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MATLAB BXPPO

Today's goal

Calenlate the perceived temperature with the following very
complex formula:

[Tperceived Tair — 0.7 X ‘(0 5]

Wind



MATLAB BXIPPO

MATLAB code example

% Read Excel file - Trigger not recommended function
data = xlsread('"weatherData.xlsx");

% Interpolate data - Trigger changed behavior

newStepTime = (data.Time(1):hours(1l):data.Time(end))"';

interpT = interpl(data.Time, data.Temperature, newStepTime, 'cubic');
interpW = interpl(data.Time, data.WindSpeed, newStepTime, 'cubic');
interpW(interpwW<0) = 0;

% Trigger unused variable
i=0;
% Calculate perceived temperature — Trigger preallocating
for 1 =1 : numel(interpT)

perceivedTemp(i, 1) = interpT(i) - (0.7x(interpW(1i)"0.5));
end

% Evaluate expression - Trigger custom rules
eval ("plot(perceivedTemp)");
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MATLAB code example

% Read Excel file - Trigger not recommended function
data = xlsread('weatherData.xlsx");

% Interpolate data - Trigger changed behavior

j:Wf%> ‘ newStepTime = (data.Time(1l):hours(1l):data.Time(end))"’;

interpT = interpl(data.Time, data.Temperature, newStepTime, 'cubic');
interpW = interpl(data.Time, data.WindSpeed, newStepTime, 'cubic');
interpW(interpW<0) = 0;

gger unused variable

% Tri
i=0;

% Calculate perceived temperature — Trigger preallocating

\ for 1 = 1 : numel(interpT)
> perceivedTemp(i,1) = interpT(i) - (0.7*(interpW(1i)"0.5));

end

% Evaluate expression — Trigger custom rules

eval("plot(perceivedTemp)");
Ervetr ————— 5
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What are your main concerns?

« My code is very sensitive to « T dow't know how
thanges » to optimize wy code »

« BEach upgrade of a MATLAD
release 1s very painful »

« Tt 1s hard to maintain a code

with thousands of lines » « Writing tests seems +o

be complicated »
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Streamlining code development

« I‘l’..lS hard +o vaivrl'qivn a code « W\\'f code 1s very sensltive
with thousands of lines » to thanges »
« Bach upgrade of a MATLAB « I don't lnow how « Writing +ests seems

o optimize my code » +o be complicated »

=
| | |

Code quality Code optimization Code coverage
Code compatibility Code improvewment Code antomation

release is very painful »
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Streamlining code development

Static analysis Dynamic analysis
A /L
- —~/ R
% > E
Code quality Code optimization Code coverage

Code compatibility Code improvewment Code antomation
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%, How to ensure code quality?

% How to standardize code analysis?

ﬁ How to properly upgrade my code?
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Static analysis with Code Analyzer

# MATLAB

Feedback l Stop New Desklopl Search (Clri+Shifts Space

P BEEAB 0 »C » BestPracices >

Name = »>
! » (3 files

= mySnmplehampleml[

* Proactive code checking

* Code review accelerator

* Code practice standardization
*Reporting

* Can be antomated

10



MATLAB BXIPPO

Code Compatibility Analyzer: What does MATLAB check?

@

Tunctionalities that has been or will be removed

IS

Functionalities that has cl/mmqed or will chanoge belhavior

B

New fumctionalities that might improve code

b

Unsupported functionality that wight canse errors

11



Code Compatibility Report

[Ac:tive Issues Only - |

MATLAB Release: R2024b

Code Compatibility Analyzer  anaysis pate: 9242024, 5:46:53 it

1 @

Total Files Analyzed Error

A i
2 1

Warning Info

Code Health Details expand all

Filter by Text

= Group by Issue Type ¥ Y Filter by Severity ~
N( Filter by Issue Type ~

Suggested Improvements (1) Help
’ o 'xIsread' is not recommended. With appropriate code changes, use 'readtable’, 'readmatr... @
Behavior Changes (2) Help
» A ‘interp1(...,'cubic’)’ changed in R2020b to perform cubic convolution. To continue using s... @

MATLAB EXPPO
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Code Compatibility

(Overlap with
Code Analyzer)

