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Motivation

It is easier and less expensive to fix design errors
early in the process when they happen.

Model-Based Design enables:

1. Early testing to increase confidence in your design

2. Delivery of higher quality software throughout the workflow
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Application: Cruise Control
Control speed according to setpoint
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Application: Cruise Control

Cruise Control
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System

Inputs Fuel Rate Control
Module

Outputs

Shift Logic
Control Module

Legacy code




4\ MathWorks

Application: Cruise Control
ECU
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Application: Cruise Control

Inputs

Cruise_onoff
Brake
Speed

Coast set

Accel reset

Cruise Control

Module (MBD)

Qutputs

Engaged

Target speed
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Ad-hoc Tests

4\ MathWorks

-
*i Stateflow (chart) CruiseControl_RP_level/Compute target speed - Simulink

File Edit View Display Chart Simulation Analysis Code Toocls Help

Dashboard blocks facilitate B~ E ¢ Be-=- ONENONT Rt > & | @ |t -
. |
early ad-hoc testing Compute trgetspeed
[*&| cruisecontrol_RP_level » ] Compute target speed hd
| —
File Edit View Display Diagram Simulation Analysis Code IE]
E -7 ? gg ” E@ '@ @ HD il é @ hd Eile Edit View Display Diagram Simulation Analysis Code Tools Help I
Dashboard P~ = UE o ~ - ()] (m) ~ inf » - o
® CrulseControI_RP_IeveI_harness 4 Dashboard CruiseControl_RF_level_harness ‘ aou
Q © CruiseContro\_RP_Ie'vel_harness » [Crui==0nCR
- v | (ERUBE 3
@ | [DRIVER INPUTS al F CrulseControl_RP_level A o
— o O en: engaged = trus
i ANDEY
= = —p CruiseOn Off " ]
On on On & ?ﬂ:ﬂaﬂﬂh Brak=|| .. 5
= Speed= maxtpead ||... tspesd = tspesd + incdeg [ala{ir’:nfga'l... )
O O boolean Spesd<mintspasd] holdrate10, ick]
engaged W@ 4 o
e
—P|Brake e engaged 3
m [ha=sChangedTo|AccelResSa frus) . . | [AccelResSw || ..
@ &6 Epesd < mantspesd) Epe=d *= maxtspeed]
1 4 hasChangedTo...
—»]Speed [~Brake & ... Iha=ChangedTo... [CoastSatSw.frus]]
Off off Off Speed4=maxtspeed 8& ... {AccelR=z5w us).. 3
5 L ==rnintspeed] Effmpeed!=]] - -
Cruise CoastSet  AccelRes Sl 4 ! | {tspeed = Spesd}
3 L )
I
o [hasChangedTo. ..
" (CoastSetu,rud .. [CoasSeSu |l ..
l &E tspeed > minspesd) tspeed <= mintspeed]
[ha=ChangedTo. .. ‘Coast
{CozctSetSw rus)]
20 ao tspesd = Epesd - incdec; [ater{incded ...
I - hokirate™1 0.tok]
& (@ 1
B Test Unit
» |4 [ 1 I @ ‘.
of )| Running _ View diagnus}ics 175% T=34.600 | | FixedStepDisc » @_ J
i) Vehi Brake - : -
o ehicleSpeed Running as referenced model 72% T=99.800 | | FixedStepDiscrete .
— — e ——
» W
Read i i .
ady 207% FixedStepDiscrete 12
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Finding Design Errors: Dead Logic

™

- - 3 -
@ Configuration Parameters: CruiseControl_IntCalc/ModelReferencin... QE
i = — — L bimulation Analysis Code Tog
Select: Design Error Detection il
Solver Dead logic | ~ @ 45, @ 1] ﬁ
Data Import/Export ] ] .
> Optimization Identify active logic 5—‘
b Diagnostics Integer overflow 3
| Hardware Implementation o
il Model Referencing Division by zero
> Simulation Target Check specified intermediate minimum ar|_|
> Code Generation
4 Design Verifier Out of bound array access
Block Replacements I I
Para ™ P CruiseOno)
Test| P2 Simulink Design Verifier ... el (=), [0S | |
PP | e 8 - 59
Resl p Brake
Repd | Close results
Design error detection completed normally. i
4 - . .
E— [ 2/70 objectives are dead logic. ] | p| Speed
9 68/70 objectives are active logic. J

