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1ISO 26262-6:2018 354 SimulinkfiStateflowi& & & 2246381+, =
I:ll:l / k l’/L&1 :IE.,’I-- 52. Table 5 — Notations for software unit design

ASIL
Notations
A B C D
la |Naturallanguagea 4+ 4+ - 4
1b  |Informal notations ++ ++ + *
1c  [Semi-formal notationsb + + ++ ++
1d |Formal notations + + + +

a  Natural language can complement the use of notations for example where some topics are more readily expressed in
natural language or provide an explanation and rationale for decisions captured in the notations.

EXAMPLE To avoid possible ambiguity of natural language when designing complex elements, a combination of an activity
diagram with natural language can be used.

b Semi-formal notations can include pseudocode or modelling with UML®, SysML®, Simulink® or Stateflow®.

NOTE UML®, SysML®, Simulink® and Stateflow® are examples of suitable products available commercially. This
Table 2 — Notations for software architectural design information is given for the convenience of users of this document and does not constitute an endorsement by 150 of these

products.
Notations NOTE In the case of model-based development with automatic code generation, the methods for representing
A | the software unit design are applied to the model which serves as the basis for the code generation.
1a |Natural languagea ++ ++ ++ T+
1b |Informal notations ++ ++ + +
1c |Semi-formal notationsb + + ++ ++
1d |Formal notations + + + +

a  Natural language can complement the use of notations for example where some topics are more readily expressed in
natural language or providing explanation and rationale for decisions captured in the notation.

b Semi-formal notations can include pseudocode or modelling with UML®, SysML®, Simulink® or Stateflow®.

NOTE UML®, SysML®&, Simulink® and Stateflow® are examples of suitable products available commercially. This
information is given for the convenience of users of this document and does not constitute an endorsement by 150 of these
products.
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ASIL Applicable Model-
Based Design Tools
Methods A B C D and Processes Comments

ASIL Model-
Based Design Tools
Methods A B C D andProcesses Comments
1b | Generationandanalysisof  + 4+ |4+  ++ | Simulink Design Verifier | The analysis of equivalence classes can be
equivalence dasses ~Test case generation | based on the interfaces of the model.
Automatic test case generation in combination
with Test Objective biocks can be used to
generate test cases and test sequences for
gven equivalence classes.
lc | Analysisofboundaryvalues ¢ ++ |4+ ++ | Simulink Design Verifier | The analysis of boundary be b

1c MC/ DC [Modified + + + +
Condition/Decision Coverage)

Dwring model testing, Simulink Coverage
NModel coverage analysis | verification can collect MC/DC coverage at the

Simulink Coverage —

miodel level.

Simulink Design Verifier can be used to

generate test cases that satisfy MC/DC
cowerage at the model level.

Simulink Design Verifier

Dwring SIL and PIL execution, Simulink
Coverage can measure MC/DC coverage of the
generated code.

Code coverage analysis

~ Test case generation | on the interfaces of the model
Automatic test case generation in combination
with Test Objective biocks can be used to
generate test cases and test sequences for

Even boundary values
1d | Error guessing
Table 12 - Structural Coverage Metrics at the Software Unit Level
ASIL
Based Design Tools
Methods A B C D andProcesses Comments
1a  Statement coverage s (e |o [+ | Sumulink Coverage- During SiL execution, Simulink Coverage can
Code coverage analysis | measure the statement coverage of the
generated code
1b | Branch coverage 4+ e | Simulink Coverage - During model testing, Simulink Coverage can
Mode! coverage analysis  collect dacision coverage (also known as
eka E branch coverage) at the model level.
Code coverage analysis | During SIL execution, Simulink Coverage can
Stk Dasign Verifier | 35Ur® the decision coverage of the
~Test case generation | o erted code
Simulink Design Verifier can gens T
that satisty decision coverage atl
£
lc | MC/DC(Modified + ¢ |4+ Smulink Coverage— During model testidg, Simuiink Coverage
Condition/Decision Coverage) Model coverage analysis | verification can collect MC/DC coverage at the
model eve!

Sumulink Design Verifier

~ Test case generation  Simulink Design Verifier can be used to
generate test cases that satisfy MC/DC
coverage at the model level.

