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Collaborative Software Development in
MATLAB and Simulink

Adam Sifounakis
MATLAB Language Product Manager
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How complex are your
projects?

» Hundreds of files?
= Many file dependencies?

= Complex setup required?
Y
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How many people are
Involved In your project?

= Dozens of developers?
= Cross-disciplinary teams?

= Teams across the world?
= .7
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How do you ensure
project quality?

= Systematic testing?
« Coding/modeling standards?
= Regulatory oversight?

« Trust that It just works?
= L7
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Develop quality software with MATLAB and Simulink

A7
- Good software development w

practices help improve code
and model quality

EVALUATE DEVELOP

= The tools and practices we
discuss today support Agile
development workflows

Feature
Release

System Rapid
Simulation Prototyping

Viable system architecture?

Suitable behavior?

A Nativorks



Robust, collaborative development requires...

Environment
Setup and
Automation

Testing and
Verification

Sharing and
Deployment

Componentized
Development

Dependency
and Impact
WSS

Source Control
Integration
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Agenda

‘\ Setting up your development environment
Managing team workflows
Developing better code and models

Testing and verification
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Development Challenges

“It works on my computer, but not on yours...”

Incomplete set of files?

Which files are missing?
Different environment?

How to get started with a project?

Environment
Setup and
Automation

Dependency
and Impact
Analysis

Testing and
Verification

Projects

MATLAB
SIMULINK®

Sharing and Source Control
Deployment Integration

Componentized
Development

4\ MathWorks'



Managing Your Work with Projects

HOME
] = , Mew “ariable
- SR == N’ L] Find Files Y mr=
1. Create prOJeCt » Open Variable v
Mew Mew Mew | Open gﬂl{‘.umpa.re Import Save
Script Live Script - Data Workspace [ Clear Workspace
. VARIABLE
- |_ y | Script Ctrl+M
<2 B £ Ell 3] agorr # Desktop * PredictiveMaintenance
Current Folder || Live Script m Command Window
Mame -
f¥| Function Jfx >>
+Test
AC IEI Live Function
Dashboard
dev Class
Documents o
Elasticsearq (=] 5ystem Object >
fakeResults| _, ,
MachineLezl Project > | | Blank Project
MATLAB_KE —= x
- Fi From Folder
mps_strean |i| 1gHrE |—|_—é| R
SImExecuta App E—.§: From Git
Simulation ==l -
£ DigitalTwin [Eé Stateflow Chart Eﬁr From SWM
15| DocExampl
£ genPumpD |E| Simulink Model @ From Simulink Template
|=| javaclasspath.bd O |
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Managing Your Work with Projects

1. Create project Set Up Project (Step 1 of 2) 5

Specify folders to add to the project path. These folders are added to the MATLAB search path when you
open the project, and removed when you close the project.

2. Set path and startup tasks 23 MachineLearning A Add Folder..

I MATLAB Kafka_Producer Java
I MATLAB_Kafka_Producer_lava\java_code Add with Subfolders... Cg
i) mps_stream

IZ) mps_stream'.mps-utils Remove

i) mps_stream‘\mps-utils\KafkaConsumer

i) mps_stream‘\mps-utils\KafkaConsumer'\kafkaconsumer

I) mps_stream‘\mps-utils\KafkaConsumer\kafkaconsumer\for_redistributic
I mps_stream'ymps-utils\KafkaConsumer'kafkaconsumer\for_testing

) mps_stream‘ymps-utils\MATLAB_Kafka_API

i) mps_stream’\StreamingCode

I mps_stream’\test

I SimExecutable

I Sirmulation

< >

Mext
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Managing Your Work with Projects

1.

2.

3.

Create project

Set path and startup tasks

Explore dependencies

ﬂ test.m

@ fakeResultsToKafka.m

11 testData.mat

) streamingFuncticn.m

5] BuildFaultModel.mbx

@ CONSUMme.m

fﬂ make_cache_name.m

i

R

i

3

R

w

¥ Dependency Type

Ii‘-j MATLABKafksProducer ﬂ

fﬂ predictUpdateRUL.m

o MLModels.mat

0 ConsumerFactory.m ¥

StreamingPumpDemo
Root: ChUsersh..\StreamingPumpDemo
Analyzed: 1/16/201%12:26 PIM

Products (13]

MATLAB 9.6

Simulink 9.3

Communications Toolbox 7.1
Parallel Computing Toclbox 7.0
Predictive Maintenance Toolbox 2.0
Signal Processing Toolbox 8.2
Simscape 4.6

Simscape Electrical 7.1

Simscape Fluids 2.6

Simscape Multibody 6.1

Simulink Coder 9.1

Statistics and Machine Learning Toolbox 11.5
System Identification Toolbox 910

/% Problems (58)
Missing file (18]

Mot in project (40)
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Managing Your Work with Projects

