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Agenda

Overview to V&V in Model-Based Design
Legacy code integration using Simulink

- Workflow for legacy code verification
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Model-Based Design With Legacy C/C++ Code?
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Why Using Simulink for Legacy Code Testing?
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int *p = array:
int iz
for (i = 0r i < 1005 i#+)
*p = O

pht:

% Predicted state and covariance
x_prd = A * x_est;

|, WIL-A ) C/C++

L | = Esta
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b

T g (SAB)': g i = get_bus_status();
.Function

X est = x prd + klm gain * (z - H * x pra): if (1 >= 0} {

P est = p_prd - kKim gain * B * p prd: *(p - i) = 10:

% Compute the estimated measurements
¥y = E % x_est:
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1ISO26262 “Road Vehicles - Functional Safety”

Automotive

= Functional safety standard for passenger cars

— Concerned with avoidance of unreasonable
risks due to hazards caused by E/E systems

CERTIFICATE

— Recommends tool certification, but offers little guidance |

Holder of Certificate: The MathWorks, Inc.
3 Apple Hill Drive

Natick MA 01760-2098

Factory(ies):

= Serves as an umbrella standard for industry specific adaptions

Certification Mark:

Including: &
- I S O 2 6 2 6 2 = A u t O m O t i V e ;:’::::;: ::f::::o:; ::: jalety Related Development
— EN 50128 - Rail ;

SEEE® & CEPTUOUKAT ¢ CERTIFICADO & CERTIFICAT

— |EC 62304 - Medical
— |EC 61511 - Process Control
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Software Development Workflow for Embedded Applications
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Legacy Code Verification Overview

-------------------------------------------------------------------------------------------------------------------------------------------------------------------
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How to Import Legacy Code

= Legacy Code Tool
= C Caller Block

= Legacy code integration in Stateflow
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What legacy C code integration in Simulink means?

- Legacy Code Tool enables existing C code to be used in Simulink models

External C
Functions

Generating
S-function

>

e |i(=)

’". simple_lct
K

-8 8

simple_lct

ile Edit View Display Diagram Simulation Analysis Code Tools Help

w@® "B 4OP = @~ w0

- ilﬁf simple_lct

single y1 = pythagoras Ict(g@ngle u1[1], single u2{1])

pythagoras_|ct_sfon

FixedStepDiscrete

4\ MathWorks
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How to use Legacy Code Tool?

= General procedure for using Legacy Code Tool

#include “funceion. B

int fumction(int wal)

return(vall :

function.c

ki _FUMCTION_H_
e _FUNCTION_B_

pnctd en(ine wall ;

function.h

Legacy Code Tool {LCT)

\

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

5. Create masked S-Function block

Modeling with &l-‘umtm

’

C MEX
S-function

$

Y int16y1 = function(int1 u1)

sfen_function

S-Function block

J’i:&fcndemc—pmt mggered * - Simulink O X
File Edit View Display Diagram Simulation Analysis Code Tools Help

B-o-Bes (E cReOP = Q- -

sfendemo_port_triggered

® sfcndemo_port_triggered »

ock

-ﬁu #  sfun_port_triggered

BE e

f\j » In1 Out1
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Prerequisite to use Legacy Code Tool

= What is wrapper code?
— Root-level C function having in/output variables for S-Function block’s in/out ports

[\/—" % double y1 = doublelt(double u1) -:‘ AN [ ]
Sine Wave ex_sfun_doubleit Scope
Amplitude =1
Wrapper
double doubleit(double, ul); — ||code void doubleit(double; ul, doublei*y1)
1 or |t
Maininp = ul; Mainlnp = ul,;

double_main();ﬁ Main function of L§ double_main();

legacy code -

y1l = MainOutp;
return y1;

*y1 = MainOutp;
}

4\ MathWorks
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MATLAB Script to Build and Generate S-Function Block