Simufink Coverage — During SIL and PIL execution, Simulink
Code coverage analysis | Coverage can measure MC/DC counmmg@0r the
generated code
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IEC Certification Kit

Reference Workflow

Module and Integration Testing
(Simulink Test, Simulink Coverage) Back-to-Back Testing (Simulink Test)

Prevention of Unintended Functionality
(IEC Certification Kit — for trace matrix,

or Simulink Coverage — for code, or

|

I

| Module and Integration
: Testing (Simulink Test,

| |
I : !
| i
B i !
| Simulink Coverage) | : Simulink Code inspector ) |
|
: : Static Model : : : : Static Cod s 1 l
kL& | Static Mode | ! ] tae co i : l
| 1 Analysis \ : | | 1 and Verification |
- I \t I | (Simulink Check, | Analysis ! | : (Polyspace Bug : !
T =y (Simulink Check, | : ' !
n 2 /}l L E ' Simulink Design " ik Ded " I | Finder, Polyspace | |
= o Ven‘fier,)_ \ g g | : : Code Prover _. ! |
o g ' enﬁer) o | '/ N | |
L1 \ v ¥ L3
System Textual Integrated

requirements Requirements object code

Executab!e Model used for production N Generated
specification code generation C/C++ code
A

Code Generation
(Embedded Coder)

Static Code Analysis and Verification
(Polyspace Bug Finder, Polyspace, ~

N
Code Prover ‘\ v
Software Architecture | ~ [ Handwritten |

and Design | C/C++ code |

Requirements Authoring Modeling
(Simulink, Stateflow,

Fixed-Point Designer)

(Simulink Require ments)

Compilation
and Linking

Requirements Trace (Simulink Requirements)
Documentation (Simulink Report Generator)

Version Control (Simulink projects - for VC/CM interface)
Tool Qualification (IEC Certification Kit)

[] pevelopment artact
- Software development activity (tool)

- — - Verification and validation activity (tool)

Integral activity (tool)
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IEC Certification Kit

Simulink® Test™

ISO 26262 Tool Qualification Package

R2019a

Potential
Malfunction or
Erroneous Output

[SLTEST_E1]
Incorrect behavior
of test harness

[SLTEST_E2]
Incorrect run of
test procedure

Janua

[SLTEST_E3]
Erroneous
assessment of
test results —
passed test
indicated as failed

Use Cases

[SLTEST
_ucl]
[SLTEST
_ucz]

[SLTEST
_uc)
[SLTEST
_uc2]

[SLTEST
_uc3)

TI

TI2

TI2

Ti1

TI2

Justification for TI

Incorrect behavior of
test harness could
prevent errors in an
object under test
from being detected.

Incorrect run of test
procedure could
prevent errors in an
object under test
from being detected.

Nuisance only, failed
tests have to be
manually reviewed
and explained by
user

TREEERIA+
HAMEFZ# 8

Prevention / TD
Detection Measures

[SLTEST_M1] TD1
Requirements-based
testing

[SLTEST_M1] TD1
Requirements-based
testing

None TD3

Justification for TD

The test cases and expected results are
derived from requirements independen
of the model under test and the test
environment. The independence
provides a high degree of confidence
that errors will be detected using the
actual results from the model under tes
in the test environment

Requirements-based testing will detect
incorrect run of test procedure, see TD
justification for [SLTEST_E1]
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KOSTAL Asia R&D Center Receives 150 26262
ASIL D Certification for Automotive Software
Developed with Model-Based Design

“Without Model-Based Design, we
would have needed at least 30% more
time to develop and certify the ESCL
application software. We saved time and
effort by generating efficient code that
satistied all our speed and memory

requirements.”

— Cheng Hui, platform and process manager,

KOSTAL
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Table 8 — Methods for deriving test cases for software unit testing

ASIL
Methods A B c D
1ISO 26262 Process Deployment Advisory Service
e 1a_|Analysis of requirements | | | A
MathWorks Consulting Services works with you to migrate 1b |Generation and analysis of equivalence classes? + ++ ++ ++
your existing process—whether based on manual methods 1c |Analysis of boundary valuesb + ++ + ++
or Model-Based Design—to a process framework for using 1d |Error guessing based on knowledge or experiencec N N N N

Model-Based Design with ISO 26262. Customized to your
specific environment, tools, and application, the ISO 26262
Process Deployment Advisory Service identifies gaps in your
current processes, develops a road map to a more optimized
process framework using Model-Based Design, and works
with yQu to depl t road map.

i el rosy

. AIESIRARSS :
— 1SO 26262 AL RIzEE T

1g
1f
le
1d
1c
1b
1a

i
3

No info
N/Ato MBD

Tablel Table2 Table3 Table4 Table5 Table6 Table7 Table8 Table9 Table10 Table 11 Table12 Table 13 Table 14 Table 15
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1ISO 26262 Process Deployment Advisory Service
B e e

