AN Pagi)
AW A
BV A
i o A A
N ¥
0 0

EXPO

Test Driven Development in Agile
Model-Based Design

Paul Urban
Marco Dragic

<) MathWorks




Marco Dragic Paul Urban

Senior Product Manager Senior Product Manager
Simulink Platform Simulink Verification and Validation

\B BDXIPO 4@\ MathWorks



L -

YT

Buildi

£

ng /ugorithms in =

verything...

,,,,,,

Swiss Re AG

4@\ MathWorks:



Bmldlng Algorlthms In Everythlng

it

but how do you deliver faster meet e
Changmg customer requirements,
and ensure quality?

® Swiss Re

Swiss Re AG

&\ MathWorks



Test Driven Development Cycle

1. Create a test
2. Implement enough for test to pass

3. Refactor

4\ MathWorks



Simulink provides an integrated framework for TDD

Requirements ¢ > Implementation

4\ MathWorks



Starting with high level customer requirements

User Requirements:
« Both driver and passenger can control the window
* Window stops closing if an object is detected

* Window should have option to fully open and close

Driver
Command

Driver

Window
FPaosition

Window

MOVE UP,
MOVE DOWN

Passenger
Passenger
Command
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Capturing requirements

34 Requirements Editor

File Edit Display Analysis Report Help
s B - JES sdsna (S
View: Requirements -

% PowerWindo...

vel Quantitative Requirements
& 1.1 Activity diagram: Power window control
viEl2 Open and Close Window

6121 Fully Open
122 Fully Close

E13 Move Response
E14 Detect Object
E1.5 Validate Driver
E1.6 Validate Passenger
E1.7 Driver commands
618 Passenger Commands
vE2 Controller Functional Requirements
@21 The power window must have two o...
E2.2 The power window should not move...
vE23 The power window can be operated...
231 The driver side for the passenge...
viE224 Driver Move down operation
824.1 Driver down button press
6242 Move down to end stop
8243 Move down automatically performance
B24.4 Enter neutral when fully down
vE25 Driver Move up operation
L25.1 The driver power window should o...
@252 The driver power window should o...
253 The move up operation must be fi...
6254 Once the window fully up, the dr...
vE26 Passenger Move down operation
626.1 The Passenger power window shoul...
k26.2 The Passenger power window shoul...
©26.3 The move down operation must be ...
L2264 Once the window fully down, the ...

~ Properties
Type: Container 2
Index: 2

Custom ID: REQ 2
Summary: Controller Functional Requirements
Description  Rationale

Y =

Both the driver and passenger can send commands to
the window to move it up and down. The controller infers
the correct command to send to the window actuator
(e.g., the driver command has priority over the
passenger command). In addition, diagram monitors the
state of the window system to establish when the
window is fully opened and closed and to detect if there
is an object between the window and frame.

- - = obstacle
- - position

Keywords:
» Revision information:
~ Links

= ¢ Implemented by:

(3l power_window_control system

B EXIPO
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Viewing details

Requirement
Details

3 Requirements Editor

File Edit Display Analysis Report Help
% OR % AL L5y
View: Reguirements -

~ 5 PowerWindo...

v 1 Quantitative Requirements
E1.1 Activity diagram: Power window control
vu1.2 Open and Close Window

€121  Fully Open
—Q® ©1.2.2 Fully Close

E1.3 Move Response
E1.4 Detect Object
E1.5 Validate Driver
E1.6 Validate Passenger
E1.7 Driver commands
618 Passenger Commands
~82 Controller Functional Requirements
B21 The power window must have two o...
E22 The power window should not move...
vE23 The power window can be operated...
@231 The driver side for the passenge...
vE24 Driver Move down operation
©24.1 Driver down button press
€242 Move down to end stop
243 Move down automatically performance
@244 Enter neutral when fully down
vE25 Driver Move up operation
@251 The driver power window should o...
@252 The driver power window should o...
w253 The move up operation must be fi...
& 2.54 Once the window fully up, the dr...
vE26 Passenger Move down operation
@ 2.6.1 The Passenger power window shoul...
E2.6.2 The Passenger power window shoul...
W 2.6.3 The move down operation must be ...
w264 Once the window fully down, the ...

