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Tooling and approaches must address today’s challenges and trends

Aerospace and Defense Automotive Communications

Complex multi-domain systems, software-defined and autonomous, Comms infrastructure, plus all types of
model-based and data-driven connected systems across industries

Software and Internet

Big Data, Agile, DevOps,
integration with IT systems

Railway Systems Energy Production Electronics

Modernization, often on legacy platforms, Wide range of compute platforms,
becoming data-centric for optimization and maintenance many kinds of HW/SW integration

- \

Financial Services

Process Industries Industrial Machinery Semiconductors
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There are three key

pieces to

Modeling &

Simulation

Model-Based Design

Test &

Verification
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In Model-Based Design, a system model is at the center of the

workflow /\

Modeling & Te_st &
Simulation Verification

Code
Generation
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Traditional Model Based Design Development
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Scaling Development To Address Complexity

Cloud-DevOps Embedded

Desktop
Verify & Deploy Software
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Make Modeling and Simulation Easier

Enable Engineers
at Any Level to
Model and Simulate
Any System




Powerful Interfaces to Explore Behavior
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Why Use Model-Based Design for Embedded System Development?

Trend of the last 30 years

Mechanical Mechanical

Embedded
Software

Embedded
Software

Electrical &

Electronics Create new
REVENUE OPPORTUNITIES

Electrical &
Electronics

40%

Customer demand for
TAILORED PRODUCT

39%

A way to ACCELERATE
TIME TO MARKET

25%

31%

MathWorks customers tell us that developing embedded software has

become a major portion of the product design effort Create VALUE-ADDED

CUSTOMER EXPERIENCES

COMPETITIVELY
DIFFERENTIATE products

21%

B Pct of all respondents




Relative Cost to Fix Error Detected During Product Development Phase

70 | | | | |

40—

I Invalid Requirements
Start Here

Requirements Design Coding Testing Deployment

Data gathered by Hewlett Packard referred by XB in 2017
https://xbsoftware.com/blog/why-should-testing-start-early-software-project-development/
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Quantifiable benefits of Model-Based Design

(ontinental &
Model-Based Design enabled
Continental to verify our design in-
vehicle earlier, eliminating six months
of hardware development and one
prototype build. Verification time
was cut by up to 50 percent. 90
percent of application automatically
coded.

Thomas Ehl, Continental

> TOYOTA

Let's Go Places
“Front-loaded development with
Model-Based Design enables us to
shorten development cycles and
minimize rework, which allows us
to deliver products earlier than our
competitors.”
Dr. Hisahiro Ito, Asst. GM.

£
‘ RESEARCH ’ LREQUIREMENTS "
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DESIGN

Environment Models
Physical Components

Algorithms

\V

P \/
IMPLEMENTATION

C, C++ VHDL, Verilog

MCU = DSP FPGA || ASIC

SPICE

Analog
Hardware

<

P \ A

INTEGRATION

NOILYOIdIH3A ® 1S3L

System models reused across 54 products
worldwide. “Once we had moved to Model-
Based Design, we were able to use the same
core system in many different vehicles by
simply calibrating parameters such as the
vehicle dimensions and then re-generating
production code.”

Johan Hédgnander, GM Engineering Europe

“We use our system design model in
Simulink for ARP4754 to establish stable,
objective requirements. We save time by
using the model as the basis for our
software design model for DO-178—
from which we generate flight code—
and reusing validation tests for software
verification.”

Ronald Blanrue, Airbus Helicopters
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Development Processes for High-Integrity Applications

= High integrity applications development follows standards and
guidelines

« Standards and Guidelines have objectives for development process
activities

— Impose additional constraints on development
— Require creation of additional artifacts
— Require more thorough verification, validation and testing activities

- Standards and Guidelines require evidence that the objectives were
met to certify: compliance demonstration
[ DO 178C

IEC 61508

Functional Safety
Industrial
Automation
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Systems Analysis
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High Integrity Verification Workflow
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Requirements Traceability and Analysis

#31: Increment mode

)

Implemented Verified

-
-
-
4

g

opMode.Increment ~

___| Implemented: 16, Justified: 0, Mone: 2, Total: 18

Where are requirements implemented?
Is design and requirements consistent?
How are they tested?

MATLAB EXF

18



Why traceability matters...

Ensure application is complete, fully tested, and meets
customer requirements

Understand the impact of requirement changes to
implementation and test (i.e. “Digital Thread”)

Required to meet certification standards such as:
— 1SO 26262, ASPICE for Auto

Gy
— DO-178C for Aerospace
+ [ef — |EC 62304 in Medical

— Many others....

MATI

19
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Author, link, and validate requirements for designs and tests

/

4

Requirements Toolbox

External
Requirements

Import / Export Author / Model Analyze

.doc xls
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— A . If the Cancel switch is pressed, the value of I = =
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Work with DOORS requirements within System Composer,
or Stateflow with Requirements Perspective

’i HelicopterSystem * - Simulink

SIMULATION

MODELING

E‘}: A Import | 2% Highlight Links @) <

Save All | Requirements New 3 Open |E Layout ~ Check Share
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FILE EDIT REQUIREMENT SET VISUALIZE ANALYZE SHARE ry
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v
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Requirement: SYS-5

Details

¥ Properties

e
Index: 131

Custom ID: SYS-5
Summary: Pilot Input Signals

Description Rationale

The flight control system shall process three LVDT inputs from the
pilot cockpit controls. including fore/aft cyclic position, left/right
cyclic position and pedal left/right position.

Keywords:
P Revision information:
oo sossmes] [ umoac |
» Custom Attributes
¥ Links

B ¢ Implemented by:
3 pilot Inputs

» Comments

VariableStepAuto

MATLAB EXF

Simulink
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Model-Based Systems Engineering

'System/Software
Architecture
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Model-Based Systems Engineering
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Model-Based Systems Engineering
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Model-Based Systems Engineering

SIMULATION
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MATLAB EXF
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Model-Based Systems Engineering

= Architecture Models

= Profiles, stereotypes, properties

- Allocate requirements

= Views to focus on relevant parts

« Perform Analysis
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Compliance to Standards and Guidelines

static analysis
Caminl S

V \

1
‘ Model mIil » Implc-';wn:)zr;tlatlon

~ [m] [ High-Integrity Systems
~ (W] [ Simulink
& Check usage of While Iterator blocks

'0. Simulink Design Verifier Restrﬂ. Simulink Design Verifier Results

@ Check usage of For and While lterator subsystems  |[= =2 ;*ﬁ — -

Back to summary - Close | | Back to summary - Close results
A& Check for blocks not recommended for C/C++ produ (I antipatternla/Sum antipatternla/Abs
@ Check for inconsistent vector indexing methods | Overfiow VALID Overfiow ERROR- View test case
& Check usage of variapt hlncke Derived Ranges: Derived Ranges:
Q Check usage of looku utport  [-128..127] Outport 1/[-128..127]

Usage of disapproved block N ]
n int8
n In1

<= |boolean &b
xz - | pe  Relational Out1
4’. 1; In2 threshold oudle  Operator

Is the design built right?
Is it too complex?
Is it ready for code generation?
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Automate verification with static analysis

MODEL ADVISOR

i >
Open Run
- Checks

FILE RESOLVE

Check Selector

| standards

MATLAB E

Verify compliance with modeling guidelin
—Tips

To enable or disable a check, select or clear the cheq

|~ [®] w Model Advisor

~ [m] [ By Product
v+ [ ][] Embedded Coder
~ [] [T] Simulink Check
~ [] (5] Modeling Standards
» (0] DO-178C/ID0-331 Checks
v [#] (0] IEC 61508, IEC 62304, 150 26262, 1SO 25118, EN 50128 and EN 50857 Checks
v [#] (] MAB Checks
v [#] (2] IMAAB Checks
~ [m] [ By Task

- [m]| |"_=| Modeling Standards for MISRA C:2012

b |§| [3] Modeling Standards for Secure Coding (CERT C, CWE, ISO/EC TS 17961)

- |§| [3] Modeling Standards for DO-178C/D0-331

~ [m] [5] Modeling Standards for DO-254

- [ |"_=| Modeling Standards for IEC 61508

- |§| [3] Modeling Standards for IEC 62304

- |§| [3] Modeling Standards for IS0 26262

~ [m] [3] Modeling Standards for ISO 25118

- [ |"_=| Modeling Standards for EN 50128/EN 50657

~ [m] [T] Modeling Standards for MAB

- |§| [3] Modeling Standards for JMAAB

| To enable or disable all checks within a folder, right-c
To run checks, select a folder or check in the left pan
For a list of all possible actions, right-click an object |

—Check Types

E] Edit-time check support
Bk Check triggers update diagram on model
[ZL__Check trignars an exfensive analysis of model

Result Statuses

MNot Run

Q [

Check for:
» Readability and Semantics

Performance and Efficiency

Design Errors

Clones

And more......

Generate reports for audits

Model Advisor

FPassed
b Justified
A Waming
Failed
& Incomplete
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Guidance Provided to Address Issues or Automatically Correct

Check safety-related diagnostic settings for solvers
Check ID: mathworks.hism.hisl_0043
hisl_0043: Solver
Check diagnostic settings in the model configuration that apply to solvers and
might impact safety.
Summary
Status: 4§ Warning

|
Bl Warmning (4)

Report Result Details
Check diagnostic seftings in the model configuration that apply to solvers and might im|
safety.

Warning
The model configuration parameters are not set to the recommended values specified i
data file.

