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MIL Testing PIL Back-to-Back Testing
imulink Test, Simulink Requi ., Simulink Coverage) (Simulink Test)

SIL Back-to-Back Testing
ion of Uni F

Architecture Verification

(Simulink Test, Simulink Reguirements) (Simulink Test, Simulink Coverage]

Static Model Analysis

1
i
'
{Simulink Checl, ! Static Code Analysis
'
'
'

P
PR
o

Simulink Design Verifier) (Polyspace)
System » S e Implementation Generated o Object
Requirements Requirements Architecture Model CIC++ code Code
Requirements Architecture Development Modeling .
Authoring (System Composer, (Simulink, Stateflow ((é?ndbeeg:e??:d?!‘)
(Simulink Requirements) Simuiink, Stateflow) Fixed-Point Designer) i
Note 1: You can omit SIL if you perform PIL with coverage analysis
Note 2: If you use a qualified compiler, PIL {or HIL) only needs to be done for Integration Testing and not for Unit Testing
B 1. FENE 1: BFRER T,
HIL Embedded Software Testing
(Simulink Test, Simulink Real-Time)
| |
‘ Static Code Analysis !
; (Polyspace) |
} Below dashed boxes are ii ‘and verified as il in Mode/-Based Design Phase ;
PR, A—— ponsae [P s gen P
System N :, Software > :, Software E Implementation : Generated : ECU
Requirements E Requirements E Architecture H H Model H *. CIC++ Code H ] CIC++ Code Software
. . HE S e H

Code Verification

PSRRI —

|

' Static Code Analysis Building
1 {Polyspace)

i

I O

Design itten
Specification CiC++ code
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unitd_sig1
(@D —E unité_sig unitt_sig1 ]
unitd_sig1 € unit1_sig1

-9 unit1_sig1

1sef™ | unit3_sig1 W@

1
unit3_sig1

D)
b £ unit3_sig:

2
unit3_sig2

2
TR ED)
unit2_sig2

Model block as
Unit containers

S .
[ S A
gT.Mm unm_mm
Group Units with
%‘“““”‘“‘""" e “"“*‘“‘7%“/ Subsystem block
O U]
twinid G g2
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unM_s-gl{ unitd_sig1 unit?_sig1 | -y
! |
v
P2
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@ » unitZ_sig? - s
£ twintd (3
hwintd

Feature
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B 5 BF ASIL BIEEE X451,

A ERERNFEIEREEZ

ISO 26262 TEERARRMIRBEHPES NUIAERHOHS, BERTR. ERRNRRR. BEBRT, KR
TCRIURIEE AR ASIL FLHAITEMEF BTN, fI0, ASILD ARt R ERE BB ERHNHIERS
(MCDC), M+F ASIL A 8 B, FHMAEBRIFAILUZRR, Fitt, BrEm—NiZRIME AR,
MRBZABTHIMERENERRHRSR, AT ERLINRITHITRBE S, L, BIHREZATF2H
MAERTREEZ 5 (B 6) o

unitd
D | [CAN_input
—E CAN_Input - D
CAN_Input initd_sig’ -rg‘l_J{um_sql
Bus Selection nitd_sig1
@ ]
£ hwints g t=) Signalt
hwint6. =
nits —
unitd_sig2 it4_sig2 £ CAN_Output
uint5_sig2 Signaiz CAN_Output
unit5_sig1
m
uni hwints

o D

= units_sig2

uint6_sig2
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EEERTRANERE, FETHLARNEEEZIREPEZX LIS, XRESHALIRETINEEER
EFSEE R M, Simulink Check™ FHY Model Metrics Dashboard (&) 7) AJLAIL IS F2 G EE H,

/) HevMmReference...

nc Revision: 1412 16 Modeis 0 manasLoc 0 0
WP 2 { e 23K .[E .

Blocks 16 Files 18 sutefiow LOC System interface

Craated by: The i
Coflected on: 10

MODELING GUIDELINE G ARCHITECTURE

Actual Reuse
f \ ( 3 Potertial Rewse

87.8% 80. 7'!&

% Potertial Reuse
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Model Complaxity .
INEENERNNNNE NNNEw
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Code Analyzer Warnings Diagnostic Warnings MATLAS LOC
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HEBXHRE, 5190, —1 Stateflow EIRMB E R EEES, MEMNBERBEEE—,
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Model Quality Objectives for Embedded Software Development with MATLAB and Simulink  (f#F8 MATLAB #
Simulink AR BRANRE ZEEREBT) , IstirMBERE TEXESHRA. fId, HEBEERENA 30
S EAR, RETRBEN/VT 5000