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 ISO 26262. Customized to your
specific environment, tools, and application, the ISO 26262
Process Deployment Advisory Service identifies gaps in your
current processes, develops a road map to a more optimized
process framework using Model-Based Design, and works
with yQu to depl t road map.

i el rosy
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Perform Unit Level Developer Testing

Model Structural Test
Developer -Model standards

el -Unreachable coverage
Jobjectives
-Signal range analysis
-Overflow / Divide by zero
Integrate unit

Create unit level o Model functional test o | level model into
passed-p| . > i 3 1
algorithm integration level

model

Perform
architecture.
nodel review

Software build test

failed

i . i
| Software run time error |
] analysis i

i

o\ The MathWarks
Consulfing Services

Verification and Validation Workflow
Task Description

%ﬂ‘fﬁ—/\ﬁ% A SR AIA -
Btz (Bft4)

- A (BREfMA)

- AN (WfAEA)

i (EEfA)

Novamber 18, 2017
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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 ISO 26262. Customized to your
specific environment, tools, and application, the ISO 26262
Process Deployment Advisory Service identifies gaps in your
current processes, develops a road map to a more optimized
process framework using Model-Based Design, and works
with yQu to depl t road map.

i el

1ISO 26262 Process Deployment Advisory Service
B e )

- AIEHIRVARSS

— TERIEXH
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File

[&#] Certification Artifacts Explorer
o

Edit Help

+ode @

v IEC Certification Kit
A

>
>
>
>
A

W W W

| 150 26262, IEC 61508, IEC 62304, EM 50128, IEC 61511
I Embedded Coder
= Polyspace Bug Finder
= Polyspace Code Prover
[C3 Simutink Design Verifier
I3 simulink Check
> T3 doc @

« BIRIAERR

— IAZR
BAEM
sk A

D certkitiec_slchk_cdt.
5] certitiec_sichk_cdt.pdf

) certiitiec_sichk_certificate. pdf HAtAsEE
B certkitiec_slchk_certreport. pdf . o
‘E| certkitiec_slchk_run.mibx ﬁﬂ/‘ﬁ%ﬁl‘i
certkitiec_slchk_tests.mpt Ef‘grgﬁ%
E certkitiec_slchk_tests.xls

- - prcgs =]
D certkitiec_slchk_tgp.docx %%/}IL?‘EE

E certkitiec_slchk_tgp.pdf
@ certkitiec_slchk_workflow.pdf
[ simulink Coverage
I simulink PLC Coder
= simutink Test
= SUppoEL ]
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1ISO 26262 Process Deployment Advisory Service
B e )

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 ISO 26262. Customized to your
specific environment, tools, and application, the ISO 26262
Process Deployment Advisory Service identifies gaps in your
current processes, develops a road map to a more optimized
process framework using Model-Based Design, and works

G SR TR e e e
- AIEFIBARS
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"We Ieveraged MathWorks consultants

to apply Model-Based Design for ISO
26262 on our new Integrated
Restraints and Braking Controller
(IRBC) developed with Simulink,
Stateflow, Simulink Design Verifier, and
Embedded Coder for production code
generation and verification."

Rich Rakes, Lead Engineer, Autoliv
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FERRBYEEAK,
£

= |B)Rn
- PMERERFERET SR TRE MK IEEE Z
— Tk It MR 2 B Y W )i ER ] M
. REELE
- WHEREREE R BEMRR
- BE (MAAB/JMAAB): db_0143: Similar block types on the model levels

A I E AT IASII

ML

t4
1
£ AN Tnout CAN_Input o
CAN_Input unit4_sig1
Bus Selection
hwint6 >
hwinté Signal1
it <" ——
nits
unitd_sig2 unit4_sig2 = —E CAN_Output ’@
—® uint5_sig2 . - CAN_Output
. . Signal2
unit5_sig1 >
hwint8
uint3_sig2
units_sig2 -
5_sig2
uinté_sig2
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Options Non-Compile  All Metrics Al
%ﬁ‘ S Metrics

ssssssssss
HevMmReference...
Created by: The MathWorks, Inc

Ay =] Size
" IE.IEL ot . S, 1AERPM 11 Weings 2.3K L SpeE 9 L] ©
ssssss
- ERAVURE BB EEEK
- BRI R ~ > =
- B{ESCEL: . e ‘

— \\ — 1 L= N —— Model Complexity .
- EXEREHEGHIITVLENFE |
/10 H&E " ENENEERNENEN FEEEE
. EEMERRE —