&\ MathWorks



Organizing and creating requirement hierarchies

3 Requirements Editor
File Edit Display Analysis Report Help
BOR = AL L5y
View: Reguirements - Search
~ 5 PowerWindo... - -
vB1 Quantitative Requirements [ |
E1.1 Activity diagram: Power window control
v 1.2 Open and Close Window -
€121  Fully Open I 4
€122  FulyClose I 4
813 Move Response I 4
614 Detect Object . —
E1.5 Validate Driver
E1.6 Validate Passenger
1.7 Driver commands ]
618 Passenger Commands ]
B2 Controller Functional Requirements [ | | |
/ B2.1 The power window must have two o... e
E22 The power window should not move... —_
Req u I re m ent viE23 The power window can be operated... ]
@231 The driver side for the passenge... I e
HI erarc h | es TT——e-u24 Driver Move down operation 1
©24.1 Driver down button press
€242 Move down to end stop
243 Move down automatically performance
@244 Enter neutral when fully down
vE25 Driver Move up operation
@251 The driver power window should o...
@252 The driver power window should o...
w253 The move up operation must be fi...
& 2.54 Once the window fully up, the dr...
vE26 Passenger Move down operation
@ 2.6.1 The Passenger power window shoul...
E2.6.2 The Passenger power window shoul...
W 2.6.3 The move down operation must be ...
©2.64 Once the window fully down, the ... -

&\ MathWorks 10




Specifying details

~ Properties
Type: Container
Index: 2

Custom ID: REQ 2
Summary: Controller Functional Requirements

Description  Rationale

vy 2

Both the driver and passenger can send commands to
the window to move it up and down. The controller infers
the correct command to send to the window actuator
(e.g., the driver command has priority over the
passenger command). In addition, diagram monitors the
state of the window system to establish when the
window is fully opened and closed and to detect if there
is an object between the window and frame. Y

- - - obstacle
- = position

~ bottom

Keywords:
» Revision information:
~ Links

= ¢ Implemented by:

(%8l power_window_control_system

Description / Rationale Fields

Links
Pane

4@\ MathWorks
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Develop, manage, and execute simulation-based tests

Test Test

Test
Harnesses

Manager

Authoring

= Author, manage, organize tests = |solate Component Under Test = Specify test inputs, expected
outputs, and tolerances

=3 e |
—r—_— -

T ] S IR |

S A 2] ) - 1 *& DoubleSTdriven/Test Sequencel - Test Sequence Editor = e
e s - E impeller or = 2

e —— ' : i —Po=| 2 HeEes 0w @

Ne' + »
- Slow Accel o — 3 Data Symbols Step Transition Next Step
thrott engine RFM nput
init_step 1. after (2, sec) step_2 v
Eng K _I gear speed = ramp (1), -
- » throttie = ramp (1),

Double-click to peak_speed = speed

..... : - : peak_throttle = throttle;
Component \ Scenario

— | . B ooy if speed >0
under test B 5 Signal 1
File Edit View Display Wagram Simulation Analysis Code Tools Help 4 Test Sequence

e — » i il
Ly e Output
Userlnputs B . Ted Sequenced speed 4
E brake . omer IranSMiESoN Spesd speed = 2* ramp (1) =
Theottle . - ] Local i throttie = 2* ramp (1),
thretle
u .
. £at-oel
|

S\ step_3

i

"L newReport 5,pdf - Adobe Reader - !
File Eait View Window Help L

E4 = 3= & (1|76 = 714% ||| ] = Sign. Commem}

Expected Behavior

Signal Editor

®
; true
| TRIGGER
- i H false
. =
Report Generated by Test Manager o = N . " 950100105 O {15
- o H \ SO PR—
ed B H " - — At trigger-min-time,
Title: LandingGearControl-Regression Tests hat speed 2 - LEDY . oger iy .
Author:  Jessica Johnson ) . H gear r
Date 20-Feb-2015 18:28:22 throme thiotlem - RESPONSE
. - .
n shift_logic - 1 false
Test Environment CEEET LT 1512.0 125130 £35

preiia Reports

Test Harness

Ready 148% odes

»

