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MATLAB BEXlPO

MOdel-Based DeSIQn Executable models
Development Process -Unambiguous
-Only “one truth”
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-Systematic “what-if” analysis Simulation Verification -Detects errors earlier

-Formal methods

Automatic code generation
-Minimizes coding errors
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Verify Legacy Code using Simulink

Legacy
code
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project
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\ MBD

SIL Coverage Report by Model

Top Model: crs_controller harness SIL

Code coverage analysis

Complexity Decision Condition Statement Function Function call
TOTAL COVERAGE 81% 88% 86% 100% 100%
1.. .. Model(s) 2 100% 100% 100% 100%
-1 crs_controller 2 100% 100% 100% 100%
2. Custom Code File(s) 50 81% 86% 86% 100% 100%
21 CruiseCntrlr.c 49 81% 86% 83% 100% mo———
222 .. CrsCntrl Wrapper.c 1 100% =——  100% 100%
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Experiment with a Small Piece of the Project

System

Leg aCy Design

code -8
N/

MBD

project

Hand Coding /
rojec E E N

MATLAB B



MATLAB E

Adopt Full MBD to Project
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Model-Based Design With Legacy C/C++ Code?

MBD with Legacy
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Verification
using
Simulink
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MAT

Model-Based Design with Legacy Code
‘Example: EV Vehicle Simulation for VCU

erpplication * - 5

E—3 7 MODELING FORMAT

= BalfFwr

Stop Time | 2474

e - v [Acceentor

Signal &
Table o Fast Rostart Back~ v Fovand

(5 )y—3 Project | New
BattCrnt b -

Scope

< [AcceiPd]

(& . » Acosipal
AccCmd TraGmd # Mot TrgCmdTrac

MotSpd] = ] Motspd : ]
AccPIdZTracWhiTg [AccelPd] 1 AccelPdl - Enviranment . )_/—)\

N
BattPwDlschrgLmi] B BattPwrDisChrgLmt — *
D o0 oo —— )

S tPwrChrgLmt WoiTraCmd
BatiSoc BetPuChryl BatPwrChiglmt N F——— MolTraCmd > o o
BatMgmt
RgnCtri_Test
#{BattSoc [MotSpd] - o MotSpd > e Passenger Car
Controters
MotTrgCmdRegen TrEmdFnge #{ Mot TrgCmdRegan 1
) »lvens MUTqATD
L2 ) yonspa L]
VehSpaF ok
. <___MotSpd) 3] Performance and FE Scope - o %
[&D) +
Wotsed »{Moispd le Tocls View Simulation Hel »
WatSpd - e Tools View Simulation Help
o R RO 0 - Q- e A -
G ¥ ecara BHCME| o ma W 2) " R 1CH - F 2
DecelPdl BrakeCmd
DecCma BrkPrsfieq »
0 wlpark »{BrkPrsRea o

BrkPul2BrkPrs

& s Simulink block calling
1 }EalISuu P BattSoc
BattSoc
BrkCmd 2 )BrkCmd

a BrkCmd |
. kqu) Bipreg P BkPrsRen ‘
thPrsReq RgnBrkCnitrl_step

P

M\—)‘SS /, Motspd P MotSpd | "

lotSpi R

MotTqCmdRgn »{ 1 )MotTqCrmdRgn ( \ v
2 » VehSpd MotTragCmdRegen ’t M. ; ‘| Hr |
VehSpd
= VehSpd

RgnBriCtr Ready Sample based | T=2474000 10



Legacy Code Integration Methods

MATLAB

C code
integration

C MEX S-function

Legacy Code Tool

LINK
coder.ceval in

MATLAB Function Block

C Caller Block

C Function Block

LINK
Stateflow

Custom Code interface

Simulink Code
Importer

R2018b

2020

2021

S-Function Builder

Manual C code
wrapping
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https://kr.mathworks.com/help/stateflow/custom-code.html?s_tid=CRUX_lftnav
https://kr.mathworks.com/help/simulink/ug/incorporate-c-code-using-a-matlab-function-block.html
https://kr.mathworks.com/help/simulink/ug/integrate-ccode-ccaller.html
https://kr.mathworks.com/help/simulink/sfg/s-function-builder-dialog-box.html?s_tid=srchtitle
https://kr.mathworks.com/help/simulink/sfg/example-of-a-basic-c-mex-s-function.html
https://kr.mathworks.com/help/simulink/sfg/integrating-existing-c-functions-into-simulink-models-with-the-legacy-code-tool.html?s_tid=srchtitle
https://kr.mathworks.com/help/simulink/ug/call-and-integrate-external-c-algorithms-into-simulink.html
https://kr.mathworks.com/help/simulink/ug/import-custom-code-using-the-simulink-code-importer-wizard.html?searchHighlight=simulink%20code%20importer&s_tid=srchtitle

Legacy Code Integration Methods

MATI

Legacy Code Tool

Full flexibility, Generate and build S-function
with easy-to-use MATLAB API

Creation of device driver blocks for HW input
and output

Need to build when
changing codes

S-Function

C Caller Block

C Function Block

Simulink Code
Importer

Easy to call a function in legacy code
Calls a single function in one block
Good for Unit test of C code

Advantage of C Caller Block + Easy to add C
code in a Simulink block

Call multiple functions in one block

Unit and integration test of C code

Easy to access (Ul in Toolstrip)

Create a block library for C function

Unit and integration test of C code with Simulink
Test

No manual build
process

<FunctionName=>

C Caller

C

C Function

488

Importer

12



Legacy Code Tool

External C/C++
Functions

[T E——— )

LegaCY | . cnceiontine ) fr rumrzaay_ | functionh
€ e _TUMETION H.

C code R - L
»

bcesi on(ine valls

X

o) © MEX S-function
integration
LRK
coder.ceval in
MATLAB Function Block

LK
Stateflow

Custom Code interface

MATLAB

s
' Legacy Code Tool

LINK
C Caller Block

[
+ € Function Block

Simulink Code =

Importer

Integrate existing C/C++ functions, such as device drivers, lookup tables, and
general functions and interfaces, into Simulink

[ Legacy Code Tool (LCT) ]

1. Initialize LCT data structure
2. Pepulate LCT data structure
3. Generate S-function source file
4. Compile S-functien source file

5. Create masked S-Function block

¥

€ MEX
- : int16 y1 = function(int16 u1)

sfen_function

$-Function block

Generating
S-function

Pﬁ rtwdemo_|ct filter/TestFilter * - Simulink

SIMULATION DEBUG
5 1 Open ~ i) Stop Time |10
o = ~[e| o 4 @ b A
New ave Library orma Step Run Step Data 7
> B8 Print ~ Browser u@ Fast Restart Back ¥ - Forward Inspector
FILE LIBRARY SIMULATE REVIEW RESULTS
~ " TestFilter
@ |Partwd Ict_filter P P& TestFilt: -
\_J wdemao_Ict_hiter ues liter o~ — L
O-r~uricuori
&
] sigin1 +
- x > single y1 = filterV1(single u1, single u2, single p1) »( 1 )
sigOut1
T Twdemo_sfum et T
= o
noise1
155
1
[ z
single y1 = filterV2(single u1[1], single u2, single p1) »( 2 )
sigOut2
TWOETTO_STan_Tmerv2
] noise2
-] 1
z
»
Ready 130% FixedStepDiscrete
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MATLAB BEXlPO