RecommendSa
Values ]

Action Report x

The following model configuration parameters have been modified as specified in the data file:

Algebraic loop (AlgebraicLoopMsg) warning efror
Minimize algebraic loop (ArtificialAlgebraicLoophsg) warning efror
Block priority viclation (ElockPriority ViolationMsg) warning efror
Automatic solver parameter selection (SolverPrmCheckMsg) none efror

W Parameter Current
Value
Warning Algebraic loop (AlgebraicloopMsg) warning error
Warning Minimize algebraic loop warning ermror
[ArtificialAlgebraicL oopMsg)
Warning Elock priority viclation warning error
(BlockPriorityViolationMsg)
Warning Automatic solver parameter selection none error

(SolverPrmCheckMsg)

Recommended Action
Follow the links in the result table to modify the model configuration parameters.

Check safety-related diagnostic settings for solvers
Check ID: mathworks.hism_hisl_0043
hisl_0043: Solver
Check diagnostic settings in the model configuration that apply to solvers and
might impact safety.
Summary

Status: @ Passed

Report Result Details

Check diagnostic settings in the model configuration that apply to solvers and might impact
safety.

Passed
All constraints on model configuration parameters have been met.

ot Pernete Vo
Value Values

Pass  Algebraic loop (AlgebraicLoophsg) error error

Pass  Minimize algebraic loop error error
[ArtificialAlgebraicl oopMsg)

Pass  Block priority viclation error error
(BlockPriorityViolationMsg})

Pass  Automatic solver paramester selection error error
(SolverPrmCheckMsg)

Pass  State name clash (StateMameClashWarn) warning warning
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Shift Verification Earlier With Edit-Time Checking

Highlight violations as you edit

Fix Issues earlier

Avoid rework

MATLAE

B,

o>

Mu

1/s

——o— P 1/s

Author and customize edit-time checks

Requirements

)

Edit-Time
Checking

Requirements
Model

Implementation
Model

C/cl‘:e;zﬁ f_%

Generated code
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Assess Quality with Metrics Dashboard

4\ Metrics Dashboard

;“ @ l/> é> Show:

Consolidated view of
metrics

« Size

« Compliance

« Complexity

|dentify where issues
may be

Open Options Mon-Compile All Metrics rJ.e.|| - |
- - Metrics : g
FILE RUN THRESHOLDS

MATLAB B

- O s

SIZE
sldemo_fuelsys

Created by: The MathWorks, Inc.  Revision: 4.3 211
Collected on: 1/14/2022, 3:24:54 PM

Blocks
MODELING GUIDELINE COMPLIANCE ARCHITECTURE
Actual Reuse
r \ , Potential Reuse
- -
87.6% 65.3%
High Integrity MAB
O
Model Complexity
190
Blocks
> »
High Integrity MAAB
Model Advisor Check Issues
Stateflow LOC
Code Aljlalyzer Diagnpstic MATLAB LOC
Warnings Warnings

1 Models

3 Files

8 MATLAB LOC

50 stateflow LOC

LSD—Up

System Interface
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Detect Design Errors with Formal Methods

41 Simulink Design Verifier Resy

'@\ Simulink Design Verifier Results

o>

Back to summary - Close
antipatternla/Sum
Overflow VALID

Derived Ranges:
Outport [-128..127]

. by

EEp=Y
Back to summary - Close results
antipatternla/Abs

Overflow ERROR - View test case

Derived

anges:
Outport 1/[-128..127]

|

L
GO \
In1

¢

intg

S

£=

boolean

In2

intg
* P ul
Abs
=

threshold

Constant

Relational
uble  Operator

MATLAB B>

Find run-time design errors:
* Integer overflow

« Dead Logic

 Division by zero

 Array out-of-bounds

« Range violations

Generate counter example to
reproduce error



MATLAE

Prove That Designh Meets Requirements

= Prove design properties using
formal requirement models

= Model functional and safety
requirements

C)y q
speed
speed
gear
2
throttle
throttle
shift_logic
—P|gear
r

—p|speed

gear

- Generates counter example for
analysis and debugging

Checks that design meets requirements
 Gear 2 always engages when speed =2 5 and < 25

Safety Properties

»+ Gear 2 never engages when speed < 5 or > 25

— Expected behavior of design

—— Behavior that design should not exhibit



MATLAB EX

Reviews, Static Analysis and Formal Verification at the Model Level

Standards & _
Guidelines Checks Model Metrics

* Automate compliance
to standards

* Customize checks

* Find and fix compliance
issues while you design
with Edit Time Checking

[ Modeling Standards for DO-178C/D0-331
[E| MOdenﬂg St___l____l_ Lo R FAd = h

[ Modeling St
= Modeling St
= Modeling St

= Modeling St

0

X2

Design Error Property
Detection Proving
- Analyze complexity, Uncover hard to find dead Prove design meets
size, reusability logic and design flaws requirements
‘ASSESS dESIgn quallty 4\ Simulink Design Verifier Res{  Simulink Design Verifer Results = 8] %) henaver Int @5 ACTIVE, then In2 shall become INACTIVE after a delay of 5 steps.

Y] B v
l Back to summary - Qgs;d Back to summary - Close resuks
! antipatternla/Sum || antipatternla/Abs
Overflow VALID Overfiow ERROR - View test case

Derived Ranges: \
Outport 1/[-128..127]

METRICS DASHBOARD

MODELING GUIDELINE COMPLIANCE

\ . Close results
X Property proving completed normally.
47.2% 70.50/0 1/1 objective is proven valid.
High Integrity MAAB Results:
obstacle
Ready 4% T0M  [FoedtepDiscete Endst op G 5
——P Act_DownCmc

Requirement 1
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MATLAB BEXP

Component Review and
and system i i
static analysis

ST ———
testing _--=""""  "TTS~o
e \\ Comimt S

,
e TTENS \
\4 5

Systematic Functional Testing j

Requirements Model

2
F |
e MAIN MODEL
e Tt aaff,
— } }
INPUT
INPUTS TEST HARNESS

Does the design meet requirements?
Is it functioning correctly?
Is it completely tested?



Typical Functional Testing Workflow in Model Based Design

Functional requirements

Create test inpuE or
import external test data

Add run-time
verifications

Add expected outputs
and acceptance criteria

Set coverage criteria

Run tests

Y- Collect
coverage
N
Analyze dependencies
Refine model
| Add t§5t5
Refine requirements :

Report
results

MATLAB BEXlPO
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MATLAI

Systematic Functional Testing with Simulink Test
ﬂl_

est Case

Model Sim through SIL, PIL and HIL A
Scale with Parallel Computing Toolbox and Continuous Integration

qnputs /Assessments

x . 5 x
a wecere roaun T - D 0 s
- . 1 E & Ohech Hamess B ,= &
) A .
- - = A ‘\ L

Data. flle (Input) @ vehicle =|-| vehicle := E
speed speed speed . = »{ : )
cenario ,U E.. E gear
Signal 1 throttle E H

Signal spec.
and routing

Data file baseline)

I1
:npgt/

shift_logic

Signal spec.
FETTCCLI LI LLLL ’

and routing

Signal Editor

P

Test Harness ¢

Test Assessment
Temporal Assessment
MATLAB COde I ngine RPM Ne =4
............. :r i L « function customCriteria
2 ssmgUJZ”"T o —E* 13 E r ransmissio o » Perform custom criterj
D\' . H H Egear ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ peed 1 test.verifyThat{t‘il
tD | : 4/
b - s . MATLAB Code
_an s an > I
Stateﬂ ow input maneuver vsph
: |
- N nd morel Main Model S e

/
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Simulink Test

Test Test Test

Harnesses Manager

Authoring

= Specify test inputs, expected » |solate Component Under Test = Author, manage, organize tests
outputs, and tolerances = Synchronized, simulation test = Execute simulation, equivalence
= Construct complex test environment and baseline tests
sequences and assessments = Review, export, report

*& DoubleSTdriven/Test Sequencel - Test Sequence Editor ===
H¢EBes » A @-

Data Symools step Transition Next step
- ini_step 1 afer (2, sec
q Speed e speed = rarp () i
hrottie = ramp (1).

[
— pigexr | 2 Tm ‘

wrotte
3 rottle

Ted Sequence Constant

i o E = ey : n
ohe et o selact an N\ ] . e
Scenario — - Component
} under test - = S Test Browser

@ Signal 1 :
T newReport Spot - Reader
Expected Behavior e v-e-?mw:‘u::: . s T
true I;‘? &= ®) (1] s8] =) [7ax]-]]| [ = |
Signal Editor TR'G‘:EI" - _
alse — =
i 10.02105 i Report Generated by Test Manager Test ReSU'tS
e £ 5,
At trigger-min-time L&D e
- 4\ - nef——— gea itle: LandingGearControl-Regression Tests B O O O ) L
RESPONSE Author: - Jessica Jonen
false Sa‘r?gz:‘oizﬁ;
1.5 12.012513.0 135 Test Envi lm
Temporal Assessments AT R
Time-Series Data Test Harness




Test Sequence Block: Step-based and temporal test sequences

»{( ]
N[
1 Tset Tset
2 control_out
3 om_in Troom_in
Controller

control

out

MATLAB EXF

Test Sequence Block

control_out

1
Tset| 2
3

Troom_in

ssc_house_heating_system_1_Harness1/Test Sequence - Test

B o
Symbols

Input

1.1 control_out

Output
1. &) Tset
2.1 Troom_in
Local
Constant
Parameter

Data Store Memory

Step Hierarchy
Initialize
Cold_Outside
Hot_Outside

B e @8 4 ©®

Step

Initialize

%% Initialize data inputs.
Tset = 23;

Troom_in = 23;

Cold_Outside
%% Check heating mode
Troom_in = 23 - ramp(et*0.2);

: Hot_Outside

%% Check cooling mode
Troom_in = 23 + ramp(et*0.2);

