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» Production-quality code generation straight from Simulink/Stateflow

= Fully integrated into MATLAB/Simulink

= Dedicated block library for el
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ality in a Nutshell

Simulink/TargetLink model

Configure Code

Generation Properties

vy

®
1

4

Unit Crelay

Model-in-the-Loop
Simulation

on the Host PC

= Checking the algorithm
= Validation using RCP
= Logging references

C

}

dSPACE

ECU

c]

Software-in-the-Loop
Simulation
on the Host PC

Processor-in-the-Loop
Simulation
on evaluation board

» Checking fixed-point
behavior
= Checking code behavior

= Code validation

= Profiling RAM / ROM etc.

= Final verification
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Proven in Practice

Highly optimized

Flexible and
configurable

Readable and
Traceable

dSPACE

In production for more than 14 years ...
....and in millions of vehicles

- Small software foot print saves ECU resources

For floating-point and fixed-point applications
Best-in-class fixed point support

- Easy integration with other software

For function interfaces, access functions, AUTOSAR, etc.

- Well suitable for safety-relevant applications
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and Successfully Deployed dSPACE

= Worldwide

= Germany & Europe
= USA
= Japan

= Korea, India, China, ...

= Across domains

Powertrain

Chassis

= Body

Driver Assistance

= Active and passive safety
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ully used for ... dSPACE

Active suspension management - Airbag firing control - Air suspension - Audio playback -
Back door control - Battery management - Brake support - Central body controller -
Continuous variable transmission - Collision warning - Damper control - Dynamic bend
lighting - Electric Assisted Power Steering - Engine control (full and partial, gasoline,
diesel, hybrid, CNG, passenger cars

and trucks) - ESP - Exhaust gas
reduction - Force feedback pedal control -
Hydrogen fuel control

Integrated chassis
controls Lane Departure
Warning - Occupant sensing -

Reversible belt
Rollover detection -
(for interior lightning incl.
Gateway) - Tire pressure monitoring -
Transmission control (several types, for passenger cars
and trucks) - Transfer case controls - Starter generator for
hybrids - Steering control - Vertical dynamic control - ... and more

Park assistance - |
pretensioner -
Roof module
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» TargetLink in a Nutshell

= |SO 26262 and Model-Based Design
» The TargetLink ECO-System and ISO 26262

= Miscellaneous
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Adaptive Cruise Control

... and many more

Active Front Steering

dSPACE

ran International
I anizotion for
Model-Based Software Development of Noyemper S0 [l
Safety-Related Software According to ISO 26262. 1ISO 26262
The TargetLink® Ecosystem: A Tool chain for Model-Based, Safety-Critical Software Development Chart: 9
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ISO 26262 — Overview dSPACE

1. Vocabulary

2. Management of functional safety

2.5 Overall safety management 2-6 Safety management during the concept phase 2-7 Safety management after the item s release
y 9 and the product development for production
3. Concept phase 4. Product development at the system level 7. Production and operation
3-5 ltem definition &ﬂ?&%ﬁﬂgﬂt%%‘é";ﬁmm level ‘4'11 Release for production ‘ 7-5| Production
- ] ‘4-10 Functional safety amment‘ 7-6 Operation, service
3-6 Initiation of the safety lifecycle 4-6 Specification of the technical (maintenance and repair), and
: : safety requirements ‘4_9 Safety validatioh ‘ decommissioning
3-7 Hazard analysis and risk
assessment -
4-7 System design ‘ 4-8 Item integration and tesiing
3-8 Functional safety
concept 5. Product development at the 6. Product development at the
hardware level software level

5-5 Initiation of product 6-5 Tnitiation of product

development atthe hardware, level development at the software level

5-6 Specification'of hardware 6-6 Specilication of soltware salety

safety requirements requirements

5-7 Hardware design 6-7 Software architectural design

5-8 Evaluation of the hardware 6-8 Software unit design and

architectural metrics implementation

-9 Evaluation of the safefy goa . L

}ri_cil ations due to random hargwana 6-9 Software unit testing

ailures

5-10 Hardware integration and 6-10 Software integration and

testing testing

6-11 Verification of software safety
requirements

8. Supporting processes

8-5 Interfaces within distributed developments 8-10 Documentation

8-6 Specification and management of safety requirements 8-11 Confidence in the use of software tools
8-7 Configuration management 8-12 Qualification of software components
8-8 Change management 8-13 Qualification of hardware components
8-9 Verification 8-14 Proven in use argument