1. Create project
2. Set path and startup tasks
3. Explore dependencies

4. Label files

AB BXIPO

4 Project - StreamingPurmpDemo
PROJECT PROJECT SHORTCUTS
— . — _ B —
'fl}' - L2g |_T <: el E@ L;{} @L:J E (5 Project Path E% @ @} E Feen i=| Remote
New Open Add Unsaved Share Search Custom Run References Details Ll Startup Shutdown Git Refresh  Commit _"' Fush
- - Files Changes hd Tasks +~ Checks~ Details @Puu
FILE TOOLS ENVIROMMENT SOURCE CONTROL
Views All | Project (226) | Modified (344)
_ Mame Status Git Classification
I§ Dependency Analysis MachineLearning v [
Simulation
mps_stream
[ ] README.md T t
Elasticsearch E 5
Documents .
Dashboard D E 5 I g r‘l
SimExecutable
ACI -
MATLAB_Kafka_Producer, D E 5 | g n
+Test Test
o rawdata.mat - Design
) javasetup.m D E 5 I g rl Design
@ resetFakelnfo.m Design
S M 15| DocExample_MultiClassFé g e
E'lﬁj] Classification * 1 5] Main_ExampleWorkflow.mix v - Design
E] a Artifact. tH MLMadels.mat v g Design
@ @ CD'?VE"'E"CE #) genPumpData.m v u Design
|ﬂ @ Derived
|ﬂ i Design
>|£ﬂ] @ Mone -

ldentify and run tests locally
...and on Continuous Integration (Cl) servers
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Managing Your Work with Projects

¥ Fetch
- (5] Remote | Submodules

& € & =™
i - y Branches @ Stashes

4 Project - StreamingPumpDem
PROJECT PROJECT SHORTCUTS
» = = | =
Set path and startup tasks 2D E 1 L9 B2 2 F g
New Open Add Unsaved Share Search Custom Run References Details L5l Startup Shutdown Git Refresh  Commit _'
- - Files Changes - Tasks v Checks ~ Details @Pull
DDDDD ENVIROMMENT SOURCE CONTROL
All| Project (226) | Modified (344)
Status Git Classification

Mame

FILI
Views

U{E Dependency Analysis

2.

3. Explore dependencies
- =\ [\ ¥ Fetch _
Lﬂ% @ =Ny ° =| Remote
1 Push
§} Branches

4. Label files
Gt  Refresh Commit

o Details L Pull
SOURCE CONTROL

Integrate source control —

|||||||

5.
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Projects in MATLAB and Simulink

4\ Project - StreamingPumpDemao
. PROJECT PROJECT SHORTCUTS
» Manage your files and path 20 32 AA B E 2 E g B
New Open FAg (L_I:E:avsd Share  Search _Itz,us.;:m Ch&u;ls References Details |l Startup Shutdown DSQ'B Refresh
. . - - i nges - asks - cks > i
= Analyze file dependencies
Views All| Project (226) | Modified (344)
I Status oit
- - D'[EDependenc:.rAnal}rsis ¥ Machinel i \z@
= Function refactoring e earming o
mps_stream v’ﬁ
| ] README.md v -
lasti h :
» Run startup & shutdown tasks Pastcsear =
Dashboard v
SimExecutable v
" ACI v (5
. Create prOJeCt ShortCUtS MATLAB Kafka_Producer_lava v [
+Test v
- rawdata.mat v L
. . P . +
= Label and filter files Slaasewn - N
Labeks M 5| DocExample_MultiClassFaultDetectionU... v ]
‘lﬂj] Cﬂla:ifi‘;at_i:n ~ 1 45 Main_ExampleWworkflow.mlx v e
[ rtifact ®
u Integrate Source Contr0| ’gg Eu:ur?vel:ience %;LT:S;?;;::% : -
F Erve
=|ﬂ i Design
,5‘],:.5 I
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Agenda

Setting up your development environment
‘\ Managing team workflows
Developing better code and models

Testing and verification
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Team-Based Development Challenges

“Someone else broke my code...”

Develop code without affecting others?
|dentify the source of development conflicts?
Resolve development conflicts?

LAB BXIPO &\ MathWorks



Source Control

« A system to manage changes to code, models, documents, etc.