Return_ldle
%% Return to idle mode
Troom_in = Troom_in-ramp(et*0.2);

End
Troom_in = 22

P>

Transition

1. true

1. Troom_in <= 15

1. Troom_in >= 27

1. Troom_in <= 22

Next Step
Cold_Outside

Hot_Outside

Return_Idle

End
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MATLAB BEXlPO

— a
@] kdle]  Propertes 2
Search Type: }F\Jncbonal—'
Index D Su ary Implemented Verified Tidex: 234
v [% BMS_Requirements -J[ ) Qs I‘”CS I
> Import1 B... References to BMS_Requireme... -:]( ] Summary: |Under Voltage Fault I
v (Eij StateMachine_Requirem... m[ ] Description Rationale
& 1 #.. Overview G ) o~ s z v @|[== =
W 2 57 fopts -( ) In this state set:
> B 3 #... Outputs Gl ( ) - FaultPresent = true
v B4 #... State Machine Architecture -j ( ) = e oukUndenvolt =34
> B 41 #... BMS State and Charging Mode ... _( )
v B 42 #... BMS Fault Monitoring G )
B 421 #... Current Limitation G ( )
> B 422 #.. Temperature Fault -( )
v E 423 #... Voitage Faut [ I | )
. | —
> B 4232 #.. No Voltage Fauit State [ N ) P
B 4233 #... Over Voltage Fault -[ )
B 4234  #. Under Voltage Faut G ( ) et e
B 4235 #... Sensor Fault G ( ) ¥ Links
> B 43 #... Charger Contactors Management ' ][ ] E ¢ Implemented by:
> B a4 #... Inverter Contactors Management I )( ] (3 UnderVoltageFault
> @5 #... Justifications = ¢ Verified by:
z lteration9 '?J
= Merationg @
R
v
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MATLAB EX

4\ Test Manager

- X

TESTS

Results and Artifacts

IFiIter results by name or tags, e.g. tags: test | [g | ¥

NAME

» Results: 2020-Apr-26 10:19:25 9@ 29 -

v Results: 2020-Apr-26 10:40:10 Me
v |5 State_Machine_Hamess_SignalB 11 &

v

[Z] lteration1
» [1] lteration10
» [1] Iteration11
» [1] lteration2
» [1] lteration3
» [1] lterationd
» [1] lteration5
» [1] lteration6
» [1] lteration7
» [1] lteration8
» [I] lteration9

PROPERTY
Name

Status

Start Time

End Time

Type

Test File Location
Test Case Definition

Tags

o

O 00000 O0DO0O0O0OO0

VALUE

[£) state_Machine_Harn...
10

04/26/2020 10:40:18
04/26/2020 10:41:12
Simulation Test
C:\ML_WORKSPACE\de..
.

Results: 2020-Apr-26 10:40:10 »  [H} Start Page x  [;| Assessment Result
v SUMMARY

Name Results: 2020-Apr-26 10:40:10
Outcome e

Start Time 04/26/2020 10:40:18

End Time 04/26/2020 10:41:12

Type Result Set

v AGGREGATED COVERAGE RESULTS

Create a coverage report from coverage results to justify or exclude missing coverage. The filters and updated coverage values will be displayed with
this result.

ANALYZED MODEL REPORT COMPLEXI DECISION CONDITION +
I State_Machine & 101 87% — % 90%  e— 73% — B
>

= . . + Add Tests for Missing Coverage A Export
|| Scope coverage results to linked requirements

v COVERAGE FILTERS

NAME

There are no coverage filter files applied
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MATLAB E

Simulink Coverage

\Y[eYe[=] Generated Code

Coverage Coverage

» Measure test completeness *Find untested generated code

* ldentify missing tests or * Map results from code to
unintended functionality model object

' enable
= , <y 2%
x w1 )
N | —/_ Out brake
e

Saturation

Copyright 1920-2006 The Math'Waorks Inc.

h
Active | i
— ctive last ste
Decisions analyzed e

Highlighting and

Reporting

*View coverage results on diagrams

« Manage coverage results in
Simulink Test Manager

"~ Combined Integration and Unit T...

~ =1 slcovTestTraceabilityExample
+ ) Combined Integration and Unit Tests
v 7] Integration Tests
» [4) Switches Integration Test - In Range
» [4] Switches Integration Test - Out of Range

» (73 Unit Tests
» [4] Switch2 Unit Test - In Range
» (4] Switch2 Unit Test - Out of Range

~ &
00500 sin0 o

input == lower limit 50% | |
Coverage Details
07 -
s¢ e 45 localDki->UnitDelayl DSTATE = (rtu_enable !rtu_brake)
fal - 1D itDelayl DSTATE = (rtu_enable && (!rtu_brake)
(=== S8 88 (rtu_set || localDW->UnitDelayl DSTATE));
true 7 e
. - . - Constant: '<51>
input > upper limit 100% 54 * Unitbelay: '<S
false 7159 56  rtb_Sum = localDW->UnitDelay DSTATE + 1.0;
true | 5250 |
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Addressing Missing Coverage

Step 1

Step 2

Step 3

( . N\
Functional

Tests

\

Design
Model

N

{ Coverage Analysis

)

MATLAB BEXlPO

o\IEI-:CHl Partial Coverage

)

Report (less than 100%)

Test Generator

(Simulink Design Verifier)

Additional
Tests

I

{ Coverage Analysis

)

)

C;\e/e:)ar%e Full Coverage
P (100%)
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MATLA

Automatically Address Missing Coverage

Generate additional tests automatically using Simulink Design Verifier from
within the Test Manager to increase coverage

= View coverage results in the Test Manager for existing tests

= Select coverage results and click Add Tests for Missing Coverage

I simulinkCruiseAddRegExample A 31 50% === 41% wm 25% m

Add Tests for Missing Coverage 4 Ejport

44



MATI

Demo: Generate Tests for Coverage from Test Manager

New Open Save Deiete Run Slop Debug  Parallel Rep Visualize Exp Preferences
- - - Past - - -

FILE EDIT RUN RESULTS ENVIRONMENT |RESOURCES Iy

» [=] RollReiTest®

| 3 Basic Design Test Cases

- Logged Data and Coverage
|E] RollReference Timeseries Input
b

Name Logged Data and Cove.
Location C:\Program Files\MATLAB!
Hierarchy RollRefTest » Logged Data
Enabled L

Tags
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Simulink Test Manager — Integrates MathWorks V&V tools

Simulink B
v RequiremantSet o (o eq u I re e n ag Open Options Collect
FLE REQUREMENT SE7 REQUIREMENTS UNKS - Artifacts | Results =
PROJECT ARTIFACTS | METRICS Y
ARTIFACTS Q db DriverSwRequest x o
21 Dever Swich Requast Handing Containes ] [ — ) ‘ o | S
i1 7] Saetch precedence Functionsl lnter | — 4 -
o — ~— | db_DriverSwRequest
4 ety Name Last updated: 12/21/2020, 11:36:35 AM  Updated by: amasiphe ality
TESTS
G = - w =) Dashboard Demo for a Crui...
_fﬂﬂmﬁi;‘@wbbulm E A _
New Open Sae 7' Dee TestSpec Run Runwith Sioo Pkl Feoort Viswalae Hoilghi | » db_ControlMade TEST CASE ANALYSIS
v v v [Efs= v Repot v Stepper - n Model _ )
e or an sesus ~ [E5] db_DriverSwRequest ) ) ) )
) ) Requirements Linked To Tests Tests Linked to Requirements Test Case Breakdown
(RSO W surrage | ~ 5 Functional Requi...
ACC_ISO_CurveTest » % db_req.siregx Tests by Type
LaneFollowingTestScenarios » Scenarios » ACC_150_CurveTest ’ m db_req_func_sm — TJ’EE T’ES( wases
[ ACC_IS0_TargetDiscriminationTest - Simulation 8
Baseline Tes
8] Acc_Is0_AutoRetargetTest ﬁ:z;:;l e fom Exian Fle ' L?f Design 1 2 1 Equivalence 0
gmc,lso,wmm » DESCRIPTION* - D‘ﬁ:‘r e ase 42 90/0 Unlinked 87 5% Unlinked Baseli 0
5] ACC_StopnGo - - aseline
q . L4 db_DrverSwRequest... . . . .
Bl LrAce DoutieCune DecaTaret ! REQURENENTE | =7 oo = Requirements with Tests Tests with Requirements
[£] LFACG_DoubleCurve_AutoRetarget » SYSTEM UNDER TEST* » D'?j Test Results 2
E LFACC_DoubleCurve_StopnGo » PARAMETER OVERRIDES 1 5 db TargetSpeedThr Tests with Tag
E] LFACC_Curve_Cutinut | — = Tag Test Cases
- CALLBACKS* . .
) LPAGC, Care_Cutn0u_ToaGlss :wPUTs » 5 Untraced @ Tests per Requirement o[ Ml 12 Requirements per Test o[l 5 2 Dvlt 3
» SIMULATION OUTPUTS | 2_Under_revew 2
~ BASELINE CRITERIA" | * — 2 3 =3 ) — 2 3 =3 3_Reviewed 2
Include baseline data i testresul TEST CASES REQUIREMENTS 4_Released 3
SIGNAL NAME
v  baseling1
| colision
/| drver_set velocty TEST RESULT ANALY SIS
+| ego_acceleration
: 5'“””“'3::‘“ Model Test Status Model Coverage W Achieved M Justified
ego_veloc
| lateral_geviaton 4 100% -
PROPERTY VALUE | 1 0 80%
Name :H ACC_ISO_CurveTest +LOGICAL AND TEMPORAL ASSESSMENTS* )
T T | Failed Untested
= R ¥ ASSESSMENT CALLBACK 60%
Simulation Mode [Mode! Settings] RS ASSESSENT %
Location C-\Demos'examples'sifesi. - : - =
Enadled v 7 CheckLatraDevial.. » Alany pol oftime . Passed 1 40% s
Hierarchy LaneFollowingTestScanario.  gger DRCOMES rug o : N
Tags 2 comms o space separa ansion ateral deviatins02| | Details v Disabled 20% -
¥ delay. with a delay of af most 5 sec T - "
b resgorse lateral_deviation < 0.2 mus Name ;?aaDt:VBTSWRequeSt_TBStS Zc Export
0%