BRLABEWERERIEE, MathWorks Z1HARSS B8] 7 7B X 5 EHiRHAEX X,

ESRASEOENX

1SO 26262 55 6 BR D $HXT B TANB M 2 BIRYIE O E R EMEUERIRYIH TIFZ B EI. FI10:
. R 3-1b: REABHK NS FERE
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MGRERMFER LM FRIRIHEZE—F, SABRREMEFEXMGE. BEEESNMSSH ASIL FE,
FERBESEERM ASIL FANELBEREMFHNESHITHA (B 8) . 1RIE ASIL FRNXEESHITH

B, BERZHERESRMA, UNHERESEEIER ASIL FRESHNRTHER. FI90, INRESH QM

AR, BH ASIL BARHER, MBERITHIN, BRI Z BT IES BRI

@ ASIL_C <Feature_A= <Rate_A=

B 8. X1/ KRB FEIIE S #{T5Ho

7. NRETEERENES
1SO 26262 55 6 #p35% 3 M & 7 MBTRIZOMBUEBIRH TEERIN. XM MRIgH, M HRATBER/)ER

A ERONKNHRBREERE, I, ERIATRETR, BRSFHITEONE. MRFUENEER TE

BEIRTRER, WEZRITHINNIL, BRXEESASEMET, BT REBTRNBNEE TR

B, Alt, ERILUESLESHANRTRER A, BEAESHFIUNENNETRERANES (B 9) .

unitd
D' i £ CAN_Input BusSeleltcn AN_tnput
CAN_input unitd_sig!
unitd_sg1
Bus Selection
W ol e
= Eruing btz >
hwintt '
: J p
unitd_sig2 Munitd_sig2 CAN O
—]uins_sig2 uni_sig2 - +
unitS_sig1
Unisd 3 J
£ hadrt? el
hwint?
1 P
CO un-s62
unit3_sig2 .
w5 _sig2f unitS_sig2 [}
: r—,{u porge uinit6_sig2
units_sig2 y
'_L Units
1

B 9. R H#NETRIBEBI LI5S,
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8. RALESHEHWERNER

SSHESHNRIBL MR E REBMER IR Z B O. FUEALIHR, SHNRBERTEENEE,
HBEBEERERIRA, HI40 Gain #EIRH Lookup Table #EIRF, ESWRIEALLRESR, BEEESKIBES
MERBRZFARE TIE, HEEXERFZHMAMFLHIRO L (B 10) o

Code generation model |

1 unite_sig
£ unit4_sig’ 1 7
unit B
unit1_sig1 unitd_sig’ “Funia_si! »( 3 )
@ e B2 unit3_sig!
hwint2
uni2_t 12_sig1 unit3_sig2| ey 4
- unia_sig2
o E T ]
hwint3
P iz w2 oz T2
LI g \ % ni_sig2
hwints
& N

single single

hwint1

single

hwint3

@™

hwint2

B 10. HEESHSHIISR,

BHEYER, RES|BEREOFEEESNR. XKEFNRETRAR ENESHRAERSEORGS, XK
IRIETE D ASIL 2 XEMARE, 81 L &ESLE 6 FFTR. WFABFHEOES, &IFik Embedded Coder” 1R1E
HRABMAEEE X XEES. B2, NE 11 i, BIEXREXEES, BEFEERISIBRZOE XL
I A &R 7 TURRH T Ko
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Code generation model |

P unitd_sigl
_ ~ —F unitd_sig1 o unit1_sigl >
unitd_sig1 - <€ unit1_sig1 e
wunit1_sig1
unit3 =
M unit1_sig1 unit3_sig1 e »(3)
C2) e B nwint2 - y ? 4 7 unit3_sigl
hwintz | //’
2_bus nit2_sigi” i
= _unit2_t unit2 ’gigf unit3_sig2 Eunits_sigz T
( unit3_sig2
L J -
(3 ) hwint3 e Unif
hwint3 >
hwint3 E -
/'1
£ unit2_sig2 'C)_ 2 -
= unit2_sig2
" g
[*al Block Parameters: unit3 sig! X
.sig

Outport )

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 ti
output’,

Main  Signal Attributes
Minimum: Maximum:
L 9 i [o

Datatvpl:‘smgle v|

[ Lock SEerEp g against changes by the fixe
unit (e.g., m, m/s~2, N*m): s
|inherit

B 11. B XG9I HEE 2,

R ERBRERFEOGSHRREZINBEMRERILR . EXERIUBEREAESD ASIL AHFERRID,
Rk BV thim O AT LA IE R fE M E M ASIL BRI AYHEER o

SSMEBHXIREVIFESR, FTLURIEIR SR RIS A TE Mo FIRERIBISMNE, R ASIL FERHEFR DK
BUIREL Z [BIRVEESRR B, FEMUURIF, LUAR R FIBNRITER.