4\ Branches X

Current Branch

= Benefits of source control:
— Maintain backups, history, and ability to restore

Mame: master
HEAD: 48eb7581915372974abTd9cd27edb3d4348950af 3) Revert to HEAD
Branch Browser

Branches: master w &% Switch

— Track changes and responsibility
— Reconcile conflicting changes

— Generate discussion

— Save you from yourself

Team Foundation
Server 2012

PERFORCE

Version everything.

git

Microsoft

&e Merge |*

| |e
S

+—|
¢

restricted access list for EnigmaReflectors and
Merge branch 'master’ into 'Adam_Branch'
Merge branch 'master’ into 'CommandLine
Merge branch 'UI_BRANCH' into "'master’
@, Merge remote-tracking branch 'refs/rg
L ] adding a few todos
| origin/Rele... | Merge remote-tracking
Madified matrix transform to match '

L

added script for demo at Company M
Merge branch 'UI_LBRANCH' of http://i
added clearLog method to Enigma cla
snap in new tests from Release_Beta

...).

fixed bug created by bad merge
®  Merge branch 'Ul_Branch' inte 'UI_BRA

merge #11 conflict resolution

Fixed bug from last commit in which*

Author

Renamed "enigmaPreferences” to "pre

clagunow <clagu...
clagunow <corey....
clagunow <corey....
clagunow <corey....
unknown <clagu...
clagunow <clagu...
mabrauer <matt....

mabrauer <matt....

1D
7336d307047eb5d67837071e9a308de789d06adb
\Author: Cesar Rivadeneyra
(cesar.rivadeneyra@mathworks.com)
iCommitter: Cesar Rivadeneyra
(cesar.rivadeneyra@mathworks.com)

Date: 2015-04-22 13:43:43

Message:

Added capability to add enter

Added capability to add space from feedback

S o | WS =Ll

unknown <clagu...
unknown <clagu...
clagunow <clagu...
clagunow <clagu...
clagunow <clagu...
clagunow <corey....
clagunow <clagu...
Adam Sifounakis ...
Adam Sifounakis ...

- I @Enigma
: ﬂ spinRotor.m
=N @Enigmalpp
o ﬂ Enigmafpp.m
£ catchTypedKeys.m
ﬂ evaluateEnteredChar.m

Branch and Tag Creation ~

) respondToProcessedMessage.m

=B Differences from parent 2708f110fab2143cfb

>

Help

Close

4@\ MathWorks




Source Control Integration

4\ MATLAB R2019b - O X
HOME PLOTS PROJECT PROJECT SHORTCUTS S NG | S ————— o}
B | * == = ] = — = T Fetch
I:II:II:I LY L= =] < AN IE@ |—Qﬁl> Lé-u-' E=l [ Project Path E:l% @ ; {5l Remote [ Submodules
Mew Open Add Unsaved Share Search Custom Run References Details (5! startup Shutdowr Git  Refresh Cormmit ® Push E; Branches @ Stashes
v v Files Changes ¥ Tasks ¥ Checks ¥ Details @ Pull
FILE TOOLS ENVIROMNMENT S50OURCE CONTROL
FPEHIE » Ci» Users » yo)
u M an age you r COde a_n d Project - Simulink Project Airframe Example ® H x

Views All| Project (34) | Modified (0) LT Layout: | Tree v &~

m OdeIS from Wlth I n & Files Name Status Git Classification
D'[E Dependency Analysis SirnulinkProject
. : = Mmmw
MAT LAB an d SI m u | I n k m analyzeModeIFlles m L Analysis
D billOfMaterials.m ~/|_| L Analysis
fﬂ checkCodeProblems.m (2] [ ] Analysis
fﬂ runbnitTest.m (2] ] Test
Labels v (= data V@ . Mone
. . . =]l Classification % hus:s.sl:dd dd v - ges?gn
" controller.sl ® esign
| G It I nteg rated I nto . g gnll::n:ct E] systemn_model.sldd v L Design
|E] @ Convenience lib V@ ) None
. . = models V@ . Mone
PrOJeCtS EI @ De"_VEd % AnalogControl.mdl v L Design
~[[] @ Design *a| DigitalControl.sh v [ Design
(] @ None *a| £14_airframe.sh v [ Design
Current FOIder browser (7] @ Other [*&| LinearActuator.sh v L] Design
|E] @ Test [*& MonLinearfctuator.mdl v L Design
- [%| Upgrade 3 slproject_f1d.ske v (2] - Design
|E] Utility @ slproject_f14.sk.r2017b . o]
& vertical_channel.shx v L Design
& wind_gust_lib.slx s L] Design
. | reports = . MNone
sre L . None
- Use Comparison Tool to |, {5l ' |
- Current branch: taskBranch = ﬁujlhtlles ect :E | - E:lr.]e
view and merge changes [s=ie B cnap o .
Me remote tracking branch = ﬁnd_ltop_mode!s.m v “ Uplglrade
. . fﬂ rebuild_s_functions.m W (A [ ] Utility
between revisions B o :
fﬂ upgrade_project.m v L Upgrade ]
custom_tasks (Folder) m 1 labels

