MATLAB EXPO 2018

Automating Best Practices to

Improve Design Quality
HIC| = sw /L0 Me| Z& =t et

O[ X2 At&f



4\ MathWorks'

Key Takeaways

= Author, manage requirements in Simulink  system Verified & Validated
Requirements
i e sk OB
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mmmmm

= Early verification to find defects sooner E . 9

=  Automate manual verification tasks o Integration
gh Level Testing
Design
«  Workflow that conforms to safety standards | .
Detailed Unit
Design Testing

“Reduce costs and project risk through early
verification, shorten time to market on a certified
system, and deliver high-quality production code that
was first-time right” Michael Schwarz, ITK Engineering
MATLAB EXPO 2018
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Model Based Design Workflow
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Model Based Design Verification Workflow

Review and
Component static analysis Equivalence
and system testing
testing ,*7 TSN TN il PG
’ S +~"_—=_ Equivalence ~q
4 S \ ’ - ~
\ - p2 - ~ . \\
/ ’ s, Checking \
14 Simulink Models V¥ | -
Model used for A
Requirements Executable oroduction code [l G I |
Specification qeneration C/CH+EuE Ty
Generated code
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Challenges with Requirements

Where are Is design and
requirements requirements
iImplemented? consistent?

|

Simulink Models

How are
they tested?

Model used for T

Requirements Executable production code Waiain et
Specification : C/C"";E%zz:%:g"‘g.%}
generation 3

Generated code
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Gap Between Requirements and Design

-

Requirements

MATLAB EXPO 2018

Simulink Models

Executable

Specification

Model used for
production code

generation
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Simulink Requirements

Author

Summary: |Cance| Switch Detection

Description ~ Rationale

2v[u Ve 7 0 B =

If the Cancel switch is pressed, the value of
regDrv should be set to reqMode.Cancel.

.t »

Dashboard image

MATLAB EXPO 2018

[#31: Increment mode "ﬁ

/MPLEMENTS

opMode.Increment

Track

R2017b

Manage
Issue: Destination Changed.
Stored: Revision: 15
Actual: Revision: 18

Clear Issue




Requirements Editor
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(% Requirements Editor

File Edit Display Analysis Report Help
G [ O] =

View: Requirements ~

Search

Index Summary

R

MATLAB EXPO 2018

To create a new requirement set to store requirements, click New
Requirement Set . Save the requirement set to assign a name.

To add a requirement to a requirement set, select the requirement set
and click Add Requirement _<. In the Properties pane, enter details for
the requirement.

To add a child requirement, right-click a requirement and select Add
Child Requirement.

To link a requirement to a block in your model, select the block, then
right-click the requirement and select Link from "object name" (object
type). A link appears in the Links pane.

For information on linking using the Requirements Perspective, see
Getting Started in the documentation.

To view a list of links, select Links from the View dropdown list in the
toolstrip.

Change the source - destination relationship by selecting a link, and
choosing a Type from the dropdown list in the Properties pane.



Import Requirements from External Sources

@

M Rational DOORS /

Import

=3 - FUNCTIONAL-REQUIREMENTSY|

"3.1 - ENABLING-CRUISE-CONTROLY|
Cruise-control-is-enabled-when-the-following-conditions-are-met:1]

Vehicle-speed-is-within-the-target-speed-range-(40km/h—100km/h).q

e - [Key-position-is-ON.
¢ - Gear-position-is-Drive.q
LI Cruise-buttun-is-pushed-while‘the‘cruise-cuntrol-mode-is-disabled.‘ﬂI

Dashboard-imagef]

" 3.2 - DISABLING-CRUISE-CONTROLY]
Cruise-control-is-disabled-when-one-or-more-of the-following-are-met:q

¢ . Key-position-is-set-to-any-other-position-than-ON.q

* - When-thevehicle-is-started.-Cruise-button-is-pushed-while-the-cruise-control-

enabled-or-activated.9]
« - Gear-position-is-not-Drivef|

Dashboard-imageq]