9. ASIL-oriented and safety-oriented analyses

|9-5 Requirements decomposition with respect to ASIL tailoring | 9-7 Analysis of dependent failures
|9-6 Criteria for coexistence of elements | 9-8 Safety analyses

I 10. Guideline on IS0 26262 I
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odel-based Development dSPACE

ISO/DIS 26262-6

Annex B
(informative)

Model-based development

B.1 Objectives

This Annex describes the concept of model-based development of in-vehicle software and outlines its International
implications on the product development at the software level. Orgoniwion for
Standardization

B.2 General

Mathematical modelling, which has been extensively used in many engineering domains, is also gaining wide-
spread use in the development of embedded software. In the automotive sector, modelling is used for the
conceptual capture of the functionality to be realised (open/closed loop control, monitoring) as well as for the
simulation of real physical system behaviours (vehicle environment).

Modelling is usually carried out with commercial-off-the-shelf modelling and simulation packages. They
support the development and definition of system/software components, their connections and interfaces by
semiformal graphical models using editable, hierarchical block diagrams (control diagrams) and extended
state transition diagrams (state charts) and provide the necessary means of description, computation
technigues and interpreters/compilers. Graphical editors permit an intuitive development and description of
complex models. Hierarchically structured modularity is used in order to control complexity. A model consists
of function blocks with well-defined inputs and outputs. Function blocks are connected within the block
diagram by directed edges between their interfaces, which describe signal flows. With this, they represent
equations in the mathematical model, which relate the interface variables of different components. The
connection lines represent causally motivated directions of action, which define the outputs of one block as

The TargetLink® Ecosystem: A Tool chain for Model-Based, Safety-Critical Software Development Chart: 11



sed Development

ISO 26262-6 specifically addresses model-based development!

dSPACE

ISO/DIS 26262-6

Annex B
(informative)

Model-based development

One characteristic of the model-based development paradigm is the fact that the_functional
model not only specifies the desired function but also provides design information and finally

even serves as the basis of the implementation by means of code generation.

In contrast to code-based software development with a clear separation of phases in model-
based development a stronger coalescence of the phases Software Safety requirements,
Software Architectural Design, and Software unit design and implementation can be noted.
Moreover, one and the same graphical modelling notation is used during the consecutive

International
Organization for
Standardization

development stages. [Testing activities are also treated differently since models can be used as
a useful source of information for the testing process (model-based testing). The seamless
utilisation of models facilitates a highly consistent and efficient development.

The TargetLink® Ecosystem: A Tool chain for Model-Based, Safety-Critical Software Development
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ty Standards for Automotive and Aerospace dSPACE

Automotive Aerospace

C n t at the | SYSTEM ASPECTS RELATING TO SOFTWARE DEVELOPMENT — SECTION 2 |

| SOFTWARE LIFE CYCLE — SECTION 3 |

SOFTWARE LIFE CYCLE PROCESSES

| SOFTWARE PLANNING PROCESS — SECTION 4 |

SOFTWARE DEVELOPMENT PROCESSES — SECTION 5

SOFTWARE REQUIREMENTS PROCESS

| SOFTWARE DESIGN FROCESS |
| SOFTWARE CODING PROCESS |
| |

INTEGRATION PROCESS

© unit design and

ation e — s B

| SOFTWARE VERIFICATION PROCESS — SECTION &

| SOFTWARE CONFIGURATION MANAGEMENT PROCESS - SECTION

| SOFTWARE QUALITY ASSURANCE PROCESS — SECTION B

| CERTIFICATION LIAISON PROCESS - SECTION @

Model-Based Development and Verification
to DO-178C and DO-278A

3 A | OVERVIEW OF CERTIFICATION PROCESS - SECTION 10
5-11 Verification of software safety |
requirements

SOFTWARE LIFE CYCLE DATA — SECTION 11

| ADDITIONAL CONSIDERATIONS — SECTION 12

Part ©

Model-Based development is part Supplement DO-331 is specifically about
of ISO 26262 Part 6 Model-Based Development for Aerospace