Eon ’ , @
C Caller Block |

- Key feature
— Automate the process

Define Builo \ « Tedious
Block Codeo « Error prone
Interface m e Hard to maintain

Automate

— Synchronize with custom code changes with C Caller

Legacy Code Tool C Caller: Automatically synchronized

- Must build after modifying codes

S-FUNCTION BUILDER

LA L
| EEJ Commen t A A

Language : [Inherit from model v ] Insert Ports |ndent .~ | Build

- -

S-Function Name :| sthuilder_bus

=)

S-FUNCTION EDIT BUILD

legacy code('compile’, def);

J"i
—

C/C++ Code

14



MATLAB |

Importer

| e  MEX S-function Legacy Code Too! ‘
C Caller Block — Em
Specify Custom Code in the Configuration Parameters S e e ]

= Custom code is specified on the Configuration Parameters

— Header file section: Any code that needs to be inserted into the header file
— Source files section: List of source files that needs to be compiled

@ Configuration Parameters: RgnCtrl_Test/QuickStart_50020_11_5_9_6_7074 (Active) - g X

Solver | ] GPU acceleration
Data Import/Export Language: [C -
Math and Data Types )

» Diagnostics [v] Import custom code Enable custom code analysis
Hardware Implementation Insert custom C code in generated:
Model Referencing Source file Header file:
Simulation Target Header file I #include "RgnBrkCntrl.h" I

» Code Generation Initialize function
Coverage Terminate function

» HDL Code Generation

include custom header file

Additional build information:
Include directories  ggurce files:

Source files RgnBrkCntrl.c
Libraries RgnBrkCntrl_data.c

Defines +

add-custom source file

OK Cancel Help Apply

15



C Caller Block

Select the function that you want to call

EE Simulink Library Browser

<5 ]W\h-‘@v

I:|v|-= @

Simulink/User-Defined Functions

Lookup Tables

Math Operations

Messages & Events

Model Verification

Model-Wide Utilities

Ports & Subsystems

Signal Attributes

Signal Routing

Sinks

Sources

String

User-Defined Functions
> Additional Math & Discrete
> Quick Insert

» Automated Driving Toolbox
> AUTOSAR Blockset
> n Toolbox
n Toolbox Interface for OpenC
> Control Svstem Toolbox
< >

Logic and Bit Operations A

<FunctionName>

C >| v VF

C Caller

C Function Function Caller

Interpreted
MATLAB Fen

4maﬂahﬁle# N & vp

Function

Q) reset

Reset Function

Interpreted MATLAB  Level-2 MATLAB

S-Function

[
Y system P

S-Function

| ¥ =)

[0}

Simulink Function  Terminate Function

MATLAB Function

Initialize Function

y *

System

MATLAB System

S-Function Builder S-Function Examples

MATLAB EXIPO

C code 3 T
iy € MEX S-function } - Legacy Code Tool
LK)
coder.ceval in
MATLAB Function Block
frr
LUK C Function Block
| Stateflow
Custom Code interface — —
| | Simulink Code
Importer
3 untitked 1 * - Simulink - o x
SIMULATION UG MODELING ToRMAI s BlLOK Toc® © o
L, Copen »  wm Stop Time - - A
o e | o L Crm— A .
oject | Mew libeary Step Run Step  Stop
- - & Pin - Browser 9 g Fast Restarl Back ~ = Forward Inspector
PROIECT e LBRARY PRERARE SMULATE REVEWRESUTS | &
untrieat = 3
fla \3
]
=
=]
=
(m]
<FunctionName>
]
«
Ready BOO% VariableStepAuto

iﬁl Block Parameters: RgnBrkCtrl

C Caller

Call a custom code function.

Parameters

4 crs controler_cealler * - Simalink - o x
SAMULATION
e r ! - Time [100 | -
O sz pom - & T Y [f-l g @ o= B
Project | N RS Library - = Step un Step s Data =
- - L Browser g Fast Restart Back = (Coverage] ~ Forward Inspector
PROJECT FILE LIBRARY PREPARE SIMULATE REVIEW RESULTS ry
. controter.caslker -
® |[Balcrs_controler_cealler -
a N EnbleSwin
. ReqDrvOut jp
— ACnciSwin
@ JsetSwin
=
o A ResumSwin Stoutp
NincSwin
3 Decswin CrsCnirlerMain ModOut
A BrkPIn
5
A Keyin TarSpdOut p
J Gearln
A ThDrvin
= ThrotOut p
" ) vehspdin
C Caller
»
Raady 161% FiaciStopDiscrato

Function name:

RgnBrkCntrl_step

» Port specificat

RgnBrkCntrl_initialize
RgnBrkCntrl_step

16



\4
MATLAB EXIP
C code N LINK|
integration C MEX S-function T Legacy Code Tool
K
coder.ceval in C Caller Block
MATLAB Function Block

C Function Block

I

Customize the function that you want to call Bfwme | amon
= Mapping inputs, outputs or parameters to C Caller Block

Block Parameters: RgnBrkCtrl X ‘“ " MLE. -

C Caller

Call a custom code function. i © [cten

Parameters ) % () initialize

¥ Port specification:

|
Function name: |RgnBrkCntrl_step V| » € @ ‘

Name Scope Label Type Size ~ BattSoc
| BattSoc

BattS
BattSoc Input BattSoc double 1 ' atsoe BrkCmd BrkCmd
- BrkCmd
BrkCmd Output BrkCmd ouble 1 BrkPraRe »{BrkPrsReq
BrkPrsReq InputOutput BrkPrsReq double 1 . BrkPrsReq RgnBrkCntrl_step
MotSpd Output MotSpd double 1 | M MotSpd
Global v . MotSpd
Desrn \oppr— I At Tl mndDean  daisla 1 MotSpd

i MotTqCmdRgn MotTqCmdRgn

VehSpd MotTrqCmdRegen
% Yoo RgnBrkCirl
1) Change argument 2) (Optional) Override with a 3) Complete the test model with connecting signal ports

scope to “Output” better port name

17



C Function Block

Motivation

— Make it really easy to add custom code to Simulink
— Make the simpler uses of S Function Builder easy
— Replace Legacy Code Block

Behavior

— Code is parsed and managed in Simulink
— Better customizing and diagnostics

— Supports Start/Terminate

Stateflow
Custom Code interface

C MEX S-function

coder.ceval in
MATLAB Function Block

MATLA

L
Legacy Code Tool ‘

LK
+ C Function Block
il

Block Parameters: C Function

C Function

Enter your C code to integrate external C/C++ algorithm

C Code for Simulation and Code Generation

Output Code

BattSoc = BattSocInp;
VehSpd = VehSpdInp;
MotSpd = MotSpdInp;