New Messane

—

Report

[Active Issues Only - |

MATLAB Release: R2024b

Code Compatibility Analyzer  anaysis pate: 972472024, 5:46:53 1

1 O

Total Files Analyzed Error

A
2

Warning

Info

Code Health Details expand all

Filter by Text

Group by Issue Type ~

Y Filter by Severity ~
N Filter by Issue Type ~

Suggested Improvements (1)

Help

4 o 'xIsread' is not recommended. With appropriate code changes, use 'readtable’, 'readmatr... @

Behavior Changes (2)

» A 'interp1(...,'cubic’)’ changed in R2020b to perform cubic convolution. To cc

MATLAB EXPPO
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Automatization

results = analyzeCodeCompatibility
results.Recommendations

ans = 3x8 table

Identifier Des¢
1 INTRPC "interp1(...,'cubic’)’ changed in R2020b to pe
2 INTRPC "interp1(...,'cubic’)’ changed in R2020b to pe
3 XLSRD "xlsread' is not recommended. With appropr

MATLAB BXIPPO
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Code Compatibility for your projects

® <>

files

folders

project

e s
[

E 14145
R

Master Class : Usine logicielle, industrialisez vos développements avec MATLAB et

Simulink
Michelle Valente, MathWorks
Maxime Francois, MathWorks



Upgrade tool

= | B

Upgrade | Rerun View Save

= Checks Changes | Report
UPGRADE SELECTED FILE EXPORT
Files
| Al files w | | Allresuls
~ [ source
A timesTableGame.m
() timestable. mlapg
b [ lesls
¥ [ utilities

MATLAB Code
87% Passed T
pEazes Passed with fixes 0
Need attention 1
timesTableGame m
sourceitimesTableGame.m |@ 91 @D 0 A 1 |
Check Name Result
‘csvread is not recommended, With appropriate code changes, use readfable’ or readmatrid inst... I Fist =
-adobecset’ has been removed. There is no simple replacement for this. ]
domp’ will be ramaved in a future release. With appropriate code changes. use imwrile” instead. @
-dbmp16m’ will be removed in a future release With appropriale code changes, use 'imwrite’ inst @
~dbmp256' will be removed in a future release. \With appropriate code changes. use Tmwrits’ mste. . ' [
-dibmpmaono’ will ba removed in a future release. YWith appropriate code changes, use Tmwrite’ ins. .. ]
-dhdf will be removed in & future release. With appropriate code changes, use imwrite’ insfead =)
-dill' hias bean removed. Use Encapsulated PostScnpt instaad. ]
“dpbrm’ vl be ramaved in a future release. With appropriate code changes. use Imwile nstead. @
“dphmraw’ will b2 removed in & future release With appropriate code changes, use imwrite’ inste i
dpc 1€ will be removed in a future release. YWith apprepriate code changes. use mwrite’ instead. &)
“dpex24b’ will be removed in & fulure release. Wilh appropriste code changes, use imwrite’ instead. )
-dpcx256° will be removed in a fulure release, With appropriate code changes, use imwrite’ instead [
-dpcxmaono’ will be removed in a future release. With appropriate code changes, use imwrite' inst... ]
“dpgm’ will be remaoved in a fulure release. With appropriale code changes, use Tmyrile’ instead ]
*-dpgmraw’ will be removed in & future release. VWith appropriate code changes, use 'imwnite’ inste ' )
-dppm’ will e removed in a future release. YWith appropriate code changes. use imwiite’ instead. %) .
Showing 20 of 1972 results Show All

Details

‘esvread’ is not recommended. With
appropriate code changes, use ‘readtable’
or "'readmatrix’ instead.

Leam more

Incompatible code found in;

M = csvread('csvlist.dat",

Ling
e

MATLAB BXIPPO
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Code optimization

How to target performance critical code?

@

What are some of the optimization
technics?




Empirical Pareto principle

Execution time
Memory usage

®O1>Jrivmam@ a complete software is easy
No need for performance-oriented development

Critical code already optimized
Criteal code is scattered
Change impact all the code
ImH—ml performance too poor

portion

MATLAB BXIPPO
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Profiler MATLAB : "A graph is worth a thousand words."