Results:

* Generate detailed analysis report
* Open harness model

b

4\ MathWorks

et speed * - Simulin|

Eile Edit View Display Chart Simulation Analysis Code Tools Help
LB < ﬁgg 'V@%(P)UD V 16 Mormal
| CruiseControl_IntCalc | Compute target speed  * |

Ready

®

BEeHSEOYy o0 B ®

CruiseControI_IntCaIc » (7] Compute target speed

]

OEE

_\

Compute target speed.CRUISE.ON."[ after(incdec/holdrate... *..."
Transition: Transition trigger expression F DEAD LOGIC

Transition: Transition trigger expression T ACTIVE LOGIC

3
[CRUISE

STANDE’

5

[after(incdec/holdrate...
*10,tick)]

[sfter{incdec’holdrste. |
10 tick}]

Coast

[hasChanged To{CoastSetSw rue)] Epesd =tspeed - inodeg I

[sfter{incdectholdrate. .
*10,tick)]

J

View 4 warnings 81%

FixedStepDiscrete .




Finding Unintended Behavior

Command Window
(’Edebug}} incdec i\

incdecs =

1

debug>> holdrate

holdrate =
__> y
f’»debug}} class (incdec) ‘\
ans =
uintd

debug>> class (holdrate)

ans =
k uinth )
4l \ N
debug>> incdec/holdrate*l0
ans =
0
\_ _J

~\
debug>> 1l0*incdec/holdrate
ans =

2
\. J

Jx debug>>

0Oz
[ OM

en engaged = true;

Condition can never be false

Accel

tspeed = tspeed + incdec;

iy

’L

1—={)

I
]

*10,tick)]

-\H‘D

[after(incdec/holdrate..

4\ MathWorks

Dead logic due to “uint8” operation on incdec/holdrate*10

Fix change the order of operation 10*incdec/holdrate

15
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Simulation Testing Workflow

Requirements

2, Functional Requirements

2.1.1. Disabled (off) during start-up and not engaged (inactive) ‘
Initial state of cruise control system shall be disabled.

2.1.2. Not engaged (inactive) with enabling (on) * Des g n

The cruise control system shall not be initiz™e ~nmannd with anhling

213. Disengaged (not active) when

The cruise control system shall disengage 1

2.14. Initial transition from disenga
only with “Set Speed” input afte

The cruise control shall only transition to e
has been enabled with a "Set Speed” input
speed.

Did we meet
requirements?

e arger v —— 3 T e

test our model?

Did we completely

Review functional

behavior

port_5.pdf - Ado -ade
File Edit View Window Help

:
ZEBE] s ® e mal i Sign | Comment |

Report Generated by Test Manager

Title: LandingGearControl-Regression Tests
Author: Jessica Johnson
Date: 20-Feb-2015 18:28:22

Test Environment

Platform: PCWING4
MATLAB (R2015a)

Structural coverage
report

D Cl MCDC

1. slvavdemo powerwindow controller 5§ 100% mmmm—" §0% mm— 6% =

2. control 57100% m— 0% m— (7 w—
3.......SF-control 56 100% — 0% w— 0% m——
o SF: safe 52°100% m—750 w— 500
S SE: driverDown 7 100% —75% —50% m—_——
G SE: dverNeutral 26 100% mm—1 750% M 50% M
T, SF: passengerDown 7 100% m— 75% mm— 5% m—_——"
B, SF:passengerlp 7 100% " 75% W= 50% M
9 SF: driverUp 7 100% w— 50— (% -

‘ MathWorks:

Functional
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Did We Completely Test our Model?

1 Coverage: ControlLogic_harness F=rlEm ===
) v

/FanLogic State "FanlLogic"

Executed substate was never "ISOLATED".
Decision 76% (16/21) Condition 83% (10/12)
MCDC 33% (2/6)