RgnBrkCntrl_step();

BrkCmdOutp = BrkCmd;

BrkPrsReq = BrkPrsReqlnp;

MotTgCmdRgnOutp = MotTgCmdRgn;

Custom Code

¥ Start Code*

RgnBrkCntrl_initialize();

» Terminate Code

¥ Symboals:
Add

Delete

Custom Symbol

MotSpdinp Input MotSpdinp double 1 3
BrkPrsReql... Input BrkPrsReq... double 1 2
MotTgCmd... Output MotTgCm... double 1 2
BrkCmdOu... Qutput BrkCmdO... double 1 1
v
Cancel Help Apply

LINK‘
LINK‘

18



C Function Block
Customize the code and variables that you want to call

C code .
integration € MEX 8-function T Legacy Code Tool

= Customize code in Output Code, Start Code, Terminate Code
= Mapping inputs, outputs or parameters to C Function Block

C Code for Simulation and Code Generation
Output Code

Block Parameters: C Function ped
C Function
Enter your C code to integrate external C/C++ algorithm ]

BattSoc = BattSoclnp;
VehSpd = VehSEdm
MotSpd = MotSpdInp;
BrkPrsReq = BIKPreReqInp;
RgnBrkCntrl_step();

MotTngngnOut(E = MotTgCmdRgn;
BrkCm OutE = BrkCmd;

————————

Call main function

¥ Start Code*

RgnBrkCntrl_initialize();

: Legacy code

-- » Simulink
» Terminate Code
¥ Symbols:
Add Delete
CC Label Type Size Port ~
MotSpdinp  Input MotSpdinp double 1 3
BrkPrsReql... Input BrkPrsReq... double 1 2
MotTgCmd... Output MotTgCm... double 1 2
BrkCmdOu... Output BrkCmdO... double 1 1

Help

LK)
coder.ceval in I | C Caller Block
MATLAB Function Block

MATLAB BEXIPPO

Ltk

!

- |
Stateflow
Custom Code interface

Simulink Code

| Importer

- o x
THoR @ e

$$$$$

¥ RgnCarl Test Clunction - Simulink
uuuuu = SEBUG

= (1 Open =]
@ [qe as =]
Project | New - Libwary
- ik primt Baomser
PROIEC [t uBRARY FREPARE
. Rancin Test Cunction
g & |[FalagncenTest Chunctior
fa

[ +]

=+

=}

=

n BattSoc

BattSoc

(1D e w—
BrkPrsReq

BrkPrsReq

a MotSpd

MotSpd

BattSoclnp

BrkPrsReglnp

MotSpdinp

VehSpdinp

BrkCmdOutp

C

MotTqCmdRgnOutp

BrkCmd

BrkCmd

MotTgCmdRgn

MotTrgCmdRegen

C Function

U
8

u
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MATLAB EXP
I € MEX S-function . . M
C Function Block S| |

Support Persistent Scope and specify different code B | ow

= Write C code directly in your models S

of O B @compre v | ™ 7 &7 profiler
. . New Open Save @prntw | GoTo M4~ Refactor B | [ pralyze | Run S RunandAdance | gy gy siop
v v v [ Bookmark ¥ v v Section Run to End v
- Call multiple external functions :
<Ep Hal @ » C: » Users » alexkim » OneDrive - MathWorks » Documents » MATLAB » Examples » R2022a » simulink » CFunctionStartTermExample o
Current Folder @ [ Editor - C#¥Userswalexkim¥OneDrive - MathWorks#Documents#MATLAB#Examples#R2022atsimulink#CFunctionStartTermExampletfaultc ® x| Workspace ®
Name ~ [ faulte % [Faulth | + | N Vaide
#) CFunctionStartTermexamplem 1 /* Copyright 2005-2007 The MathWorks, Inc. */ =

2
. T i
. S u O rt I e rS I Ste nt S CO e (=] slex_CFunction_faultlog 4 #fnclude fStdio'hi
% slexCFunctionStartTerm.slx Z #include “fault.h
7i
8

void* openLogFile(void)

9
10 FILE *fptr;
11 fptr = fopen("slex_CFunction_fault.log", "wt");
12 if (fptr==NULL) {
- - 13 MY_PRINT("Cannot open the file 'slex_CFunction_fault.log'\n");
= Specify different code for code B
15 return(fptr);
16 )

generation and simulation using the i

19 void incAndLogFaultCounter(void *fid, unsigned int counter, double time)

20 {
21 FILE *fptr = (FILE *) fid;

ag ;

—_ —_— 23 if (fFptr==NULL) {

24 MY_PRINT("Cannot write to the file 'slex_CFunction_fault.log'\n");
25 return;
26 }
27
28 (void) fprintf(fptr, "Fault %d detected at % s\n", counter, time);
29

<

= Interface directly with C++ classes in .

Command Window

Jx >>
R2 02 2 a faulth (C/C++ Header) ~ % "

[©]

20



Simulink Code Importer
Import C code as reusable Simulink libraries

= Import C Code as reusable Simulink libraries
— Block representation of C Code algorithms using C caller

=  Wizard Ul provides a step-by-step guidance
= Intuitive setup MATLAB APIs also available
= Integrated with Simulink Test for V&V workflow

MODELING

[Bearc A [=fs =
1'r FAVORITES
* *x O *
Maodel Data Model Schedule
Editor Explorer Editor
' REPOSITORIES v
| [ — [
= Cfl 4 19|
Base Model Link to Data Referenced
Workspace Workspace Dictionary Variables
DESIGN R
EE e * * P r gy
Property Madel Data Model Schedule Variant
| Inspecter Editor Explorer ditor Manager
E A ) L R
Bus Lookup Simulation Code Data Object
Editor Table Editor Custom Code Importer Wizard
DEPENDENCIES -
e
=3 5y E
Dependency  Referenced Model Library Link
Analyzer Files Interface Manager
REVIEW ry
= EE =
Review Model System
Manager Design Report

[%al c/C++ Code Importer

Welcome > Seftings

Specify the file name and output folder for the Simulink library:

Simulink library file name: |_myRectangleLib

Qutput folder. Spwd$
] Add generated library to Simulink Library Browser.

Simulink library browser name: | Rectangle Blockset

Dependency

| Browise

What to consider

The Simulink library and ather artifacts will be generated|
n the output folder.

About the selected ption

Select this to add generated library to Simulink Library
Browser.