The TargetLink® Ecosystem: A Tool chain for Model-Based, Safety-Critical Software Development Chart: 13
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" |[SO 26262 and Model-Based Design
» The TargetLink ECO-System and ISO 26262
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dSPACE

=  TUV SUD Automotive GmbH, German certification
authority, evaluated TargetLink

CERTIFICATE

No. 2101204 71483 002

. .
Holder of Certificate: dSPACE GmbH RESUIL . . .
Rahnausat 2 TargetLink is fit for purpose to develop safety-related

Heawae software according to ISO 26262 (up to ASIL D),
Factory(ies): 71483 IEC 61508 (up to SIL 3), and derivative standards

Certification Mark:

= Certificate(s) granted for

Product: Software Tool for Safety Related = T L 2 . 3 . 1 (2009)
Development - TL3.1 (20 10)
Model(s): TargetLink = TL3.2 (2011)

P: ters: i
scamniers it s = TL33 (2012)

¢ CEPTUOUKAT & CERTIFICADO @ CERTIFICAT

fio
(o] to IEC 61508 and/or ISO 26262.
}‘:{J: The report no. DP76881aC is a mandatory part - T L 3 . 4 (20 13)
Ra of this certificate. . TL 35 (2014)
Tested IEC 61508-3:2010
according to: 1SO 26262:2011

The product was tested on a voluntary basis and complies with the essential requirements. The
certification mark shown above can be affixed on the product. It is not permitted to alter the
certification mark in any way. In addition the certification holder must not transfer the certificate
to third parties. See also notes overleaf.

Provides required confidence in using TargetLink.

ZERTIFIKAT ¢ CERTIFICATE # 3

Test report no.: DP76881aC
/\
Date, 2012-05-07 ( Andreas Barwald )
Page 10of 1
2 " o
z TOV SOD Product Service GmbH - Zertifizierstelle - RidlerstraBe 65 - 80339 Miinchen - Germany OV
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ISO 26262 — Tool Classification and Qualification dSPACE

= TargetLink

» TCL based on a TargetLink Reference Workflow

= “Fit-for-Purpose” Certification anyway

g —~S—— A

Tool functions

and their use M
cases TCL2

No qualification
Model-Based Software ‘ —P > TC L 1 q .
Development for req ul red

Safety-Critical Systems

TargetLink Reference Warkflow TO O I To 0 I
Tool Error Confidence
\ Impact Detection Level J K /
Tool Classification Tool Qualification

ISO 26262 requires tool classification and — depending on the classification - qualification
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ISO 26262 — 6: Product Development at Software Level
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T re
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or Safety-Related Systems dSPACE

Embedded Success dSPACE

Model-Based Software
Development for
Safety-Related Systems

TargetLink Reference Workflow

Concrete advice on how to develop according to ISO
26262

Covers the whole Model-Based Development
Tool Chain, not just TargetLink

Facilitates setting up 1SO 26262 development process

Author{s): Michael Beine

Version: 12

File: TL-ReferenceWorkilow.doc
Created: 2008-06-16

Last Modified: 2012-03-14

Number of Pages: 29

Copyright® 2012 dSPACE GmbH. Allrights reserved.

Note: The Reference Workflow conforms to ISO 26262, IEC 61508 and derivative standards.

Based on industry best practices

Approved by TUV Sud

Confidence in development process




The TargetLink Ecosystem in ISO 26262 Projects dSPACE

Requirements Tracing

4\ MathWorks dSPACE BTC

Simulink V & V TargetLink EmbeddedTester®

Requirements Coverage Analysis

BTC

EmbeddedTester®

Guideline Checking WCET & Stack Analysis

) o
Cil Absint €l Absint
aiT StackAnalyzer

. . Run-Time Error Analysis
Model Analysis & Review

€l Absint

Astrée

-

Model Coverage Analysis

BTC

EmbeddedTester®

Code Coverage Analysis
BTC

— EmbeddedTester®

Formal Verification

Test Vector Generation

BTC BTC BTC

EmbeddedTester® EmbeddedSpecifier® EmbeddedValidator®

Model-Based Testing
BTC

EmbeddedTester®
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for TargetLink