[cooling_mode > Modes.OFF &&... [funcShutOffFan_A()]
in(PowerSupplyLogic.ON)]

i /Iiunning ~~
M OdEI Cove rag e é v - v | | ‘[<;oo|irg_moce == Modes.FAST]
An aIyS I S E after(2,sec)[cooling_mode == Modes SLOW]
! AN v
Summary
Pote ntial Causes Of IeSS & Model Hierarchy/Complexity: Test 1
D1 Cc1 MCDC
th an 100% Cove rag e : 1. Controll ogic modelingcompleted 101 84% —— 839, I 539, .
2. ... ModelLogic 100 849%, 839, N 53%, -
" M|SS|ng requn'ements 3., SF: ModeLogic 90 849, mEmmm——— g3, EEE— 530 E—
Ao SF: CoolingSystemlogic — — —
™ Over-speCIfled deSign S . SF: CoolmgS\-'st@ — — —
6. SF: FanLogic E— — -—
= Design errors T S — —
B

= Missing tests

18
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Requirements Based Functional Testing with Coverage Analysis

"ﬁ Stateflow (chart) CruiseControl/Compute target speed - Simulink == ﬁ )
VISUALEE File Edit View Display Chart Simulation Analysis Code Tools Help
- kg
G Q& | ] - = 1 v =] - - — - ol == o
Clear Plot L‘l EF Data Cursors. I_-Iighli%hl Send to Figure m <:I ﬁ EE @ @ g _ l ] @ —
EE:lT - - Compute target spoed |
. mpute target speed
Il _|= All 14 requirements based test cases pass
[&F
.1 = By analyzing model coverage results we find:
. — Missing test cases for vehicle speed exit conditions, and
C — Missing requirements (and test cases) for “hold” or E— N
. . fon ™
continuous speed button input e
© topod - . A I =
AccelResSw ] - 1
() Brake ] .
Eo:stSetSw ] ’ ® S . N 1
) CruiseOnOff (] *ﬁ Coverage: CruiseControl_Harness_... l = ||§| |_i:h_J 6 spesd<metspsedl ‘;;fﬂﬁwixi'm
O Speed o 1 [hasChanged To{Coas SetSw frue]]
» Pl Sim Output (CruiseContral - n ' Z v & hasChangedTo(Ace ResSwirnue 3 =) .
B ETEm e s mezgl | SubSystem block "Compute target speed" Ot—— 1
0.5 O
= & tpesc Decision 82% (31/38) Condition 69% (22/32) TEEETT
R “ Il MCDC 50% (8/16) | R
Absolute Tolerance 0
Relative Tolerance 0% :
Block Path CruiseControl_Harness... 0.8 A [hesChanged To(CosstSets — T '\Elrf‘!:;zﬁl::]dae
TE >
. LH] N )
? 0 0.2 0.4 0.6 08 1.0 1.4 2 \\-
— T Ready 81% FixedStepDiscrete
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Functional Testing with Added Requirements & Test Cases

r— — — S—
-\ Test Manager S l": =) gw _/

. mm—
VISUALIZE FORMAT *i Stateflow (cha - ) B J, == ﬂ 21
& Q | @ fail File [Edit View Display Chart Simulation Analysis Code Tools Help
Clear Plot Q Elrm Data Cursors T—:gh?clg;tl Send to Figure @ - <:| G E @ - - @ -~ 2 [Normal v] @ - -
| - e
I EDIT |zoou & PAN| MEASURE & TRACE | SHARE | Compute target speed | [lACCEI R ESSW ” .
e — . [=] Eng_ven_Spa_Eq ® |[*alCruisecontrol » 5 Compute target speed - t d = t d
B v speed >= maxispeed]
MAME STATU @ l \_
4[] 02_Functional_Baseline_Excel _Fu19 @ E3
» [= Init_Not_Enable_or_Engaged @& ¥
. O
» [E] Not_Engaged_with_Enabl ©
lmngRget b Enepe . T - ; [hasChangedTo(Cd
v 5] Disengage_with_Disable (] e L DR - ]
» 5] Engage_1st_with_CoastSetSW @ | | e
v [E] No_Engage_1st_with_AccelRes @ a O o (on ~ | _3 l>(
v 5] Disengage_with Brake ] LS R
» [E] Re_Eng_with_CoastSetSw (-] 2 C |
» [5] Re_Eng_with_AccelResSw o 4 — I _ i
» 5] Engd_Decel_w_CoastSetSW @ O
» 5] Engd_Accel_w_AccelResSW @ : ® : - {1
» | Engd Decel w CstSet Hd ~ ®© : o2 » \
(= & :':—-:;c—:e::
"ﬁ Coverage: CruiseControl_Harness... E IresChanged b(CossSSus ua] T
[hasChangedTo{AccelR esSw fue 3 _L:.
ﬁ _'):\:.'\EC‘__ =0]
O
Chart "Compute target speed” 1
i  Speedsmntpeed |
Full Coverage I . [CoastSetSw || ...
& [hesChanged To{Coas t5etSa Le.lg._ _fj:cefl;:lcfe tsp eed .-;:: m In tsp eed]
™ {5peed L T O 2 —
1.0 B L ) ‘ —l—...l
““““ 0 0z || » @
Ready 80% FixedStepDiscrete — 20
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Functional Testing with Added Requirements & Test Cases