MATI

Automatic Code Generation

Reliable and high performance, with flexible choice of targets ——

Model C/C'*&‘EFI?DL

uintd
)
Key

| | |
uint8 uint8 @
P SeatBeliFasten SeatBelticon - ﬁ In
uint8
eatBeltFasten — SeatBeltIcof E I C I e t
8 [0..1
\ / + +
( : UUUUU 1
u,‘.
SpeedCAN_ID_0x03 \ unp

uintg 2
: b

Simulink Model
Application Logic



MATLAB BEXlPO

Automatic Code Generation

Reliable and high performance, with flexible choice of targets

-

MATLAB

algorithms

analytics

~N

-

\_

Simulink

dynamic models

physical systems

~N

J

-

Stateflow

control logic

state machines

~N

Intel’

GRAPHICS

AMDZN

O

nviDiA. IS @

i

Automatic
Code
Generation
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MATLAB EX

Automatic Code Generation

MODELING FORMAT
A 4+ =
q, @ @ Code for S= 1= Open Report v 4 C(‘;
En : Quick C/C++ Code Setfings | BMS_Software Generate View 3% Remove Highlighting ~ Verify  Share
_ Code = Start Advisor * e Code = Code Code >
OUTPUT | ASSISTANCE | PREPARE | GENERATE CODE | RESULTS | VERIFY | SHARE | =
BMS_Software
® |[’aBMS_Software b -

“Copyright 2018 - 2019 The MathWorks, Inc.”

Jopadsu] Apedold

CurtPawerLimCalc R

[E3] CurreniLinits f— 7
CurreniLimits
= PLANT I fff—————————®{Sensors. Stale_Machine NED
teRequest » i ChargeC: q = L
) Stateftoquest <CrargeturentRes=
Min_Max_Cells alsfieques! £ % ChargeCumeniReq
Gurrent_Power_Linils_Cal: PLANT_In —— L Pl e g
\} Faulls
l:‘ wrrentLimils tD ContactarCmd A
ComacieeCrid
: Min_Max_Calls BN _Stale 2
A m EMS_Stale
State_Machine
SOC_Estiration
EMS_Stale
R T )
00
PLAMT_In f———————# Sensors
b 2
SOC_Estimation
Balancing_Logic
EMS_Stale e
PLANT_In @——————# Sensors e LI %) 5 )
= ' <BalCmd>
Bal Crid
[ o e . (L DI DI DI D

] Balancing_Logie
= - um

Ready 54% FixedStepDiscrete




Requirements Traceability to Moc

el, Code and Test Cases

MATLAB B>

I
Highlight code for << < 1of15 > >> Remove Highlights
¥ Links ¢ block:
' 2 '
<S2>/Switch
. Imple e * Block requirements for '<S2>/Switch':
I ; % * 1. #7: Cancel Switch Detection
Switch = ,
L} Enumerated Constant 4 Simulink Test Generated Code
. TESTS
B ¢ Verified by: | s
= Results and Arfifacts
Cancel button € |
=l 4= Derived from: -
|j - Results: 2017-Aug-01 18:08:34 T o Traceabiity Mt - 4
] I T T HOME
DISED“I’IU cruise control + [ Unit test for DriverSwRequest I/
W @ & 2 Expand All é &
3 @ Enable button ] Add | Update Scope % Collapseall  Highlight  Create
- = Missing Links ~ Link
R H t 3 @ Cancel button [x] FILE VIEW LINKS
eql.“rem en S FILTER PANEL Simulink Requirements vs Simulink Model
3 Set button
B [ Top ™ scExampleSmallUAVMode!
v [£] Resume button [ v Type I scexamplesmalluAvMoe
» | Increment button short ] ¥ Component i =
Port = = < 3 H
Tests & Test Results - HER HIRE
Has No 2:8isi8izishE -3 & 1% Ei3 E £ e
s 5 5 5 E 288, §iEisEzy izisizss fis
L giizigicisiale 20D R EEIAIGA6/0
B c D E F G H | J K L M \ N bl N = ) I R D N D sDi0i0iD
Model Model Model Model Model Model Code Code Code Code Code Requirements Requirements I% I% “ I% f
Object  Object Object Object Object Optimization File Function Line File Comment Source Location o
1 Type Path Subsystem SID Optimized Rationale Name Number Location Checksum
2 Inport modell modell modell:4 modell.c Global 22 C:\work\modell_ert_rtw CS_533947273 C:\work\regl.doc @ID_0123: Input Interface
3 |Inport modell modell modell:4 modell.c modell_step 38 C:\work\modell_ert_rtw CS_116158590 C:\work\reql.doc @ID_0123: Input Interface O 0 © o O 0]
4 |Inport modell modell modell:4 modell.c modell_step 43 C:\work\modell_ert_rtw CS_116158590 C:\work\reql.doc @ID_0123: Input Interface
5 Inport modell modell modell:4 modell.h Global 49 C:\work\modell_ert_rtw CS_533947273 C:\work\regl.doc @ID_0123: Input Interface J————
6 Gain modell modell modell:2 modell.c Global 23 C:\work\modell_ert_rtw CS_405027874 C:\work\reql.doc @ID_0005: Functionality s o LA
7 Gain modell modell modell:2 modell.c Global 27 C:\work\modell_ert_rtw CS_104796431 C:\work\reql.doc @ID_0005: Functionality ! = Lot = Z12 Flight Contral
o H adald alald alald D alald alald s 27 AY L) alald R C _addcacocnn AY LA 4l 1 FaYa¥al -0 o i Lk
B E w15 coretontion ] TII]p Telemetry Antenna
[# Link | None ( Create )

Traceability Matrix

El 220 Modularity
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MATLAB EXIPO

S
ooy

Model C7b:|-

Implementation
Model

System/Software|

Reduliements Architecture

2
SUBSRGY, O

Generated code

Static Code Analysis with Polyspace

V' Paapace - oemaller CADemed MO\ preioct eeuts, certelier cermeties - o %
File Reporting Metrics Tools Window Help

£ S E| > Run Bug Fnder v 8 5200 [

& | CIVarable trace| fx contsoler.c / contrd

= Resuk Revew imTry InTerzal ‘entIyTr esEXIs¥T s 7
/* Transition: <8€>:7%'
Array access out of bounds (Impact: * Requirements for Transition: ‘<SE>:173%:
Aterrot to acess to arav element n T
Ph Datellow [chat) dema’conticller/symch_snd_seyreh_monizing * - Smuink - o %
Fle 1 Veew Diclly Ot Smultion Arwlss Code Toos  Melo bpute the pressure threshold *f
BB e ¢ BO-TZ-9EDP » [~ | » @ - i -|ruroier s.verges .
1 t £ 1 | < freal : 3 or_twork.max / (2.0)) {
duro ol 0 Reduomd pecson Y SROUMN_awne_naontong X ranaition a2
& oo » Bcortrcter » Wayncn and emnch mecronng w Jransicion: *<86>:76"
quizemenzs 2o Transition: '€8E3:7€':
-1 Dowdup.Speec o v
" V2 >
[+] feny N Joushioar | o6 Source | (v Stant Page
£ et v san
(=] e’
o 7 Computy e pressure Brwiod '
o 4 ool B 7 Cins 7 Anapn 7 St F Sewirty 3 Comment L
™ | 1= index 3 4
u ) Jeimanmazy q brvokr.c Giobal Scope controler_en... Urnvevievod
® v i bi_s32.c Giobal Scope as3N)  Unrevewed Unset
$ = br_s32.c Giobal Scope as.s32)  Unveviewed Unset
" FoutTaniej 10 & Ciohal.Scona 220 Loxae. >
(t) [reeman] PressonTred = fnudt! pectod Comtants | e Cal Meracdy |
(= N0 }
LA 2 (
4 hes i
Fourjotiey) = 7. FautlTitiof] =
i} The = 0, ProvusruTod
) }
® > e O
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=
\ S
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ientorngSirmegy
[ (Kmax ) { 120, PresswTho=0 )
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]
]
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Polyspace is independent of the origin of code

#include <assert.h>
int speed(int k)
{

int i,3,v;

i=2;

j = k+5;
while (i < 10) {
i++;
Jj+=3;
}
return 1 / (i-73)
}
Where,
‘" o : hod —

mmmmmmmmmmmmmm

E
o F__L;;
o 2
S e -
=
&
&
£
]
a
2 >
5
H
T~

Hand Code ----

Polyspace

Model-Based Design

(MATLAB, Simulink, Stateflow)

Model-Based V&V tools
Code Generation tools

MATLAE

Violations
Defects
Runtime errors
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MATLAB EX

Can you find a bug?