Standard guidelines are available for TargetLink

= Ensuring good design quality of models

dSPACE

= Can be used as the basis for project/company-specific guidelines

CONTROL ALGORITHM MODELING
GUIDELINES USING MATLAB®,
Simulink®, and Stateflow®
Version 3.0

MathWorks Automotive Advisory Board
(MAAB)

The TargetLink ® Ecosystem: A Tool chain for Model-Based, Safety-Critical Software Development

[

TargetLink Modeling Guidelines

Embedded Success dSPACE

Modeling Guidelines for
MATLAB/Simulink/Stateflow and TargetLink

Version 3.0

TargetLink Product Management
dSPACE GmbH

Rathenaustrafie 26

33102 Paderborn

Germany

Contact:
Ulrich Eisemann
ueisemann@dspace.de

MISRA AC TL

Modelling style
guidelines for

the application ')
of TargetLink i
the context of
automatic code
generation

November 2007
Version 1.0

Chart: 20



XAM) for Automated Rule Checking dSPACE

= Cooperation between MES and dSPACE MODEL ENGINEERING SOLUTIONS

= MES provides Model Examiner (MXAM) for
automated rule checking

= Automated checking of MAAB, TargetLink
and MISRA AC TL style guidelines

BEE MXAM - Model Examiner - default.mxml

File Report Options Info

[zlcoNAG [ [JRUN [[IREPORT

= Automated repair of guideline violations

=7 8 (&) Show e-Guideline
Check-Set Tree Check List
[ & Check-Set (114) || check_id check_title advice
. Bl & Demo (14118 je_0021 Model diagnostic settings The following diagnostice must he enabled. An ena Al
[ ] Iear re Ortln Of aI I detected and 0011 c_0061 Display of block names The block name should be msmayadwhamtprnviﬂ:l
C p g e Jc_0081 1con display for port blocks The Icon display seting should be setto Port numb
1 /je_0061 jc_0111 Direction of Subsysterm Subsystem must not be reversed
H H H 1 ~je_oost ic M Use of Relational Operator block When the relational operator s used lo compare a . ¥
corrected guideline violations @ o < | 5
J 0211 [ Detais |
] o Je_oz21 &
o023 D jc_00B1 Title Display of block harmes =
. . . . . S je_DzE Advice
s E asy | nteg ration Into proj ect-s pec|f| C - oo Tne bk name should b dleplayed whenf rodes doscrpive formaton B
J jm_oo13 ; The block name should not be displayed ifthe hlock function is known fram its appearance.
- =  na_00o4 i 1
development environments et )
) ds_0055 i - Logical Operator
-] na_000s - Product
= na_0om - Relational Operator
R - Saturation L]
#-[] &' Simulink (24)
. . #-[] W Statefiow (0is) Solution
™ F I I f I A P I f I 2] B Targetlink @27) Tum the display oTthe block name of by selecting the Format-~Hide Nare option for the
u y- u nC Iona Or eve Opl ng an v‘ respective block or use the fix action provided,
. . ] ]
integrating your own model checks
Scope MAAB
Priority recommended
[l Use ignore list
Fixable yes
[ewbamiignare gl |
Fixt Action
The block name will be hidden ~
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el Architecture and Complexity Analysis dSPACE

MODEL ENGINEERING SOLUTIONS

= Model architecture analysis to identify complex model parts easily

Name Comp * Name Comp * Name Comp * Name Comp *
fuelsys 96 >-o- |G W
s MaPsensor 33
oo englnespeed | 33
0-- engine gas dvnamics 33 >0 Mixing & Combustion 59 >0 _-
[ Throttle & Manifold 42 >0 Intake Manifold 67
o Throttle 151
o-- fuel rate controller 58 >0 Airflow calculation a M
o Fuel Calculation \6 -p-- Switchable Compensation 200 >-0--
~ - o
o Sensor correction and Fault Redundancy 134 >0 Estimate 66
o Spe imate 66
o~ Throttle Estimate o, 66
Chart: control logic 5 30— 02 \qu{_o_ ction and
‘o= Uindancy

Fuel Calculation

\\ Airflow calculation

i N

N .