\B E>XIPO 4@\ MathWorks




Comparison Tool and 3-way merge

resolution

MATLAB

4 Comparison - Timetable_Example_Rev_521ad33e530dc8fe516d5fa2f1dad27a51bf8245.mix vs. Timetable_Example.mix

COMPARISON VIEW
Swap Sides
\ 4 ° <=
e
Next Previous _—— Merge
L Find * Mode

NAVIGATE MERGE

O

X
Cs; Clear Fx: "2 & ol @ ®

Timetable_Example_Rev_521ad33e530dc8fe516d5fa2f1dad27a51bf8245.mix vs. Timetable_Example.mlx

Timetable_Example_Rev_521ad33e530dc8fe516d5fa2f1dad27a51bf8245.mix

Synchronizing with interpolation

synchronize combines data and sorts it, but does not
interpolate or fill missing values by default. You can specify
which type of interpolation to use for missing data with

additional parameters.

ttlLinear = synchronize(indoors,outdoors, 'union', 'linear’');

ttLinear(1:5,:)

8

9

4

Deletion

Insertion B3 Modification

Timetable_Example.mlx
Synchronizing with interpolation

synchronize combines data and sorts it, but does not
interpolate or fill missing values by default. You can specify
which type of interpolation to use for missing data with

additional parameters.

H g8 ttlLinear synchronize(indoors,outdoors, 'union', 'spline’)
o ttlinear(1:5,:)

3

5 Differences

-

4@\ MathWorks



Comparison Tool and 3-way merge resolution

Simulink

COMPARISON [A] bob @ B dLdHElee @ ﬁ File Edit Wiew Display Diagram Simulation Analysis Code Tools Help
o Undo All - E » LM » [@] ( ;-\' » (J) T m -
I:II:II:I @ E?-'_A Save As v | < O = .= Merge Node . lfﬂj] EHE q& & > @ ("') e
Redo ’—‘
New Refresh Swap [— Print i{ Find = Compare Selected Merge Parameter - shml_sfcar_1
Sides Parameter - | Save Right File =
@ |[%|sbml_sfcar_1 ¥ -
COMPARISON NAVIGATE PARAMETER MERGE
File: Ef\jobarchive\BR2015bd\2015_05_26_h11m55s52_job2 * || File: E\jobarchive\BR2015bd\2015_05_26_h11m55s5 * &) — Choose Run fram
234054 _passimatlab\toolbox\rptgenedirptgenextdemosisl |2 | 2_job234054_pass\matlab\toolbox\ rptgenextirptgen |2 = ’ J :-z sin;irm_:mrxu
xmlcomphshonl_sfcar_1.skx extdernos\skkmlcomphslxml_sfcar_2.slx El i
in Simuli T || Saved in Simulink version: E2015k0 i - ——
Et.lxmlcompislm]_sfear_ 1.5l Ed..xmlcomphshoml_sfcar_2.sk [ ”~ ] - O
EI- Model Hierarchy it E|- Model Hierarchy 'H-D:_ e —|
£ [Py Simulink £ (73] Simulink _ == e
[ =[] Syst HEREE: =l
| | }‘5 Em | | }!'5 Em Double - ok o sHE_bgic [
- Fvehicle kph (yellow) & throttle % ~{F engine RPM ] open ha GLI =t
. and salwcran ]
-1 Outl 3 vehicle mph (yellow) & throttle % Vrmaneer 1B
-2 UserInputs:2 -> Branch EHE UserInputs:2 -» Branch (i i
E = Branch -= Branch = . 1= Branch -» Mux2 Il_—l g o 5574 T M ier e smEes
== Branch -> Mux:2 f—}"l': Engine:l -= Branch
== Branch -» Qutl:1 "I': Branch -» transmission:1 Ready 67% ode5
~1= Enginel -» transmission:1 “ = Branch -> engine RPM:1 = = = =
1= Muxl -> vehicle kph (yellow) & throttle % 1= Muxl -> vehicle mph (yellow) & throttle
EHZI Stateflow I':'IIZI Stateflow shaml_sfcar_2
B-Bshiﬂ_logic E-Eshiﬁ_logic
(] gear_state ] gear_state ® |[Pashmi_sfear_2 ¥ hd
- L KICKDOWN . d fourth -> third
b Ifl—g fourth - third =H[] selection_state @ — Dhosae Fun from
=} lfl—g fourth -> second = I'—CIE steady_state -> downshifting |_,-. J Loe Simulation menu
sre - dst E3
i st -
=[] selection_state -
[J kickdown r:...
[ T T S R T S - E Tzt
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Managing Complexity with Model and Project References

Model Reference

Simulink Project - ConVeh
Views

) Files

] Dependency Analysis
2 References

Labels

% @& Aifact

! @ Convenience
Derived
Design
None
Other

Test

PPPPPP

Git
Current branch: master

Branch status: Normal
No remote tracking branch

Project Reference

References

BT ansmission

&) Auto Transmission

{2 Brake System
{&] Electrical

&] Climate Control
(&] Radar

{&] Engine

«//Auto Transmission (Relative)

All | Project (25) | Modified (23) ye)
Name Status SVN Revision
branches v \_y o 1

# | data v @ 7

* lib v 5] 7

= models v 5

= & 8
i Actuatormdl | |8 [ |

@ Actuator.mdl.r201...