1 int new position(int sensor posl, int sensor posZ)
2 H{
3 int actuator position;
- int %, y, tmp, magnitude;
& actuator position = 2; /* default */
7 tmp = 0; /* wvalues */
B magnitude = sensor posl / 100;
9 y = magnitude + 5;
10
11 while (actuator position < 10)
12 H {
13 actuator position++;
14 tmp += sensor posZ / 100;
15 v 4= 3;
1le B 1
17 if ((3*magnitude + 100) > 43)
18 H { ..
19 magnitude++; Could there be a bug on this line?
20 e T T TS T e
<:::§1 actuator position = x / (x - ¥); ‘:::::>
[z T
23 return actuator position*magnitude + tmp; /* new wvalue */

24 = ]



Consider the operation: x / (X - y)

Potential run-time errors
— Variables x and y may not be initialized
— An overflow on subtraction
— If x ==Yy, then a divide by zero will occur

How to prove that run-time errors do or do not exist?

MATLAB EXIPO
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Static Code Analysis with Polyspace

« Code metrics and standards
— Comment density, cyclomatic complexity,...
— MISRA and Cybersecurity standards
— Support for DO-178, 1ISO 26262, ....

= Bug finding and code proving
— Check data and control flow of software
— Detect bugs and security vulnerabilities
— Prove absence of runtime errors

MATLAE

static void pointer arithmetic (void) {

. int array[l00];
Green: reliable int *p = array:
safe pointer access \ int i;

\for (i =0; i < 100; i++) {
Red: faulty *p = 0; N
V..

out of bounds error o4+ variable 1 (int32): [0 .. 99]

assignment of ‘I’ (int32): [1 .. 100]

3
Gray: dead if (get bus status() > 0) {
unreachable code if (get oil pressure() > 0) {
\\\\\\\ i£ = 5;
}
I3

N e ) ) ) } else {
Jran EJ 2. unproven
may be unsafe for some

conditions

i++;

Purple: violation
MISRA-C/C++ or JSF++
code rules

Range data
tool tip

Results from Polyspace Code Prover

55



MATLAB B

1.

Polyspace is Integrated with Simulink

Launch Polyspace
from Simulink

P4 psdemo_model_link_sl/controller/Reduced precision * - Simulink

SIMULATION DEBUG MODELING FORMAT APPS

@ Analyze Code from L>

POLYSPACE X

s =

Code Settings psdema_model_link_s| ¥ T Analysis  Open Earlier Code Remowve e Ado a
Prover = - Code Generated as Top Model ~ Analysis Resulis Results Quality ... Highlighting Annotation [l Delete Annotations
MODE | PREPARE AMALYZE [ Run Code Prover analysis JREVIEW RESULTS ANNOTATE BLOCKS
g"_l ‘W Reduced precision
® |[Papsdemao_model_link_sl ¥ [Pa]controller » [Pa|Reduced precision ®
—+
O int16 int1 L T U Tl Q intie threshold
D’ il ™ 2 Outl o i
relative threshold
int16 @ int16
"7 int16
' »)
-+
i M
) int16 N Q int1e o
; il i uint1g
7 intie . Lint16
i trat
[ }II‘I[IG - Cumulated angle sirategy

LUT ramp

limit_ratio
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MATLAB EXPC

Polyspace is Integrated with Simulink

- ™ [ - T — El )
% Polyspace Code Prover - rd‘,@iedcode_ctrl_bad C:\Poly...l — =] g 'i mixedcode_ctrl_bad/Full precision/ REITE.* LI—IQ

File Edit Run Review Options Window Help File Edit View Display Diagram Simulation Analysis — »
[ e e | 4 B © v | 4| @ |search » » | [HE » 3 — —- b i
Launch Polyspace et 2l e AR LR N
% B G|
f S- |- k W4 Source o1 A ‘ mixedcode_ctrl_bad | Math Operation ‘ Relay |
lll Ill Results Statisti ixedcode_ctrl_bad. 4 b B
rO I u In e S Tttt N [*a| mixedcode_ctri_bad » [%2|Full precision » [%|Relay -
*  Sum: '<S55»/Suml’
381 * Sum: '<55>/Sum2’ @ int16
= D P+ int16
tmp *= rth vl; IEI index _ 4’@
. if (tmp < 0) { — " alpha
Navigate from Code to 2 - o
} else { uintg int16
if (tmp > 255) { i\
M OdEI tmp = 255; tol beta
} Gain
}
uint16
_i;}l_l_g__q = _iinth_T}_;::b vl I _;uinth_T}:r:p a) * tmp; :
iF (Emp 02 0) £ i gamma
tmp 0 = 0; m uint16
} else { ) uint1 1
P A e 0 - & -
< | [T 3 unt1g| o
[¥] Source | [L] Data Range Configuration | *
0% : -
l | Ready 122% FixedStepDiscrete .
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MATLAB B
Equivalence Testing /':?—’-’-': \_

Implementation
Model

Generated code

o0
< Aa-%024- "‘QIQ““QQ“
n t’lme Sy

rn Spr“lntf-‘( %Q‘ZQEr(s“ S‘
4

C/C++ Z?.‘Gi‘t'rist

' ),
substr (St' 7;\

Software in the Loop Processor in the Loop
(SIL) (PIL)

Is the code functionally equivalent to model?
Is all the code tested?
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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)

= Re-use tests developed for model to test code

= Collect code coverage

— Numerical equivalence, model to target code
— Execute on target board

Requirements

Requirements
Model

Implementation
Model

Generated code

one X()zqth‘"zf“\{\t.quv

timestan )

tamp_m

birn Spl‘1n{f(u%§‘ljz%%‘i&e!) <
024 Koage |

Substr(§y g
substr(gy’ X 2|
C/CHHrrdn § 3

\
'Desktop

Computer
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MATLAB BEXIPPO

] . L. . g::':"s'::nmt Review and Equivalence
testin)g’; ______________ static analysis ©StN9____________
igh Integrity Verification Workflow e e
Ry . ’ S S S, checkin N,
W VN VY N ;

Requirements »

\
Ty
System/Software| Model Implementation s Sati g
Architecture » .l » Model - CIC"'?;%&E% -

Generated code

(o)
5
A
@0/
Continuous
Integration
O
N
Q)\}
Developers & Version :
Test Authors Verity

Control
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& %

S

a8

K
0@°
N

Development

Developers &
Test Authors

Submit

Merge

Continuous Integration Workflow with Model-Based Design

N\'\iacts, Test Res(,

\" /¢,
SQ S
9 R
O 20,
S o,
Q ° @
)
o8 %
QP v
Continuous
Integration
Q >
% &
2
Version .
Control e
o) ]
3 QI|onitor Review
=

MATLAB EXP

vs. LaneFollowing

COMPARISON

@ @ OLmes

> Swal Find *a Highlight Now
| & . e | 4 Block Defaults -

| Previous Next (@ pefresh @ Linked Scrolling & Always Highlight Show | Hide

NAVIGATE HIGHLIGHT FILTER
' Left : LaneFollowingTestBenchExample.slx *  Right : LanefallowingTestBenchExample2.slx

Publish  Merge

PUBLISH MERGE &

Mode

[*a] simutink = [Fa simulink

mCaHismn Detection E tﬂccl\ision Detection

=] ?&Tes( Assessments B ?& Test Assessments
I (D cGlobalAssessments I [ GlobalAssessments
IIaheIStIing GlobalAssessments % Ensure that the time gap between t_ | Compare | IIahe\String GlobalAssessments % Ensure that the time gap between t... | Compare |

[“Tinsertion [ ] Deletion [] Modification

Model Compare
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Continuous Integration Workflow with Model-Based Design

Developers &
Test Authors

Merge

Submit

Version
Control

\®

N{\iacts » Test Rg Sug
s

<
R

pe)
o,

)

Continuous

Integration

MATLAB BEXlPO

| PiotGain1 -> Bus Crastont
£ @ Model Configuration Sets
5@ Configueation

Sober

3-Way Model Merge

FilolGain

-
Fe g
Fict
® [Fajmers spogecs 14 b falever
¥ Theks - | ¥ oua = | Mina: minesiproject fish - la
Tl Sorin Rl St o Sk
& [7 pitet & (7 pilet & [E3 Pitet L,
100 PilotGain | Pt Ovtput
BlockType  Gain b PILOT_BUS
s z ]
| Narme PaotGain (m]
&P Pilot & 1P Pilot & b Pilot
- pilot Qurpur | - sickCommand ad ] - stickCommand ad Ll PilotGain
Tttt = Pl > Bus Cresor E Piot1 > Bus Crestor] [
= Piot1-> PltGam1 "
- PilotGain] -» Bus Creator:] —
= @ Model Configurstion Sets = @ Model Configurstion Sets: 5 G Model Configurston Sets Ready 143 odess
4@ Configueation 4@ Configueation @ Configuration \
e | Do I s e o
¥ Target s targetFilesh v v v @ o
= [l Sk -~ & |7l argechie b 5 Piot
& et @ Rescive remaining 2 changes
[ - piotGan @ o e view 1 | AR ChaRGEA D) =
BlockType  Gaim = ==l
Gin 2 © Contit ' o =
o : N N & | StickCommand_rad
SO . . -
| StickCommand_tad o a = PILOT_BUS
B rertort— : 4 u]
= Plot - PlotGainct

62




MATLAB EXP

Continuous Integration Workflow with Model-Based Design

N{\iacts, Test Reg

K. Uly,
39 S
¢ Ao
.\\b ZoN
N >
Q o &
O
)é“‘/ o )é/
Q®
Continuous
A Integration
Q
5 S
& o
Q
Devel & Version .
evelopers Submit I Verify

Test Authors Control

Q/Ionitor Review

Review

LaneFollowingTestBenchExample/Collision Detection/Test  LaneFollowingTestBenchExample/Collision Detection/Test
Assessments Assessments

GlobalAssessments GlabalAssessments
labelString : GlobalAssessments labelString : GlobalAssessments
% Ensure that the time gap between the ego % Ensure that the time gap between the ego
vehicle and lead vehicle does not dip below vehicle and lead vehicle does not dip below
% 1.5s for more than 2s at a time. % 1.5s for more than 5s at a time. David Boissy 12 minutes ags
verify(duration(time_gap < 0.8, sec) < 2); verify(duration(time_gap < 0.8, sec) <ﬂ; Ship it!