Simulink Requirements Editor
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3 Requirements Editor

HOd

Index
MEcrs_req
v""l
711
v@1.2
v21.2.1
21.2.1.1
21.2.1.2
11.2.2
21.23
va1.3
213.1
21.3.2
2133
11.3.4
21.35
71.3.6
11.3.7
21.3.8
21.39
71.3.10
Z21.3.11
21.3.12
21.4

File Edit Display

Help

-]

View: Requirements -

1D

crs_req
1 Overview

2 System overview

2.1 System inputs

2.1.1 Cruise control buttons
2.1.2 Other inputs

2.2 Cruise control mode indi...
2.3 Cruise control modes

3 Functional Requirements
3.1 Enabling cruise control

3.2 Disabling cruise control
3.3 Activating cruise control
3.4 Deactivating cruise control
3.5 Target Speed Increment
3.6 Target speed decrement
3.7 Successive Target Speed...
3.8 Successive Target Speed...
3.9 Adjusting Target Speed ...
3.10 Resuming cruise control
3.11 Throttle value calculation
3.12 Cruise Control SET Indi...
4 Interface specification

Search

Summary

References to crs_req.docx

Overview This document describes a re¢
System overview

System inputs

Cruise control buttons Five buttons are
Other inputs Current vehicle speed Thi
Cruise control mode indicator Two indi
Cruise control modes There are three 1
Functional Requirements

Enabling cruise control Cruise control i

Disabling cruise control Cruise control |.

Activating cruise control Cruise control
Deactivating cruise control Cruise cont
Target Speed Increment While the cru
Target speed decrement While the cru
Successive Target Speed Increment W
Successive Target Speed Decrement W
Adjusting Target Speed with Accelerats
Resuming cruise control Cruise control
Throttle value calculation The cruise cc
Cruise Control SET Indicator Light Crui
Interface specification

~Properties
Index: 1.3.1
Custom ID: 3.1 Enabling cruise control

Summary: Enabling cruise control Cruise control is enabled when the following conditi...

Description Rationale

3.1 Enabling cruise control

Cruise control is enabled when the following conditions are met:

. Vehicle speed is within the target speed range (40km/h — 100km/h).
. Key position is ON.

. Gear position is Drive.

. Cruisl button is pushed while the cruise control mode is disabled.

Dashboard image

Keywords:
» Revision information:

» Links

4

Show in document

Show in document
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Link Requirements, Designs and Tests

Derives
REQ 3.1 ENABLING CRUISE CONTROL ENABLE SWITCH DETECTION
Cruise control is enabled If the Enable switch is <
pressed ......
o Implemented Verified
e T By By

<\ Test Manager
reqMode.Cruise = 0
q .Crui i
— : o =3 EH e > @
[ewer L — MNew Open Save - Delete Run Stop
- - - Paste - -
FILE | EDIT | RUN
Test Brow
1=t Fail T
=
~= BallDetectionTes
~ [7] Noise reductig|
» N
» [=] Moise redud
D » [=] Moise redud
:‘%ﬂ““ -~ [ Green pixel dg
> » [Z] Green pixcd
“U"I‘tﬂstll‘;ﬂ I
Test Case 0 1

MATLAB EXPO 2018
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Track Implementation and Verification

Requirements - crs_controller

View: |Requirements ¥ | | % g |Zh d E' S

b |h| crs_req_func_spec* — —

EI 1 #1 Driver Switch Request Handling
vIiE 2 #19 Cruise Control Mode
= 21 #20 Disable Cruise Control system
=l 2.2 #24 Operation mode determination
4
Rea EII ‘ T diainustics

Implementation Status Verification Status

- Implemented - Passed
Bl raied

No Result
Missing

Justified

Missing

MATLAB EXPO 2018
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Respond to Change

Original Requirement

If the switch is pressed and the counter reaches 50
then it shall be recognized as a long press of the  tch.