] . Temporal Assessments
Time-Series Data

&\ MathWorks 13




Creating a Test Harness to isolate Component Under Test

SIMULATION

J}ﬁ slexPowerWindowExample - Simulink

MODELING

r—— "HN B s |
Ce==] 6 @

Create Test Harness for

SUBSYSTEM BLOCK

ode23

power_window_control_sy:| <® ¥, Import Test Harness ~ Manage Test | Simulink Test
Harnesses + Manager
NAVIGATION CREATE TEST HARNESS MANAGE TEST CASES
~ slexPowerWindowExample
®
@ | Open Interactive Test Model I
=
_ armature_current
|Bha Continuous
driver_switch P Position armature_current » D
l:‘ maove_up P Move_up armpture_current
Normal neutral —» driver_neutral armature_current
up ——= driver_up position .- FI [
position
[__E‘L] down —= driver_down move_down position
Normal neutral ——» passenger_neutral force force ’I S—
move_down force
up ——®= passenger_up Simulink_3D_Animat
object_present gear_angle [ gear angle
E] down — passenger_down E]
assenger_switch
P 9er_ window_system
present — object_present
O =
e E—p.o/o_ - window_world
[l absent object
» Copyright 2013-2016 The MathWorks, Inc.
Ready 111%

\B EXIPO

4@\ MathWorks:
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Specify properties of the Test Harness

Create Test Harness *

Specify the properties of the test hamess. The component under test is the system for which the harness is
being created. After creation, use the block badge to find and open harnesses.

Component under Test: slexPowerWindowExample/power_window_control_system

Basic Properties = Advanced Properties Description

Name: |slexPowerWindowExample_Harness2

Harnesses saved internally. More information

Sources and Sinks

Inport v == >| Component under Test |===1> | Outport A

[] Create scalar inputs
Generate function-call signals using: Test Sequence v

[] Add separate Test Assessment block

Open harness after creation

?, Cancel Help

4@\ MathWorks: 15




Specify inputs

Create Test Harness *

Specify the properties of the test hamess. The component under test is the system for which the harness is
being created. After creation, use the block badge to find and open harnesses.

Component under Test: slexPowerWindowExample/power_window_control_system

Basic Properties = Advanced Properties Description

_ Inputs
Name: |slexPowerWindowExample_Harness2

Harnesses saved internally. More information N
cenario ‘ k—

Sources and Sinks .
Signal 1

Inport v | ==">| Component under Tes |
Inport

Signal Builder
Signal Editor MAT file (input)
From Workspace gnals using: | Test Sequence e

From File
Test Sequence isessment block |
Chart Al
[y Constant Bation 1 -
Ground >

None

Custom 3

Test Sequence Excel file (input)

?, Cancel Help

4@\ MathWorks




Specify outputs

Create Test Harness

Specify the properties of the test hamess. The component under test is the system for which the harness is
being created. After creation, use the block badge to find and open harnesses.

Component under Test: slexPowerWindowExample/power_window_control_system

Basic Properties = Advanced Properties Description

Name: |slexPowerWindowExample_Harness2 ‘

Harnesses saved internally. More information

Sources and Sinks

Outputs \

Inport v ==>| Component under Test

[] Create scalar inputs

1%
To Workspace #\ - — 1
Generate function-call signals using: Test Sequence v |ToFile | ) Inpgt
Terminator ‘ 3
] Add separate Test Assessment block None

Custom
Open harness after creation

MAT file Excel Assessments

?, Cancel Help

4@\ MathWorks: 17



Created Test Harness to isolate Component Under Tes

en Interactive Test Model

> armature_cui

Continuous
Position
driver_switch armature_current . —
= move_up W move_up - armature_current
Normal neutral B driver_neutral armature_current
up}—— - driver_up pasiton |- » ]
position
down [— driver_down move_down position
Normal  neutral|— B> passenger_neutral force o ’EI
move_down force
up P passenger_up Simulink_3D_Animal
— object_present gear_angle - gear angle
down P passenger_down

passenger_switch
_ window_system
present ’—b object_present

_| Main Model

[Group 1 -
armature_current »> P armature_curre
armature_cument
Position Position
position
mave_up >
driver_neutral » o drives_n move_up
driver_up drives_up
driver_down > e ciriver_dewn
passanger_neutral passanger_nautral —
ey e move_down
passenger_up > » passenger_up
passanger_down passanger_down
Hamess Inputs power_window_conirol_system

Test Harness

&\ MathWorks 18




Authoring tests using Signal Editor

3 slexPowerWindowExample_SignalEditor_Harnessinputs* - Signal Editor

SIGNAL EDITOR EDIT

ON M 7 I3 M sie @amga @ & M

Point Line Expression Draw Move Select Pl B <} Data Align Screenshot
Cursors = >

[sceuAmos M siouLs —— PLoveo— )