£ Reply ¥/

% Verify that no collision was detected
verify(~collision);

Compare Report




MATLAB EXF

Continuous Integration Workflow with Model-Based Design

. N\\iacts, Test Res(,

. 1t
o ° “4
0O K
S *,
Q@ o ®
o O
& A ‘l-(b 0
& Sox % %
Continuous
w Development & Integration
3 & % S
%, & 1 @

Q
Developers & . Version .
Test Authors Subm It Verify

Q/Ionitor Review

Trigger

Sme|t @ ¥ Fetch

Remote % Submodules
§? Branches @ Stashes

Madified (1)
Status
Data v ﬁ
E || Models v
*4| LaneFollowingTestBenchExample.sh W
%] LFRefMdl.sk ¥
Requirements wﬁ
resources .
Scripts v ﬁ
= Tests "4 ﬁ

Projects




MATLAB EXP

From Desktop to Cloud for Model Based Design using CI/CD

rifacts, Test Reg
ot R Ults

@6\\6 % ”

Continuous
Development .
v Integration

R
0@°
Q

&
K
®
2
Developers & . Version .
— Verm} }
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What are the benefits
of CI?

How does Simulink fit

into the Cl ecosystem?

What problems does
it attempt to solve?

How to best leverage
Cl with MBD?

MATLAB BEXIPPO
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Benefits of Continuous Integration

MATLAB EX
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MATLAB B>

Model-Based Design enables high DevOps performance

DevOps Goal: ,Reduce the time between
committing a change and placing it in production,
while ensuring high quality and compliance,

ISO/SAE 21434 ISO 21448

ISO 26262

n
Functional

Cybersecurity
L= for
Road Vehicles

SEY

. Safety of the
intended
functionality
(SOTIF)

Change
Failure
Rate

/ High Low \
Performers Performers
Lead Time <lhour >6months

0-5% 15-30%

/

JFrog

e ARTIFACTORY

V,IQ

0 git G&lb Jeﬁns

Issue counter

Source: state-of-devops-2021.pdf (google.com)

=

4\ MathWorks-

i| Overview Search Technical Arficles

Design

Products  Solutions

 Technical Articles and Newsletters

Developing AUTOSAR- and ISO 26262-Compliant Software for a
+| Hybrid Vehicle Battery Management System with Model-Based

1
By Duck Young Kim, Won Tae Joe, and Hojin Lee, LG Chem

Academia  Support Community Even

Newsletters v Cleve's Comer Collection =~ Sign Up

Il

Figure 1. Issue counts for software releases before and after
the adoption of Model-Based Design.

Online Panel Discussion: Agile Vehicle Software Development and Effective Integration of Models

Link to technical article
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https://services.google.com/fh/files/misc/state-of-devops-2021.pdf
https://www.mathworks.com/videos/online-panel-discussion-agile-vehicle-software-development-and-effective-integration-of-models-1634921326013.html
https://www.mathworks.com/company/newsletters/articles/developing-autosar-compliant-software-for-a-hybrid-vehicle-battery-management-system-with-model-based-design.html

Cl workflow and tools are language- and domain-neutral

‘ N\‘\iacts, Test Rg s

, 7
0 S
o R
Ny ZoN
N 2
@ ° )
@ )
S A N /‘é
¥ S % i
Continuous
Development .
Integration
% & %, £
/Qi 2 fq_ @

Q
Developers & . Version .
S Ver
Test Authors ot Control 1y

Q/Ionitor Review

Trigger

Each of these can “speak™ MATLAB and
Model-Based Design

MATLAB E
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Continuous Integration Workflow with Model-Based Design

N\\iacts Test Reg

U/[
\)\Q‘) S £
0O <
S %,
Q ° @
O
& 8
Q® /
Continuous
Integration
%, ®
= Q70
<

Q
Submit Version Verify
ubmi Control

Q/Ionitor Review

? Fetch
, Push

&L pull

0 Development
OURCE CONTROL

Continuous
Integration “"I\ 2 v@emmit and Push to

MName « Status

@\m

Remote % Submodules
ii Branches @ Stashes

Commit

Doto Remote Rep@snory
E| Models
|*&| LaneFollowingTestBenchExample.sh v’
|*& LFRefMdl.skx 4
Requirements v
recn r. .
Bl

Manage using Projects

|# LaneFollowingTestScenarios.midat:
n n - » o - » n

MATLAB EXF
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MATLAB EXF

Continuous Integration Workflow with Model-Based Design

Nx\iacts Test Rg s

Ulty
o’@\) cg’?
o0 K
S *,
Y ° ¢
- O
5 A g C
@Q} S bec\’l- S
Continuous
v Development A v Integration A
3 & % s
%, & S &

Trigger
%Q
3.
5]
N
)
9]
<
@
=

Q
Developers & . Version .
0 Development

Static Static

Model Code
Continuous Analysis Analysis
Integration

Reports, Build Logs, Test Results
Code Coverage

Verification, Build and Test
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System
Requirements

Model-Based Design Reference Workflow

MIL Test
Coverage Analysis

MIL Unit & Integration Testing Q

_________________________________________________________________________

SIL Test
Architecture Verification Check SIL Back-to-Back Testing@
Check Designi | Static Code
eck Errors | Analysis

Software Software
Requirements Architecture

Models Q . Gen Q
Q" . ¢ Code /

Generated
C/C++ Code

PIL Test

PIL Back-To-Back Testing Q

Build

Integrated
Object Code

MATLAB BEXlPO
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Model-Based Design Reference Workflow

Check
Setup Models

Check
Design
Errors

MIL Test
Coverage Gen
Analysis Code

ldentify Tasks
Define Sequence
Define Outputs
Script the Tools

Static Code

Build Analysis

GGG GGG

Define Process and Automate

e
L
e
L

build.m

genCode.m

SIL Test

MATLAB BEXlPO

PIL Test
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MATLAE

CI/CD Automation for Simulink Check Support Package

Static
Analysis Analysis

1) Simple Setup

v Prebuilt Model-Based
Design pipeline

v Built-in Model-Based Design
tool support

v’ Tailorable

% Flight_Control - Simulink prerelease use

A

t Process Model ntrol Syst Para
Ons « Advis lanag Linearize: Designer Estil

MEN

rocess Advisor: ontr @ %
% ~) > RunAl ||| ® [PalFlight Cont]
@
(@) Detect Design Ermors w1 2]
@) Generate System Design Description v 1 1
() Generate Simulink Web View 11 1 =
(%) Analyze Top Model Code g8 w1 =]
l: Run Code Inspection on Top Model v 99 =
) Run Model Standards Checking ]| v30 2 O
2 rate Top Model Code ga| w1
Rk

2) Desktop Integration with

Process Advisor app

v Local prequalification

v Local Debugging

l Downstream

@ ParallelModelExecution Executemodels
#51812 <

Child @ AHRS Voter

ParallelModelExecution #51812 -

passed - Created by @ Actuator_Control
ParallelModelExecution

3) 3" Party Cl Integration

v' Jenkins/Gitlab YAML

v" Optimized Model-Based
Design Builds

v" Cl Results Integration
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Prebuilt & Tailorable MBD Pipeline

Built-in Library of Tasks Check Model Standards Compliance Simulink Check
° Statlc AnaIySIS Run Tests Simulink Test
. Generate Source Code Embedded Coder
COde Generation Check Code Standards Compliance Polyspace Bug Finder
* TeStmg Generate Software Design Description Simulink Report Generator
Design Error Detection Simulink Design Verifier
Zero Upfront Code Verify Model Update & Simulation Simulink
Check Model Metrics Model Advisor
Run My Custom Run Generate
Fu“y Ta”orable Task MIL Tests Code
» Modify existing steps @ -@ @ ~@
* Remove steps %
« Add custom steps ]




MBD Pipeline Generation and Task Execution System

Capabilities
Execute in different workflows
* Interactive in Desktop (Process Advisor)
« Automated in ClI
Tasks .
MATLAR T Ganerats Sl e View * Import results from CI into Desktop
PijeCt b () Check Modeling Standards
» @ Detoct Dosign Errors Generate CI Pipeline ,
Build ' (& Generate S0 Repor +  Multiple Architectures > =7 REZa
. — b () Generate Code (Ref) . o N/ o
JL System "0 Generate Code (Top) «  Multiple Platforms B
SSSES > © Run Tests . OS agnostic N E&,
Process P e T e Current: GitLab, Jenkins  GitLab Jenkins
Model Pipeline of «  Future: GitHub, Azure Pipelines
Tasks

Smart Orchestration
* Incremental execution
* Repeatable results
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Pre-qualification with Process Advisor

Run Model Run
Standards Checking MIL Tests

db_DriverSwRequest

[
»

Process Model

7Y MBD

Build Tool

@® db,DriverSwRequest »
£
=2
=]
O
7]
-]
« @
Process Advisor - db_Controller @ b4

Tasks Out | Results
v @ Run Code Generator v 20
@& db_ControlMode 10

@& db_Controller v 2

@ db_DriverSwRequest v 3

& db_TargetSpeedThrottle /5
v @ Run Model Standards Checking 60
@& db_ControlMode B v 15
@& db_Controller B v 15
@ db_DriverSwRequest B v 15
& db_TargetSpeedThrottle B v 15
» @ Run Design Error Detection v 93

X2
X1

X1
X1

Process
- Advisor

15

Local Desktop Workflow
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MATLAB