*a| AnalogControl.mdl v & 8
*a Analog Control.mdl v L] 7
*a| AutomaticTransmi... v Ll = T
| —

Actuator.mdl (Simulink Model)

Name: AutoTransmission
Checkpoint: August 7, 2018 3:11:50 PM

Description:

Project root: H:\Documents\MATLAB\Automotive Projects\Auto Transmissi

&\ MathWorks'



Agenda

Setting up your development environment

Managing team workflows

‘\ Developing better code and models

Testing and verification
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What defines a “better” design?

- Faster?

= More memory efficient?
- Better organized?

= More stable?

= More portable?

= Easier to maintain?

YES!

&\ MathWorks



Developing robust software systems in MATLAB and Simulink

= Writing better and faster code
Reduce complexity with refactoring

Integrating with other languages and tools

= Sharing and reuse

LAB BXIPO &\ MathWorks



Upgrading to the Latest Version of MATLAB and Simulink

& ek Browser - (3 Errors) Code Compatibility Report - O b

{3 Erroes] Code Compatibility Report + HOSO =

" COde Com patlblllty Report | Code Compatibility Report p 3Emors - 304 Checks 2 Files ‘

1 Warning

Analysis Date: 05

p=2017 14:32:08

MATLAE Version: R20170

Incompalihilily an < Upgrade Advisor - vdp_test - m}
File Edit Run Settings Help

Find: <7 5> Disable Upgrade Notifications

2 classifyBio ., [®] 3 upgrade Adv

& Check usage of function-call connections

Row = Filename

classifyBlo

Check usage of function-call connections

Analysis

% cl Check model diagnostic settings that apply to function-call connectivity and that might impact model execution.

O Check for calls to siDataTypeAndScale()
O Check model for SB2SL blocks Run This Check
O Check model for upgradable SerDes

box blocks
Result: Warniny
o Identify Model Info blocks that can interact with exten & 9

O Check if all simulation outputs are returned as a single

Warnings and Ot

= Upgrade Advisor o T

Check 'Context-dependent inputs' setting
@ Check that the mode is saved in SLX format Vernify that the Context-dependent inputs diagnostic 1s set to error.
O Identify configurable subsystem template blocks havin

cla O Identify Model Variants blocks and convert those to Vi A . . . . .
. . Diagnostics = Connectivitv = Context-dependent inputs is set to warning. This might
O Check and update masked blocks in library to use prol =

@ Check and update mask image display commands wit!

o Check rapid accelerator signal logging Recommended Action

block CompiledSampleTime Set Diagnostics > Connectivity = Context-dependent inputs to error.
O Check Model History properties

o Check model for block upgrade issues

o Check and update mask to affirm icon drawing commi s

O Check get_param calls fo

—— ~|1 Recommended actions |
Cade Generation Advisar Madify Settings

(4] Performance Advisor =

Help

Also have Model, Code Generation,
and Performance Advisors

&\ MathWorks




Simplify Function Argument Validation and Error Checking

# Error check required input arguments arguments

if nargin < 1 width (1,1) double {mustBeNumeric}
error{"rectangle requires width and height values"); height (1,1) double {mustBeNumeric}

elseif ~isnumeric{width) || ~isscalar(width) * x5tart (1,1) double {mustBeMlumeric} = @; % optional
error("width must be a scalar numeric value") yStart (1,1) double {mustBeNumeric} = @; % optional

elseif ~isnumeric(height) || ~isscalar(height) end

error(“height must be a scalar numeric value™)
end

% Process optional inputs x5tart and yStart

x5tart = 8;

if nargin > 2 && isnumeric(varargin{l}) && isscalar(varargin{l})
xStart = varargin{l};

end

yStart = 8;

if nargin > 3 && isnumeric(varargin{2}) && isscalar(varargin{2})
yStart = varargin{2};

end

4@\ MathWorks




Improving Code and Model Performance

4\ profiler - m] X

PROFILER
= &
Find testFit -
Print ! = [~ funand
Time
FILE MNAVIGATE SEARCH PROFILE

Profile Summary (Total Time: 5.096 s)

~ Flame Graph

= MATLAB Profiler

— Flame graph to highlight the largest
code bottlenecks

— Total number of function calls

Profile Summai

Generated 14-Feb-2020 13:23,

Function Name Calls Total Time (s) *  Self Time* (s)  Total Time Plot
(dark band = self time}

