" MathWorks

fFE1S0 2626205 F B FHRHFH L RIE

& Shucheng.dong@mathworks.cn
MathWorks &

© 2015 The MathWorks, Inc.


mailto:Shucheng.dong@mathworks.cn

‘ MathWorks'

TN

i}
it

BARERETRBE

1so2e2c- DO-178C
(@011, (2011)

IEC 61508 | 50108
(2010) (2011)

2
B 71945
'L'El (2004)
=
pry
ﬁﬁ]'

IEC 61508
DO-178B (1998) EN 50128 IEC 61511
(1992) (2001) (2003)
0 -

1990

1995

2060
RS

2005

2010



‘l MathWorks:

e E£ERLIMET &R




4\ MathWorks

AT ar



&\ MathWorks

X N

- 1SO 26262 FH A B RRE T

- FFAI1S0 2626280 & T FE




‘ MathWorks

1ISO 26262 X N %13 1E

R4
& AN




‘ MathWorks

1ISO 26262193410 B B 5

1. WEFRTXI

z.%#%ggﬂlmﬂﬁ .
""""""" 3. G BEESHRE o
1 R R ke
BWEBE - 5. TAMEE 0 o )o._____ |
6. TENHAHEME

\

»
WIHIRIE



&\ MathWorks

BIR/mIZTIA S IEFE R RAR

. BESEHRESORERE - RIEERREEEENNE

— FAMAYE X
— ZFHERA SSRGS FIE TR
tEIRALTE ALE |E ] D
— TEMELE. g REHL la (Enforcement of low complexity) ++  ++ 4+
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= In order to avoid failures resulting from high complexity, the software architecture
design shall exhibit the following properties,

—l Modularity;

— Encapsulation; and
— Simplicity.
- BRI RN

la |Hierarchical structure of software components ++ ++ ++ ++
1b  Restricted size of software components ++ ++ ++ ++
1c  Restricted size of interfaces + + + W+

1d High cohesion within each software component + ++ ++ ++
le Restricted coupling between software components + ++ ++ ++
1f Appropriate scheduling properties ++ ++ ++ ++
1g Restricted use of interrupts + + + ++
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« Example: Parallel states should not appear at the top level of a state-chart.
-- Misra Modeling Guideline

One entry and one exit point in subprograms and functions

++

No dynamic objects or variables, or else online test during their creation +

Initialization of variables
No multiple use of variable names

Avoid global variables or else justify their usage

(No hidden data flow or control flow)

No recursions
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— Model advisor

() Model Advisor - cc_refl - -9 *
File Edit Run Settings Highlighting Help
[» [& 2 &= Find: - a5

4 [@ 3 Modeling Standards for 150 26262
[ mieniay oo oo

Check for unconnected objects
| Check for fully defined interface

| Check for blocks not recommended for C/C++ production code deployi

|:| | *Check usage of Stateflow constructs

| Check state machine type of Stateflow charts

D | “Check usage of Math Operations blocks

|:| | ~Check usage of Signal Routing blocks

D | *Check usage of Logic and Bit Operations blocks
|:| | ~Check usage of Ports and Subsystems blocks
| Check for inconsistent vector indexing methods

Display model metrics and complexity report
Analysis

Display number of elements and name, level, and depth|

Result: (% Passed

Stateflow

Stateflow construct||Count

Stateflow Transitions||37
Stateflow Data 21

1. cc_refl
2
3
4
5
6. . . . .
v v v .
E.

Model Hierarchiﬂﬂnlple:ity:

Subsvztem

TurnLampModeDetermination

SF: TurnLampModeDetermination

SF: Turnlight

TurnLightSwProcess

SF: TurnLightSwProcess

SF: Comfort

Test 1
D1 C1
- 21% mm
- 71% =
- oL m
- oL m
0%

NA
— 42% -
— 42% mmm

0%
0%
0%
0%
0%

0%

MCDC

NA

Stateflow Junctions ||20

Stateflow States 5

\ Stateflow Charts 2 /
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= Model Variants

— BEEEARE
ol A=

— tkn, K_Param ==
i%Z3EModel _A.mdl;

S BUIRFEAERY

CLASS A,
K_Param

== CLASS_B, i&#

Model B.mdl

— FEERF M RIFRIARD

= System Variants

F&

L PlatformEx ‘ —

:Eg

b - 8 BO-E 40Pk

PlatformEx

File Edit View Display Diagram Simulation Analysis Code Tools Help

ik

@~ » DG

@ |[Pa|PlatformEx b -
I EZ
| D ofPedal W odel_A
W = o shitComplete}———— (T )
W] - c1 ShitComplete
{l C1 Pi_dem
2 P1_dem
i cz2
€ » SN S
Launch W odel Variants P2_dem
K_Param == CLASS_A
».
Ready 107% FixedStepDiscrete
——

Function Block Parameters: Model Variants

=3

|

Model Reference

The model variant block can have one active variant for simulation. The variant control determines whi
be a condition expression or a Simulink.Variant object specifying a condition expression.