9. WRE ASIL FRIFEIR 283 MAYRIEH# 1T RIP

HARE ASIL FRIREBIME FAEN, B—REEEE, FEREEYBTFERRIFRE ASIL FHB
THRENRIR Z [BIEVERIE S K T1E ASIL Bf7 BUIRGIM AR O L EREHESE, BREE SRR §—Hf
EHIBTT AR, EAEIEXN RETFMELRIRTEN Get M Set BRIEL, BITE X Get F Set BREL, A LUK LT
INERSNERIP, HRER RBE B REVER A M+ A BE T IR
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12 2135 R T A0 fRI A RETEAR A N\ ik O FIXS R 4 plAUHE L2 R GetSet 77iE3E

/* SignalConversion: '<Root>/Signal Conversion2' incorporates:
* Inport: '<Root>/hwInt7'

rtb_SignalConversion2 = get_hwInt7();

s oy
ok ® N o

/* SignalConversion: '<Root>/Signal Conver:
* Inport: '<Root>/unit3 sig2"

s

rtb_UnitDelay = get_unit3_sig2();

o b b ke
RReRR
~ili vl vy

s
 sigz oD

CAN_Output

wns_sigh = »

/* SignalConversion: '<Root>/Signal Conver:
* Inport: '<Root>/unit6 sig2’

118 o4

119 rtb_SignalConversiond = get_unit6_sig2();

| CO— et

wnit_sigd

g2 Bl

* UnitDelay: '<Root>/Unit Delay' wnits_sigZ
¥y

(-
/* ModelReference: '<Root>/Unit5’ incorporates:
O () omes2
'
L=r

B 12. ASIL A1+ 2 [E]697F AUTOSAR #LJ

13 WA T IR B B A —NMEREZ, LUATR ASIL Z[8]RY Get #1 Set API ITHL,

{53 Simulini: Signat unit3_sig2 P Code generation options
Data type: | uints <[> &
Dimensions: [1 | Oimensions mode: |auto : Storage class: < GetSet (Custom)
Inital value: | | Complexty: auto ¥ -
— (¥ 1 1 - ] Custom attributes
Unit: ' | sompletime: |1 ] .
ks g s HeaderFile: |
Storage class: | GetSet (Custom)
Custom attrbutes GetFunction: |get_$N
Meadarfile: |
Getfunction: [get_sN ] SetFunction: |set_$N
Setfunction: |set_$N ]
Asas: |
Algnment: 1 !
Desrpton
ok concel || nep | [ sy

B 13. BERR I/O FEEZER9 T AT,

BERFERMIR, GetSet FEEW RN EORPRMH—MINR RIFHEFKINER @ BF 4R EINEY
[RER5TRL, BIfEF GetSet TFELIZMNERLo

. | MathWorks
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R EREE

BRI LRRELBRARREE, KAFTRRFEEABEERRKEIRE, 788K 1S0 26262 IRERIB R, AT
NATMEHRENMAEZABEX G RESEIRENBERRENRESLR, TEYHNEEBRRIREEE
ERERELK,

10. RENIEH R K IE

1SO 26262 FHIXRIZITIE R Z2— AR ASIL FRIERZ B ERFH. BRIESE ASIL TR ENENRSE

SR, FRIH— ASIL FR EMIHEEER M, BEARFIHMBARA L, Fla0, JNE QM 3 ASIL A LA

HIN R & R, 1T SIS ThEES ASIL D FRMIHEED FRFF K, 1R ASIL D FRMITHEEHKLEETT.
EBRARRFT, BE—FMHERNERERIR, NANELESSEEERRIGRENIARRIARINARER B
R BRI A Z—R, BIEER D AR MM AER EBREE R IMA R IR R0 @id & H 4RI 285
BT SRR BN NMEAEXI, ATUTERXITUEE. B 14 BRTHRM BN Z.