= m-script file: compiling C files and generate a S-Function Block
Simulink.importExternalCTypes('ex_myTypes_LCT.h');

def = legacy code('initialize');

def.SFunctionName = 'sfun_ex_mySrc_LCT;
def.SourceFiles = {'ex_mySrc_LCT.c'};

et e s = e e, 1ET (@ C files to integrate in Simulink

(2) S-Function block

def.OutputFcnSpec = 'void myFcn(sigStructType ul[1], paramStructType p1[1], sigStructType y1[1])’; ] i
specification

def.IncPaths = {'rtwdemo_lIct_src'};
def.SrcPaths = {'rtwdemo_Ict_src'}; @ Include folders

legacy code('sfcn_cmex_generate', def);

legacy_code('compile’, def); oy Compile and s-function generation

legacy_code(‘slblock_generate', def);

https://www.mathworks.com/help/releases/R2018a/simulink/sfg/integrating-existing-c-functions-into-simulink-models-with-the-legacy-code-tool.html?s_tid=doc_srchtitle 13
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Generate Simulink Representations from C or C++ Code R201/a

= Import external C header file and generate available Simulink data types
Simulink.importExternalCTypes(‘ex_myTypes_LCT.h’);

File Edit View Options Help

HBid -2t F

Ve Ef BascnlWBkspae nnnnnn -
1 v E= paramStructType
= paraml
= param2
. = param3
= v == sigStructType
= sigl
— sig2

= Bus Editor - Manage Bus Objects in the Base Workspace

o‘ 53 x Fllter:|byBu5 Name

v |

| Clear Filter

Simulink.BusElement: param1l
Properties

E] Block Parameters: Bus Creator >

BusCreator

_| This block creates a bus signal from its inputs.

Arguments

~ | |double

Number of inputs: |2 |

|Fi ter by name

|[@ | Find

- |Data type override:| Inherit

> signall

ex_|ct_struct

struet{'sig1",5,'sig2',10) —q

void myFen(sigStructType u1[1], paramStructType p1[1], sigStructType y1[1])

sfun_ex_mySre_LCT

D

A 4

signal2

Signals in the bus

Up

Down

Remove

Selecting generated

ouput cata tpe: [eus: s DIAAUTTINK BUS<

Mode: |Bus nbjecé -| | sigstructType [v]| zEdit |

9

=1 paramStructType
Override bus sigial natlle Sl =R

[_] Output as nonvirtual bus

| oK || Cancel || Help || Apply |
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Issues for Legacy Code Tool

= There are still technical challenges to make S-Function Block

« Difficult to build test cases

« Limited input variation

« Long lead time from development to test
« Hard work to improve test results

Conventional
C code

verification

Legacy Code Tool

* No unified interfaces to interact with legacy code

& ool « Hard to build S-Function Block
verification )
« No auto sync with custom C code change

with Simulink : '
 Still maintenance problem

15



Example Issue: Too Many Function Arguments

Wrapper code

Legacy code

#include "CrsCntrl Wrapper.h"

vold CrSCntrf(boolean_t ul, boolean t uZ, boolean t u3, boolean t ud, boolean t ub, boolean t uf,