4 @ movedown movedown.driver(:,1)
trigger
obstacle
endstop

driver(:,1) v
driver(:,2) v i :
P - £ )

driver(:

sassenger Scenario

=
=
T
a1t driver
=
=
=
=
© Scenario movedown.driver(:,2)

movedown.driver(:,3)

=) = 4 boolean -

TIME DATA(:,1) DATA(:,2) DATA(:,3)

&\ MathWorks 19




Use templates and wizards to automate test case creation

ok Test Manager

TESTS

do Cut T | Er L,

==
3 Col

New | Open Save a Py Delete Test Spec  Run R

- - - - Report -

Test File

Create a blank test file

Test Suite

Create a container for test cases

Baseline Test

Compare simulation output to a fixed baseline signal

Equivalence Test

Compare output of two simulations

Simulation Test

Perform a simulation with no criteria

Real-Time Test

Perform a simulation on real-time target

Test File from Model

Create a test file from model

Test for Model Component

Create a new baseline or back-to-back test for model component

Test from Spreadsheet

Create a new test with data specified in a spreadsheet

&\ MathWorks 20




Use templates and wizards to automate test case creation

Test Case Templates

Simulation Test

In& | Oulpyt Assessment
| Criteria

Baseline Test

™ File | gxpected |
]-: Outputs -

Equivalence Test

Input q Outp‘t

Assessment
Criteria

Assessment
Criteria

Input «'a Outpit
l | |

A Matworks
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Create Simulation Test and link to requirement

4 Test Manager - m] X
& Cut i !
rodzt ¥ 5 b b Tl A dmor & @ |
& O =
New Open Save a Py Delete TestSpec Run Run with Parallel Visualize Preferences Help
v v v v Report v  Stepper v -
T N f MENT ¥ F
DriverMovedown [if\ start Page
[Fittr ‘
. + Enabled
w (=1 Main_test_SignalBuilder* Dr|VerMOVedOWn
v New Test Suite 1 Main_te
EmergencyObstacie
DriverMovedown € -
DriverMoveup
»
" Link to requirements
Driver Move down operation: Driver Move down operation (PowerWindowFunctionalRequirements / q
o Add ~
Model: | slexPowerWindowExample ERaC /— SpeCIfy I I Iodel to test
Harness: | slexPowerWindowExample_Signalbuilder * 1C®HR
»
»F E
» INF
Name DriverMoy » U
Type Simulation Test
»
Model slexPowerWir
Harness Name slexPowerWindow ’
Simulation Mode [Model Settings] » 1
Location C:\Demos\TDDPow
»
Enabled v
Hierarchy Main_test_SignalB LA
Tags

&\ MathWorks 22




Test fails due to compilation error

[

4\ Test Manager X
g

TESTS

H HHUU @ @ i Import a '\?)
Save Parallel ~ Report Visualize Preferences Help
FILE EDIT RUN RESULTS ENVIRONMENT RESOURCES
Results and Artifacts 2| DriverMoveDown
Filter results by name or tags, e.g. tags: test SR » SUMMARY
JAME STATUS
Name i A
~ Results: 2020-Mar-22 21:24:44 10 DriverMoveDown
. Outcome ]
~ |=| DriverMoveDown (]
. Start Time 03/22/2020 21:24:48
» llel Logical and Temporal Assessm @ End Time 03/22/2020 21:24:48
Type Simulation Test
Test File Location C:\Demos\TDDPowerWindow311\test\Mai...
Test Case Definition #
Rerun Test Case [/
Tags
Cause of Failure Errors running test case

» Simulation Metadata

» TEST REQUIREMENTS

3
+ ERRORS

PROPERTY VALUE
Name |=| DriverMoveDown Signal Editor scenario 'movedown’ not found in model slexPowerWindowExample_SignalEditor.
Status 10
Start Time 03/22/2020 21:24:48 » DESCRIPTION
End Time 03/22/2020 21:24:48
Type Simulation Test
Test File Location C:\Demos\TDDPowerWind...
Tact Maca Nafinitinn | v

&\ MathWorks 23




2. Implement enough for test to pass
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Implement enough to get test to pass

Dﬁ Stateflow (chart) slexPowerWindowExample/power_window_control_system/control /control_2/control - Simulink
SIMULATION
L] = L1Open ~ HB L:;.; ,:,{\\ Stop Time w M
Project | New &l save ~ Library Log Active Log Active v Step Data Logic Bird's-Eye -
- v = Print ¥  Browser State Leaf State Back v Inspector Analyzer Scope

~— ‘W control

@ .