(2 >

st air flow P ==t i flow

engine | Failures
.. speed . .
Empirical thresholds for | e corcton [ restbak corecton

M-XRAY model volume (MV) | L[|l ,oo— R

LOW (TOO) ngh EGD oo ﬁl fail_state | Failures rate
Ego

MV<  MV< MV >
300 750 750 Co—*=

cantrel logic

fuel_mods e i
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The TargetLink Ecosystem for ISO 26262 Projects dSPACE

Requirements Tracing Requirements Coverage Analysis
4\ MathWorks dSPACE BTC BTC
Simulink V & V TargetLink EmbeddedTester® EmbeddedTester®

Guideline Checking WCET & Stack Analysis

) o
Cil Absint €l Absint
aiT StackAnalyzer

Model Analysis & Review Run-Time Error Analysis

MES

M-XRAY

€l Absint

Astrée

o N

Model Coverage Analysis Code Coverage Analysis

BTC

EmbeddedTester®

EmbeddedTester®

Test Vector Generation Formal Verification

BTC BTC

EmbeddedSpecifier® EmbeddedValidator®

EmbeddedTester®

Model-Based Testing
BTC

EmbeddedTester®
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o-Back Testing dSPACE

embedded
Stimuli Vector Generation BTc systems
Model Refinement Recording Reference Outputs
I MR _II ....Back to BackTesting
Automatic Code Generation
Model
?

. EEEEEEREER IIIIIIIIIIIII'llllllllllllllllllllll) (l.
T TargetLink-MIL Back-to-Back Testing == :
c .
e - :
© ~ Compilation E
S C-Code .
= :
a EEEEEEEER EEEEEEEEEEEEEEEENESRN EEEEEnT

> 4

Generate StimuliVectors Obj-Code
~100%
/ EEEEN
. Coverage
automatically —
\_/

llllllllllllllll*lllllllll
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Create Test Cases

Create or import/export functional tests using existing industry formats (Signal

ter — Requirement-based Testing

— Execute Test Cases — Calculate Coverage

dSPACE

Builder, Excel, TLDS, CTE..) or user defined ones (XML, CSV, MAT...)

-! BTC EmbeddedTester : C:\Work\Demos\PowerWindow\ET_Profiles\Empty_Profile.atgov*

File Vector Tasks View Plugins Help

DEeHeERb HED | <

## Profile Mavigator

== Requirernents

EIB Requirements_PowerWindow]
REQ PW11
REQ PW 12

REQ PW 21
REQ PW 2 2

REQ_PW_3

[ﬁ Analysis Report |

Analysis

Profile Info Table Of Global L

Contents  Statistics £

REQ PW 4 New

; REQ_PW 4
- power_window_c
- Vectors

Link

¥ Delete

Tl Vector with Excel ... |
R Eh ‘u’ectorr{lth SignalBuilder...

""" [] C-Observer Librar Clear Suspect
""" [ﬁ Analysis Report Clear Suspect Recursively

Generate Coverage Report

Statistics

ge Statistics
tatistics
tement, Decision, Condition

and MC/DC, Function, Switch

Relational Operator, Down Cast, Di
Observer

BTc embedded
systems

. Signal Builder (powerwindow_tl_v01/test_cases) E@g

File Edit Group Signal Axes Help E
SH|fRE| oo |~ T REE > 1

1: move up/down + driver-side priority

){2: move up + auto-up | [F @

-
L

— ——

| S —

0.5

ses
oohw e

er_neutral

o o o diver_down
O w e  PESSENE

a v o o PESSENgEr_Up

- b
driver
Name: driver up T | passeng@
Index: i | ubsr:acl A%
4 [
Adjust segment Y position | driver up (#1
1 0419 0,301 1 41 [
1 0,371 0.007 1 ) 0
) 0,338 0402 1 439 0
L} 0
[EQ@ 1w% o
Chart: 25
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Tool Support dSPACE

embedded
systems

BTC

= BTC EmbeddedTester

Automatic Test Execution & Regression

Automatic Test Evaluation

Automatic Regression Reporting

Wefinement
w--- ammw ammw Regres?-l-o-n TeSt -
‘ AutoCode Generation
Code Coverage Measurement I I ‘