Test Manager i - E‘@éjl /
#, Stateflow (chart) CrurseCONTTOIICOMPUTe target speed - Simuink MR - B =lE 2
Q@ Q | @ fail File Edit View Display Chart Simulation Analysis Code Tools Help
Jea;:_c: =L IEI’L? Datacvursurs mgﬁgﬂg Send to Figure Eﬂﬂ - <:| ﬁ %E @ - - @ v 2 [Normal v] ¥ o lf] - .
I EDIT Izoou&FtA.Nl MEASURE & TRAGE |  SHARE oo taant coced | (“ﬁ"""‘ﬂlaﬂ':'-sw ” ]
cstBrowss . . i , ) maxtspeed
|- Added 2 new requirements for the “hold” case for speed setting input buttons | peed]
u - Added 5 test cases to the original 14 requirements based test cases
»gDiSQngage — 3 test cases for the 2 new requirements A et
B No F — 2 test cases for the missing test cases for the vehicle speed exist conditions =
e = 4/5 new functional test cases pass
+ Bl Engd_oed — Failed test case showed overshoot beyond target speed limits
» |=] Engd_Acd . . . . : . f
+ [l Engd_Det — Coverage analysis highlighted transitions with design errors \
¥ Cov — Fixed comparison operators, (<) 2 (<=), and (>) 2 (>=)
4= Now all (19) functional test cases pass with 100% model coverage!
Full Coverage ; [!CoastSetSW Il ---
| | e > tspeed <= mintspeed]
T Tspeed L . ; @ |
"""" » ' =T A 5
Ready 80% E(EdSttﬂ)iscrete — 21
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Model Advisor — Model Standards Checking

) Model Advisor - Step_02_fuelsys

| @ Web Browser - Model Advisor Report for 'Step_02_fuelsys'

Maodel Advisor Report for "Step_02_fuelsys” = | + |

File Edit Run

R E =

Settings
=  Find:

Highlighting  Help
-

4 Model Advisor

> [l = By Product

4 [ & By Task

[ - |0 Code Generation Efficiency

=) Frequency Response Estimation
23 Managing Data Store Memory Blocks
|5 Managing Library Links And Variants
| =3 Model Referencing
| 2 Modeling Guidelines for MISRA-C:2004
=3 Modeling Physical Systems
IZ3 Modeling Signals and Farameters using Buses
[» || 3 Modeling Single-Predsion Systems
[ [ = Modeling Standards for DO-178C/D0-331
i» [l (2 Modeling Standards for EN 50128
[+ i =) Modeling Standards for IEC 61508
p@&] Medeling Standards for 150 26262
4

'IlI‘-I *-II*-III ]

W] Modeling Standards for MAAB
1.” ;ﬁ; =1 Maming Conventions
" 1 W] 2 Model Architecture
W] 5 Model Configuration Options
123 simulink
2 Stateflow
=1 MATLAB Functions

[*

[

|

v

: (W]

|20 Requirements Consistency Checking

=) Simulation Accuracy

£ Simulation Runtirme Accuracy Diagnostics

12 Simulink Code Inspecter compatibility checks
D

v’
@
s i
¥l Simulink Model File Integrity

2. Shuw report after run
Report
Report: wAreport 533 himl
Date/ Time: Hot Applicable
Summary: @ Pass: D @ Fail: 0 A
Tips

Lj.'f Upgrade Advisor
(4 Code Generation Advisor

(1) Performance Advisor

Maodeling Standards for MAAB
Model Advisor |

Simulink version: 8.2
System: Step_02_fuelsys

Analysis
Group of MAAB checks

[fom solced crees) 3+

To process all enabled tems in this folder and generate a new
Right-click to select or deselact all items in this folder.