® ={driverNeutral -~
Q entry:
&2 moveUp = 0; !
moveDown = 0;

2 ‘

o

\ L l|

O [driver[3]] [endstop \

|l

c /driverDown y ) [driver[1]]

entry: moveDown = 1; [iniDriverDown ] |

4 exit: moveDown = 0; -

= ¢, after(100,ticks)

® dri ] 4

river[1]] ,

= et Oz

& [autoDrlverDown] [ Birvartionn l

Ready 188% ode23

&\ MathWorks 25




Linking implementation to requirements

J’ﬁ Stateflow (chart) slexPowerWindowExample/power_window_control_system/control /control_1/control - Simulink

SIMULATION DEBUG MODELING FORMAT APPS REQUIREMENTS x
llttﬁl @ IE,_F i Import = 5% Highlight Links '\0 cﬁ
Save Al Requirements New 4 Open [ Layout + Check Share
- Editor Requirement Set Consistency -
FILE EDIT REQUIREMENT SET VISUALIZE ANALYZE SHARE
« 4 control
® ~
@
all 2 [driver(2]] 111 Fully Open ™
N \ PP | 0
o \\\[e’}?fr;;gmp — If the up command is
\ | 2fenty:movelp= 1 issued for between 200
) xit: moveUp = 0; — .
g | [driver{]] O,f affter(100, ticks ms and 1 s, the window
\‘. Ve \2 I .
21l ' T driver[1] must fully open.
:::1 DriverUp ;
"4 1 autoDriverUp
(31 . -~
4
e nm v
® < >
Requirements - slexPowerWindowExample L
View: Requirements - [ O E & & PN Search
~
viE1l2 Open and Close Window ]
B 121 Fully Open ]
E 1.2.2 Fully Close ] v
Ready

— X
S - @
Property Inspector $ X
Requirement: 1.1.1
Details
Index: 1.2.1 .

Custom ID: 1.1.1 |
Summary: \Fully Open |

Description ~ Rationale
e |8 7 um EE==-

If the up command is issued for
between 200 ms and 1 s, the window
must fully open.

Keywords: |

» Revision information:

¥ Links
= ¢ Implemented by:
(] autoDriverUp
< > v
ode23

&\ MathWorks
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Managing artifacts with source control directly from Projects

A MATLAB R2020a

PLOTS PROJECT PROJECT SHORTCUTS

EE:I Lr" < % { E@ L& |él1_:-l Ew=tre t::% @ @} ? Fetch @ Remote % Submoduld
Mew Open Share Dependency Search Custom Run References E Rrs it Git  Refresh Commit Q= v Branches @ Stashes
A - - Analyzer Tasks ¥ Checks ¥ Ll Startup Shutdow Details @ Pull
FILE TOOLS ENVIRONMENT SOURCE CONTROL
e S ol d v C: » Demos » TDDPowerWindowFinal »

Current Folder [OM Project - Power Window Controller Project

Mame Git Date Modified All| Project (78) | Modified (3) yel ‘:( Layout: | Tree ~ @'
L powerwindow.pg ® BRI/ E0EAM Name Fris Modified Classification Git
|| README.md ®  3/31/2020 &:08 AM = Dependency Analyzer ' s e sificati .
H slexPowerWindowExample_... ®  3/31/2020 8:08 AM P ¥ AnalyE i configureiodel [ %02 AM Canfiguration "
1] slexPowerWindowExample_... @ 3/31/2020 8:08 AM = clat.a v [T DES\QPSUFQDW
1 slexPowerWindowExample_... @ 3/31/2020 8:08 &AM = hm' v ization
] slexPowerWindowExample_.. ®  3/31/2020 8:08 AM images vig
model S 4/1/2020 3:46 PM = i model i =
git . 3/31/2020 8:08 AM *a| slexPowerWindowCntlCoverage.skx v (8]
data . 3/31/2020 8:08 AM *a| slexPowerWindowCntlCoveragelncrease... v |2
images ) 3/31/2020 8:08 AM 4 slexPowerWindowCntlinteract.shx v |2
requirements 373172020 8:08 AM 4| slexPowerWindowCentrol sk v
test ) 3/31/2020 8:08 AM % slexPowerWindowDSPLib.sk v
utilities . 3/21/2020 2:08 AM #| slexPowerWindowExample.slmx v 3/31/2
configureModel + 3/31/2020 8:08 AM m,i“;-’-{ LI
hmi . 3/31/2020 8:08 AM
resources . 3/31/2020 8:08 AM —
task . 3/31/2020 8:08 AM
work B 3/31/2020 8:08 AM