MATLAB EX

C MEX S-function

C code
integration

coder.ceval in

L
Legacy Code Tool

K s
+ C Caller Block
MATLAB Function Block

< |fcn

Rectangle Blockset

Stateflow
Custom Code interface
Simulink Code
Importer
[ 1 _
@0 Simulink Library Browser O X

v rEr @ e @

Phased Array System Toolbox
Powertrain Blockset
Radar Toolbox

Rectangle Blockset
Reinforcement Learning

Report Generator

RF Blockset

RF Blockset Models for Analog [

Robotics System Toolbox
< >

~

W

A

r area out intersect rectangle out
out [y

area intersect rectangle

Lk
LUK I + C Function Block

21



C code 3
intagration | | CMEX Sdunction }
L] L ! LK
u coder.ceval in
Imuiin ode Importer RS e
n
LINK|
. . . . Stateflow
Integrating Legacy Code using Simulink Code Importer B
’i RgnBrkCntl * - Simulink = a X
SIMULATION DEBUG MODELING FORMAT = @
@ Q Find = ® @ el é Stop Time @ =
Model M Compare Model Data Model Schedule Model Create Atomic nable Function- \ Update |.Normal v
Advisor * m Environment - Editor Explorer Editor Settings ~ Subsystem bsystem tem m Subsyste Model v ®@ Fast Restart =
EVALUATE & MANAGE DESIGN SETUP COMPONENT COMPILE SIMULATE =
g RgnBrkCntrl . ‘g
2| @ |[*alrgnerkcntr M [E]
o =3
2 3
= ECH
@ B
E N
Jrtu_VehSpd
=
= rty_MotTrgCmdRegen
= A rtu_MotSpd
O
RgnBrkCntrl
N rtu_BrkPrsReg
rty_BrkCmd
N rtu_MotTrgCmdFinal
]
N
& RgnBrkCntrl
»
Diagnostic Viewer X
|@0 a0 @0 |
Ready VariableStepAuto

MATLAB BEXlPO

Lt
' Legacy Code Tool

| C Caller Block

C Function Block

Il

22



MATLAB EXIPO

Code Generation in Integrated Model
Integrating Legacy Code in Simulink and Generating Code

E] Code Generation Report - O x
Find: 4+ ¥ Match Case
o EvPowertrainController * - Simulink ‘ ‘ EVPowertrainController ¥
YAy PES Content = EVPowertrainControllerc v Q Search
. — —
g © O @ || =
@ Code for () — [l OpenReport  ~ Ij <: Subsystem Report /* vodel step function */
Embedded Quick  C/C++ Code Settings Code |EVPowertraimControIIer | Build View T Remove Highlighting ~ Verify  Share Code Interface Report void EvPowertrainController_step(void)
CCode ~ Start Advisor ¥ = Interface ~ = Code Code ~ = Traceability Report =1 {
QUTPUT | ASSISTANCE PREPARE GENERATE CODE RESULTS VERIFY | SHARE Static Code Metrics Report /* cCaller: '<Root»/RgnBrkCntrl' incorporates:
) ¢l EVPowertrainController Code Replacements Report * Inport: '<Root»/BrkPrsReq”
§ . P ) P * Inport: '<Root>/MotSpd'
s & EVPowemamControIler » Coder Assumptions * Tnport: '<Roots/MotT
ﬁ o * Inport: ‘<Root>/Vehs,
=
[€ED; B AccalPd! Code 5y
AccCmd TraCmd 1 MotTrgCmdTrac ~ Main file rtu_BrkPrsReq = EVPowert
o ert_main.c rtu_MotSpd = EVPowertrai
Accel Pedal to Traction Wheel Torque Request ’—, AccelPdl + Model files rtu_MotTrgCmdFinal = EVPowertr: " U.MotTrqCmdFinal;
i Spd;
) EVPowertrainController.c RgnErkcntrl();
BatarDisckalny EVPowertrainController.h
BMS_Cmd . . R . o
EVPowertrainController_private.h /* Outport: '<Root>/Outl' incorporates:
BaquIGhrngl MotTrgCmdFinal Manrq%i EVPowertrainController_types.h * cCaller: '<Root>/RgnBrkCntrl’
Batt_Info .
@ MotSpd ~ Utility files EVPowertrainController_Y.0utl = rty_BrkCmd;
rtwtypes.h
MotSpd P
/* Outport: '<Root»/Out2’ incorporates:
(B )——jsoc * CCaller: '<Root>/RgnBrkcntrl’
S0C * Gain: '<S1>/rads_to_rpm"
| MoiTrgCmdRegen * Inport: '<Root>/AccCmd’
1 iy Motor Torque Arbilration and Power Management - EVPowertrainController ert_ rtw\EVPowertrainCentreller.c Ln 39 Col 48
( g riu_f Req Lo
BrkPrsReq
e L)
BrkCmd
»{rtu_MotSpd
RgnBrkCnitrl
B riu_MotTrgCmdFinal
MotTrgCmdFinal
rty_MotTrqCmdRegen [—
P riu_VehSpd
VehSpd
» SRBCrr

Code Mappings - C

Ready auto(FixedStepDiscrete)
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MATLAB

Agenda

Legacy Code Verification
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Why Using Simulink for Legacy Code Testing?

MATLAB EXF

Sl nal Bullder (crs confroller_harness_SIL/Inputs) * - O K
File es p aseslp lease use B - *
SE e o eI REFIREE 02 ]’eo§s model
‘ ‘ | | | ulation Analysis Cod t arness O e
Active Group: | Test Case 29 ™ @’
- =-©Q® > = [ ooowow] homs -
j= : ; : ; : |
-1—enbl
e . - - . - S - C Caller o
L= . ' ) B-o-@ QWIQ@ “ @ -
Size-Type s contrller
c"‘Eil‘k—resuum L | ) © |Falos_controller -
05k 1 | 1 i |
3 enbl enbl reqDrv ok
C'—f};l;_deL 1 ] ) boolean 4]
x10° cncl cncl = enbl > — D
'ngraker- . [ L L : ' =] pom reqDrv
T set set s CO— "
Key T T T T T ) status set >
= s , s : : i resume resume () resume , status
gear
x10° ine I — ——(3)
N . " 1 inc inc Crsrire
ﬂﬁg otDrv dec > mode
E_ 1 [ 1 1 | ) ﬂ*
g0 vehSp 0.005 0.01 0.015 0.02 0.025 0.03 dec boolean dec e €D} g
Time (sec) (@D . A
brakeP brakeP - fergetse
z gear G0——» NE>)
1 cncl E Simulink Design Verifier Results Summary: S;:c 1msCtrl_2 X ke ke lnnllDDrv
set - = Y Y 3 - throtCC
g oot targetSp vehSp CrsCrrlr
Progress | ~ | gear gear &
Click to select signal o »
Db]ectlvss 108/108 tDrv throtDrv FinedStepDiscrete
processef
VN Satisfled m (m
Unsatisfiable hSp vehSp throtCC |———P» : )
Elapsed time v o throtCC
r e IR T PO U S S [ /S SO | . {

Test generation completed normaily.

21/108 objectives are satisfied.
87/108 objectives are unsatisfiable.