To automatically display the report after processing, select "Shq
To display the last report generated, click the "Repart” path link]
Far a list of all possible actions, right-click an item in the Task H

To show or hide By Product folder, select or clear "Show By Frod
o,

To show or hide By Task folder, select or clear "Show By Task Fd

Legend
~ Running this check triggers an Update Diagram.

(Run Summary
7| Pass [ Fail
@ 41 Qo

[+ Warning [#/Not Run Total

11 =) 52
N

EModeling Standards for MAAB

= Naming Conventions

.."' LR SANAE ) Location:'ﬁle;.wc;.-'lhabring,fProjectstREfleorkshopMcrI:,J'sIprj,fmndeIadvisor}Step_l}E_fueIsys}repnrt_SEl v:

Model Advisor Report - Step_02_fuelsys.slx =

B om0l -

Model version: 1.242
Current run: 20-Sep-2013 08:45:50

@ Check file names
Identify file names with incorrect characters o formatting.
See Also

« MathWorks Automotive Advisory Board Guideling: ar 0001

Passed
Allfiles have correct names.

@ Check folder names

Identify folders using incorrect characters and formatting.

See Also

« MathWorks Automotive Advisory Board Guideling; ar 0002

4\ MathWorks
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Equivalence Testing:
Model vs SIL or PIL Mode Testing

Coverage -2 100%

Model u e SIL or PIL
Testing . Mode Testing
T :

v Target compiler t

Model used for Embedded Coder Generated and linker
production C code » Object code
code generation
i Simulation i Execution
- i
Result vectors Signal comparison Result vectors
(baseline) [—-—----mmmmmmm oo e .
Ogult) Ocooe

25



Code Generation with Model-to-Code Traceability

Eile Edit

= B <

(5
EE

Step_07_logic  *

e

safety_logic

® |[PalStep_07_logic ¥

Fault Detection L¢

View Display Diagram Simulation Analysis Code Tools

m Code Generatior

Contents

Summary

Subsystem Report
Traceability Report

Static Code Metrics Report

Code Replacements Report

{1 '; ....thrat
throttle fail_3
[ 2 '; - =pesd
speed
(2} = Ego
EGO uel_n
D =
MAF A
safety_logic
b2
Ready 100%
e e = —

Generated Code
[-]1 Model files
Step_07 logic.c

Step_07 logic.h
Step_07_logic_private.h

Step_07 logic_types.h

[-1Shared Utility files
model_reference_types.h
rtw_shared_utils.h
rtwtypes.h

[-1 Interface files
Step_07 logic_ssf.c

rtiostream.h

rtiostream_tecpip.c

Help

[

m

Sw

TF

default:

locallW->is_Low Emissions = Step 07_logic IN NO ACTIVE CHILD;

break:;

}
break;

case Step_07_logic_IN_Rich Mixture:

if (localDW->is Running != Step 07_logic IN Rich Mixture) {
localDW->is Running = Step 07 logic_ IN Rich Mixture;
localDW->was_Running = Step 07_logic IN Rich Mixture;

/* Entry 'Rich Mixture':

*rty_ fuel mode = RICH:

}
/* Entry Internal 'Rich Mixture': '<S1>:26"
* Requirements for Entry Internal ’Rish_Mixture’: TgS1xr 28"
# 1. Enriched mixture usags
*/
localDW->is Rich Mixture = Step 07_logic IN Single Failure;
break;
default:
localDW-»is Running = Step 07_logic IN NC ACTIVE CHILD;
break:
}
}
}
break;

case Step 07_logic_ IN_ Shutdown:
/* During *Shuotdovn®: "<S1>:281 #/
if (localDW->sfEvent == Step 07 _logic exit from Multi) {
/* Transition: '<S1>:63" */
localDW->is Fuel Disabled = Step 07 logic IN NHO ACTIVE CHILD:

4\ MathWorks

1 |
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Code Generation with Model-to-Code Traceability

