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AUTOSAR Embraces Complexity

Number of Basic SW Modules
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AUTOSAR Embraces Complexity

e

Number of Requirements
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Characteristics of AUTOSAR Basic Software Modules

——

Configuration of modules that
are only available as object code
(e.g. IP protection)

Link-time
Configuration

Pre-compile Post-build
Configuration Configuration

Enabling/disabling optional ng h ly Change the configuration after
functionality Configurable building the code (in the

run time)
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Characteristics of AUTOSAR Basic Software Modules

© Standard Interfaces
and Standard Types
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cmp Com Context View /

«module» El

Dem::Dem
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«module» E
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«module» E
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«use» «module»
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«use optionally»
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«module»
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«module»
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b
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Motivations for using MBD for Developing AUTOSAR BSW
—NModules

© In our case MBD is selected to provide the following benefits:

e Shorter development time
e Better re-usability and maintainability of design / model.

e Improvement of the product quality
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CAN State Manager

© One of the basic software
communication stack modules.

© Responsible for managing the
states of the Can networks.

No
Communication

Full Silent
Communication Communication
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RTE

Communication Services

Generic NM
Communication Manager
Interface

Can
Can Transport MState Gl
Protocol anager

Communication HW Abstraction

Can Interface

Microcontroller Abstraction Layer (MCAL)

Driver

Microcontroller
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stm CANSM_BSM /

CAN State IVI a,n ager CANSM_BSM_S_FULLCOM
State Machine Complexity ®

stm CANSM_BSM_S_TX_TIMEOUT EXCEPTION / NS,
I\ I\ I\
/7 CANSM_BSM_S_TX_TIMEOUT_EXCEPTION \ N\
TN oM. IODEREQUEST. [G_FULL_COM_MODE_REQUESTE(
JE_FULL_COM TQE?EE_Z%&AJ JE_BR_END_FULL_COM
Poi / S_TX_TIMEOUT_EXCEPTION_PROCEED \ T_SILENT_COM_MQDE_REQUEST
tryPoint 'yPojnt JE_FULL_TO_SILENT_COM
T_CC_STOPPED_TIMEOUT
S_CC_STOPPED \ == = S_CC_STOPPED_WAIT —() CANSM_BSM_S_PRE_FULLCOM \
do /DO_SET_CC_MODE_STOPPED() CANSM_BSM_S_CHANGE_BAUDRATE
[G_CC_STOPPED_E_OK] ESET(D:‘S:JO T_FULL_COM_MODE_REQUEST
\ / JE_SILENT_TO_FULL_COM
| ® ExitPoint
Exitpoint FULL_OR_SILENJ_COM
T_CC_STOPPED_INDICATED T_CC_STOPPED_INDICATED v wee
ExitPoint
0_|com =
QUEST
S_CC_STARTED \ sWM MODE [G_SILENT_COM_MODE_REQUESTED]
= /E_BR_END_SILENT_COM
do /DO_SET_CC_MODE_STARTED() —
T_FULL_COM_MODE_REQUEST CANSM_BSM_S_SILENTCOM
T_FULL_COM_MODE_REQUEST
JE_PRE_NOCOM
[G_CC_STARTED_E_OK] CANSM_BSM_WUVALIDATION
T_CC_STARTED_TIMEOUT

[T_CC_STARTED_INDICATED

S_CC_STARTED_WAIT

T_NO_COM_MODE_REQUEST
JE_PRE_NOCOM

SM_S_PRE_NOCOM
oo
oo

ExitPoint TxTimeout

\ T_CC_STARTED_INDICATED /

T_START_WAKEUP_\

T_START_WAKEUP_SOURCE

CanSM_lnit

CANSM_BSM_S_NOCOM

g JE_NOCOM

Poin
\NGE_BR L

CANSM_BSM_S_NOT_INITIALIZED

PowerOn

ExitPoint TxTimeout PowerOff

\
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CAN State Manager

e

Module Complexity

© 280 requirements.

© 26 Configuration parameters.

© 18 Provided Interfaces.
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Pre-compile Configuration

SWS_BSW._00029: If the BSW Module contains optional functionality, AUTOSOSAR

then this functionality shall be enabled (STD_ON) or disabled (STD_OFF) by a Pre-compile time
configuration parameter.