Results:

* Highlight analysis results on model

* View tests in Simulation Data Inspector

* Detailed analysis report: (HTML) (PDF)

® Create harness model

* Export test cases to Simulink Test

* Simulate tests and produce a model coverage report

Data saved in: Spc_1msCtrl_2_sldvdata.mat
in folder: C:\00_Works\MBD\Mando\IDB_S\models\works

\sldv_output\Spc_1msCtr]_2

Close

View Log

SIL Coverage Report by Model ¢cgde coverage analysi

Top Model: crs_controller harness SIL

| Complexity Decision Condition Statement Function Function call
TOTAL COVERAGE 81% m— 880, m— 86% — 1009% = 100% ——
1. ... Model(s) 2 - 100% 100% 100% 100%
-1 crs_controller 2 - 100% 100% 100% 100%
.. Custom Code File(s) 50 81% 86% 86% 100% 100%
21 CruiseCntrlr c 49 81% 86% 83% 1009% m——
22 CrsCntrl Wrapperc 1 - - 100% w—— 100% 100%
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Legacy Code Verification Workflow

void CruiseControl MdlAdv_ReqlLink_step(boolean_T arg CruiseOnOff, boolean_T
arg_Brake, uint8_T arg_Speed, boolean_T arg_CoastSetSw, boolean_T
arg_AccelResSw, boolean_ T *arg _engaged, uint8_ T *arg_tspeed)

boolean_T AccelResSw_prev;
boolean_T CoastSetSw_prev;

/* Chart: '<Root>/Compute target speed' incorporates:
* Inport: '<Root>/AccelResSw'
* Inport: '<Root>/Brake’
* Inport: '<Root>/CoastSetSw'
* Inport: '<Root>/CruiseOnOff’
* Inport: '<Root>/Speed’
*/
/* Gateway: Compute target speed */
if ((uint32_T)DW.temporalCounter_il < 3U) {
Di. temporalCounter_il = (uint8_T)(uint32_T)((uint32_T)DW.temporalCounter_il
+ 1U);

MATLAB EX
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Legacy Code Verification Workflow

void CruiseControl_MdlAdv_ReqlLink_step(boolean_T arg_CruiseOnOff, boolean_T

arg_Brake, uint8 T arg_Speed, boolean_T arg_CoastSetSw, booclean_T
arg_AccelResSw, boolean_T *arg_engaged, uint8_T *arg_tspeed)

boolean_T AccelResSw_prev;
boolean_T CoastSetSw_prev;

/* Chart: '<Root>/Compute target speed’ incorporates:

* TInport: '<Root>/AccelResSw'
* Inport: '<Root>/Brake’

* Inport: '<Root>/CoastSetSw’
* Inport: '<Root>/CruiseOnOff’
* Inport: '<Root>/Speed’

*/

/* Gateway: Compute target speed */
if ((uint32_T)DW.temporalCounter_il < 3U) {
DW.temporalCounter_il = (uint8_T)(uint32_T)((uint32_T)DW.temporalCounter_il
+ 1U);

h

s

Legacy Code Tool

L__/—

. 4

Legacy Code Tool (LCT)

=

- Initialize LCT data structure

[

. Populate LCT data structure

g

Generate S-function source file

R

Compile S-function source file

&0

Create masked S-Function block

1

int16 y1 = function(int16 u1) P

C MEX
S-function
sfen_function

S-Function block

C Caller Block
C Function Block

5 untied
; ® [Pauntitied ¥
§w

[+]

=

=

(=

[

w

&

FORMAT

FLE UBRARY PRepaRe | Normal

Step Run Step Sto REVIE
B Fast Restart Back ¥ - Forward
v hd v
SIMULATE a
o untitled z
: g
g ® |[Pa]untitied -2
B . z
=@ H
E
=
E <FunctionName> C
= C Caller
u C Function
a
[
VariableStepAuto

M CruiseOnOff
3 bk engaged [

rake
3 Speed

3 CoastSetSw

3 AccelResSw

Simulink Coder Importer

Code Importer

The Code Importer allows you to import custom code for modeling, verification, and validation

The Code Importer:
» Analyzes the custom code for functions, types, global variables, and their dependencies.
« Imports custom code into a Simulink library containing callable functions and types.

« Creates a Simulink Test file (Simulink Test license required)

MATLAB EXPC
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MATLAB EXIPO

Legacy Code Verification Workflow

|Group 1
CruiseQnOff P
CruiseOnOff
Brake P
Brake
Speed
/\ Pe Speed
CoastSetSw -
CoastSetSw
AccelResSw P
AccelResSw
Harness Inputs Signal spec.
and routing

P
Critigefpestrol_Md
d
Brake engage engaged <engaged=| | engaged @
engaged
Speed
CoastSetSw
tspeed tspeed <tspeed> tspeed
A@FR&SSW speed
L8
Signal spec.
and routing
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Legacy Code Verification Workflow

[}
throttle

~

] 041 02 0.3 04 05

Time (sec)

Test Cases

MATLAB |

ANALYZED MODEL
CruiseControl MdIAdv_ReqLink

REPORT COMPLEXITY DECISION

a3

CONDITION

MCDC

] P | E D)
engaged
p »(2)

[Group 1 I
P1 Criseonoft cringesResol-Md
CruiseOnOff
] Brake
o Speed
c
I i oastSelSw
ppppppppppppp
— AccelResS
Harness Inputs Signal spec. Signal sps
an q and r

aaaaaa

Test
Generator

Simulink Design

=0 {

ntrol_MdlAdv_RegL_ IN_ON;

trol MdlAdv__IN_Stea

47% w— 31% mm 6%
Partial Coverage
if ((!Brake) && (Speed <= maxtspeed) && (Speed >= mintspeed))
if f[\ = DW.AccelResSw_start) && DW.AccelResSw_start &&

Verifier
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Legacy Code Verification Workflow

New Test Cases

10 speed

1 7‘: e
_'_ 1] 01 02 Time t::cj 04 05
Test Cases

MATLAB |

=

Test
Generator

Simulink Design Verifier

AMNALYZED MODEL REPORT COMPLEXITY DECISION CONDITION MCDC
CruiseControl MdlAdv_ReqLink " 39 A7% 31% wm 6%
if CtiErakE] && (Speed = maxtspeed) && (Speed >= mintspeed))
pr : t &&
5P T riseonort o SiseegolMd
] Bral jed d>| [ engager d '. -
engaged
1 ° I I e | )
|5
Harness Inputs Swgnalsr:ze EEEEEE Signal spec.
and routing and routing




Legacy Code Verification Workflow

New Test Cases

MATLAB EXJ

ANALYZED MODEL

"3l CruiseControl MdIAdv ReqLink

REPORT COMPLEXITY DECISION

CONDITION MCDC

L Y 100% — 100% — 100% —

|
|
1
1
10 speed
0
10 . . L s L
10
throttle
5
o o
5 L L L L L
- 0 01 02 03 04 05
- Time (sec)

Test Cases

Higher Coverage

[Group 1 n
P! Cniseonot ROl Md
CruiseOnOff
engaged <engagect| | engeged .
Brake engaged
o Speed o
c tSets
CoastSetSw o 2
Tspeed <tspoed> " || tspecd
tspeed
— ‘AccelResSw
Harness Inputs Signal spec. Signal spec.
and routing and routing