#ifndef CRUISECHNTELE H ) . . . -
4define CRUTSECNTRLE H ! lptlﬁ_t u7, uintf t ub, ulntBTt ud, lntBZTt uld, lntBZTt ull, |
- - | uintd t *yl, boolean t *y2, uint8 t *y3, 1int3iZ €t *yd, 1int3z t *yh) |
#include "DataTypes.h" { — e G EEn EEn GEn G GEn M GEm M MEm MEm MEm MEm MEm MEm MEm Em m M e
#include "CruiseCntrlrTypes.h" ulEnblSw = ul;
nlcnclsw = uz;
/*Cruise controller input*/ nlsetsw = u3;
extern intlé € s1ABraker; nlResumesSw = ud;
extern boolean t ulCncliw; nlIncSw = 115
extern boolean t ulDeciw; '
= ulbectw = ub;
extern ﬁgolean t ulEnkl&; o kap 7
- . rake = uf;
== Too-many-interface variables e
extern boolean t ulRefumesw; Uakey = us;
exterd ngﬁqu uBGe . .
- Iudlngas_tte%(}ear: Cture 5377 def.SourceFiles = {'CrsCntrl_Wrapper.c', 'CruiseCntrir.c'}: Scri t file
extern EﬁjIIiEEICIBKey: 5375, def HeaderFiles = {'CrsCntrl_Wrapper.h', 'CruiseCntrir . h'}; r)
exteri M 32ThrotDry; def . IncPaths = {[defaultDir. '#filestlegacyvcode']};
extern éf&%—t s3zvehspd; CrsC def.SrcPaths = {[defaultDir, '#filest|esacycode']};
JECruise controller output®/ *r]
extern regMode  enumReqDrvout; *y fdef . StartFonSpec = 'void sbr_initializelvoidl"';
Citern opoae enomoaeout 72 T L _____
extern poolean;j: ulstatusout; *y def . OutputFenSpec =]['vaid CrsCntrl(boolean_t ul, boolean_t u2, boolean_t u3, boolean_t ud, boolean_t u5, boolean_t uB,'..
extern int3Z t s3Z2Targetiplut; v4 . ) . ) )
extern int3Z t 532ThrotCeout ; *y5 I int16_t uf, wintB_t uB, uint8_t ul, intdz2_t w10, int32_t oll,'...
} I ‘uintB_t ¥1[1], boolean_t »2[1], uintB_t| ¥3[1], int32_t »4[1], int32_t »5[1]13'1;
#define KeyOn Z e def . Options.supportCoveTRasMhdles TOhYET i TTe™ = TTuET MMeclesdly Tor TodE civemueTandTve e and TesTcite TensSratTon™ = =

#define ShiftDrive 2
#define BrakeCnThrsF 5

#endif /* CRUISECNTRLR H */

def.Options. isMacro = true:
% Generate the C-MEX S-function
legacy_codel 'sfon_cmex_generate',def).

legacy_code( 'rtwnakecfy_generate’, def);
= __________________________________________________________________________________—=

4\ MathWorks
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Maintenance

Legacy code

/*cruise controller main runnable*/

vold CrsCntrlerMain{(void)

I

boolean t 1 ulIncietlong;
boolean_t 1 ulDecSetlong;

/% setting increase button is pressed for long til
if (ulIncsw == TRUE)

{
if (uBIncCnt »>= S50)
{
l_ulincSetLong = TRUE;
}
else
{
uBIncCnt = uBIncCnt + 1;
l_ulincSetLong = FALSE;
}
i
else
{
uBInccnt = 0U;
l_ulIncSetLong = FALSE;
} def . SourceFiles

i ; def . HeaderFil
/* zetting decrease button is pressed T feadertiles

if (ulDecsw == TRUE)
( def.SrcPaths = {[defaultDir. '#filesHlegacycode']l};
if (uBDecCnt >= 50)
{ %def StartFenSpec = 'void sbhr_initialize(void)';
1 ulDecSetLong = TRUE;
} def .QutputFenSpec = ['void CrsCntrl(boolean_t ul, boolean_t uZ, boolean_t u3. boolean_t u4, boolean_t ui, boolean_t uB.'
else "int1B_t u7, uintB_t uB, uintB_t ud, int32_t ul0, int32_t ull,’
{ uBDecCnt = udDecCnt + 1; ‘uintB_t v1[1], boolean_t v2[11, uintB_t v3[1], int32_t va[1], int32_t v5[11)'1;
1 ulDecSetLong = FALSE; def.Options.supportCoveragedndDesignVerifier = true; &neccesarv for code coverage analysis and test case generation
} def.Options.isMacro = true:
} % Generate the C-MEX S-function
else legacy_code( 'sfcn_cmex_generate' . def);
{ legacy_code( 'rtuwmakecfa_generate’, def);

udDecCnt = UU;
1 ulDecfetLong = FALSE;

Problem...