&2 if (CanSM aufeNetERept [uSNetId] > 3
£R3 CanSM pkstreGlobalConfig->kuBModeRegRepMax)

£54 i

655 -
£54 #1f CanSMDevErrorDetect == S5TD ON

657

&hE Det ReportError (CANSM MODULE ID, CanSM uBINSTANCE ID,

659 Can5M uw8MAIN FUNCTION ID, CANSM E MODE REQUEST TIMEOT
560

61 #endif

EE2

EE3 CanSM aufeCurlnd[uBNetId] = (uint8 T)CanSM w8NET REFPT;

EEd CanSM aufeNetRept [uBNetlId] = 0U;

£65 }
a0 o PPt e S
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Pre-compile Configuration

© Using “Variant Subsystem” to generate pre-compile configuration

CanSM_ModeI 4 ParﬁaI_Networldng »

OPE UE®| e

= e
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PncEnabled

PncDisabled

-
3 Sink Block Parameters: Partial_Netwerking

h It

Variant Subsystem

The variant subsystem block can have one active variant for simulation. The variant control determines
which variant is active. The variant control can be a condition expression, a Simulink.Variant object
specifying a condition expression or a default variant.

Variant choices (list of child subsystems or model blocks)

Mame (read-only})

Variant control Condition (read-only})

PncDisabled CanSMPncSupport == STD_OFF = (N/A)

PncEnabled

[SNEE

CanSMPncSupport == STD_ON = (N/A)

Owverride variant conditions and use the following variant Code generation

Variant: [CanSMPncSupport == STD_OFF (PncDisabled) ~| L Generate Preprocessor Conditionals

Open block in Variant Manager

9

OK ” Cancel ” Help ]l Apply |
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Pre-compile Configuration

© Generate preprocessor conditional for with variant model blocks.

& Configuration Parameters: Ca

Select:

Solver
Data Import/Export
l= Optimization
l= Diagnostics
Hardware Implementation
Model Referencing
4 Simulation Target
Symbaols
Custom Code
4 (Code Generation
Report
Comments
Symbaols
Custom Code

Verification

Code Style

Templates

Code Placement

Data Type Replacement
Memory Sections

Property of Valeo. Duplication prohibited

Software environment

Standard math library: [EEQ!E&D (ANSI) -

Code replacement library: [None

Shared code placement: [Shar&d location

Support: [ floating-point numbers [ non-finite numbers
absolute time continuous time

variable-size signals

Multivword type definitions: [User defined

Code interface

Debu
M Code interface packaging: [Monreusabie function ']

Classic call interface

Single outputfupdate function Terminate function required

Generate preprocessor conditionals: [Enahie all

Suppress error status in real-time model data structure Combine signal/state structures

’ Configure Model Functions ]
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Standard Interfaces

AUTOSAR

SRS _Can_01142 : The CAN State Manager shall offer a network
abstract APl to upper layer

Example scenario: "Network status change upon Communication Manager
module (ComM) request"

«module» «module» «module»
ComM Nm CanSM

Request
COMM_FULL_COMMUNICATION

\ H
Std_ReturnType:=CanSM_RequestComMode(NetworkHandle,ComV_Mode:=COMM_FULL_COMMUNICATION)

H< CanSM_RequestComMode(...)=E_OK | \

COMM_FULL_COMMUNICATION
indication

ication prohibi / oo 2016117
Property of Valeo. Duplication prohibited




Standard Interfaces

()
O

N

- h_J
"4 Block Parameters: CanSM_MainFunction [

Subsystem

Select the settings for the subsystem block. To enable parameters on the
Code Generation tab, on the Main tab, select 'Treat as atomic unit'.

Code Generation

Function packaging: [Nonreusabie function

Property of Valeo. Duplication prohibited

CanSM_MainFunction

"-—_——_-¥

Function name options: [User specified

Function name:

CansM_MainFunction

File name options: [Auto

Function interface: [\roid_\roid = ]

Function with separate data

Memory section for initialize/terminate functions: ’Inherit from model "]

Memory section for execution functions: [Inherit from model "]

Q ok J[ cancel |[ rep |[ appy |
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Code Duplication

AUTOSAR

SWS BSW _00127: The BSW Module implementation shall avoid

duplication of code.

stm CANSM_BSM_WUVALIDATION /

stm CANSM_BSM_S_TX_TMEOUT_EXCEPTION /

/ S_TRCV_NORMAL N\

e CANSM_BSM_WUVALIDATION

[G_TRCV_NORMAL_E_OK]

M do/DO_SET_TRCV_MODE_NORMAL _|

stm CANSM_BSM_WUVALIDATION

[ /1\ T_TRCV_NORMAL_TIMEOUT

S_TRCV_NORMAL_WAIT

/ S_CC_STARTED N
do/DO_SET_CC_MODE_STARTED T_TRCV_NORMAL_INDICATED
N [G.GC, STARTED_E_OK]
[G_CU_STOPPED_E_OK]