1f ((!Brake) 8& (Speed <= maxtspeed) && (Speed »>= mintspeed)) {

/* Transition: '<S1>:64' */
if ((AccelResSw_prev DW.AccelResSw_start) &8 DW.AccelResSw_start &&
((int32_T)tspeed != @)) {
/* Transition: 'sS1>:185" */
DW.is_CRUISE = CruiseControl_MdlAdv_ReqL_IN_ON;

/* Entry CON': '<S12:54° */
engaged = true;
DW.is_ON = CruiseControl_MdlAdv__IN_Steady;

} else {
/* Transition: '<Si>:88' */
if ((CoastSetSw_prev |= DiW.CoastSetSw_start) && Di.CoastSetSu_start) {

/* Transition: '¢S1>:187' */
DW.is_CRUISE = CruiseControl_MdlAdv_Reql_IN_ON;

/% Entry 'ON': '<S1>:54' */
engaged = true;

/* Entry Internal 'ON': '<S1>:54' */
/* Transition: °"<51>:81" */

/* Transition: '<51>:78" */

tspeed = Speed;

Coverage Report for CruiseControl_MdIAdv_ReqLink

Table of Contents

1. Analysis Information
2 Aggregated Tests
Summary.

Details

3
4.

Analysis Information

>Model Infarmation

Model version 1491

Author The MathWorks Inc,

Last saved Wed Jul 08 15:20:21 2020 A
>

Harness information

Harness model(s)

Harness madel owner CruiseCantrol_MdiAdv_ReqLink

CruiseControl_MdlAdv_ReqLink_Harness3

Generate Report



Simulink Code Importer in Simulink Test

= Supports unit test and integration test
« Test setup automation

— Importing ¢ code to Simulink C Caller block, creating harness, creating test file and

running the test file

Test Setup Automation

Teat out
SLStubln_absoluteTempDifference_pi [

Troom_in

heatpumpController - SLStubln_sbsoluteTempDifferenca_p2 [

SLStubOut_absolutsTempDifierance
SLStubln_pumpDirsction_p1

SLStubOut_pumpDirection SLStubln_pumpDirection_p2 [

heatpumpController

Converts the C code functions to
Simulink C Caller blocks

: - D

Ofs_SLSbin_absoiteTempDiterance_p2

1n3_SLStubOU_absoluteTempDiflerence.

StubOut

SLStubln_pumpDirection,

g

Outé_SLStubin_pumpDirsction_p1

In4_SLSWBOU_pumpDirection

StubOut_pumpDirection SLStubin_pumpDirecton,

6

Outs_SLStubin_pumpDirection_52

Signal spac. TeatpampCortroler
and routing

Creates an internal harness for each Simulink C Caller block

SYSTEM UNDER TEST

Model: | heatpumpController 5 ac

~ TEST HARNESS

Hamess: | heatpumpControiler_Hamess1 jca

+ SIMULATION SETTINGS AND RELEASE OVERRIDES
Simulation Mode: [Model Settings] M
Override model blocks in SILPIL mode to normal mode
Select releases for simulation: | Current w.
StatTme: 0
| Stop Time: | 200

Initial State:

Generates a test file

X For unit tests, additionally creates a sandbox to isolate the imported functions.

Test Result

Filter results by name or tags. e.g.tay | [g F © Assessmentt

MATLAB

SSSMENT SYuBOLS
~ Results: 2021-Feb-14 16:31:11 10
» = Troom_in
~ [] heatpumpController_Hamess1 & » At any point of time, whenever abs(Troom_in - Tset) < 2 is true Tt
; then, with no delay, fan_cmd == uint8(0) & pump_cmd —— uintg(0) & 4
* Bl Sim Output (roatpumpControly pump_dir = IDLE must be true » = fan_cmd
~ [[&) Logical and Temporal Assessm @
©® Assessment! ° »
O Assessment2 L] EXPRESSION TREE PLOTS
o) » Assessment1: At any point in Fai
O Assessment3 S time, whenever (abs{(Troom_in -
) Assessmentd o Tset) < 2) is true then, with no Pass 148 T
- delay, (fan_cmd == UiMB(0)) &  Untested 19 L
(pump_cmd == uint8(0)) & ] EY 80 % 120 150

(pump_dir == IDLE)) must be true

~ COVERAGE RESULTS

ANALYZED MODEL REFORT GOMPLEXI.. DECISION Ex
man_stub.c a3
tempController.c A 3

100% =—— (0%, —

100% e 100% ——
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Simulink Code Importer in Simulink Test

= Import legacy code using Simulink Code Importer in Simulink Test

o\ Test Manager

o

qf| O3 111

New | Open ) Parallel RESULTS ENVIRONMENT
our] Open sav

- -

m Start Page x

Getting Started

AUTO CREATE

Test File from Model

Create a test file from model RECENT FILES

Test for Model Component

LegacyTest
Create a new baseline or back-to-back test for model component
LegacyTest
Test from Spreadsheet
Create a new test with data specified in a spreadsheet VnVlegacy
Test for C/C++ code VnV_Legacy
Impaort and test external C/C++ code

RESOURCES

(4]

New Test File

Open Test File

II |

DOCUMENTATION

Getting Started with. ..

Test Manager

MATLAB E

C/C++ Code Importer

Welcome > Settings

Import
Code Importer

The Code Importer allows you to import custom code for modeling, verification, and validation.

The Code Importer:

« Analyzes the custom code for functions, types, global variables, and their dependencies.
« Imports custom code into a Simulink library containing callable functions and types
« Creates a Simulink Test file.

Start Load

Simulink Code Importer Wizard
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Simulink Code Importer in Simulink Test

= Build library model and test
harness

= Automatically configured test
setting in Test Manager

MATLAB EXIPO

P Test Harmess: LegacyTest Hamess1 - Simulink

SIMULATION HARNESS

>

Step Run Step Stop | REVIEW RESULTS
@ Fast Restart Back v (Coverage) v Forward
-
SIMULATE

a
=
(x|
oo™
] In1_in0
0 Controller gyt
Out!_out
In2_in1 Signal spec.
and routing
Signal spec. Controller
and routing
» =8 um|

FixedStepDiscrete

‘ Test Manager
TESTS

lﬂjmggm

G
New Open Save I% e

- - :“L] Paste

PROPERTY
Name

Type

Model
Harness Name

Simulation Mode

T 5 b P

Delete Test Spec  Run

- Report -

VALUE

E[ LegacyTest_Harness1
Baseline Test

LegacyTest

LegacyTest Harness1
[Model Settings]

Stepper

- O X
) z I
¥ | = “y =l A import o
Runwith Stop Parallel | Report Visualize Highlight © gepore Model Testing  Preferences Help
- in Model Dashboard -
RESULTS ENVIRONMENT | RESOURCES ry
LegacyTest_Harness1
N
+ Enabled
arness1
st/Controller » LegacyTest_Harness1
Test Case from External File
» REQUIREMENTS
p—
~SYSTEM UNDER TEST* ?
Model: ‘LegacyTesl | E ‘i ac
+ TEST HARNESS*
Hamess: ‘LegacyTestﬁHamesm "| ca

» SIMULATION SETTINGS AND RELEASE OVERRIDES
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Simulink Code Importer in Simulink Test

« Simulink Code Importer calls code using C Caller Block
— Using C Caller block’s features after building library
— Edit port specification in Block Parameters

— Configurate custom code settings

ino

Controller gt [y

Controller

Block Parameters: Controller

C Caller

Call a custom code function.