Wrapper code

#include "CrsCntrl Weapper.h”

void Crscntrl(boolean_t ul, boolean_t u2, boolean_t u3, boolean_t u4, boolean_t u5, boolean_t ué,

intl6é_t u7, uinté_t uf, uintB_t u®, int32_t ull, int32_t ull,
uint8_t *yl, boolean_t *yZ, uintB_t *y3, int3Z_t *y4, int32_t *y5)

ulEnblsw ul;
ulcnclsw uz;
ulsetsw u3;
ulResumesw ud;
ulIncsw us;
ulDecsSw ub;
sl6BrakeP u7;
uBKey ul;
ubGear ud;
s32ThrotDrv = ull;
s32vehspd = ull;

CrsCntrlerMain() ;

*yl = enumReqgDrvout;
*y2 = ulStatusout;
*y3 = enumModeout;
*y4d = g32Targetipout;
*UR = =22Throtlcont:
= {'CrsCntr| _Wrapper.c', 'CruiseCntrir.c'};

. .
= {'CrsCntr| MWrapper .h', 'Cruiselntrir.h'}; Scrl t flle
def.IncPaths = {[defaultDir, '#filesHlegacycode']l};

Modeling

4\ MathWorks

*i untiied * - Simulink prerelease use

- O X

File Edit View Display Diagram Simulation Analysis Code =

] o » » | HE » - bid
ez - RGP " O e
untitled
® |[a] untitied v
> ~
>
CrsCnirlr >
>
>
CrsCnitrir
=
# crs_conmaller - Simulink prerelease use - o X
Fle Edit View Display Disgram Simulation Analysis Code Took Help
¢ EG-E-wqgqOP » Hr oo | e E
& |[Fajors_controter -
«
I
= enbl (D
=
S S D
- resume stalus
ne (D — CrsCatic D)
D dec mode
brakeP .
[ L A largetSp
e G -
throtDrv
o D e
wvehSp CrsCntrir

1 of 1) 'ers_controller’ Updating model reference code generation target

FixedStepDiscrete
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Introducing C Caller Block R2018b

C Caller Block makes it easier to call C Functions in Simulink
- It works for simulation and Code Generation

stem . - o x
) sy >rere\ssseuie - o x <FunctionMame> :".M . e T bl
Yagram Simulation Analysis Code Tools Help ation pnalysis Code Tools Help
= - = o - i~
¢ EEO-E-® G e 4 Q- i- B-o4OP = - ] - - @
S-Function
© oo omitr C Caller M
@ @
[+ O)r——»u
- F D I s SN D
- (m:c\)_b reqDrv & cncl e
3 r— D .
= (2D = set ol 2)
| G m] D e g
) resume status resume - status
ne B CrsCnii ) inc (6 )—»us CrsCntr ] —— D
a3 dec » mode s dec 7 mode
brakeP
brakeP ) w8
"D &>, ’ v
@ targetSp (—F targetSp
gear Go
throlDrv *(5) = & ute (35D
¥ throlCC throlDrv ¥
® | ehsp — G ——pun throtCC
-]
»
(1 of 1) crs_controller: Updating model reference cole generation target
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Key Features

= Automate the process

Define Build « Tedious
Block Simulation Codegen « Error prone
Interface MEX TLC e Hard to maintain

= Synchronize with custom code changes

I tvnes * )
"hJ
-}i '
|:> | globals

C/C++ Code

Automate

4 MathWorks'
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Using C Caller Block R2018b

1. Specify Custom Code in the Configuration Parameters

= Custom code is specified on the Configuration Parameters.
— The Header file section: Any code that needs to be inserted into the header file
— The Source files section: List of source files that needs to be compiled

@ Configuration Param eters: crs_controller_ccaller/Configuration (Active) — O X
Solver [¢] Parse custom code symbols [+] Enable custom code analysis ~
Data Import/Export Insert custom C code in generated:

Math and Data Types Source file .
> Diagnostics Header file I #include "CruiseCntrir.h"
Hardware Implementation Initialize function
Model Referencing Terminate function ¢
Simulation Target
> Code Generation include custom header file
» Coverage =
» HDL Code Generation Additional build information:
Include directories Source files:
Source files CruiseCntrir.c
Libraries
Defines ¢
add custom source file )
W
Help Apply
20