Integration and Run with common CI Systems

=  Automated Pipeline Generation

- Execute Pipeline B -
In Cl Systems like Jenkins —— e

Upstream

| | P u b I IS h R e S u ItS ChildPipelineGeneration ChildPipelineExecution , Eif;;'b Advisor D... @ Generate_Simulink_Web_View S
Parent
= Debug on Desktop

@ ChildPipelineGeneration [ @ ChildPipelineExecution

Trigger job

FHEHEHEREEERERERERE

Process Advisor - db_Controller
## Ending Process Advisor build at 29-Nov-2022 @8:00:16

P> RunAll |~ #### Duration: ©0:85:45

#H# Build Status:

Tasks Out  Results
#Ht# Number of tasks: .
- Run Code Generator E CEIzS
o (.20 X2 & #Ht# Number of tasks Started by user MBD_Cl Team
db_ControlMode
© o v 10 X1 1 #Ht# Number of tasks skipped: 2 i
Pipeline Generate_Simulin Check_Modeling_ Detect_Design_Er Generate_SDD_R Generate_Code_R Check_Coding_St Generate_Code_T Check_Coding_St
o db_Controller v 2 Mrfer oF feas o qras _ Start Git_Clone Generation k_Web_View Standards rors eport Run_Tests ef andards_Ref  Inspect_Code_Ref op andards_Top  Ins
I N [+ SKs H o
@ db_DriverSwRequest v 3 2 .
i Number of tasks failed:
@& db_TargetSpeedThrottle v 5 X 1
B SIS S S e
~ & Run Model Standards Checking v 60 X 1
@ db_ControlMode B v 15 >
o db_Controller B v 15 Collect_Artifacts - 1m 355 () = [ %
» Check out from version control 2s
@ db_DriverswRequest B v 15 X1 W > Run MATLAB commands, scipts,or functions 1m 325
@& db_TargetSpeedThrottle B v 15 1 W > Achive the artitacts <1
» & Run Design Error Detection v 93 X7 15
= ==




MATLAB BEXlPO

Continuous Integration Workflow with Model-Based Design — Invoke

pipeline

PROJECT

=]

é Dependency Analyzer

% m[ Classification

Current branch: demo_rec
Branch status: Normal
Coincident with /origin/demo_rec

Command Window

Jx >> runprocess

Details v

Select a file to view details

*od 2 T @ 2

Labels V

Git v

[:Z] Details &
3

New Open Share Dependency Class Model Testing | References .‘_j’Pvqu i Git
- - - Analyzer Diagram Dashboard L Startup Shutdown  Details
FLE TOOLS ENVIRONMENT
<& (3 a a » C » sandbox » ProcessAdvisor » work
Current Folder @® Project - ProcessAdvisorExample
Name « Git Views All | Project (126) | Modified (1)
cache

Name «

02_Models (Folder)

¢

Refresh

&

Commit

€ Fetch b

& Remote & Submodules
E P Branches @ Stashes
& pull

SOURCE CONTROL

® x [ Editor - gitlab-ciym

Workspace
2T Layout: Tree v @~ || Name -
Status Git Classification
i3 .

vig .
v
&
-
v

v

Design

(Morabels ~
™

Value

9. vIM
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Continuous Integration Workflow with Model-Based Design

‘ N\‘\iacts, Test Resu/

7 “e
o Ao
Ny ZoN
N) -
< QO 4 ®
@
(/]
© S g}-’z’q S
Y Q? v

@0
Continuous
v Development A v Integration A
Q
&
@

Q
Developers & . Version .
Test Authors Sl Vi } }

“\a\?@b

Trigger
%Q
3.
5]
N
)
9]
<
@
=

0 Development s
Run MATLAB Tests n
MATLAB root  D-\bslinstimatlab @
Test mode Automatic ' @
e Continuous y
. Generate Test Artifacts

Integration o
& TAP test results @
[ JUnit-style test results @
[] Simulink Test Manager results @

Generate Coverage Artifacts

@

MATLAB Jenkins Plugin g

Add build step ~

MATLAB EXF
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Continuous Integration Workflow with Model-Based Design

Development

Continuous
Integration

Results Monitor
and Review

Q
Developers & . Version
Test Authors Sl

Continuous
Integration

Trigger
g
E.
<3
)
3
@
=

Failure Summary:

Name Failed

LaneFollowingTestScenarios > Scenarios/LFACC_Curve CutInOut_TooClose X
ERROR: MATLAB error Exit Status: 0x00000001
Build step 'Run MATLAB Tests' changed build result to FAILURE

Finished: FAILURE
Logs

MATLAB EXJ
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MATLAB EXP

Continuous Integration Workflow with Model-Based Design

¥ S
Development A Continuous
' P Integration
K K
Z. K3
2 )

Developers &
Test Authors

Trigger
¥
5.
<3
byl
2
(9]
=

Development

Test Result Trend
Failed Skipped

Continuous :
Integration 4 TAP Tests
Results Monitor

and Review

junit, TAP, Cobertura
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Continuous Integration Workflow with Model-Based Design

N\‘\iacts, Test Rg su
s

ISO 26262

=

E Functional

Safety

ISO/SAE 21434

n Cybersecurity

Road Vehicles

1ISO 21448

Safety of the

E' intended
— functionality

Continuous
Integration

@
S A
@é S
v Development A
% &
2 @
® @
% Q
Developers & Submit Version Verify

Test Authors

Control

Q/Ionitor

Review

MATLAB EX

Development

Continuous
Integration

Results Monitor
and Review

Results: 2017-Jan-19 13:34:39

Result Type: Result Set

Parent: None

Start Time: 2017-Jan-19 13:34
End Time: 2017-Jan-19 13:35)
Outcome: Total: 2, Passed: 2

Aggregated Coverage Results

‘Analyzed Model [Sim Mode mp. onditie

AHRS voOtermodeRessithy  bas  |1oo0%

Back to Report Summary

AHRS_voter_SLDV_TestCases
Test Result Information

Result Type: Test File Result
Parent: Results: 2017-Jan-|

Start Time: 2017-Jan-19 13:34
End Time: 2017-Jan-19 13:35)
Outcome: Total: 2, Passed: 2

Test Suite Information

MATLAB® Test Report|..

Timestamp:
Host:

Platform:
MATLAB Version:

Number of Tests:
Testing Time:

Overall Result:

&
04-Feb-2021 20:27:27 F
SEBDEERAZER r
wint4

9.9.0.1570001 (R2020b) Up

4

170.7677 seconds

PASSED

Name: AHRS_voter_SLD
Back to Report Summary

B

I 4 passed

Reports

Trapped Mass Calculation ([ View All

« [a] Trapped Mass Calculation » - Q

D'D
=
=4 =7

Cylinder 1 Trapped
Mass Correction

~Main
Rowindex  ACDChargel
Columnin... ACDEngSpe

Table ACDTrappec

LookUpMeth Interpolation-
Use End
Values

- Signal Attributes

OutMin 0

Outhax il

InputSam... off

OutDataT... Inherit:
Same as
first input

LockScale off
RndMeth  Floor
SaturateO... off

» Other
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MATLAB EXP

Simplifying Adoption and Optimizing CI/CD for Model-Based Design

@ Setup &
(@) Performance '

(@ Results Integration
@)‘ Debuggability

Cl/CD Automation Support Package

Monitor/Debug
Job Status & Results

,(\:AZZZT MIL Test é
D = 4
Prebuilt & Tailorable Pipeline Integrated Cl Popular CI
MBD Pipeline Generation and Prequal System
Build System (Process Advisor) Support
N\ Z
w
@)Cl Debugging & Prequal
O—0——0—0—C Interactive
y ’ Development _
Submit
Changes

Desktop
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CI/CD Automation for Simulink Check Support Package
4

— oo
Process —
M od e I » O Generate Simulink Web View

Project @ » (O Check Modeling Standards

» (O Detect Design Errors

» (O Generate SDD Report
. » (O Generate Code (Ref)
Build
— » () Inspect Code (Ref)

=3
A - System » () Generate Code (Top)

» () Inspect Code (Top)

Static Static

Generate Generate » O Run Tests
Model Code =
Analysis Test Code Analysis Reports e » (O Merge Test Results
Model Pipeline of Tasks
Prebuilt & Tailorable Model-Based Design Pipeline Build system to generate and optimally execute
the process in your Cl system
Process Advisor: AHRS_Voter ® X AHRS| —
PaMocelv] B | & \ (D> runan [~]| © [Balanrs voter » a=
Tasks Out | Details Q Developer ._
@ Generate Simulink Web View EFl w1 H 1 ‘P Bmfe:z:j,:es'
@ Check Modeling Standards 1 |v3 1 ——P 3
@ Detect Design Errors | |1 - N Continuous
© Generate SDD Report w1 =} - Developer lhteEraticn
~ ® Run Tests g2 X1 = P »i % Plogtform —
@ HLR_11 ] |1 0O - v
® HLR_12 3 X1 | @
© HLR_13 HLR 12 ResltFile midatx | » Developer SZZ;,C;”C;;’O
(&) Generate Code (Ref) h O T ’ L 4 %
v) Merge Test Results 3 v
Prequalification with Process Advisor Examples to run process on common CIl Systems

Learn more: Continuous Integration for Model-Based Design 85



https://www.mathworks.com/products/ci-cd-automation.html

MATLAB |

Other CI resources:

4 MathWorks

Continuous Infegrafion

Continuous Inteqgration Solution Page

Continuous Integration with MATLAB and Simulink

Avutomatically build, test, package, and-deploy MATLAB code and

Simulink models

Videos:
— Continuous Integration with MATLAB and Simulink
— Automotive DevOps for Model-Based Design with AWS

Technical Articles:
— Continuous Integration for Verification of Simulink Models

— Continuous Integration for Verification of Simulink Models Using
GitLab

— Aaqgile Model-Based Design: Accelerating Simulink Simulations in ClI

4\ MathWorks:

Products ~ Solutions Academia Suppert Community Events

Technical Articles and Newsletters

Overview  Search Technical Articles ~ Newsletters +  Cleve's Corner Collection ~ Sign Up

Continuous Integration for Verification of Simulink Models

By David Boissy, Paul Urban, and Krishna Balasubramanian, MathWorks

Continuous integration (Cl} is gaining in popularity and becoming an integral part of Model-Based Design. But what is CI? What
are its benefits, and what problems does it attempt to solve? How does Simulink” fit into the Cl ecosystem? And how can you

best leverage Cl for your projects?