TargetLink-MIL |HRR

Automatic Testvector Generation « Ta;ug;g';t,;wﬁm

Certified forIEC61508 |1« HEER
and 1SO 262622

Test Vectors

~100%
Coverage

Test Execution
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The TargetLink Ecosystem in ISO 26262 Projects dSPACE

Requirements Tracing Requirements Coverage Analysis
4\ MathWorks dSPACE BTC BTC
Simulink V & V TargetLink EmbeddedTester® EmbeddedTester®

WCET & Stack Analysis

Guideline Checking

) o
Cil Absint €l Absint
aiT StackAnalyzer

Run-Time Error Analysis

€l Absint

Astrée

Code Coverage Analysis

BTC

EmbeddedTester®

EmbeddedTester®

Formal Verification

BTC BTC BTC

EmbeddedTester® EmbeddedSpecifier® EmbeddedValidator®

Test Vector Generation

Model-Based Testing
BTC

EmbeddedTester®
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ling with Absint Static Analyzers dSPACE

ﬁ Absint

ISO 26262 requires to take non-functional safety properties into
account, like worst case execution time, stack consumption etc.

* Proving the correct timing behavior
» Safe upper bounds on the worst-case execution time of tasks
* Working on binary code

aiT WCET Analyzer

* Excluding stack overflows
« Safe upper bounds on maximal stack usage of tasks
* Working on binary code

StackAnalyzer

» Proving the absence of runtime errors (division by zero, arithmetic
overflow, invalid pointer accesses, etc.) in C programs

« Working on source code

Astrée

The TargetLink® Ecosystem: A Tool chain for Model-Based, Safety-Critical Software Development Chart: 28



h Absint Static Analyzers

TargetLink
Sr— Worst Case Execution Time / Worst Case Stack Usage
E Fault-Tolerant Fuel Control System
’ e Code to Model Navigation
ez Data
- . Dictionary
N—
C Code
v
Annotations
Compiler
Linker
Executable
(*.elf / *.out)
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» TargetLink in a Nutshell

" |[SO 26262 and Model-Based Design
» The TargetLink ECO-System and ISO 26262

= Miscellaneous
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enter — Online Resources dSPACE

english | deutsch | francais

Embedded Success dSPACE

Home > Support > Product Support Centers > TargetLink

Home TargetLink Product Support Center

Fast access to the mostimportant
Product Support Centers support information for TargetLink®.

Browse product by name... >

News
RCP and HIL Software Jan 04, 2011
TargetLink Support Wizard Update

The Support Wizard provides support

Calibration System relevant information for software up to

Release 6.6.
» more
* Dec 10,2010
TargetLink FAQ
Updated Frequently Asked Question about
TargetLink
» more
Release information Nov 30,2010
New Version: TargetLink AUTOSAR
Information about TargetLink Releases and Patches Migration Tool 1.6.0
= = = AUTOSAR Migration at the Click of a Button
> TargetLink and New Featt
» more
# Updates and patches for TargetLink Oct 26, 2010
» Compatibility matrices describing the dependencies of dSPACE software on the Partner Program for dSPACE
products of other (e.g., Operating MATLAB, i TargetLink
% Forinf tion regarding the supported AUTOSAR : please consult our Wide ra-nge oftools supplemgnt
AUTOSAR Compatibility page. production code generation with

TargetLink
= more
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http://www.dspace.com/tlpsc

tLink

TargetLink® AUTOSAR Migration Tool

Browse product by name...

AI.ITOSARI
The Target
button. Thej
compaonent]
flexibhy con
regarding t§
further det;

Please for
the RSS fe

Flease not
MEASUTEs.
limited to th
contained
use of this

AUTOSAI
Migratiol

Home > Support = Knowledge Bese > Utilities = LHilities for TargetLink = AUTOSAR
Uilities
Home > Support * Knowledge Base > Uilities = Hilities for TargetLink > Targetlink®
Utilities M - _ B
TargetL #3, Library: tl_utils_lib i — — _ [ v
Agattional ool Ta rg etLi nk® Fle Edit View D whary' tl_utils_lib/Logical and Bit Operations . - . . l - IEEHM
The TargstLink A Additional Tools for the @ . File Edit View Display Diagram Analysis  Targetlink Utilities  Help
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