* Overview of execution by callstack
- Code structure
Quickly identify bottleneck

\

* Traceability

* Programmatical approach

profile on;
<function to benchmark>
profile viewer;

<4 MATLAR

£ mysimpleExample.mix

~ Workspace

¢

a7 a8 ED & Print
New Open Save & pport «  GoTo 4 Find ~
R +  [A Bookmark
FILE NAVIGATE
¢ CJ > C: > BestPractices >
- Files
@ ~
B, 3 files

i Name it Value iiSize iiClass

LIVE EDITOR

Feedback [l Stop New Desktop J§f Scarcr (Cu-5n

O &8 Refactor ~ = [ section Br
o NJ & Refacto = > 2] Section Break
o= =9 . ¢ 7® Code Issues ‘ Q>
g B ¥ Run and Advanc
9 Control  Task ¥ | @ pebugger Run o unen "€ Run  Step
- BER Section ) Run to End -

ECTION N a

mySimpieExample.mix

0NV A WN e

> clear

C:\BestPractices\mySimpleExample.mix

MATLAB EXPO: Best Practices

Code example for today

Calculate the perceived temperature with the following very complex formula: [7perceived = Tair — 0.7 X V'"]

Temperatures in Paris for the month of September 2024.

% Read Excel file - Trigger not recommended function
data = readtable(“weatherData.xlsx");

% Interpolate data - Trigger changed behavior

newStepTime = (data.Time(1):hours(1):data.Time(end))"';

interpT = interpl(data.Time, data.Temperature, newStepTime, 'cubic');
interpW = interpl(data.Time, data.WindSpeed, newStepTime, 'cubic');
interpW(interpW<@) = ©;

% Trigger unused variable
i=0;

% Calculate perceived temperature - Trigger preallocating
for i = 1 : numel(interpT)

perceivedTemp(i,1) = interpT(i) - (@.7*(interpW(i)"@.5));
end

% Evaluate expression -
plot(perceivedTemp);

Trigger custom rules

Command Window

Zoom: 125% UTF-8 LF script Ln 19 Col 1

19



Benchmark technics

Beuchmark should be performed with:
- Clean/ Defragoed computer

- No concurrent rumnivgy programs

MATLAB BXIPPO

=L

FILE

" ~ Files
|
H;{r[jag

[ » 3 functions
2l > resources

- B mysimpleBxample.mix

- Workspace
i Name i Value

i -
L

New Open Save & Export + | GoTo
v - Al Bookmark ~

¢ B8E@ [ >C > BestPracices >

&8 Refoctor v = 7= [3) Section Break
D@ S B Codelssues | 11 .;1 & > @
2 t:’ s 5 @) Debugger | Generate  Run 1% Run and Advance Run Step
BER Test  Section M) RuntoEnd 3

zE TEST ECTION RUN

Text B Control Task

mix X | perceived m %
C:\BestPractices\mySimpleExample.mix

MATLAB EXPO: Best Practices

Code example for today

Calculate the perceived temperature with the following very complex formula: | Tperceived & Tair — 0.7 X V"Sl

Temperatures in Paris for the month of September 2024.

1 % Read Excel file - Trigger not recommended function

2 data = readtable("weatherData.xlsx");

3

4 % Interpolate data - Trigger changed behavior

5 newStepTime = (data.Time(1):hours(1):data.Time(end))";

6 interpT = interpl(data.Time, data.Temperature, newStepTime, 'cubic');
7 interpW = interpl(data.Time, data.WindSpeed, newStepTime, ‘cubic');
8 interpW(interpW<e) = @;

9

10 % Trigger unused variable

11 i=e9;

12

13 % Calculate perceived temperature - Trigger preallocating

14 perceivedTemp = perceivedTemperature(interpT,interpW);

15

16 % Evaluate expression - Trigger custom rules

17 plot(perceivedTemp);

Command Window

>

¥OE

Zoom: 125% UTF-8 LF script Ln 17 Col 1
4
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Preliminary checklist

Recent version of MATLABR
Create functional code

Winimize file T/O

Reunse graphical component [ libraries whew possible

Avoid displaying into Command Window

Avolid Clear all, ntrospection, evaluation functions [dostack | exist | whos | eval | feval(fuame)]