Variant choices

Meodel name Variant control tion (read

- Model_A.mdl |K_Param == CLASS_A | (N/&)

Maodel_B.mdl K _Param == CLASS_ B (M/A)

Variant:

[7] override variant conditions and use the following variant

K_Param == CLASS_A (Model_A.mdl)

Model parameters for chosen variant in

Model name:

Model_A.mdl E

Model arguments:

Model argument values (for this instand

Simulation mode: |Normal

Code generation

Generate preprocessor conditionals
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= M O d e I Ad V | SO rg’; ijrll_, E 1‘% (&) Model Advisor - ClutchPressureControl

%I—I #*Ag File Edit Run Settings Highlighting Help
S PIER i -~ -
/E AV A= [ [& 2= &= Find: v <& &>
Model Advisor
4 |Model Advisor -
4 [@ O ByTask Verify model complies
s > [C2) Code Generation Efficiency Tips

Kl

- EFRES

AT

O
0

Frequency Response Estimation

S
|
y

To enable or disable a check, select or dear

* = Managing Data Store Memory Blocks ; o
? i Managing Library Links And Variants = %EESZT;L% EH‘ISEHE TIEELTITIE
’ ) Model Referencing To run checks, select a folder or chedk in the
’ 3 Modeling Guidelines for MISRA-C:2004 For a list of all possible actions, right-dlick an
= E %IJ 1:& g Iﬁ : g :::Z:::::z :ir.lgyrjlaclzlas::t;:rf;meters using Buses — To show or hide By Product folder select or d
— Preferences dialog box.

g 23 Modeling Standards for DO-178C/DO-331 To show or hide By Task folder, select or dear
» [ Modeling Standards for IEC 51508 dialog box.
4 = Modeling Standards for IS0 26262

|:| | ~Display configuration management data

| Display model metrics and complexity report e

:~| Check for unconnected objects .—| MotRun

= Check for fully defined interface O Passed

:=| Check for blocks not recommended for C/C=+ production code deploy 0 Failed

|:| | ~Check usage of Stateflow constructs =

— A Warring

4 mn | b

#  Running this check triggers an Update Di
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Moy 2 2 CeEyesasc|an s 8 dk -] ~F-

(Mode DWork.ModeLogicChart.e is L1 — Mode IN ac—

~ /* Requirements for [LI act(}]:
ok =l n d I ——— O eive mode 7 O]
— B E® e et Fumat Dods Tibe ndow  Hep = Mode DWork.MedelegicChart.is L1 = (uint8 T)Mode
DSl da ZEIsaG@9-C >

z Mode B.LO mode = 3;
[u/0F B i D [N KKK I - A else [
- | zmode caly if theve are uo detected Eailres on ydrmulic pressure 2 and Ragit 1F((1 (Mode_DWork. ModeLogicChart.c_is L1 == Mode
Inner position, to which it should transtion ta the Passive made. (Mode DWork.ModeLogicChart.b is Ll Mode TH a
- ements for [1LI act{} KD act
BEERTN L o Outer Actuato sive mode L] . DI 3]
* 1. Left Inner Actuator in Isolated mode

1€ the Left Quter actuaior 15 the Passive mode, and the Leb lamer actuator is
inths Acive mods, wansition the Laf Ovter achuakor t he Standby mods L e
Else transition the Lef Outer achustor 10 the Active mode, - —_—]

[CicPswmsatmiets [ 38 o % [0

2211 Left Inner Actuator in Passive mode i
1f tae Left Inner actuator is in the Passive mode, and the Left Outer achuator is
inthe Active mode, transition the Left Inner achator to the Standby mode. Else

transition the Left Innes actuatar 4 the Active mode. El
n .
=o[@s e |
Bagps  se1 S5 Mo la cas e om &g