. A Y Fetch
@ t%} : c Remote % Submodules

Git  Refresh Commit Branches @ Stashes
Details Sl Pull

S50OURCE CONTROL

4@\ MathWorks 27




Scale and automate testing with Continuous Integration

= Schedule automatic code
and model testing

= Access MATLAB Plugin for
Jenkins

AB BXIPO

& [CEEAM & hitps://testserver.com/j/pluginManager/available

@ J enkinS Adam Sifounakis | log out

Jenkins « Plugin Manager

4» Back to Dashboard

o Manage Jenkins

Filter: | “. MATLAB

Available
Install | Name Version
MATLAB
7 This plugin integrates MATLAB (R) with Jenkins and 112

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

Install without restart Download now and install after restart
Update information obtained: 4 min 43 sec ago m

&\ MathWorks
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Group into suites
and test files

Execute individual
or batch

xecuting test with Test Manager

4\ Test Manager

=

Open Save
- -

FILE EDIT RUN

TestBrowser Results and Artifacts

o

S

3

»

CompaenentTesting
General Performance Test
Functional and Regression tests
4 Signal Builder Baseline examples
[] Slow Accel
[ FastAccel
[£] Decel
3 ExcelDrivenExamples
Software-in-the-loop Testing
SystemTesting

ExampleBaselineTesting

Export Help
-
RESULTS RESCURCES

[ify Start Page [=] Slow Accel

Slow Accel

ComponentTesting = Functional and R

ession tests = Signal Builder Baseline examples = Slov

» || SlowAcelbaselineCheckpaointl.mat

Name [E] Slow Accel

Type Baseline Test

Location C\Users\moneil\Deskto
Enabled v

Higrarchy ComponentTesting = Fu...

Simulation Made

Harness Name

sf_car
[Model Settings]

SigBdriven

of= Add... ¥ Capture...

«| Enabled

&\ MathWorks
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Analyzing and debugging results with Test Manager

= View result summary

« Debug using Simulation
Data Inspector

= Archive, export, and
report results

LAB EXIPO

4\ Test Manager =S X
TESTS VISUALIZE FORMAT ry
Q@ Q @| 2
Clear Plot | =, El T Data Cursors Highlicht | Send to Figure
- - n klode
EDIT |ZOOM & FAN| MEASURE & TRACE SHARE
Results and Artifacts m Start Page |=| Slow Accel EComparison
| L=l 17 Baseline = Compare To
e ALl fourth
4 Results - 2015-Jan-12 17:35:1 2 1@
4 [ Signal Builder Baseline examples 2@ 1@ _
v |E| Slow Accel (] o
4 |=| Fast Accel ]
4 [|=| Baseline Criteria Result [<] seeeng i
(@ gear a ;
() throttle —_— O first
~) vehicle speed —_— 0
» Pl Sim Output (sf_car - normal) Mon
» |5| Decel o 0 [ 5 10 12 14 16 18 20 22 24 26 28 20
=== Tolerance = Difference
1.0 |
0.8
Name [&] gear 0.8
Status [<]
Absolute Tolerance 0 o
Relative Tolerance 0.00 %
Block Path SigBdrivenishift_logic o2
a
0 2 [ g 10 12 1 18 18 20 22 2 26 28 20

&\ MathWorks
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Executing all tests until they pass

| | PowerWindowControlUnitTest sig b &
v |E| DriverMoveDown
v |=| DriverMovelp
v |=| EmergencyObstacle
v |=| Detect Object

v |=| Fully Close Window

O 0 0 0 0 O

v |=| PassengerMovedown

B BXIPO 4@\ MathWorks: 31



Measuring testing completeness with coverage

= |ldentify testing gaps

=  Missing requirements

« Unintended functionality

= Design errors

Simulink

AND

v

previous_output

[upper]

[lower]

L 4 F

S

I 1 && [hasChangedTo(AccelResSw,true)...