Do vot use data as code

21
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Code lisibility

Optimization

DEVELOPER DISCRETION IS ADVISED



Préallocation

0
0

MATLAB BXIPPO

0
0

PUBLISH Feedbackl Stop New Desk!cpl Search (Clri+Shift+Space

..J. E:>ﬂ¢

r*OHB J8 BN Bea | p Dumad | ||y a
New Open Save Print Compare To Golo A find ~ Refactc i Q—E. E—O IV@ Code Issues Generate D: Run and Advance Paus Stop
- s = = * A Bookmark ~ » Fg-~ @ Debugge Test i) Run to End
FILE NAVIGATE E NALY E ECTION RUN
G @ EB@ [ »C > BestPractces » -
Files mySimpleExample.mix % perceivedTemperature.m x i
|| Name & C\BestPractices\functions\perceived Temperature.
H » [ files 1 function perceivedTemp = perceivedTemperature(interpT,interphW) 0
» [ functions 2 for i = 1 : numel(interpT)
¥ resource 3 perceivedTemp(i,1) = interpT(i) - (@.7*(interpW(i)”~@.5));
B mySimpleExample.mix 4 end
5 end
Workspace
i Name Value i Size
B ans 9995x 1 d.. 14
B2 data a5
@ BOperceive.. 1 1
Bi 0
(3 interp? 14 -

@) newStepTime
[ perceivedTemp

0x0018

0x0020

0x0028

0x0030

0x0038

I

= 0x0018

0x0020

0x0028

0x0030

0x0038

»> timeit(f)

Zoom: 125% UTF-8 LF perceivedTemperature Ln 1 Col 1
()
()

‘ L
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Loop vs Vectorization

4 MATLAB

FeedbacllS(opNewDﬁnopl Search (Ciri+ShiftSpace,

= | 3 [3 section Break D @

% Run and Advance

= [ = & b @B Profiler
LoE8 @ | S @ o
New Open Save Print CompareTo | GoTo —» Find ~ Seiacior =l TNET | Codenaies e Connl Run  Step
- - - - * [ sookmark ~ ~ M- @) Debugger Test  Section M) RuntoEnd -

B CODE ANALYZE EST CTION RUN

he (x(i)) = Hox(()i) + lef) + et ejx-(i) €T AR Do smemm

] Files mySimpieExample.mix x  perceivedTemperature.m x
|| Name = C:\BestPractices\functions vedTemperature.m
H; » O files 1 function perceivedTemp = perceivedTemperature(interpT,interph) o
* [ functions 2 perceivedTemp = zeros(size(interpT));

5 3 for i = 1 : numel(interpT)
a perceivedTemp(i,1) = interpT(i) - (8.7*(interpW(i)"@.5));
5 end
6 end

-~ Workspace
£ Name i Value iiSize
B ans !

BB dao 5 1o x5
@t Biperceive.. 1x f
@i 0 1%

 interpT

[ interpw
[ newStepTime ) >
B o~ [ perceivedTemp y
x(l)
1
, (D)
0Tx® =6,6, .0, ]| *1
(@)
X1
‘IEII - : F Zoom: 125% UTF-8 LF perceivedTemperature Ln 6 Col 4

)J

O—0O>
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Arguments validation

AP LIVE EDITOR

S SEHgwm |ME
New Open Save @ pport +  GoTo 4 Find ~
h * [ Bookmark

WE ™
e BE@ O > > BestPractices >
~ Files
Name =
» 3 files
4 33 functions
2] perceivedTemperaturem
» [ resources

S mySimpleExample mix

*What if the code is meant +o
be shared?

* Works for outputs ool

~ Workspace
i Name i Value

MATLAB BXIPPO

hit+Space

rmbxtrsm New Desktop f

= > Section Break > €{>
% Code Issues 1} = : |
[ 1% Run and Advance
Text © @) Debugger | Generate  Run 1t ard Adian Run  Step
: Test section M Run to End -
NALYZ TE SECTION RUN
mySimpieExample.mix x | perc

C:\BestPractices\mySim

W ONOWVHEWN M

Pl e el el el
AN B WNR®

17

MATLAB EXPO: Best Practices

Code example for today
Calculate the perceived temperature with the following very complex formula: |7perceived = Taie — 0.7 X ve sl

Temperatures in Paris for the month of September 2024.