T' .I: t | I testFit 1 5096 0913 —-—
— lime per tunction ca : w0 s i
e 10 0818 0.355 ||
Statement coverage of code I -
g File Edit Run Settings Help
Activity: | Smulate model - interactive  + | Find: <& 5
Performance Advisor -
- [ Performance Advisor ~ N
Home
h I Baseline
Run Performance Advisor
- - - - (=] Create baseline
Use Performance Advisor to analyze a model for inefficient conditions and automatically improve simulation speed.
| A I simulation g ¥ ime s
Activity
hd I3 Checks Occurring Before Update
Select activity | 5i -i i
[=] Identify resource-intensive diagnostic settings actvity O R e
. .
I . s
— Create baselines to compare against = P i
(=] 1dentify inefficient lookup table blocks Create baseline--> Analyze model —> Run checks —> Generate advice—» Compare baseline and fix
(=] Check MATLAE System block simulation mode
. . [=] Identify Interpreted MATLAB Function blocks Setup
} 1. Ensure that the model simulates without error
— VI W r l I I I I I n I n n (=] 1dentify simulation target settings o X . o i
2. For validating simulation accuracy log signals of interest using signal legging, or log output or states in "Structure
[=] Check model reference rebuild setting with time’ format
- (=] 1dentify Scopes 3. Select how Performance Advisor applies advice to the madel
automatical |y app|y ch anges PR o i S -
v Checks . am
& Checks that Require Update Diagram 4. Select validation level to compare changes against baseline. If performance does not improve, Performance Advisor
[5] ~Check model reference parallel build b reverts changes.
< >
Validate simulation time | Use check parameters e
) Model Advisor Validate simulation accuracy | Use check parameters =
kjf Upgrade Advisor 5. For a quick diagnosis of your model, click *Quick Scan”. Otherwise, click 'Run Selected Checks'
. . v
k&, Code Generation Advisor
Help Apply

@\ MathWorks: 28




Speed up Your Development

= Context-aware coding guides

— Automatically suggest functions,
variables, files, and Name-Value pairs

= Model layout tools

— Automatically clean up messy and
complex models

\B EXIPO

' Live Editor - CAMATLAB\timerTest.mlx *

LIVE EDITOR INSERT
—~ 5 — =l ) Find Files — MNormal w -
a9 H W “ X% |E _ = oea >
| o) Compare 0| GoTo B J UM - _ .
New Open Save : : Text . Code |Z| 3| [F¢ Run
R4 - w = Print « Find = PR P, All
FILE NAVIGATE TEXT CODE v RUN a
| timerTestmix * | + |
=m
1 timer('ExecutionMode’ | ) =
=

@ timer( 'ExecutionMode’,value,options)

AN

Anti-Windup PID Control Demonstration

—»Q—b PID(s) :
r(t) e(t) u(t) SAT(u)
Plant Actuator

y(t)

First Order Process

yout

Dead Time
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Quickly and Safely Refactoring — MATLAB Code

= Break down large, complex codes and models into reusable and easier to maintain

components

Calculate my answer:

3 Z1 = X+y;

4 Z2 = X-V;

5 Z3 = y-X;

6 z4 = x*y;

7 zSum = z1 + z2 + z3 + z4;

Display answers of interest:

8 disp(z3)

9 disp(zSum)

Evaluate Selection in Command Window F9

Open Selection

Help on Selection

Copy Qutput
Copy All Qutput
Cut

Copy

Paste
Comment
Uncomment

Convert Between Code and Text
Change Case
Smart Indent

Convert to Function

Convert to Local Function

Inzert Section Break

Fun Section

Ctrl+D
F1

Chrl+ X
Ctrl+C
Ctri+V

Ctrl+R
Ctrl+T
Ctrl+E
Ctrl+Shift+A
Ctrl+|

Ctrl+Alt+Enter
Ctrl+Enter

B Live Editor - CAMATLAB\TestFolder\myMathFunction.mbx

MainScript.mlx *

1
2
3
4
5
6
-

[Function [z3, zSum]

z1

LAB EXIPO

rmyMathFunction.mbe +

X+Y,
X=Y,;
y=X;
X*y;
=z1 + z2 + z3 + z4;

&\ MathWorks

= myMathFunctio| (x, y)
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Quickly and Safely Refactoring — Simulink Models

AnalogControl * - Simulink
g

SIMULATION MODELING FORMAT S SUBSYSTEM BLOCK
QFind v = T ; StopTime [ 100 -~
_ 2 @ B B @ = & |wmw | g @
odel LM Compare ~ Model Data Model schedule |71 Model Create Atomic Enabled Triggered  Function-call  Group Using || Update | Normal ~ [y
Advisor v (i Environment Editor Explorer Editor Settings v Subsy Subsyst Subsyst Subsyst Sub Area Model v 9 Fast Restart -
EVALUATE & MANAGE DESIGN SETUP COMPONENT COMPILE SIMULATE ry
AnalogControl
— 1
®
(CH |
< \
=5
]
=
il
Anti-Windup
. Integrator actdemand_rad
pilot_bus

airframe_bus

pilot_bus .L.{:l

Pitch Rate
Lead Filier

J‘ o

S

Subsystem

Ci

enable

Saturation
Detection

\—D err
— pos

Command

4@\ MathWorks
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Quickly and Safely Refactoring — Function and Model Nam