Stateflow

&&tspeed!=uint8(0)]
1

Code

Links to model

Coverage annotation

il jtopmodel.c ¥ Q Searct
r enable system: ' t

element —

Tooltip with code
coverage resulfs

LAB EXIPO
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Generating test reports for audits and reviews

Create Test Result Report

Title Page Information
Title: Test
Author:
+ Include MATLAB version
Include in Report
Results for: Only Passed Tests
v Test requirements
MATLAB figures
Error and log messages
Simulation metadata
Coverage results

Plots of criteria and assessments

LA A A A

Plots for simulation output and baseline

2| = rows= 1|« columns of plots per page

Output Options
File Format: PDF -

File Name:
Customization

Template File:

Report Class:

C:\Demos\PowerWindow324\newReport. pdf =

Create Cancel

4\ C:\Demos\PowerWindow324\newReport.pdf —

newReport.pdf

Report Generated by Test Manager

Title: Test
Author:
Date: 25-Mar-2020 15:29:15

Test Environment

Platform PCWING4
ATI AR 202
MATLAB (R2020a) [
Switch block "Switch"
Justifv or Exclude
Requirement Testing Details
Implemented Requirements || Verified by Tests Runs
Cancel Switch Detection Cancel button ul2
1
Summary
o Parent: crs_controll
Model Hierarchy/Complexity Test1
. 4] N Saturation on
Metric Cov Decision Condition MCDC Execution et integer
" e . Bewadary overflow
Cyclomatic Complexity 1
D o 100 80 34% wm 34% wm 7% = 00% mo———— 10% w 50%  m—
ccision 13 71% =essmes NA NA 100% we—— 50% — 50% m—
Execution 100 3 67% mmmmes NA NA 100% me—NA 50%
2 100% we———— NA NA NA NA NA
= NA NA NA 100% mm—NA NA
10 73% em—— NA NA 100% mm—50% e 0% -
2 100% m—NA NA 100% m—NA 50% m—
2 100% m—NA NA NA NA NA
9 " Throttle 6 83% eommmmm. NA NA 100% e 100°; =—— 50 —

4@\ MathWorks
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3. Refactor

Sativors



Refactoring

« Refactoring is the process of changing software in such a way that it
does not alter the external behavior of the code yet improves its internal
structure

'LAB BEXIPO &\ MathWorks 35



Refactoring takes many shapes and forms

Rearranging Layout

| r(t)

Anti-Windup PID Control Demonstration

e(t)

First Order Process

SAT(u)
Plant Actuator

Dead Time ¢

yout

PID(s) |-

4@\ MathWorks:
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Refactoring takes many shapes and forms

Rearranging Layout

)gm y1 D
) u2 y2 P
Mu3 y3 D
) ud y4

LAB BXIPO &\ MathWorks 37



Refactoring takes many shapes and forms

Restructuring Hierarchy

Ha P. A

Current Folder
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P sldemo_autotrans - Simulink
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82 Subsystem Preview On v  Mask
=) Simulink Model NS e o
% sldemo_autotrans.six Simulink Model §|| CONVERT TO - 2

ki

{E Variant Subsystem

v
Convert subsystem to variant subsystem
[[J)Q] Referenced Subsystem
Convert subsystem to referenced subsystem
l}g Model Block
—N Convert subsystem to referenced mode
= | Throttle
(2] gineRPM N
| >
¥ Passing Maneuver VehicleSpeed
PlotResults
Throttle F—— OutputTorque
fhrottie ShiftLogic
sldemo_autotrans.six (Simulink Model) v
bModel ~ | Preview: Engine and Transmission Subsystem
version:
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BrakeTorque
| Saved in 9
Simulink venicle
version: 1 13 ManeuversGUI
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Last i -
modified by:
mdragic VehicleSpeed
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Modeling an :
Automatic |!-.
Transmission y
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Refactoring takes many shapes and forms

‘ ‘MathWorkS@/ Products  Solutions Academia  Support Community Events

Fixed-Point Designer

* Optimizing Implementation

Fixed-Point Designer

Model and optimize fixed-point and floating-point
algorithms

® Watch video & Download a free trial
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Refactoring takes many shapes and forms

4\ Simulink Project - Power Window Controller o= @
[ SIMULINK PROJECT PROJECT SHORTCUTS E L A e B et e @:m