% Read Excel file - Trigger not recommended function
data = readtable("weatherData.xlsx");

% Interpolate data - Trigger changed behavior

newStepTime = (data.Time(1):hours(1l):data.Time(end))’;

interpT = interpl(data.Time, data.Temperature, newStepTime, 'cubic');
interpW = interpl(data.Time, data.WindSpeed, newStepTime, ‘cubic');
interpW(interpW<e) = 0;

% Trigger unused variable
i=0;

% Calculate perceived temperature - Trigger preallocating
perceivedTemp = perceivedTemperature(interpT,interpW);

% Evaluate expression - Trigger custom rules
plot(perceivedTemp);

=

Zoom: 126% UTF-8 LF script Ln 17 Col 1
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Parallelization : divide and conquer

+ Woderu computers are multicores
+ OS support multithreading
+ Common tasks are time-consuming
File TO
Result display
Lengthy calculation vo
vectorizable

(XX

+ Tasks independent

asymehronouns execution

MATLAB BXIPPO

LIVE EDITOR INSERT Fe«ihxlemoNewDesktopl Search (Ctri+Shift+Space
. $ A rmal ~ f O &8 Refactor v | _ = [ section Brea
O Hagmm [ gtoma* [E] B @ T (g o | ) Dot | B
New Open Save @ pxport ~ | GoTo — Find ~ BIAMIME | g0 control Task 2 @ Debugger | Run 1] Romaod Adwnce | SIS TS o0
& Z S + [ Bookmark ~ | - . B > section H Run to End -
FILE NAVIGATE TEXT ( ANALYZE ECTION RUN
@ [ > C: > BestPractices >
=1/ ~ Files mySimpleExample.mix x = perceivedTemperature.m x
|| Name - C:\BestPractices\mySimpleExample.mix
By 3 fes \
i MATLAB EXPO: Best Practices
» esources
& mySimpleExample.mix
Code example for today
Calculate the perceived temperature with the following very complex formula: [Tperceived = Tuir — 0.7 x V9
Temperatures in Paris for the month of September 2024.
1 % Read Excel file - Trigger not recommended function
2
3 data = readtable("weatherData.xlsx");
4
5 % Interpolate data - Trigger changed behavior
6
7 newStepTime = (data.Time(1):hours(1):data.Time(end))’;
8 interpT = interpl(data.Time, data.Temperature, newStepTime, 'cubic');
9 interpW = interpl(data.Time, data.WindSpeed, newStepTime, 'cubic');
10 interpW(interpW<@) = @;
11
- Workspace 12 % Trigger unused variable
i Name Hvalue  [HSize 13 i=6;
14
15 % Calculate perceived temperature - Trigger preallocating
16
17 perceivedTemp = perceivedTemperature(interpT,interpW);
18
19 % Evaluate expression - Trigger custom rules
20 plot(perceivedTemp);

Command Window

>

Zoom: 125% UTF-8 LF script
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We could also have mentioned....

Workspace
vmma@@\mew

Tw-place with
cell array |struct
arroy | table

Anonymouns
function &
extra coples

Iwn-place
nsivgy Inline
function call

27



What else? ...Unleash the power of parallelism

—
‘ —
(8]
) —\ =] :
MATLAB

Parallel Computing Toolbox

EEEEEEEANEEEEENE
EEENI INEEE
mmmmi CPUCOeS puppn
EEEEEEEEEEEEEEEE
EEEEEEEEEEEEEEEE
EEEEEEEEEEEEEEEE

Device Memory
. J

WORKERS

MATLAB BXIPPO
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“Wake wmy
code work,
Make my
code work”




o

MATLAB BXPPO

How to continuously maintain my code?

How to prevent breaking changes?

Is my code portable?