4\ c Lmdl vs. C: dl

- Simulink Report Generator IR eE
— 393ESimulink B A4 pRiR s i

Left File: [C AWork\test\modell.mdl

Right File: C:\Work\testimodel2.mdl ( 1 : = = 1

=TET=

=B modell =B model2 In1 Outt
[ SimulationSettings I SimulationSettings T
=5 medell &z model2
&L Subsystem &[] Subsystem
& 2] Subsystem ] subsystem |
. . l_\_l [ Ssm ] HlGain
=  Simulink Report GeneratorscE1lj R = (S .
p ~ - : | In2 = | S
B model2/Subsystem - [ E)
- I — File Edit View Simulation Format Tools Help
\ ; I 4N A
o o 3 4 1
Parameter
++ Tnputs [j+-
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& B4 R A 6 B FRAMC/IDC
100% B =

5 B A 31

1ZAETER S BT A S A 100%7%E Z A9
WAB, FirriEREE

ISimulink Design Verifier# &% 18 55 1%

View Font Size

-
@ it v v e v e

)

- Message Source Reported By Summary
u_sme”w’(d'a")StEPfusz’g'd‘nmm”"g'z o @ Design Verifier analysis error Trans[#1230) stateflow  Analysis of Transition (£1230), MCDC Transition tri
File Edit View Simulation Tools Format Add Patterns Help @ Design Verifier analysis error  Trans(#1230) stateflow Analysis of Transition: Condition 2, “press < zero_t
sEH&| i@ =4 BHE 0 o= | #Hee G
[press = min_press & press < max_press] / ‘
= Fail. DEC; :
— l § Step_02 logicjcontrol logic.Speed. Trans(#1230)
%J L Analysis of Transition (#1230), MCDC Transition trigger expression with Condition 2, “press < zero_thresh” Fin
~at| 'Step_02_logic/control logic. Speed. Trans(#1230) was proven unsatisfiable.
e+ .
entry: fail_stats|
"""""""""""""""""""""""""""""""" Open || e | [ Close
Speed % — —
T
normal
entry: fail_state[SPEED] = 0;
i
i [speed =0
Fail. DEC: [speed==0 & press < zero_thresh]/
' Fail.INC;
fail |
entry: fail_state[SPEED] = 1;
~
INC INC
~[Two 2 ~ Three [~|Four
| <) 2 -
DEC DEC
| 8
k| [+
Edit Label

4\ MathWorks
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ﬂ sldvdemo_cruise_control_fxp... | =

File Edit View Simulation Format

Simulink Design Verifierl@ &

EJ sldvdemo_cr
File Edit Viey
OeES

throt

Simulink Design Verifier
Fixed-Point Cruise Control: H

sfix16_E

o |NpUtBUSFxD
m.maus

InBus.

ufix16_E|

target

Fixed Point Controller

1107%

Copyright 2006-2010 The MathWorks,

T=0.00 Fixed|

Ready

= = 2
ﬂ sldvdemo_cruise_control_fxp_fixed/Fixed-Point Controller/PI Controller == XS
File Edit View Simulation Format Tools Help L
NEEE R bon 00 [Noma <] BB W

sfix16_Eni2

SLDV demonstrated overflow is not possible I

at the output of Pl Controller

N, sfix1B_En12
Ll \'S

(D

sfix18_En12

111%

sfix16_En12

FixedStepDiscrete

throt

|uﬂx1E_En8 Target speed é‘_ =fix18_En

[

e Kl L_lx.ngrz-|.

—I ror I I

Pl Controller

sfoc16_End3,

throt
int3
- Compute the EILD
target speed

N | s ens

J
5 e en)
previous target ufix16_Eng | targat

103%

T=0.00

FixedStepDiscrete
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1G1 Enable ) 1G1 DRL ) Force Load Enable Sensorf ailure | Force Lo 4| D

cl-ramFR@@> 0 -~

A JTARIR B T RE it

W Sep.00 Cosedlocp
File Edt View Smulstion Format Tools Help

DIGES LR e d 20| s ol BEBe - RAE®

i

Fault-Tolerant Fuel Control System

==
S

f
it
i

- BEERDH

e

ewral sl
rasste

(1% 1) £viim e

[} simulation Dota Inspector
Fle Pot rep

Oodde FREBOY @
Tepect Sgnds | Compure S | Conpre Rons |

Sodk Path

14 Toh0)_harness?P...
s Tack) parmese...
5._Tag0_hamess?P...
18_Ta80_hormess?P...

s _Task0_hamess?P...
s Taak)_hemess..
s _Tas0_hamess?...
1 Taskt hoeness’..
1 T humessdP...
8 Tagk)_harmese..