Updated Requirement

If the switch is pressed and the counter reaches 75
then it shall be recognized as a long press of the switch.

>

Implements |
-

Sounter (uint8)
Count:50

counter

4\ MathWorks

= ¢ Implemented by:

L]

P counter

Issue: Destination Changed.

MATLAB EXPO 2018
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Verify Design to Guidelines and Standards

Is it ready
for code
generation?

IS It too
complex?

Is the design
built right?

Review and
static analysis

-y
/’ \\
\ 4 \
Simulink Models
Model used for Ty
Requirements Executable production code Weauiain et
Specification : C/C+ﬁg§§:§§_%%§.
generation '
Generated code

MATLAB EXPO 2018
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Automate verification with static analysis

@ Model Advisor - sidemo_fuelsys
File Edit Run Settings Highlighting Help

%P @S ® And s

> [®] g Model Referencing
» [ G Modeling Physical Systems
> [m] G Modeling Signals and Parameters using Buses
» [J i Modeling Single-Precision Systems
» [[] & Modeling Standards for DO-178C/D0-331
» [m] g Modeling Standards for EN 50128
v [W] g Modeling Standards for IEC 61508
[]2) ~Display configuration management data
G Display model metrics and complexity report
[] @ Check for unconnected objects
v [m] G High-Integrity Systems
~ (W] E& Simulink
@ Check usage of lookup table blocks
[] & Check for inconsistent vector indexing methods
[] &y Check for blocks not recommended for C/C++ production code deployment
0 Check for variant blocks with 'Generate preprocessor conditionals’ active
[ @ Check for root Inparts with missing properties
1) ~Check usage of Math Operations blocks
[[] 2] ~Check usage of Signal Routing blocks
(1) ~Check usage of Logic and Bit Operations blocks
1) ~Check usage of Ports and Subsystems blocks
[[1) ~Check for root Inports with missing range definitions
1] ~Check for root Outports with missing range definitions
> [m] C§ Stateflow
> [ Gl MATLAB
» [ G@ Configuration
» [J & Naming
> [ C@ Requirements
» [ E@ Code
=

Model Advisor Analysis

Check for blocks not
Analysis
Identify blocks not supported by code generation or not recommended for C/C++ production code
deployment.

Run This Check

for C/C++ production code

Result: A\ Warning
Identify blocks not supported by code generation or not recommended for C/C++
production code deployment.

The following blocks are not supported or not recommended for C/C++ production code

deployment:

Block Block Code Recommendation for C/C++
generation | production code deployment
support

.../Intake Manifold/p0  Integrator Yesl.2 No

=0.589 bar

sldemo_fuclsys/Throttle Repeating Yes: No

Command table

Recommended Action

Although Embedded Coder supports these blocks, they are not recommended for C/C-++
produg code deployment. Review the support notes for these blocks and follow the
given advice,

\ Help Apply

Check for:

Simulink Models

Requirements

Executable
Specification

I-u»

Model used for

production code

generation

MATLAB EXPO 2018

Readability and Semantics
Performance and Efficiency
Clones

And more......
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Generate reports for reviews and documentation

(@ Model Advisor - sldemo_fuelsys
File Edit Run Settings Highlighting Help
% P S = A e

> [m] g Model Referencing
> W] & Modeling Physical Systems
> [m] &g Modeling Signals and Parameters using Buses
» [J i Modeling Single-Precision Systems
» [J &2 Modeling Standards for DO-178C/D0O-331
> [®] C@l Modeling Standards for EN 50128
v [W] g Modeling Standards for IEC 61508
[JL) ~Display configuration management data
e Display model metrics and complexity report
[] @ Check for unconnected objects
v [m] G High-Integrity Systems
~ (W] E& Simulink
@ Check usage of lookup table blocks
i\ Check for inconsistent vector indexing methoeds
4\ Check for blocks not recommended for C/C++ production code deployment
O Check for variant blocks with 'Generate preprocessor conditionals’ active
@ Check for root Inports with missing properties
1) ~Check usage of Math Operations blocks
[[] 2] ~Check usage of Signal Routing blocks
(1) ~Check usage of Logic and Bit Operations blocks
1) ~Check usage of Ports and Subsystems blocks
[[1) ~Check for root Inports with missing range definitions
1] ~Check for root Outports with missing range definitions
> [m] C§ Stateflow
> [ Gl MATLAB
» [ @ configuration
» [ Naming
> [ C@ Requirements
» [v] G@ Code
[