Software Product Qual

Portability
(Flexibili+y)

MATLAB BXIPPO

ainability, portability, reliability

— Reliability
T

31




4

HOME PLOTS APPS PROJECT EDITOR PUBLISH VIEW Feedbacletop New Desktopl Search (Ctrl+Shift+Space) Yy B 6 o - | + B Pierre ~

|§é3 ‘Etl-‘ I:il:\lj rl__\\j @ Go to File |§3| HT‘% ':\“{ % e Howiolte '—Tg (,f? Run and Time [_D_AE\ @ ﬁ & {S} Preferences | | ‘:) ) b Sommunity

) Open Variable ~ ) []’:“, Feedback

New New New Open &J Find Files | Import Save Clean Favorites [ Clear Commands ~ | Simulink | Layout SetPath Add-Ons |||l Parallel ~ | Help
Script Live Script ™ - Data Workspace Data I% Clear Workspace ~ - - - - Learn MATLAB

FILE VARIABLE CODE SIMULINK ENVIRONMENT CES
S D F 5@ @ > OneDrive » ByProject » Events > MATLAB EXPO » MATLAB EXPO 2024 » Presentation_BestPractices > v
Hi | perceivedTemperature.m x P Workspace i @
_ C:\Users\pharouim\OneDrive - MathWorks\ByProject\Events\MATLAB EXPO\MATLAB EXPO 2024\Presentation BestPractices\functions\perceived Temperature.m i Name i Value ‘I

1[-] function temp = perceivedTemperature(T,W) ep =
2 arguments

T (1,:) double

W (1,:) {mustBeNonnegative}

temp = T - 0.7%W.70.5; |\
- end

3
4
5 end
6
i/

Debugger

& ~ -

v Breakpoints
&) [] Pause onE...
@ [JPauseon...
© [ Pause on N...
@ [] Pause on O...

v Function call stack

Command Window Not paused in debugger

‘ Zoom: 175% UTF-8 LF perceivedTemperature Ln 6 Col 23
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Equivalence testing
=> Test package deployment and code generation in 3 lines

Example with Python package deployment
5

% Equivalence test
classdef tDeployment < matlabtest.compiler.TestCase

methods(Test)
function pythonEquivalence(testCase)
buildResults = build(testCase, "perceivedTemperature.m","pythonPackage");

executionResults = execute(testCase,buildResults,{[20 40]});
verifyeExecutionMatchesMATLAB(testCase,executionResults);

end
end
end

“

33
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MATLAB'’s evolving solutions for test & automation

Antomate

34



MATLAB BXIPPO

Build multiple tasks...

Geverate
code .
— 44 Eduivalence
V_ r—N

Check wo _
issues m - B(Al[d Tasks @ Pcode
.
@ — | Gewerate
A doc

Compile Mex

Package app

35



MATLAB EXPPO

Build multiple tasks... and automate them

plan = buildplan;

plan("check") = CodelssuesTask(); D@‘FWI@
11 11 >
plan(“test") = TestTask(); ‘i’ﬁSkS
plan(“equivalence') = EquivalenceTask()
plan =
Plan with tasks:
@=
check — Identify code issues
= equivalence - Verify deployed code artifact and the MATLAB source code match
test — Run tests

36



MATLAB BXIPPO

Build multiple tasks... and automate them

plan = buildplan;

plan("check") = CodelIssuesTask(); = |©= > DGﬁWC
] /—-

plan("test") = TestTask(); - tasks

plan(“equivalence') = EquivalenceTask() B4

plan.DefaultTasks =l checlks;

plan("check").Dependencies = ["test","equivalence"];

plot(plan)

t> Define

dependencies

37




Build multiple tasks... and automate them

run(plan)

™ Starting test
Not possible

Test Summary:
Total Tests:
Passed:
Failed:
Incomplete:
Duration:

OO0

.029041 seconds testing time.

*xx Finished test

** Done equivalence

MATLAB EXPPO

L]
\/_
\/_
\/_

38



Automatize and industrialize your whole suite of tests in ClI

DEPLOY

REVIEW
d0713A3Q

kubernetes

Developers Sub Version
mit
and vl Control
Test Authors

@ git

Q_ Monitor Assess

Qling

MATLAB BXIPPO
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MATLAB BXIPPO

Next Steps

MathWorks MathWorks MathWorks
Engineers Training Consulting

Reach out for support to implement these practices in your projects

Pierre Harouimi Romain Duval
pharouim@mathworks.com E , rduval@mathworks.com

40



MATLAB BEXIPO

@ FRANCE

Thank youl!

o”} MathWorks:

© 2024 The MathWorks, Inc. MATLAB and Simulink are registered trademarks of The MathWorks, Inc.
See mathworks.com/trademarks for a list of additional trademarks. Other product or brand names may be
trademarks or registered trademarks of their respective holders.
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