If you are familiar with Model-Based Design but new to Cl, you may be asking yourself these guestions. In this technical article

we explore a common Cl workflow and apply it to Model-Based Design. Next, we walk through an example of that workflow
using Jenkins™ GitLab®, and Simulink Test™

Workflows

Documentation:
— CI/CD Automation for Model-Based Design Support Package
— Continuous Integration Documentation Hub
— Tests for Continuous Integration

Developer Zone: Continuous Integration

4\ MathWorks
Help Center

Continuous Integration (CI)

nnnnnnnnnnnnnnnnnnnnnnnnn

86


https://www.mathworks.com/solutions/continuous-integration.html
https://www.mathworks.com/videos/continuous-integration-with-matlab-and-simulink-1621602577778.html?s_tid=srchtitle_continuous%20integration_2
https://www.mathworks.com/videos/automotive-devops-for-model-based-design-with-aws-1653999780415.html?s_tid=srchtitle_devops_3
https://www.mathworks.com/company/newsletters/articles/continuous-integration-for-verification-of-simulink-models.html
https://www.mathworks.com/company/newsletters/articles/continuous-integration-for-verification-of-simulink-models-using-gitlab.htmlhttps:/www.mathworks.com/company/newsletters/articles/continuous-integration-for-verification-of-simulink-models-using-gitlab.html
https://www.mathworks.com/company/newsletters/articles/continuous-integration-for-verification-of-simulink-models-using-gitlab.htmlhttps:/www.mathworks.com/company/newsletters/articles/continuous-integration-for-verification-of-simulink-models-using-gitlab.html
https://www.mathworks.com/company/newsletters/articles/agile-model-based-design-accelerating-simulink-simulations-in-continuous-integration-workflows.html
https://www.mathworks.com/company/newsletters/articles/agile-model-based-design-accelerating-simulink-simulations-in-continuous-integration-workflows.html
https://www.mathworks.com/content/dam/mathworks/mathworks-dot-com/hardware-support/files/ci-cd-automation-simulink-check-support-package.pdf
https://www.mathworks.com/help/matlab/continuous-integration.html
https://www.mathworks.com/help/sltest/ug/tests-for-continuous-integration.html
https://blogs.mathworks.com/developer/category/continuous-integration/

MATLAB EXF

Getting Started: CI plugins and code examples

integration systems.

— CI configuration examples

— CI with Simulink cl Badges
. Platform

— Code coverage using Codecov

DevOps

- Clplugins CircleCl

— Azure DevOps

MATLAB CI Configuration Examples

- COde examp|eS This repository shows how to run MATLAB tests with a variety of continuous

Azure Blog with helpful information for

Badge Help

setting up Azure DevOps badges

CircleCl documentation for setting
up badges

GitHub Actions documentation for
setting up badges

— CircleCl P
ctions
— GitHub Actions
. Travis Cl
— Jenkins
i . |
— Travis ClI

= Reference architectures (AWS, GCP, ...)
— https://github.com/mathworks-ref-arch

Orbs > mathworks/matlab@0.4.0

mathworks/matlab@0.4.0 ~ 7e)

Run MATLAB and Simulink as part of your build pipeline.

Created: October 25, 2019 | Version Published: February 4, 2021 | Releases: 12
Homepage: https://www.mathworks.com/solutions/continuous-integration.html

Source: https:/github.com/mathworks/matlab-circleci-orb

See Orb Licensing
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http://github.com/mathworks/ci-configuration-examples
https://github.com/mathworks/Continuous-Integration-Verification-Simulink-Models
https://github.com/mathworks/matlab-codecov-example
https://marketplace.visualstudio.com/items?itemName=MathWorks.matlab-azure-devops-extension
https://circleci.com/developer/orbs/orb/mathworks/matlab
https://github.com/matlab-actions/overview
https://plugins.jenkins.io/matlab/
https://docs.travis-ci.com/user/languages/matlab/
https://github.com/mathworks-ref-arch

MATLAB
MATLAB and Simulink Training

Relevant Training Classes

Advance Your Skills with MATLAB and Siff8link Courses

Download course catalog § <

= Simulink Fundamentals — introduction to designing models using Simulink

= Simulink Model Management and Architecture — Requirements Toolbox, Simulink Projects,
Architectural Choices, Data Management, Simulink Report Generator

= Simulation-Based Testing with Simulink — includes Simulink Test

= Design Verification with Simulink — Simulink Design Verifier

-« Embedded Coder for Production Code Generation — generating and using code from Simulink
models

- Polyspace for C/C++ Code Verification — static analysis of hand code and automatically-
generated code

= Applying Model-Based Design for ISO 26262 (available upon request)
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https://www.mathworks.com/learn/training/simulink-fundamentals.html
https://www.mathworks.com/training-schedule/simulink-model-management-and-architecture.html
https://www.mathworks.com/training-schedule/simulation-based-testing-with-simulink.html
https://www.mathworks.com/training-schedule/design-verification-with-simulink?s_tid=srchtitle
https://www.mathworks.com/training-schedule/embedded-coder-for-production-code-generation-two-day.html
https://www.mathworks.com/training-schedule/polyspace-for-c-cpp-code-verification.html

MATLAB E

Software-Defined Vehicle

m

Customer expectations Technology & Innovation
 Clean and Safe mobility « Electrification
* Digital Life continuity « Autonomy

« Connectivity

monetize invest

Business opportunity
« App stores, SW features on demand
« SW services subscription plans
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SOA — What's it all about?

- With SOA, applications are standalone processes that , 1 1 <
provide and/or require services distributed across the ) Ba
vehicle computing platform and the cloud

= SOA provides flexibility to add, remove, or update
applications without impacting the entire, typically large,
software system oo _--

{ AUTOSAR Blockset

' ' i : B Design and simulate AUTOSAR soft
- SOA s used by multiple industrial standards:  EeAESEES i

1
— AUTOSAR Adaptive Platform | DDS Blockset
— DDS (Data Distribution SerViceS) \ Design and simulate DDS applications J

— ROS (Robot Operating System) ROS Toolbox

7

N o e e e e o= -

Design, simulate, and deploy ROS-based applications




gom Emm o o . -,

MATLAB EXF

Simulink: Deploy software to different targets and standards

1 x = 1:10;

2 n = length(x);

3 avg = mymean (x,n);
4 med = mymedian(x,n);
S

— o E— E— S S S S S B S S B B Sy,

A

e e e e e o o o o o o o o=

AUTOSAR Adaptive / ROS / DDS
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MathWorks Consulting = S Matorks:
Certification Advisory Service Overview NABTUAB aiid itk

Consulting Services

ISO 26262 Process Deployment Advisory Service

n M athWO rkS C O n S u |ti n g Wi I | h e I p yo u to : MathWorks Consulting Services works with you to migrate your

existing process—whether based on manual methods or Model-Based
Design—to a process framework for using Model-Based Design with

— Leve rag e M Od e I - B ased DeS | g n an d S u p po rtl n g I1SO 26262. Customized to your specific environment, tools, and

application, the 1ISO 26262 Process Deployment Advisory Service

I h 1 f I I 1 1 identifies gaps in your current processes, develops a road map to a
too S to t el r u eSt eXte nt to m a'XI m Ize R O I more optimized process framework using Model-Based Design, and
works with you to deploy that road map.

— Reduce duplicated and manual effort

— Avoid common pitfalls by providing proven best MATLAB and Simulink
practices for Model Based Design, system Serehib e
engineering and development of safety critical DO-178 Certification Advisory Service

. MathWorks Consulting Services works with you to migrate your
SOftware Wlth M B D existing software development process—whether based on manual
methods or Model-Based Design—to one that uses Model-Based
Design for DO-178. Customized to your specific environment, tools,
and application, the DO-178 Certification Advisory Service will identify Sl

gaps in your current processes, develop a road map to an optimized | 1
workflow for DO-178 using Model-Based Design, and work with you to E ‘4 AN /4
deploy that road map. MathWorks Consulting Services prepares you to A L
perform key modeling, code generation, and tool qualification activities 1 e
to achieve the new obiectives of DO-178C and its supplemental

DO-178 Certification Advisory Service
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https://www.mathworks.com/services/consulting/proven-solutions/iso26262.html
https://www.mathworks.com/services/consulting/proven-solutions/do178.html

MATLAB EXPC

4\ MathWorks

Accelerating the pace of engineering and science

Tt I

For further details, Q&A and
feedback kindly reach out to

Gaurav Ahuja | Rajat Arora

gahuja@mathworks.com rarora@ mathworks.com
Application Engineering Group Application Engineering Group

LinkedIn LinkedIn
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mailto:gahuja@mathworks.com
https://www.linkedin.com/in/gaurav-ahuja-43922a27/
mailto:rarora@mathworks.com
https://www.linkedin.com/in/rajatarora05/
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