Using C Caller Block

4\ MathWorks

R2018b

2. Select the function that you want to call

E: Simulink Library Browser ’i untitled * - Simulink prerelease use - [} X
<j |modbus v| 'EL - IR} ~q v & @ file: Eéh View Display Diagram j;nulaﬂon na\ysis Code Ij:)f)ls Help . -
B -=-8 WO E-e¢OP = ¥ 1-@- -
mulink/User-Defin unctions
v Simulink ~ nnd » ’i crs_controller_ccaller * - Simulink prerelease use - ] X
untitl |
Commonly Used Blocks ) matlabfile B ) File Edit View Display Diagram Simulation Analysis Code Tools Help
Continuous & 1 EE - — =
- - @ M=MCRYCH I > @~
Dashboard Level-2 MATLAB  S-F( &3 = ui @ 4@ A =
Discontinuities S-Function = . crs_controller_ccaller
Discrete <FunCt|0nName> crs controller_ccaller v
Logic and Bit Operations 4 & - -
Lookup Tables b I & - [N
Math Operations System O u1
Model Verification e C Caller &3 u2
Model-Wide Utilities th = u3
Ports & Subsystems caller
; i =] ud
Signal Attributes Nu ) yD E Block Parameters: C Caller
Signal Routing & ub
Sinks CCaller
Sources Function Caller O UG
String Call Custom Code Function. Ug
User-Defined Functions ) u
> Additional Math & Discrete <FunctionName> Parameters u9 CrsCntrl
> Quick Insert U1 0
> Aerospace Blockset C Caller Initialize Functi Function name: | <FunctionName>
> Audio System Toolbox U1 1
> Autornated Driving System Tooll Q) reset @ terminat ) Port specificat y1
» Communications Toolbox y2
» Communications Toolbox HDL S « 3
< > Reset Function  Terminate Funct | 0K | ‘ Cancel ‘ | Help ‘ Apj ¥ 4
; - P, V5
& C Caller
»

FixedStepDiscrete




Using C Caller Block

3. Customize the function that you want to call

=  Mapping inputs, outputs or parameters to C Caller Block

4\ MathWorks

R2018b

E] Block Parameters: CrsCtrlr X
CcCaller
Call Custom Code Function.
Parameters
Function name: | CrsCntrl v [ » ] C| @
¥ Port specification:

Arg name Scope Label Type Size ~

ulo Input ulo int32 1

ull ala int32 1

yl Qutput ~ fenumReqgDrv... fint8 1

y2 utut 2 uint8 1

npu .
£ Parameter 3 uint8 1
vd Widali vd int32 1 h

1) Change argument
scope to “Output”

Apply

2) (Optional) Override with a
better output name

’i crs_controller_ccaller - Simulink prerelease use b O X
File Edit View Display Diagram Simulation Analysis Code Tools Help
-8 O -E-eg®P » (- leo ] v @ ~ &~
«crs_controller_ccaller
® mﬁcontml\elﬁ:ca\ler v
|
“
= enbl &>
& — reqDrv
B (3 )
0 set C 4’..2
resume status
D
ne (68— CrsCntrl
) dec mode
brakeP (8)
: key targetSp
gear —
throtDrv
) throtCC
vehSp
-H]

CrsCirir

FixedStepDiscrete

3) Complete the test model with connecting signal ports

22
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Demo: Simple C Caller

HOME PLOTS APPS EDITOR VEEW

<SP EHE » L: » work » Demos » SLCC » CFenCallerBlock » CFenCaller »

Current Folder ® ﬁ Editor - L:\work\Demos\SLCC\CFcnCallerBlock\CFcnCaller\foo.h
Name ~ [ fooh | fooc | + [
B foo.h 1 extern double my timesTwo (double u):
[ foo.c 2
#) cleandir.m 3 extern double my add(double ul, double u2);
& CFenCallerDemo.six 4