Q TDU_SEI_CC_MOLK"STOPPED

T_CC_STOPPED_INDICATED
stm CANSM_BSM_WUVALID

S_CC_STARTED \

ldo / DO_SET_CC_MODE_STARTED J

s_cc_sTorPkl WAIT

S_CC_STARTED_WAIT

T_CC_STOPPED_INDICAT

[G_CC_STARTED_E_OK]

T_CC_STARTED_INDICATED

T_CC_STARTED_TIMEOUT

/~ S_CC_STARTED_WAIT

WAIT_WUVALIDATION_| EAVE

] T_CC_STARTED_INDICATED I

Ve CANSM_BSM_S_TX_TIMEOUT_EXCEPTION ™\
—— Ve S_TX_TIMEOUT_EXCEPTION_PROCEED ™\
S_CC_STOPPED T_CC_STOPPED_TIMEOUT S_cC_STOPPED_WAIT

tl/DO SET_CC_MODE_STOPPED()

[G_CC_STOPPED_E_OK]

T_CC_! STOPPED INDICATED T_CC_STOPPED_INDICATED
stm CANSM_BSM_S_TX_TIMEOUT_ EXCEPTION/
v
/ S_CC_STARTED \
do / DO_SET_CC_MODE_STARTED( J

[T_CC_STARTED_INDICATED

[G_CC_STARTED_E_OK]

T_CC_STARTED_TIMEOUT

S_CC_STARTED_WAIT

T_CC_STARTED_INDICATED /

&

ExitPoint TxTimeout
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Code Duplication

© Using library of atomic sub-chart to avoid code duplication.

-
‘Pi Library: S_CC_STARTED - Simulink b
File Edit View Display Diagram Analysis Help
UE =
i1 HE T @~

Link S_CC_STARTED [G_CC_STARTE}[ sccsmm |

[Pa|s_cc_starTeD »

2

4 )

()
O

S CC STARTED

O ER®| @

O=

[T_CC_STARTED_TIMEOUT == true]

= €
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Compliance with MISRA C Rules

AUTOSAR

SWS BSW _00115: If the BSW Module implementation is written

In C language, then it shall conform to the MISRA C 2004 Standard

© Source complexity (Cyclomatic Complexity): Number of linearly independent
paths should not exceed a certain limit.

¢ Implicit and explicit type conversions (Casting). Example: casting from
Integer to pointer is prohibited.

© Parentheses “(" and “)” should be used to emphasis expressions.

© The final clause of a switch statement shall be the default clause.
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Compliance with MISRA C Rules

Cyclomatic Complexity control by separating atomic parts in separate functions

’
*) State CANSM_BSM_DeinitPnSupported [

General | Logging | Documentation |
Mame: CANSM BSM DeinitPnSupported
State Output

SSLER IR S S E i B S R LB s Create output port for monitoring: | Child activity - |

Function Inline Option: |Function v] '

rI{E.ﬂul‘slSI'u'!_ESI'u"I_DE-in'rtF"nSuprpu::rt«&*xd h

Label:

CANSM_BSM_DeinitPnSupported

[ ok || cancel |[ mHelp || apply ||
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Compliance with MISRA C Rules

© Implicit and explicit type conversions (Casting)

0 Parentheses level

© The final clause of a switch statement

onfiguration Para

Select: Code style

Solver I Parentheses level: | Maximum (Specify precedence with parentheses’

Data Import/Export
l» Optimization Preserve operand order in expression

I> Diagnostics
Hardware Implementation

Preserve condition expression in if statement

Madel Referencing Convert if-elseif-else patterns to switch-case statements |
Il © Simulation Target 3
4 (Code Generation Preserve extern keyword in function declarations

giﬁ’lﬂr:ents I Suppress generation of default cases for Stateflow switch statements if unreachable I

Symbols Replace multiplications by powers of two with signed bitwise shifts

Custom Code

Debug I Casting modes: | Standards Compliant ~ | I
| Interface
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Non-Functional Requirements

—=

Maintainability Reusability

Non-
Functional

Requirements

Efficiency (Execution
Reliablility Time, Memory
consumption, ...)
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Non-Functional Requirements

E—

© Execution time: Switch Case Vs If Else

Case #1 Statement #1 Statement #1
Case #2 Statement #2 Statement #2
Case #n Statement #n Statement #n Deilatllt

Statement
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Non-Functional Requirements

© Execution time optimization: Code generation 976 /* During "WoPuPrlioCom': '<5303:1" +/

= = = 877 gwitch (localDW->uf is NoPnPrHNoCom)
with Switch Case instead of If Else e
8749 case CanSM Model IN HPnCtr3lp:
880 HEnCtrSip (uENetId, localDW):