Parameters

Function name: | Controller

e
¥ Port specification:
out Qutput out Bus: pump_control_bus 1
in0 Input in0 double 1
in1 Input in1 double 1
W

>

ancel | Help || Apply

MATLAB

Custom code settings

Edit port specification

35



MATLAB EXIPO

Simulink Code Importer in Simulink Test

= Support two options for C code test
— Unit Test for a subset of custom code

— Integration Test for entire custom code il o »
/— (:St_test_lib ol
void foo(void) '
{ E aaaaaaaaa
} C/C++ Code
= Test for each unit function
] Importer -
void bar(void)
{ @
} ]

[a]test_mdl » [Pa|Subsystem

~

Import each unit in Simulink

T~
@D,

Integrated model and test 36



MATLAB

Simulink Code Importer in Simulink Test

= Easy to support Integration Test using Simulink Code Importer
— Import integrated custom code in Simulink
— Support function, function call coverage analysis

Integrated Custom Code @ (s | .
\ / - " ;
void foo(void) Sl s

{

Integration Test

} I Test for integrated code
void main(void)
{
f .
void bar(void) 00();
.Jf _ Code coverage
b ar () , Function Function call
}
100% 100%
100% 100%
\ / 100% 100%
100% 100%
100% m———
100% 100%
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Simulink Code Importer in Simulink Test

= How to verify unit functions which include interface functions?
Ex) Application SW uses interface functions which is provided from Basic SW

Application SW Basic SW
In16t Get_Speed(void)
void foo(void) {
{ Return Speed;
Vehicle_Speed = Get_Speed(); . }
Engine_Torque = Get_Torque(); Interface functions

< In16t Get_Torque(void)
{

} Return Torque;

}

Ex) Application SW uses middleware APIs for data interface such as AUTOSAR

Application Software

$ Apiscal §

MATI

38



MATLA

Simulink Code Importer in Simulink Test

« Create Sandbox for C code unit testing

— Auto-stub files: Contains the auto_stub.h and auto_stub.c files, which are generated
only if the imported code has undefined symbols

. : Parser analysis &
wid 8ssickol eaddmalefined interface y :
{ auto stub generation
floatd? rtbh_Suml;
boolean rtb_NotEngaged:| Boolean autO_StUb_C

SLStubOut_Rte IRead rtwdemo roll test rtwdemo roll test Step AP Eng AP _Eng;
/x Logict '<51>/NotEngaged’ incorporates:

* o Ineerts TeRootx /A7 Eng Boolean Rte IRead rtwdemo_roll test rtwdemo_roll test Step AP_Eng AP_Eng(void)

EXs {

rtb_NotEngaged =|!Rte_l|Read_rtwdemo_rol|_test_Step_AP_Eng_AP_Eng(};

return
SLStubOut_Rte IRead rtwdemo roll test rtwdemo_roll test Step AP Eng AP_Eng;

/= Discretelntearator: '=51%/Integrator’ »/ }

if (rtb_NotEngaged || (rtDW.Integrator_PrevResetState '= 0)) {
rtDW. Integrator _OSTATE = 0.0F;

}

— Manual stub files: Contains the man_stub.h and man_stub.c files, which you can use
to manually stub symbols

— Aggregated header: Contains all definitions of functions, interfaces which are related
unit function
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DEMO: Simulink Code Importer in Simulink Test

Import C code and Create Sandbox for unit testing

4\ Test Manager

TESTS

dL.llj .‘lj H L:J/ l) HD ) Ww . @ &,Import [!IU a’ \")

" 3

New Open Sa

E] C/C++ Code Importer - O X

FILE
Welcome > Seitings > Specify Custom Code >  Analyze
Filter tests by ng What to consider
~ [=1 UnitTest ]
~ [ UnitTe Test sandbox has been created in the output folder. Auto-stub files: Files containing automatically stubbed
& uni Change the MATLAB current folder to the sandbox folder. Lgeaiiaboks

Artifacts generalEd: Manual stub files: Files that allow you to manually edit
+ Auto stub source stubs of undefined symbols

* Auto stub header Do not medify the following as these will always be
« Manual stub source regenerated-
= Manual stub header o HdisialEe
» Specified source files
» Header files located in the sandbox ‘include’
Click Update Sandbox if you have made changes to the manual stub files. directory.

Note: Updating the sandbox will regenerate the auto stub files.

Update Sandbox
PROPERTY
Name
Location
Enabled
Tags Type comma or space separal

MATLAB EX
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DEMO: Simulink Code Importer in Simulink Test

Test case generation and unit test in Test Manager

Py Test Har delmport_Harn - Simulink = =
SIMULATION DEBUG MODELING FORMAT APPS HARNESS E -~ & B 9 (v)
& ®w @ 5 @ -.
Get Linearization Model Cantrol System Parameter Response Embedded Fixed-Point Requirements Coverage Simulink Variable Scaling
Add-Ons ~ Manager Linearizer Designer Estimator Optimizer Coder Tool Manager Analyzer Test Analyzer
ENVIRONMENT APPS ry
CodeImport_Harness1 =
©® |[*a Codelmport_Harness1 » -
ﬁ P»{ SLStubOut_Rte_IRead_rtwdemao_roll
= In1_SLStubOut_Rte_IRead_rtwdemo_roll_rtwdemo_roll_Step_AP_Eng :AP_Eng
= 2 } » | SLStubOut_Rte_IRead_rtwdemo_roll
&= In2_SLStubOut_Rte_IRead_rtwdemo_roll_rtwdemo_roll_Step_HDG_Modg {HDG_Mode
O
3 SLStubOut_Rte_IRead_rtwdemo_roll
In3_SLStubOut_Rte_IRead_rtwdemo_roll_riwdemo_roll_Step_HDG_Rel :HDG_Ref
¢ | SLStubOut_Rte_IRead_rtwdemao_roll
In4_SLStubOut_Rte_IRead_rtwdemeo_roll_rtwdemo_roll_Step_Phi :Phi
bmo_roll_Begeme_£aiaSIeP cmd_p1
Out1_SLStubln_Rte_li¥rite_rtwdemo_roll_rtwdemo_roll_Step_Ail_Cmd_Ail Cmd_p1
5 } » P SLStubOut_Rte_IRead_rtwdemao_roll
In5_SLStubOut_Rte_IRead_rtwdemo_roll_rtwdemo_roll_Step_PsliPsi i
Signal spec.
and routing
6 > SLStubOut_Rte_IRead_rtwdemo_roll
In6_SLStubOut_Rte_IRead_rtwdemo_roll_rtwdemo_roll_Step Rate FHiRate FB
7 SLStubOut_Rte_IRead_rtwdemo_roll
In7_SLStubOut_Rte_|Read_rtwdemo_roll_rtwdemo_roll_Step_TASETAS
8 > P SLStubOut_Rte_IRead_rtwdemao_roll
In8_SLStubOut_Rte_IRead_rtwdemo_roll_rtwdemo_roll_Step_Turn_Knob Turn_Knob
Signal spec. rtwdemo_roll_Step
3 and routing
» |HE 1nm|
Read View 1 warning

123%

FixedStepDiscrete

MATLAB BEXlPO
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Static Code Analysis with Polyspace

= Code metrics and standards
— Comment density, cyclomatic complexity,...
— MISRA and Cybersecurity standards
— Support for DO-178, ISO 26262, ....