ECU Example Architecture

ROM

e o o o o -

OS/RTE

A 4

T e

i ) I
i Sectiont : Section 2 |

B 14. SARFZATTHER, HIRETFHo

F—NER, BED ASIL FRM QM FRIFDNBIRHNAED K, iIFRED KA LURRRE ASIL F4&
RUERIZTAEARZ BRI, 10, QM FRBVMAAMHIRMIRE R RIFH ASIL FRE RAM XK. BTl
RE, IUEREXENPERRNFDX, WA 15 i, BAFT—ERERITE, BErmaI B ENLE

iAo
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Model Configuration/Code Generation/Memory Sections

@ Config:
Q memary sac = (% Code Generation Repent.
Solver Start TLC debigger when generating code A @ @ mnd [ & ¥ MatchCase
Data imporvExport o =
Math and Data Types s Contents
» Diagnostics Valalo Tooichain & * Block signals (default s
Hardware Impiementation o — b wpragea location = "
Model Referencing Subsystem Report
Simutation Target Package eontaining memory sections for model data and functions . B & o spelication T o application s
Code Interface Report 1 -
¥ Code Generailon Package: |MemarySectionExampie ~ ||| Retrasn package ust R
Optimzation Traceability Repor L-tine model
Raport ) i wpragea location = "QM_MEM SEC™
t Memory sectons for model functions and subsysiem defaults Static Code Metrics Report
Comments
Symbols Initialize/Terminate: |GM_MEM_SEC = ode Replacements Report  RrrooeL ot amlication T 4 Application W ;
Custom Code Execution QM_MEM_SEC - Coder Assumptions Wpragma location = "QM_MEM_SEC™
bt Shared utili QM_MEM_SEC
Code Style i LMEM. RT_MODEL_QM_Application_T *canst QM_ipplicatich M = 8QH_
Verification b static void rate_scheduler(veid);
Memory sectons for model data and subsysiem defaulls s
Templates
Code Placement Constants: OM_MEM_SEC - ert_main.c
Data Type Repiacement inputs/Outputs: (OM_MEM_SEC - -1 Model files
» Coverage
Intemal data:  |OM_MEM_SEC = Qi Application.c
Parameters:  |OM_MEM_SEC - QM_Agplicationh
= T
4
[T — v s /* Comp: ubrat h ¢
«
oK cancel Help Apply

/* Real-time model */
14 #pragma location = "QM_MEM_SEC"

46 RT_MODEL_QM_Application_T QM_Application M_;

48 #pragma location = "QM_MEM_SEC"

B 15, BBEAZHRITEHIR

1. #ENRBEAFRNBZIRIRIC

Embedded Coder RAILA4E A #F 2 /9 Shared Utilities BYHEZ L, XL HRB— L E AR L (FEERE) , AI8E
KBS AREMER, FERNABHAEZMER (RREER) . kA ERA5RSBXINBIERAE, AARE
RIEXHHFREEEMET . AF BT EBEREHEER RN, BARE ASIL FHINEEE R
MHZAE, R EBERBERECESTH, 0B 16 FTm.

Model Configuration/Code Generation/Symbols

@ Configuration Parsmeters: Configuration

Q

Solver -

Data ImporExporn

Model Referencing

Simutation Target ¥ Advanced paramelers
¥ Code Generation
Opbmization Shared checksum length 8
Report EMX array utility functions identifier format: | emxSMSN
Comment EMX aray types identifier format emxAmay_SMSN
Symbols i =
Custom Code Shared utilites idantifier format SNSC_OM
‘CZT:[:/@ Custom token text Shared checksum length 8
T S R
Vedfication
Templates Signal naming None

EMX array utility functions identifier format: |emxSMSN
Code Placement M-function
Data Type Replacement

e Parameter naming: [None EMX array types identifier format: emxArray_SM3SN
;;:::mg — Shared utilities identifier format: SNSC_QMm

PP, S—

M-tunction:

~

oK Cancel Help Apply
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BTERRE, ERAIUSIRERREE—TRRIFIHEMRED. §110, 1RHE LA QM FLRECER, Lookup Table
RIRBIHZABZUE 17 FiRo

1-D T(u)

uint16 single ingle
unit5_param1 e » = »{ 1 )
c single
unit4_sig2

unitS_sig1

Zh Code Ganeration Report - B X

4 ¥ Match Case

J
: N\ 8 :
2 = 1 — uintd 2

hwint8 t——oF unit5_sig2 = -
unt8 Sosler Acumpsion: Code Generation Report for 'unit3'
uint6 mgz Generated Code Model
7 e -1 Shared files

unitd.c Author -
unitd.h Last Modified By i
ait2_pevate Model Version look1_iflf_binlxpw g;M.c
i . Tasking Mode
Data files lookl_iflf blanQW QMh
unit3_data P
Shared files.

look_iflf_bintxow QM.c

ookl ifi_binbigw QM || SYPtEm TargetFlle Stie

Hardware Device Type Intel->k86-64 (Windows64)

Ddiethls Simulink Coder Version 9.0 (R2018b) 24-May-2018

nGetntn Timestamp of Generated Source Code ~ Fri Mar 8 07:50:55 2019

nGetNaNg Location of Code C: 2019MAC\

GetNaNh Type of Build Model Reference
Objectives Specified

fnonfinite.c
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