Details Command Window
Workspace ®  New to MATLAB? See resources for Getting Started.
Name = Value fx >>

Bﬂ ans 0

23
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Library Workflow R2018b

= C Caller block can be configured as a library model
— Custom Code Settings can be accessed from View Menu - Library Custom Code Settings

L Library: untitled - Simulink prerelease use — O x @ Configuration Parameters: OpenCV_Lib/Configuration (Active)
File Edit | View Display Diagram Analysis Help Parse custom code S?mb':'ls
@ ~ ™9 EE Library Browser Ctrl+Shift+L . . . .
- Madel Explorer v Use local custom code settings (do not inherit from main model)
e
— ] Simulink Project / . .
© [Balunt el ependency viewer , > 1sert custom C code in generatec| Header file:
@ Diagnostic Viewer Source file #include "Dpenw_"b_hpp"
. . Header file
E3 Requirements at This Level L4 o .
Model Browser . Inltla!IZE fun-::tmrl
Property Inspector Ctrl+Shift+1 Terminate function
Notes Culeshiften include custom header file
] Model Data Editor Ctrl+Shift+E
Viewmarks 4
Library Custom Code Settings L4 [ Simulation Target
Configure Toolbars Code Generation " — -
v Toolbars Additional build information: | Source files:
§ | ST Include directories opencv_lib.cpp
- e Source files
-H Mavigate r Libraries
» || Zoom v Defines .
= add custom source file
Ready »  Smart Guides 100%
MATLAB Desktop

24
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Demo: Reusable Library Workflow with OpenCV

4 MATLAB R2018b - prerelease use

~ADS g
s

Ujl.emgm E]TabsPosiionV' =

.| = Top/Bottom M Shrink Tabs to Fit | |
' o custom v M Al ,: : .
m | DOCUME! BS = DOCH = . _m’ -

<L P & ﬁ . » Lt » Work » Demos » SLCC » OpenCV » OpenCV_LW » slOpenCV_LIB »
Current Folder ® [Z Editor - L:\Work\Demos\SLCC\OpenCV\OpenCV_LW\slOpenCV_LIB\src\opencv_demo.h
"] Name ~ ﬁ[ opencv_demo.h l opencv_demo.cpp 1 + l
data 1 #ifdef _ cplusplus
2 extern "C" {
src 3 #endif
%& slOpenCVLib.skx 4
5 void edge_detection(unsigned char* u, unsigned char* y):;
6 void face_detection(unsigned char* u, unsigned char* y):;
7
8 #ifdef _ cplusplus
9 1}
10 #endif
11

26




Legacy Code Evaluation in Stateflow

= Using legacy code in Stateflow chart

#include "custom code.h"

double ¢ multiple = 0.0;

double ¢ fen(double inl)

r

L

}

return inl * ¢ multiple;

vold set ¢ multiple(double in)

1
h

c multiple = in;

Step 1: Have C code

Parse custom code symbols

Insert custom C code in generated:

Source file Header file:
Header file

Initialize function

#include "custom_code.h"

Terminate function

Additional build information:
Include directories spyree files:
Source files custorn_code.c

Libraries -

Defines

a2 )
{

c_multiple = 2;
in out = c_fen(in); |out

}

Step 2: Put on Config. Set

& ~ Y,

Step 3: Use in Stateflow

4\ MathWorks
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Agenda

Overview to V&V in Model-Based Design
Legacy code integration using Simulink

- Workflow for legacy code verification

&\ MathWorks:
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Legacy Code Verification using Simulink V&V

4\ MathWorks

4 Signal Buildler (crs_controller_harness_SIL/Inputs) * - O x
ne ] @SE.LCaASES - 0 x
ease use -
L b e 2 FEEE ISR ]'e°§s model
ulation Analysis Codé t He arness O e
Active Group: | Test Case 29 v [GF [a] = —
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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

View Log Close
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Demo: Legacy C Code Verification
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Needs for Test Automation
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Test Automation with Test Manager
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Static Code Analysis
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* Reducing Polyspace set-up efforts..
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