Model Advisor Analysis

Check for blocks not
Analysis

Identify blocks not supported by code generation or not recommended for C/C++ production code
deployment.

Run This Check

for C/C++ production code

Result: A\ Waming
Identify blocks not supported by code generation or not recommended for C/C++ ~
production code deployment.
Warning

The following blocks are not supported or not recommended for C/C++ production code
deployment:

Black

Recommendation for C/C/| ¢
production code deploymd | ||

o./Intake Manifold/p0  Integrator  Yesl. 2
=0.589 bar

sldemo_fuclsys/Throttle Repeating Yes® No
Command table

Recommended Action

Although Embedded Coder supports these blocks, they are not recommended for C/C++
production code deployment. Review the support notes for these blocks and follow the
given advice,

\ Help Apply

@ Web Browser - Model Advisor Report for ‘sidemo_fuelsys

R Data Transfer Efficiency

Frequency Response
Estimation
4 Managing Data Store

- =] X
Model Advisor Report for ‘sidemo_fuelsys' il \BOoE0
@ 5 M Location: file//C/De 385 html v
Filter checks Model Advisor Report - sidemo_fuelsys.six .
Simulink version: 9.1 Model version: 1.749
v @ Passed
¢ ©Faied System: sldemo_fuelsys Current run: 11-Mar-2018 13:31:16
) Treat as Referenced Model: off
¥ A Waming
¥ [INotRun Run Summary
Pass Fail Warning Not Run Total
Keywords @203 Qo 4215 L1196 614
Navigation
= By Task
By Task =
1 Code Generation
Efficiency = 1 Code Generation Efficiency @3 Qo A3 113

A\ Check optimization settings

Check for optimizations that can lead to non-optimal code generation and simulation.

Memory Blocks Warning k
5 Managing Library Links
And Variants
- [Parameter | Current Value | Recommended Values
View ff on
Use bitsets for storing Boolean data (DataBitsets off on

Simulink Models

Requirements

Executable

Specification

Model used for
production code

generation

MATLAB EXPO 2018

Model Advisor Reports

| configuration parameters.
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Navigate to Problematic Blocks

Code Recommendation for C/C++
generation production code deployment

support

..../Intake Manifold/p0  Integrator Yesl.2

= (0.589 bar
sldemo_fuelsys/Throttle Repeating Yes3 No
Command table

: Executable »
Requirements H‘ Soeelicaion l- i1

Simulink Models

Model used for
production code
generation

0.41328

RT/Nm
p0 = 0.589 bar

{rad/s)

C2)

N (rad/sec)

n t""'estam
i S A e
d.%02,
s%;‘_"'%‘%

"

+s bstr
bstr St 4‘_1 )

MATLAB EXPO 2018

Generated code
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Guidance Provided to Address Issues or Automatically Correct

— Action

Modify model configuration optimization settings that
can impact safety

Fl'“TDdiﬁf Settings

Result:

. b o memantis
Recommended Action

- _.—\.%‘.
£ seftings f _ action e

Although Embedded Coder supports these blocks, they are not recommended for C/C+ “%‘“f‘esemngt‘f Modify model configuration optimization settings that
. . REMENENG S| can impact safety
production code deployment. Review the support notes for these blocks and follow the gnerat