= Bug finding and code proving
— Check data and control flow of software
— Detect bugs and security vulnerabilities
— Prove absence of runtime errors

MATLAE

Green: reliable

safe pointer access \

Red: faulty

out of bounds error

Gray: dead

unreachable code \

Orange: unproven
may be unsafe for some

conditions

Purple: violation
MISRA-C/C++ or JSF++

static void pointer arithmetic (void) {

int array[1l00];

int *p = array;
int i;
\\\\\E?r (i =0; i < 100y i++) |
*p = 0 N
it o
o) variable " {int32): [0 .. 99]

assignment of ‘I’ (int32): [1 .. 100]

t
if (get bus status() > 0) {
if (get oil pressure() > 0) {
Xp =5
4
}

} else {

i++;

code rules

Range data

tool tip

Results from Polyspace Code Prover
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Static Code Analysis with Polyspace and Simulink

MATLAB BEXP

Py

File

E-=-8

crs_controller

s_controller *- Simulink prerelease use

Edit View Display Diagram Simulation Analysis Code Tools Help

4+ Ee-E-e4®p

- Norma

ars_controller

2
=
|
=
O

Ready
([ ]

set (@D —
S resume
inc :
%
brakeP
: key
ear
2

throtDrv

an
= 3 112 Expressions 1
‘Run time error / MISRAule check o
- Category: Advisary CruiseCnirlr.c

Polyspace report from Simulink

< > < >
H D L i Browser | =] Results List [ Dachboard | (E] output Summeary | ¥ Source

Reducing Polyspace set-up efforts .

CrsCntrlr

132,

¥ Polyspace - CrsCnirlr C:\00_Works\CruiseControl\work\results_crs_controller_T1\CrsCntrir - [m] X
File Reporting Metrics Tools Window Help
(% % (&l| [> Run ug Finder v [ 5top | Q|
EE 2 H & =% [cal
| allresults ~| TMew [E+ <o 5> showing 78/78 v [variable trace | fx CrsCnirl_trapper.c| [4m wp £33 B2 & dh B &
Family & Information  File 1 Result Review MISRA C:2012 Rule 8.9 R2018b 7
(=l Defect H Status Unreviewed | [Enter comment Rere... An object should be defined at block scope if its identifier only appears expand alln page @
Data fi in a single function |
ata Tlow B Severity Unsset -
(I MISRA C:2012 %
Dir 1 The implementation 3 -
» Description
EIDIr 4 Code design 9 TMISRA C:2012 8.3 (Required) P
101 4.5 Ioentifiers in the same name space g 4l declarations of an object or function shall use the same names and type qualifiers L
T sy ah P = " Global declaration of 'CrsCnirlerMain' function has a type incompatible with its definition. Rule Definition
- ategory: Advisary SETypes This defiect occurs when lirking the 2 translation units: ) i ’ i i in a single functi
= cawgory: Avory pataTypesh e e e ) el e An object should be defined at block scope if its identifier only appears in a single function.
- Category: Advisory DataTypes h €:\00_Warks\oruiseControl\files\legacycodeCruiseCririr.c
< Category: Advisory DataTypes h " R
= Category: sdvisory DataTypesh Event: File Scope Line If you define an object at block scope, you or someone else is less likely to access the
= Category: advisary DataTypesh 1 DE;\aralmn function returning acwlgnsd int:32 type CraCnh'LV\‘/rappEr c CraCnh'LV\‘/rappEr.t 26 object inadvertently outside the block.
. 2 Definition: function returning void type Cruigecntrr.c Cruigecntrr.c 55 _—
- Category: Advisary DataTypes h 3 Polyspace Specification
< Category: Advisory DataTypes h
i The rule checker flags static objects that are accessed in one function only but declared at
= Category: Advisory DataTypes h
file scope.
=2 Unused code 8
2.1 & project shall not cantain unreachable 2

Sign

5.3 A project should not contain unused type 4 \7,amiigpriien | eV R

(2) contextual Help | 4, Search |

2.5 & project should ot contain unused 2 V]
(=18 Declarations and definitions 24
3 All declarations of an object or function 1

gory: Required
8.4 & compatible declaration shall be visisle 1
8.5 &n external object or function shall be 1

Req

u1SetSn =udi
ulResumeSy = udi

Line

8.0 4n object should be defined at block 2 utincsn = ubi

=10 The essential type mods! 1 ullecsr = uB:

C(}\I‘E 10.1 Operands shall nat be of an 4 SIBBrakeP = uT:
#1103 The value of an expression shall notbe 11

2104 Both operands of an operator in which 4 uBey = e

- Category: Required CruiseCntrlr.c uBGear =ud;

M Od ¥ Category: Required
= categary: Required
= Categary: Required

Crusecntr.c
Crusecnirl.c
CruiseCntrir.c

s3eThrotDry = ull;
si2¥ehSpd = ull:

Crstntrlerkalnf)i

- 14 Confrol statement expressions n ol

- 143 Controlling expressions shall not be 2
M o0 ~  Category: Required Cruisecrtri.c
= Category: Required Cruisecntrr.c E
144 The controlling expression of an it 3 sy = S3ZTargetSp0ut;

117 Functions ! +y5 = s3ZThrotColut:

Z enunRecdrvout
+y2 = ulStatusOut:
3 < enunodeOut:

<

&

T

_ xi
DataTypssh X |tmwiypesh X |CruiseCnirlr.c X [CrsCntrl_Wrapper.c % orE|OH 4 B
LILnCTaW = U

~

Verify S-Function
Options...

Polyspace r

Block Parameters (S-Function)
Properties...

Help Open Results

Remove Options from Current Configuration

’ This Occurrence

All Occurrences
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Key Takeaways

= How to get started MBD?
- Verify Legacy Code using Simulink
- Experiment with a Small Piece of the Project
- Adopt Full MBD to Project

= Legacy Code Integration

- Legacy code tool, C Caller Block, C Function Block,
Simulink Code Importer

= Legacy Code Verification in Simulink
« High flexibility for test input
- Automation of verification workflow
- Easy test case management and nice visualization

Design
with
Simulation

Executable
Specifications

Continuous
Test and
Verification

Automatic
Code Generation

MATLAB |
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