community
e Cpen Variable ~ ~ Run and Time = Set Pq R
Mewy  Meww  Open |1=| Compare Impart Save ol o Sitnulink  Layout - Speci rfrenis request Support
Script - - Data Workspace 77 Clear Workspace w7 Clear Commands  ~  Library - =i Parallel = -
FILE WAR IABLE CODE SIMULINE ENWIRONMENT RESOURCES

e Matlab R2012a and later
e ribbon menu
e Matlab R2011b and older

File Edit View Debug Parallel Desktog

General

MNew ]

Open... Ctrl+0

Close Current Folder Ctrl+w > > p re f erences
Import Data...

Save Workspace As... Ctrl+5

Set Path...

10D:h...e\_UTIL\getMovies.m
20:)... TCMapp4. 2b'\preTCM.m
3D:\...ewster\experiment.m

Image Processing

ST=If

Fonts Preferences

Desktop code font
Currently used by: Command Window, Command History, Editor

Monospaced LI I Plain LI

Sample

The quick brown fox jumps over the lazy dog. 1234567890

Desktop text font

Currently used by: Help Navigator, Current Folder, Workspace, Variable Editor, Function
Browser

[¥ Use system font

[Faors 2| e | e
Sample

The quick brown fox jumps over the lazy dog. 12345678390

Custom fonts
Currently used by: HTML Proportional Text
To set a custom font for any desktop tool, go to the Custom Fonts preferences.

- ntrol
40\, Jes\ukas_animace.m . FO nt Slze
Exit MATLAB Ctrl+Q Simscape
Simulink 3D Animation
0K I Cancel | Apply | Help |
20.2.2017 10:41 AO0B17MTB: Introduction ‘5)»
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Matlab termination

e always terminate Matlab in the command window

Introduction

>> exit % -/ /-

>> quit % terminates Matlab (and all windows)

e more advanced options (see documentation)

>> quit cancel
>> exit force

20.2.2017 10:41 AO0B17MTB: Introduction
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Introduction

Command line, documentation

>> doc $ opens documentation window

>> help % Matlab help

>> demo % tutorials

202.201710:41 AOB17MTB: Introduction »} g
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The Help structure, Matlab <R2011b

Introduction

>» help =in
5IN S5ine of argument in radians.
SIN(X) i=s the sine of the elements of X.

>> help

d
>> help sin d

5
3

isplays basic help contents
iSplays help related tO Sine fUHCtiOl’l Cwverloaded methods:

S5ee also asin, sind.

codistributed/=sin

@ Help

File Edit View Go Favorites Desktop Window Help

Reference page in Help browser
doc _=sin

|| 3 P &
Contents | search Results |

-6 MATLAB =]
G- [ Getting Started

[#-&p User's Guide

E] Jfx Functions

[#]-Desktop Tools and Development Environment
[+-Data Import and Export

[=)-Mathematics

[#-Arrays and Matrices

[#-Linear Algebra
[=Elementary Math
E| Trigonometric

4

>

sin
Sine of argument in radians
Syntax

T = =siniX)

Description

. o - |fx » MATLAB » Functions » Mathematics » Elementary Math » Trigoncm{ 4 \

T = sin(¥) returns the circular sine of the elements of X The =in function operates

element-wise on arrays. The function's domains and ranges include complex values. All angles are

in radians.

Definitions
The sine of an angle is:
ir —ir
sinfx)= 2 —°

For complex x

sinlx +iy) = sin(x)cosh(y) +i cos(x) =inh(y)

Examples

>> doc $ launches help window
>> doc sin

% sine function
% related help

Graph the sine function over the domain ~F SX= T

¥ = —pi:0.0Ll:pi;
plot(x,=sinix)), grid on

N

20.2.2017 10:41
26

Department of Electromagnetic Field, CTU FEE, miloslav.capek@fel.cvut.cz &9)}}19

AO0B17MTB: Introduction




Introduction

The Help structure, Matlab >R2011b

@Help _ Dlll
.*Q*v@§|sinxcns >C|+| EHD:IEIE|N
Documentation Search Documentation e
= CONTENTS Close
< All Products sin
< MATLAB ) Sine of argument in radians collapse all in page
< Mathematics
< Elementary Math Syntax
< Trigonometry W= sin(X) exarnple
sin o
Description
Syntax ¥ = sin(®) retumns the sine of the elements of X The sin function operates element-wise on arrays . The function accepts ooth real and comples example
inputs. For real values of X in “aterval [-Inf, Inf], sin returns real values in the interval [-1 1], For complex values of ¥, sin returns complex values
Description
All angles are in radians
Examples
Input Arguments
P d Examples collapse all
Cutput Arguments
maore About ¥ Plot Sine Function
See Also Flot the sine function over the domain —7 < @ < 7.

® = -pi:g.etl:pi;
plot({x,sin{x)), grid on
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File: ez {Program® 20FilesMATLAB{R 201 Sbihelp/matlabfref fsin. html
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Introduction

Matlab Help

\ _TT—
240s 7

e start and terminate Matlab
e set the Matlab environment to your taste

e try to launch the help
e find the documentation of the following functions: sin, cos, abs

e Dbrowse through individual help chapters
e pay attention to the part Getting Started
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Shortcuts

Command Window

Introduction

key meaning
ENTER sends line for processing
ESC deletes whole line
DEL deletes one character (right to the cursor)
BACKSPACE deletes one character (left to the cursor)
HOME moves cursor to the beginning of line
END moves cursor to the end of line
CTRL + 1 moves cursor to the beginning of next word
CTRL + | moves cursor to the beginning of previous word

SHIFT + ENTER

sends cursor to the next line

29

CTRL + K deletes all to the right of cursor
CTRL + C forces interruption of Matlab (e.g. long / erroneous calculation)
CTRL + TAB switching between windows of Matlabu Environment
I a t command history listing (searching is available CTRL+F)
Fl context help related to the word where the cursor is placed (Command Window, Editor)
TAB function or variable name hint
+ usual Windows shortcuts for text processing
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Searching the Help

Introduction

key / command

meaning

SHIFT + F1

when pressed in command line, opens searchable function library

F9

evaluation of selected part of the code in Editor

NOT, OR, AND

it is possible to use logical operators in documentation search

*

it is possible to use wildcards in documentation search

to search exact phrase in documentation

>> docsearch "plot tools"

>> docsearch plot* tools
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Discussed functions

quit, exit terminates Matlab o
preferences opens Matlab preferences
doc, help, demo commands related to documentation and help °
sin, cos sample goniometric functions
abs absolute value
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Thank you!
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