Eneration set
. . astic settings f i ;
given advice. R | [0 |
<i£ Iterator Result:
__\,'h'on
ﬁ!ocks that ct
galational Op ConditionallyExecuteInputs was set to off

o BooleanDataType was set to on
T EfficientFloat2IntCast was s=t to on
siird Check

Configuration parameters modified: 3

ﬂ A L I'..,.._,. "..‘ M-
Simulink Models

Model used for T S —
T -' Executable 11 » roduction code » SRR ey - T
) Specification P CICTRIR: ) S

Str (st ‘

generation SR

Generated code

MATLAB EXPO 2018
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Built in checks for industry standards and guidelines

DO-178/D0O-331

ISO 26262

IEC 61508

IEC 62304

EN 50128

MISRA C:2012
CERT C, CWE, ISO/IEC TS 17961
MAAB (MathWorks Automotive Advisory Board)

JMAAB (Japan MATLAB Automotive Advisory Board)

Simulink Models

Executable

Requirements Specification

Model used for ww
production code C/Cf.i_f‘gi, Gt l
generation 4

Generated code

MATLAB EXPO 2018
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Configure and customize analysis

v [m] CA My Custom Checks
v [ E& My Company’s Modeling Standards

v & Check state machine type of Stateflow charts

v Q Check safety-related solver settings for simulation time

V] -] ~Check usage of Stateflow constructs

> M I3 My Company's Metrics

[ My Company's Guideline Checks

[C) Modeling Standards for IEC 61508

<

Simulink Models

SenliEE Model used for AR e
Requirements PR » roduction code R *"%"S"mi%éx
b Specification il P : C/C+#: RS
generation |

Generated code

MATLAB EXPO 2018
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Detect Design Errors with Formal Methods

) “} _s;,:ink DesaneiEs nes(‘? ir;julink | FE— = Find run-time desi gn errors:
i Back to summary - Close | | Back to summary - Close results ° |nteger ove I’ﬂOW
antipatternla/Sum antipatternla/Abs
. Overflow VALID Overflow ERROR - View test case ° D e ad Log| C
Derived Ranges: Derived Ranges: s
Outport [-2&7] Outport %-128..127] ¢ DIVISIOI’] by Zero
e \ l  Array out-of-bounds
Ol | * Range violations
Abs — - o2 (T g

e | Relational Outt
1 elationa
threshold ouble  Operator
In2
| Constant

Simulink Models

Model used for T
Requirements Executable oroduction code [l G I |
Specification . C/CHE Sy
generation :

Generated code

MATLAB EXPO 2018
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Prove That Design Meets Requirements

speed

———>
throttle

gear

shift_logic

speed

b4
2

..-I-..

Safety Properties

= Prove design properties

= Model functional and safety requirements

- Generates counter example

Requirements

MATLAB EXPO 2018

Simulink Models

Executable
Specification

Model used for i m
production code C/Cf.i_f‘gz Gt |
generation 3

Generated code
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Checks for standards and guidelines are often performed late

Requirements

MATLAB EXPO 2018

Rework

[ Static

Analysis

|

L)

Simulink Models

Executable
Specification

Model used for
production code

generation

v

oA~ %020 ’m"

amp
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Generated code
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Shift Verification Earlier With Edit-Time Checking

Requirements

MATLAB EXPO 2018

« Highlight violations as you edit

 Fix issues earlier

|

Edit-Tim(j  Avoid rework

Checking

L & |

Simulink Models

Executable
Specification

Model used for
production code

generation

Generated code

&\ MathWorks:
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Assess Quality with Metrics Dashboard

= Consolidated view of metrics

S i Ze METRICS DASHBOARD 9
16 Model 0 MATLAB LOC
C I HevM.mReference...” | 2 1K odels 0 == 0
— O m p Ian Ce Created by: The MathWorks, Inc.  Revision: 1.395 Blocks ) Sostemiiior
Collected on: 7/28/2017,10:52:33 AM 1 Warnings 16 Files 18 stateflow LOC ystem Interface