12: Configuration Parameters: Model/Configuration { SEL break;

Select: Code style 983 case CanSM Model IN NEnCtrStp:
Solver Parentheses level: [Maxirnurn (Specify preceder  -:-. NEnCtr3tp (uSNetId, locallW);:
Data Import/Export

I Optimization Preserve operand order in expression 985 break;

I» Diagnostics 98 &

. Preserve condition exoression in if statement T
Hardware Implementation 987 case CanSM Model IN NPnTrcNor:
Model Referencing Convert if-elseif-else itch- ; .
. - patterns to switch-case statements .
Wl » simulation Target agg HEnTrelor (uBHNetId, localDW):
4 Code Generation Preserve extern keyword in function declarations 989 break:
Report . . .
Cofnments Suppress generation of default cases for Stateflow switch statements if unreachable 250
8891 case CanSM Model IN NPnTrcStd:
Symbols Replace multiplications by powers of two with signed bitwise shifts B - - -
Custom Code 982 HEnTrcStd (uENetId, locallW):
Debug Casting modes: Standards Compliant - 993 break:
= Tebnfm
254
89495 defanlt:
E-ry St During '2": '<S304x;9r *f
847 break:

Lo
Lo
[y}
et
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Smoke Testing

© Smoke testing is non-exhaustive
software testing, ascertaining that the

most crucial functions of a program
work, but not bothering with finer details.

© Smoke testing is not a substitute for
traditional testing mechanism.
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Smoke Testing

© Attaching Microsoft Visual Studio to Matlab process.

D¢ CanSM_Model_Debug - Microsoft Visual Studio X & | Quick Launch (Ctrl+Q) P @ x
File Edit  View Project Build Debug Team Tools Test  Analyze  Window Help Sign in B
ic-o|lB-2@d|9- Windows :
Graphics
stubs.c A X B ShowDi ool
st
M CanSM_Model_Debug ow tagnostic Joo®
Funsigned char CanIf > Start Debugging Transport: [Default 'l b
{ P Start Without Debugging
gned ch A e
unsigned €ng ] Start Diagnostic Tools Witheut Det Qualifier 7 Find
ret = E_OK; &% Attach to Process... Transport Information
i[@]-H—'_ ) The default transport lets you select processes on this computer or a remete computer running the Visual Studio Remote Debugger
* Profiler (MSVSMON,EXE).
[ ] return (ret); Step Into

) e

Step Ov
| } S Attach to: Automatic: Native code I

Toggle Breakpoint

Hunsigned char CanIf Available Processes

Mew Breakpaint

{ - )
unsigned char re & Delete All Breakpeints Process D Title Type User Name Section
i[1]++; & Disable All Breakpoints
ret = E_OK;
- ﬂ' Options...
[ return (ret); A CanSM_Model Debug Properties..,
L

CanSM_Model * - Simulink

Funsigned char Det_ReportError(unsigned short Module

{ .
if2]4+;

[ ] return (E_OK); l
L

Funsigned char CanIf_ClearTrovWufFlag (unsigned char

¢
unsigned char ret; ["] Show processes from all users Refresh

if3]4+;
Tt = E_OK;
[ = N I Attach ] ’ Cancel ] |
return (ret);
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Smoke Testing

© Debugging in the Model and the manual code.

4\ MATLAE R2015a

HOME

|Fi|e Edit View Display Chart Simulation Analysis Code Tools Help

CHLSE O S0 BL| e

4]

f{ debug>>

CANSM_BSM G_FN_SUPPORTED =

=1 | <m = = @ = =] [= - : S
E’ Ml | ﬁ‘ EE @ M T — % UD %' ﬂ&' @ @ !‘ T inf |N0rma| v| bl I O
PncEnabled
Model 3 ParﬁaI_Networking 3 PncEnabIed 3 ﬁPncEnabled 3
J*! Chedk if Transceiver is configured or partial networking i disabled =/ f 'ﬂ
[CANSM BSM G_PN_SUPPORTED — fake] ’
O > Q2 =0
! Enter sub state CANSM BSM_DeinitPnNotSupported =/ e e e BT, P -
ik CANSM_BSM_Deinite nNotSupported ARSI BSM DentFrso
After activation of Transition View diagnostics 80% FixedStepDiscrete
—— = — — -
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Results of The Provided Solution

© Development time is about 18% less than the other manually developed
modules with similar size.

© Bug fixing is about 34% shorter than the other manually developed modules
with similar size.

© Number of issues found during testing phase is about 30% less than the
other manually developed modules with similar size.
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Valeo

Automotive technology, naturally
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