4\ Simulink Project - Power Window Controller E @
B R 7%

[ SIMULINK PROJECT PROJECT SHORTCUTS

@ Project: Power Window Contre
0 3 files depend on "slexPowerWindowPHYSLib.slx".
-[2] Shortcut Management
% Batch Job M Update the impacted files to maintain their current behavior.
D‘i Dependency Analysis b
£ ¥ Bl ") A Hide impacted files
B
L File Dependencies
[& ﬁ.} slexPowerWindowDSPLib.slx 2
| i i-slexPowerWindowDSPLib/windowDAQ/amplificationdown Library Link
t slexPowerWindowDSPLib/windowDAQ/amplificationup Library Link
i %3 slexPowerWindowExample.skx 2
{ - {3} slexPowerWindowPHYSLib.slx 7
¥
b
| Rename and Update ] [ Rename ] [ Cancel
< | T | »
(%fi] Labels o
slexPowerWindowPHY SLib.sIx (Simulink Library) Cﬁ] 1labels

) EXPO &\ MathWorks




Integrating with other languages

Calling Libraries Written in Another Language

« Java
* Python
MATLAB Other . Pythor
| Code * Fortran
= « COM components and ActiveX® controls

e RESTful, HTTP, and WSDL web services

Calling MATLAB from Another Language

e Java

: * Python

Your Coding  Clo
Environment . Fortran

e COM Automation server

&\ MathWorks



Integrating with other languages

{@% C++ I‘f_ﬁl} /"nuE”Z?cA\

GT 4 Simulink fa

‘\ MathWorks



Sharing your work

= Co-authors and development teams

— Projects

= End-user with MATLAB and Simulink

— Toolbox or App

= End-user without MATLAB and Simulink
— Standalone and web applications

— Language-specific libraries
— Generated standalone code

— Microservice APIs

\ /‘// \ . Underdamped
2 \\‘y‘\ "‘J"’;’ \‘,\\\ IZ : Sim Iatioln Results */\‘
“'\ //V/ H‘\. sf y, AL Al . \
,2: oy ’_jw‘,
=
MATLAB Compiler, Simulink Compiler
MATLAB Compiler SDK
Embedded Coder, HDL Coder, PLC Coder, GPU Coder, ...
MATLAB Production Server
&\ MathWorks' 35
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Agenda

Setting up your development environment
Managing team workflows
Developing better code and models

‘\ Testing and verification

TLAB BXIPO &\ MathWorks



Software Maintenance — The hidden cost of development

= How do you ensure code and models
don’t break over time?

Time needed

= How do you keep new features from
breaking existing features?

Maintainability rating

« How do you maintain confidence that
your system Is working as expected?

0 7 14 21 28 35 42 49 56

- How do you ensure that your software Average resolution time {days)

IS futu re-proof? Journal paper: “Fasterissue resolution with higher technical
guality of software”, Software Quality Journal, 2011

LAB EDIPO &\ MathWorks
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Test early, test often, test automatically
Do I need

Do | care if it
actually works?

= Reduce risk of software breaking
= Catch problems early

= Improve quality

= Document expected behaviour

YESTERDAY IT
WORKED

You need
testing!

No

You might not
need testing
Credit: http://geek-and-poke.com/

AB BXIPO &\ MathWorks'
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MATLAB Testing Frameworks

« MATLAB Unit Testing Framework
= Performance Testing Framework
= Mocking Framework

= App Testing Framework

MATLAB® Test Report

Timestamp: 04-Jan-2017 13:28:06
Host: AH-SDE
Platform: win64
MATLAB Version: 9.1.0.441655 (R2016b)

Number of Tests: 17
Testing Time: 0.4516 seconds

Overall Result: PASSED

17 passed

Low tedium

Cr High

Overview

LAB\OOP\BI nitTest\Class!

BligTests BlipSizeLengthTests
L L1

BligTests Biips
oooce
BlipTests BiipsubsrefTests
20000 000

Details

C:\Documents\MATLAB\OOP\Blip\Demos\Extensions\UnitTest\Class\

BlipTests.BlipSizeLengthTests

© scalarslipsize

The test passed.
Duration: 0.0863 seconds

a0 % &0
30 70
20 50

10 90
0 100

&\ MathWorks' 39



Verification and Validation in Simulink

MATLAB and Simulink for Verification,

Validation, and Test —

Verify and validate embedded systems using
Model-Based Design

- Tracerequirements to architecture, design, tests, and code

- Verify your design meets requirements and is free of critical run-time errors
« Check compliance and measure quality of models and code

= Generatetest cases automatically to increase test coverage

= Producereports and artifacts, and certify to standards (suchas DO-178 and 1SO 26262).