— Complexity n , -

MODELING GUIDELINE COMPLIANCE ARCHITECTURE
|
o N Library Reuse
47.2% 70.5%
0% 10(
High Integrity MAAB

3168 .
Model Complexity
0 20
& .lil
Blocks E |

40 60 80 100

High Integrity MAAB

Model Advisor Check |
jode lvisor ecK Issues Stateflow LOC .
0 40
Code Analyzer Diagnostic MATEAB EOC 10

MATLAB EXPO 2018 Warnings Wamings
24



Grid Visualization for Metrics

= Visualize Standards Check Compliance

— Find Issues
— ldentify patterns
— See hot spots

Legend:

B Red:  Fail
Orange: Warning
Green: Pass
Gray: Not run

MATLAB EXPO 2018

— ( y
R
Dashboard Table Grid |

VIEW | VISUALIZATIONS |

Model Advisor standards check compliance for MAAB

Metric that counts the percentage of checks that passed for the MAAB Model Advisor standards check grouping.

4\ MathWorks

R2018a

»

Open results in Model Advisor

Checks —
- - ane as as
] a a L] | ] ] ]
Check for mismatches between names of Stateflow ports and associated signals ‘
Status: Failed (] ] (] ]
Component: CiEngineController ‘
- - — a8 a8
8 | | aee ae ae
[42]
8-
c
@
c
Q
(=]
=
(=]
O
s m oem 1T 1 an| -




Functional Testing

IS It
completely
tested?

Is it functioning
correctly?

Does the
design meet
requirements?

el RS AN
¥ \ Simulink Models
1
Executable Model used for A
) . f( %Zd%oz%,,&)\
Requirements Specification production code C/C+ SRR _
generation i

Generated code

MATLAB EXPO 2018
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Systematic Functional Testing

/Test Case ’i Test Harness: basic_inport_outport - Simulink . - » — lg‘ﬂu
File Edit View Display Diagram Simulation Analysis Code Tools Help Assessments
Inputs % - 8 BE-E-@E® b - w r— ‘
N = -
E3 =
MAT file (input) - — MAT file (baselme)
Group 1 R % gea ’H =gc) +| function customCriterial
%”""‘ Signal 1 throttle » Perform custom criteria
1 test.verifyThat{test.sl'
Signal Builder ! MATLAB Unit Test
SE Test Harness

.

Test Sequence

and more!

\
>

3
R2017b |

Excel file (input)

.

)

HT Te«m

Main Model

1
Inpat
3

Test Assessment

and more!

Y

4\ MathWorks

Excel file (baseline)

__R2017b |

MATLAB EXPO 2018
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Manage Testing and Test Results

\ Test Manager

%EEJ&CM ]

G Copy

New Open Save

= @ >l A import
Report Visualize Highlight (+ Export Help
> inliodel -
RESULTS |RESDURCES

[\ startPage x| [5] Slow Accel

4 [5] ComponentTesting
» [ General Performance Test
4 [ Functional and Regression tests

4 [ Signal Builder Baseline examples

(5] Stow Accel
(5] FastAccel
[E] Decel

» ] ExcelDrivenExamples

» [7] Software-in-the-loop Testing

Slow Accel

ComponeniTesting = Functional and Reqression tests = Signal Builder Baseline examples = Slow Accel

Baseline Test

» DESCRIPTION

» REQUIREMENTS

» SYSTEM UNDER TEST

» PARAMETER OVERRIDES

» CALLBACKS

4\ MathWorks:

4\ Test Manager

VISUALIZE FORMAT

I Q Q el
ciear piot | G, 3 [T§) | Datacursors Highiight
- - in Model

EDIT |ZOOM & PAN | MEASURE & TRACE |

[\ statPage x  [5] SlowAccel x| oY Comparison
LIl « & systemTesting » INPUTS
Baseline === Compare To
L » [ ExampleBaselineTesting » QUTPUTS
fourth
» CONFIGURATION SETTINGS OVERRIDES
4 Results : 2015-Jan-12 17:35:31
I ~ BASELINE CRITERIA
L 4[] Signal Builder Baseline examples
third
» v SlowAcelbaselineCheckpointl.mat o * @ Slow Accel L]
I 4 [E] Fast Accal Q
second
| Baseline Crteria Result (=] '
N | qear (] i
¥ throttle [e——] =y
M name Slow Accel .
& vehicle speed — O
Type Baseline Test
Location C\Usersimoneil\Deskto ¥ 74 Sim Output (sf_car - normal) None
Enabled 4 L4 @ Decel (] ] 2 2 6 8 10 12 14 16 18 20 22 24 26 28 a0
Hierarchy Componen{Testing = Fu... )
Mode! S === Tolerance = Difference
Simulation Mode [Model Settings] 1.0
Harness Name SigBdriven I
0.8 1 1 1
—
Name JE I I I
Status
0.4 1 1 1
Absalute Tolerance 0
Relative Tolerance 0.00 %
Block Path SigBdriven/shift_logic 1= | | |
!
MATLAB EXPO 2018 meeeeee— e
e ——

Send to Figure

SHARE
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Coverage Analysis to Measure Testing

Simulink = |dentify testing gaps

= Missing requirements

}"'—DOWNLZ’ F oo \gm——] —— = Unintended Functionality

o G€NeErated Code | goan
L L AR Location: :/slcov_output/shvnvdemo_counter/slvnvdemo_counter_slvnv
P Coverage: sf_car i g
48 rtb_inputGElower = (Xfh_input >= slvnvdemo_counter U.lower) ; .
| o i g e = Design Errors
—21 Transition "UP" from "third - * ZImporc: '<Socor>/ upper!
J N
UP was never true.
Decisions analyzed: Summary
 ({+Lomrdomn sousber_ o vepes 3= vt Lngen) 55 o Inewiibloms) 300 Coverage Reports
[speed < up_th] false 51/51 Model Hierarchy/Complexity Testl
Relational Saturation on
true 0/51 Decision Condition MCDC Execution integer
Boundary
- overflow
e 1. sldemo_fuelsys 80 34% wm 34% wem 7% = 90% wee—— 10% w 50%  w—
Conditions analyzed:
2....Engine Gas Dynamics 13 71% wesmmes NA NA 100% v 50% w—— 50%  —
Trosxigtion: Trme ) Nalos - SR Mixing & Combustion 3 67% mmmmmes NA NA 100% mm—NA 50%
slvnvdemo_counter_U.upper >= rtb_input | 5l 0 . EGO Sensor 2 100°% s——— N NA NA NA NA
rtb_inputSElower 51 0 . S SvstemLag NA NA NA 100% we——— NA NA
P Throttle & Manifold 10 73% wessmmes NA NA 100% e 50% — 50%  m—
Tocoanaan Intake Manifold 2 100% we————— NA NA 100% we——— NA 50%  w—
MC/DC analysis (combinations in parentheses did not occur) i o i
True False lsf.u.“t """"" wlieoas 2 100% wo—— NA NA NA NA NA
decision outcomes: nction
. O Throttle 6 83% wemmm—m NA NA 100% e 100°: —— 50% —

MATLAB EXPO 2018
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Test Case Generation for Functional Testing

= Specify functional test objectives
— Define custom objectives that signals must satisfy in test cases

= Specify functional test conditions
— Define constraints on signal values to constrain test generator

true

» » Edge
Test Objective D 1 — |
2 in »

0.1 2 .-*\ True
®— in Dx‘“ ou N ;
raw tD t { deﬁcp”

1 "—|
T debounce .
" “@ | «— Test Objective

Test Condition Masked Objective

MATLAB EXPO 2018
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Static Code Analysis

IS integrated
code free of

Is interface between

Is the code generated and other
compliant run-time code fully tested?
to MISRA? errors?