Soraitume | ne

5 Run : s Task0_harmessP_harmess?

DRLSIG
CORNRN -
o -

S Tetunn =

1 R 2: 15 Tosk) harress® hurress?

CORNRN =
oo ==
oRLSIG

€ DRI
oreor ==

CRET O]

SoL

SRS Y

S R T N Y

Signals [Optoré + |

0 002 004 006 008 01 012 014

Ddlerence. Options »

— Ddterence
Tolerance

0 00 00 005 006 01 012 o

sty o s
Model Hierarchy/Complexity: Test 1
D1 C1 MCDC
1. cc_refl 32 26% mm 21% m 0%
2. Subsystem 31 26% wm 21% mm 0%
3. TurnLampModeDetermination 24 21% mm 2% = 0%
4, SF: TurnLampModeDetermination 23 21% m 12% = 0%
. . SF: Turnlight 6 0% 0% 0%
6. SF: Comfort 2 0% NA N4
7. TurnLightSwProcess 7 50% mm 42% - 0%
8. SF: TurnLightSwProcess 6 b0% mm 42% - 0%
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— BEERRID T EEERI00%

— MC/DCE3k
ASIL
Methods
A B C D
la Statement coverage ++ ++ + +
1b  Branch coverage + | ++ o o
1c MC/DC (Modified Conditional/Decision Coverage) + + +

- PSRRI B EREK

ASIL
Methods
A B C D

la  Function coverage + + ++ ++

1b  Call coverage + + ++ ++
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File Edit View Simulaton Format Tools Help

DIEE& » 2B E= 422 p =00 [Nomal N RERE |

- RER ARG LR
== N ~ 1 ‘
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- 'l‘;{ﬁ}?\ﬂ Test Suite Verification
Ready [100% odeds y
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BRI EF

TEXTRE X

Package (£)

Classes (Z£)

Properties (B14)

[ER%

e o
‘f
-

FHETRH

modelName = 'f14";
dictionaryName = 'myNewDictionary.sldd’;

dictionaryObj =Simulink.data.dictionary.create(dictionaryName);
set_param(modelName,'DataDictionary',dictionaryName);

EEM

AR
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KBEERTREE

- HEGTHEE
T EidFNRR
KSZI,
TEEHE
[iTo=1

amlm = 171,
Irtwgensettings.SelectCallback = 'myarduino_select callback handler (hDlg, hSrc)‘;]

rtwgensettings.DerivedFrom = 'ert.tlc';
rtwgensettings.BuildDirSuffix = ' myarduino';

END_RTW_OPTIONS
/

N

1. B3 A% B i el
E R 2

Q

2 T{’tﬁ%i}ﬁ EE,J@ % Set the target lanquage to C and disable modification
jl }r] slConfigUISetVal (hDlg, hSrc, 'TargetLang', 'C'):;

slConfigUISetEnabled (hDlg, hSrc, 'TargetLang', 0);

R EEIRE

slConfigUISetVal (hDlg,

% Set the TargetLibSuffix

hSrc,\'TargetLibSuffix', '.a');

\

Select:

-Solver

-Data Import/Export
I-Optimization
#-Diagnostics
~Hardware Impleme...
-Model Referencing
#-Simulation Target

"‘“ Makefile configuration

Target seledfion

System targefMile: myarduino.tlc

Language: C

Description: My Arduino Target

Build process

TLC options:

4\ MathWorks
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S U A

= SILME/PILNH EB 2 FF 0 i
— IEE AR A TREE KRB AEBHEENITAREM
— PILBRZFAMIMEZ SN, AT LA SR 215 1 TR (8]
R RO AR 451
—  Thaemi aysmist A 451
— Simulink Design Verifier B 4 Bk
NOTE 4

For model-based development, software unit testing can be camied out at the model level followed by back-to-
back comparison tests between the model and the object code. The back-to-back comparison tests are used to ensure
that the behaviour of the models with regard to the test objectives is equivalent to the automatically-generated code.

- EREBSEEMABEERNEER

9.43 The software unit testing methods listed in Table 10 shall be applied to demonstrate that the software
units achieve:

d) confidence in the absence of unintended functionality;
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- KIBERRIAMT I
- BRERIMNRBER, RBERMER
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, . @ —_— . ) b
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— BHENR
— B
~ SR

Controller model Plant model

Controller Plant Model in PC
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