EHE (<=30)*
n g 2!: jTl: % /l\ ﬁ (< 500)* Code Analy?er Warnings Diagnosti(c) Warnings ~ MATLABLOC

— [ERFEERNEE (Egldenkins) INIFIREEFR

*5 % Y E: Model Quality Objectives
{£%&: Renault, Valeo, PSA, Bosch, Delphi, MathWorks
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»| unitd_si
unitd_sig1 - i
LY E unitd_sig1 519 unitt_sig £ unit1_sig1
[ (| . —
N~ m unit:
» _si unit3_si
u

- BTRA—ESHAEMLBIFD EE Y X E e T B
MINBOEN, SRENARGHERNE s A
=Sz

- E{ESCEL:

— 1k Simulink REAERES, RENKKE
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nitd_sig1
unitd_sigi £ -5

| unitd_sig1

| hwint2

unit1_sig1

C e

hwint2

(€D > hwint3
-Ehwint3
hwint3
4 ) P hwintd
£hwint4
hwint4
; single
= In1
unit1_sig1

unit3_param1

single

2z
- In1
unit2_sig1

L |

unit2_bus

_sig2

—£ unit1_sig1

P unit1_sig1

unit3

unit3_sig1

unit1_sig1

&)

£ unit3_sig1

unit3_sig1

£ unit3_sig2

»(4)

unit3_sig2

2

1D T(u)

-F unit2_sig2 g

unit2_sig2

single

uintd ™ -
unit3_sig2

Black Parameters: unit3_sig1

Outport

X

Provide an output port for a subsystem or model. The 'Outp
disabled' and 'Initial output' parameters only apply to conditi
executed subsystems. When a conditionally executed subsys
disabled, the output is either held at its last value or set to t

output’,
Main  Signal Attributes
Minimum: Maximum:
i lf [
Data typé |smgle v| [
[ Lock dpudetatppesstitting against changes by the fixec

<

Unit (e.g., m, m/s*2, N*m): s
|mherit

>
g' | 0K | | Cancel | | Help Apply

~
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GatFunction: |get_$N

Setfunction: |set_§N |

Alias: [ |

Simulink.Signal: unit3_sig2 X
Data type: | uints < s @
Di i -1 Di mode: |auto <
Initial value: I:l Complexity: auto hd
Minimom; Maximum:
Code generation options
Storage class: | GetSet (Custom)

Custom attributes \

HeaderFile: ‘ \

|

-

Code generation options

Storage class: | GetSet (Custom)

Custom attributes

HeaderFile: |

GetFunction: |get_$N

SetFunction: |5et_$N

‘DH £ unit4_sig1 a

unitd_sig1

> .-1
—£ CAN_Output ()

CAN_Output

Alignment: -1 |
- Description:
186 /* SignalConversion: '<Root>/Signal Conversion2' incorporates:
187 * .o . 1 v
J.‘j,’ ., Inport: '<Root>/hwInt7? o] | e | [ e -
L]
189 rtb_SignalConversion2 = get hwInt7();
118
111 /¥ SignalConversion: '<Root>/Signal Conver
112 ¥ Inport: '<Root>/unit3 sig2’ unitd
R * CAN_Input
411z ! unitd_sig1
114 rtb_UnitDelay = get unit3 sig2();
e hwinté P> Signalt >
116 /* SignalConversion: '<Root>/Signal Conver - - s s units
117 * Inport: '<Root>/unité_sig2’ —»{uints_sig2 unid-sie unie-sie _—
P unit5_sig1
Lle */ Unitd P .
119 |rtb_SignalConversiond4 = get unité_sig2(); D T 2 e =)
— g g — — g 1 hwint7
12@ =
121 /¥ ModelReference: '<Root»/Unit5" imcorporates: unz{unia}ig( ’1 : I—D uint3sig2
122 ¥ UnitDelay: ‘<Root:/Unit Delay’ N units_sig2 [— 2
123 T,v‘( ﬂ—b uint6_sig2
- e mem aa = = . A e = - - B - e e unit6_sig2 -
| | L Units

MATLAB EXPO 2019
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unit5_sig2
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IX|

“[B ASIL ZAILE QM Z Bl fFfE R IT
fﬁﬁg& - E‘ZEEE ECU Example Architecture

el O K ]

- [a)RR:
- %%E’\Jﬁﬁ%ﬁﬂﬁifﬂﬂﬁ ASIL Z3K LK QM ZERRBEREI N R/ FiE
X 1oy,
- EESCE: >
— FCE R4 R AY Memory Section B4