CL’F - < @ {0} Preferences Q H@

[ Project Path
New Open Share Check Search Unsaved
- v Project [ —| References Changes
FILE CHECKS ENVIRONMENT TOOLS
(1) Project: Power Window Contre €” | Project Files View v pY B @'
1 M - i~ 2] Shortcut Management - Nan;e e Sta:f; cCIa;smcatfon
) P 't_ d R m . Batch Job &) configureMode \/’T onfiguration
rOJ e C WI e e n a I n o 2 = data v DesignSupport
og Dependency Analysis 5 3 > 2T
hmi Visualization
= model Design
% slexPowerWindowCntlCoverage.slx v 2 Test
*& slexPowerWindowCntlCoveragelncrease.shx v 2 Test
%4 slexPowerWindowCntlInteract.slx v 2 Test
*a| slexPowerWindowControl.slx v Design
%4 slexPowerWindowDSPLib.slx v DesignSupport
'3 slexPowerWindowExample.slx v (2 Design
I iePowerlindowPHYSLibih T e
% slexPowerWindowSALib.skx Open Enter DesignSupport
& task Run F9 Convenience
a n d m a n y m O re ' + utilities Show in Explarer Configuration
Rename F2
Delete Delete
Cut Ctrl+X
Copy Ctrl+C
Ctrl+V
Find Dependencies
< e ) Remove from Project
() Labets A Add Shortcut to »
wPHYSLib.slx (Simulink Add Label (il 1 1abets A

Remove Label
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Refactor by consolidating redundant Stateflow chart

> o
bociean)(3) th
- S S
of
+ Fq\ .......
> i
L chstac
» andstop
B ——_ L
Pﬁs&emr

control_2

driverNeutral

[driver(3]] [endstop]
driverDown R [driver[1]]
exit: moveDown = 0;
after(1 )
[driver[1]] 02
7
driverNeutral
entry:
moveUp =
moveDown = (
[driver(3]] [endstop]
driverDown R [driver[1]]
exit: moveDown = 0;
after(1 )
[driver[1]] 102

autoDriverDow

7

Driver and Passenger Controls are identical
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Detecting clones with Clone Detector Ap

*’ﬁ slexPowerWindowExample/power_window_control_system * - Simulink

SIMULATION MODELING S CLONE DETECTOR

—= @ Find Clor S \./ m = .
J ol lones in System & I LL(_-N E L..It El.._ .IU |'C.
View B Find Replace
- Clones Clones v
oy el
W power_window_control_system X slexPowerWindowExample [/
= Replace
+ ) Clones -
Replace Clones
. |” (Create library blocks from dones
Copy model and replace its clones with library links
7]
-
7]

@
e @
» |4
Clone Detection Actions and Results ’
Logs  Map Clone Groups to Library ~ Model Hierarchy 2
Library to place clones:  newlLibraryFile Browse...

Specify special library path for each clone group in the Speify Library Path to Replace Clones
Minimum Difference Maximum Difference

Exact Clone Group 1 2 24 0 0
Exact Clone Group 2 2 24 [} 0
Exact Clone Group 3 2 1 1] 1]
Exact Clone Group 4 2 1 0 0
Similar Clone Group 1 4 17 1 1

newLlibraryFile
newlLibraryFile
newllibraryFile
newLibraryFile

newLibraryFile

111

WI

Ready View diagnostics
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Test Driven Development Cycle

1. Create a test
2. Implement enough for test to pass

3. Refactor

Sativors



Conclusion and key takeaways

Simulink provides an integrated
framework for TDD

Oy

v - j W< A
v = | Systematically verify requirements = B
f - —

Automate testing to deliver working
° systems faster
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Test Driven Development

« Model-Based Design — Simulink and Stateflow

« Manage Requirements — Simulink Requirements

« Author and Execute Tests — Simulink Test

« Measure Test Completeness — Simulink Coverage

« Refactor and Verify Compliance — Simulink Check

« Continuous Integration — MATLAB Plug in for Jenkins
« Organize, Manage and Share — Projects
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Learn more

=  Agile System Development with Model-Based Design

=  Aqgile Model-Based Design: Accelerating Simulink Simulations in Continuous
Inteqration Workflows

= Verification, Validation, and Test Solution Page

= Continuous Integration Solution Page
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https://www.mathworks.com/solutions/agile-development.html
https://www.mathworks.com/company/newsletters/articles/agile-model-based-design-accelerating-simulink-simulations-in-continuous-integration-workflows.html
https://www.mathworks.com/solutions/verification-validation.html
https://www.mathworks.com/solutions/continuous-integration.html