[LAB BEXIPO &\ MathWorks'
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Automated Testing with Continuous Integration (ClI)

= A system to automate the building, testing, integration, and deployment of code as it
IS being developed and maintained

« Popular Cl systems: Jenkins, Travis, CircleCl , Azure DevOps, and others...

DEVELOP

(%,
¥

DEPL? \’@TEST

\B E>XIPO 4@\ MathWorks

= Benefits:
— Detect integration bugs early
— Allow you to stop bugs from being accepted
— Track and report testing history
— Flexible testing schedules and triggers




MATLAB Plugin for Jenkins

Adam Sifounakis | log out

Jenkins = Plugin Manager

% Back to Dashboard

= Install MATLAB Plugin for
Jenkins directly from the
Jenkins Plugin Manager

o Manage Jenkins

Filter: | . MATLAB

Available

= Easily connect and configure install | o Version
: . MATLAB
MAT LAB Wlth Jen kl nS This plugin integrates MATLAB (R) with Jenkins and

d

1.1.2
provides Jenkins interface to run MATLAB and
Simulink (R) tests.

* Schedule automatic code
an d m Odel teStI n g Update information obtained: 4 min 43 sec ago m

— MATLAB Unit Test Framework
_ SImUIInk TeSt Page generated: Feb 20, 2020 4:13:08 PM EST RESTAPI Jenkins ver. 2.204.2

AB B>XIPPO 4@\ MathWorks




Testing Reports in Jenkins

= View code coverage

View testing results

View testing reports

Test Result

1 failures (+1)

3 tests (+0)
Took 1.6 sec.
‘#add description

All Failed Tests

Test Name
= designTest.testOvershoot

= Stack Trace

Verification failed in designTest/t{

verifyLessThan failed.
—--> The value must be less than

Actual Value:
0.082943282378937

Maximum Value (Exclusive):
0.010000000000000

Stack Information:

In /Users/Shared/Jenkins/Home/j
Damper /workspace/tests/designTest.m

File Coverage summary

Name Classes

simulateSystem.m 100% n

Lines Conditionals

90% 9/10 | 100% 0/0

Coverage Breakdown by Class

Name
simulateSystem 90%
Source

simulateSystem.m

1 function [x, t] simulateSystem
2

3 2 springMassDamperDesign; % Create
4

5 2 if ~isstruct(design) || ~all(isfjl
6 0 error('simulateSystem:Invalid
7 'The design should be a s
8 end

9

10 % Design variables

11 2 ¢ = design.c;

12 2 k = design.k;

13

14 % Constant variables

15 2 20 = [=0.1; 0); % Initial Positil

16 2 m = 1500; % Mass

18 2 odefun = @(t,z) [0 1; -k/m -c/m]¥
19 2 [t, z]) = ode45(odefun, (0, 3], 2
20

21 % The first column is the positic

22| 2|x = 2(2, 1);

Project Mass-Spring-Damper

_ TAP Tests
3
d Coverage Report
15
. 5
f / S
| | Workspace -]
S
i
000000 %11
2 Recent Changes =
S
E'\l " w -] ~ < @ o o ™ -
308 2 8 @ 3 €& @ R ®mR R
T L LT %R ¥ ' ¥ 2 35 8

Permalinks

Code Coverage

Packages 100% Files 100% Classes 100% Lines

Last build (#89), 1. mo 24 days ago

#add description

M Failed

W Passed
1Skipped
ToDo

#76
#87
#89

93% Conditionals

100%
= Last stable build (#88), 1 mo 29 days ago 100
= Last successtul build (#88), 1 mo 29 days ago
« Last failed build (#89). 1 mo 24 days ago 80 1
« Last unstable build (#52), 2 mo 7 days ago 60
« Last unsuccessful build (#89), 1 mo 24 days ®» "
ago 40 ¢
» Last completed build (#89), 1 mo 24 days ago
20
0
b
3
2
g
3
]
1
02
$

#29

N ¥ 2 2 T ¥ @ - m = 5 @ @ =2
5 2 § 2 3 8 2 8 8 8 & g n o2
T T O3 % % ¥ ¥ £ ¥ £ ¥ ¥ 5§ %

— Classes — Conditionals Files Lines Packages

Test Result Trend
~ w
H -
(just show failures) enlarge

4@\ MathWorks

43



Summary
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Summary

MATLAB and Simulink can take you all the way from idea to production
Save time and effort with good software and modeling practices

Projects bulletproof your collaborative development workflows

DEVELOP
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MATLAB and Simulink

are the easiest and
most productive environments
for engineers and scientists
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