ROM

e N 1SS —

@ Configuration Parameters: Configuration - O X e/

Q, memory sec x

["a| Code Generation Report i
p— R ode Generation Repor Section1
|:| Start TLC debugger when generating code

Data Import/Export L] € Find: I:l{} % Match Case
T -

Math and Data Types TLC options: . FEE————
i i Contents -
» Diagnostics Validate Toolchain
;‘;?::’:fg;ﬁ;i::maﬁon Memory Sections Summar . /* Block sigmfl[s (dffault srorege) *
jtoragna location = O MEM SECT________ 4z
Simulation Target Package containing memory sections for model data and functions Subsystem Report . ‘f‘* R [ t . d II_ _‘f
i i B QM Application T QM_Applicaticn B; 43 eglL-Time moae
SIS G Package: MemorySectionExample ~ || Refresh package list Code Interface Report L M Application T QM Application |
Optimization - a4 ' _m "
. Traceability Report /* Real-tine model */ 44 #pragma location = "QM_MEM_SEC
CePO ) Memeory sections for model functions and subsystem defaults 5 Code M . : #pragma location - "QM MEM SEC" 45
omments i i
tatic Code Metrics Report
Symbols Initialize/Terminate: |QM_MEM_SEC |v i . . . . | L N . . .
Cusiom Code - T i Code Replacements Report RT_MODEL_QM_Application T QM Application M 46 RT_MODEL_QM_Application_T QM_Application_M_;
xecution: | ¢ - 7 - — = - — - -
Interface Coder Assumptions ion = " " \ 17
Shared utility: QM_MEM_SEC [~ #pragma location = "QM_MEM_SEC G4
Code Style B —— p . 1 . " "
Verification Generated Code RT_MODEL_QM_Application_T *const QM_Applicatidh M - 8QM AP~ 48 #pr‘agma ocation = Qf"l_MEM_SEC
Memaory sections for model data and subsystem defaults | static void rate_scheduler(void); .
Templates 49
Code Placement Constants: QM_MEM_SEC | - i e
Data Type Replacement Inputs/Outputs: |QM_MEM_SEC |' b * This function updates active task flag fdf each sub:
» Coverage T = " . ;
Internal data: QM_MEM_SEC |v -1 Model files 5 The function is called at model f?ﬂ's? rate, ence the
Hii Abpiication c: * generated code self-manages all 1ts subrateg.
Parameters:  |GQM_MEM_SEC [~ ‘UM _Application.c A
M_Application.h #pragma location = "QM_MEM_SEC"
jValidalion{reanks M_Application_private.h i
static void rate_scheduler(void)
Parkane and memnny sectinns fannd v M_Application_types.h i {
v | —— e b il base time

™ ™ T C41 Chnend filan 111
Apply < 3 <

OK Cancel Help
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single

¥

Er———
uinté
uint3_sig2 »

=0

unitS_sig1
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uintB
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uintd_sig2
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Code Generation Report

@ Configuration Parametess: Configuration

Model Configuration/Code Generation/Symbols

Coder Assumptions

Generated Code

[-1 Model files

¥ Advanced paramstars

Snared checksum lengtn:

& identier format: e

XSMSN

unit3.c

unit3.h
unit3_private.h
unit3_types.h

Shared checksum length:

EMX array utility functions identifier format:

EMX array types identifier format:

Shared utilities identifier format:

]
emx3M3N
emxArray_SMEN

INSC_aMm
P e, S

[-1 Data files
unit3_data.c

-1 Shared files
look1_ifIf_binlxpw_QM.c
lookl_iflf_binlxpw_QM.h
rtGetinf.c
rtGetlnf.h
rtGetNaN.c
rtGetNaN.h

rt_nonfinite.c

MATLAB EXPO 2019

- o x
@ @ Fnd [ )4 ¥ Matchcase l
" Code Generation Report for 'unit3' .

Model Inform:

Author
Last Modified B
Model Version

-1 Shared files

Tasking Mode

look1 iflf binlxpw QM.C

lookl1 iflf binlxpw QM.h
P

Information

System Target File

Hardware Device Type

Simulink Coder Version

Timestamp of Generated Source Code
Location of Generated Source Code
Type of Build

Objectives Specified

erttic

Intel->x86-64 (Windows&4)

9.0 (R2018b) 24-May-2018

Fri Mar 8 07:50:55 2019
C:\Work\Events\2019MAC\ISOModelArch\slprj\ert\unit3\
Model Reference
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