Other__code

A0 %03 R e
-y

Simulink Models

Model used for

Executable : irs "?Siu‘:@f;f%gl,::zﬁw
production code C/C+§|§‘§)§g§§‘§?‘g-l
generation l LK

Requirements Specification

1
|
| Generated code
|

The Generated Code is integrated

MATLAB EXPO 2018 with Other Code (Handwritten)
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Static Code Analysis with Polyspace

static void pointer arithmetic (void) {

. int array[100];
Green: reliable int *p — array;

= Code metrics and standards sfepaineraccess | &

— Comment density, cyclomatic complexity,... Red: faulty \&;‘—i > 120900 1) ¢

— MISRA and Cybersecurity standards . \ B bl ot Lo
assignment o n c e

— Support for DO-178, ISO 26262, .... Gray: de - |

unreachable

. . . Orange:
- Bug finding and code proving neybeos MATLAB EXPO 2018
conditions
— Check data and control flow of software AL B8 ZAE 93t
- YX IS HS 28 Yo
— Detect bugs and security vulnerabilities Purple: y 1oz0-16:50
. MISRA-C/C  gg=zax
— Prove absence of runtime errors code rules
Range data 17
tool tip

Results from Polyspace Code Prover

MATLAB EXPO 2018
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Equivalence Testing

Requirements

MATLAB EXPO 2018

Is the code
functionally
equivalent to

model?

Simulink Models

Executable
Specification

Model used for
production code

generation

R R
R |
T g&OZd %oz% " Raade
StUe
C/ C+ ut R %
a)

Generated code

Is all the
code tested?

4\ MathWorks
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Equivalence Testing

= Software in the Loop (SIL)
— Show functional equivalence, model to code
— Execute on desktop / laptop computer

= Processor in the Loop (PIL)
— Numerical equivalence, model to target code
— Execute on target board

4\ MathWorks

= Re-use tests developed for model to test code

= Collect code coverage

Requirements

Simulink Models

MATLAB EXPO 2018

Executable
Specification

Model used for
production code

generation

‘J-L

Desktop
Computer
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Summary

1. Author and manage requirements within Simulink
2. FInd defects earlier
3.  Automate manual verification tasks

4. Reference workflow that conforms to safety standards

Component Revllew and | Equivalence
and system static analysis testing
. on T N -— —
testing ,* S 7N " _ T =ao
/7 KN \'4 \ " -==< Equivalence Sso
4 \ ,” ’ N checking “\
14 Simulink Models 1 :
Model used for T
Requirements Executable production code Wellasicnia i
Specification qeneration C/CHEiaty

Generated code
MATLAB EXPO 2018
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Customer References and Applications

Airbus Helicopters Accelerates Development of DO-178B Certified Software
with Model-Based Design

Software testing time cut by two-thirds

LS Automotive Reduces Development Time for Automotive Component
Software with Model-Based Design

Specification errors detected early

Continental Develops Electronically Controlled Air Suspension for Heavy-
Duty Trucks

Verification time cut by up to 50 percent

More User Stories: www.mathworks.com/company/user stories.html
MATLAB EXPO 2018
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&\ MathWorks:

Learn More

Visit MathWorks Verification, Validation and Test Solution Page:
https://kr.mathworks.com/solutions/verification-validation.html

J\Math\/\/orks Products Solutions Academia Support Community Events

§ Trial software

Verify and validate embedded systems
using Model-Based Design

Engineering teams use Model-Based Design with MATLAB® and Simulink® to verify and
validate embedded systems. Teams author requirements directly in their models and can
then use those models to generate production code for certification

« Author requirements in your model, and verify and trace them to the design, tests, and
code

« Prove that your design meets requirements, and automatically generate tests

+ Check compliance of models and code using static analysis and formal methods

« Find bugs, security vulnerabilities, and prove the absence of critical run-time errors

« Produce reports and artifacts, and certify to standards (such as DO-178 and ISO
26262)

MATLAB EXPO 2018
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