File Edit View Display Chart Simulation Analysis Code Tools Help

B-o 8 <« BEO-E-40Pp

Step_07_logic safety_logic
® |Palstep_07_logic ¥ (5 safety_logic v
B T -
2 i J - a5 N
) Sw ag case Step 07 logic_ IN Warmup:
= Fail localDW->is_Low Emissions = Step 07_logic IN Warmup:
| localDW->was Low Emissions = Step 07 logic IN Warmup:
[:] i — — — — — —
i 83 break;
o | 100
kS => 101 default:
"
- 102 localDW->is_Low Emissions = Step 07_logic IN NO ACTIVE CHILD;
| fFueling Mode 103 break;
Fuel_Disabled - ’
" entry: fuel_mode = DISABLED; 104 1
e ® 105 break;
Low_Emissions = {Rich_Micdre [speed> max_spesd 106
)\ enty: fuel_mode = LOW, (5) srtry. fus|_mode= RICH: 2 - -
= [in{F=il. One)] g Faire ‘ Sw i07 case Step_07_logic IN Rich Mixture:
i} } R — e =>T 108 if (localDW->is Running != Step 07_logic IN Rich Mixture) {
® 2 i0g localDW->is_Running = Step 07_logic IN Rich Mixture:
& (‘-\1 TTFETCrE] Polarion D 3 : 110 localDW->was Running = Step 07 logic IN Rich Mixture:
o - - q - - - - - -
[in{OZnorml)] —— N 1 . .
- | = /* Entry 'Rich Mixture': '<51>:26"
& Cut Ctrl+X b 3 * Requirements for Entry 'Rich Mixture': '<S1>:26":
1 i B Copy Ctrl+C / N 4 # 1. Enriched mixture nsage
I | */
Paste Ctril+V s b
*rty fuel mode = RICH:
? |« Ul Delete Del > N - -
73% StepDiscrete
— = —— e Group & Subchart 4 — e : :
119 /* Entry Internal 'Rich Mixture': '<S1>:26"
Format D 120 * Requirements for Entry Internal 'Rich Mixture': ‘<Si>:26':
Decomposition 4 121 * 1. Enriched mixturs usags
Execution Order » izz =/
Library Link » iz23 localDW->is_Rich Mixture = Step 07_logic IN Single Failure;
124 break;
Set Breakpoints 4 125
. . == 12¢ default:
Requirements Traceability 4 B i - R ) R
27 localDW->»is_Running = Step_07_logic IN NO ACTIVE CHILD;
Coverage 4 break:
C/C++ Code D Mavigate To C/C++ Code - ¥
HDL Code » . , }
R 1
PLC Code 1 break; -
Properties... 7
B oK || Hep |
LI 1 i — I . - 0000000000000

27
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Code Equivalence Check Results:
Model vs Code

*i Stateflow (chart) CruiseControl/Compute target speed - Simulink &
Eile Edit View Display Chart Simulation Analysis Code Tools Help
-8 ¢ ¢ gEe-E- Ay~ 2 [Normal 7 @ ~| @~ '
VISUALIZE FORMAT I
I Compute target speed |
Q Q r&"\ | —»|| R ® |[%aCruiseControl » (5] Compute target speed hd
i e < i
Clear ot Q [E2 I3 | Data Cursors :ﬁﬂ';'l%ré’u Send to Figure i@ l Jinil
EDIT | ZOOM & PAN| MEASURE & TRACE ’ SHARE } E3
Results and Artifacts
=
I E ¥ o
NAME STATUS “ } [~CruiseOnOf]
4 Results - 2015-Jun-04 22:45:56 19 © O :
— o= Y
» [71 02_Functional_Baseline_Excel_FullCoverage 19 @ . en: engeged = e |
o
0 [Bra
O
i ® 2 N
o IAceResSw . =
| "
il e [hasC hange astSetSw, fue)] 0
"i Coverage: CruiseControl_Harness_Normal l == g ; =
FA) - G2 'e)
SubSystem block "Compute target speed"
Full Coverage
- \ R
» |[© \ LS
(| Ready 81% FixedStepDiscrete .

28
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Code Equivalence Check Results:
Model vs Code

r*i CruiseControl_SIL_harness * - Simulink E‘E‘gw
L EE SELET File Edit View Display Diagram Simulation Analysis Code Tools Help
8 owaem =& -8 <« O -E-eg® P » F- w Normal SIESICR
C.IeaLPIut = IE‘ k M?m lﬂr:gﬁmt R ‘ CruiseControl_SIL_harness |
EDIT ZOOM & PAN| MEASURE & TRACE SHARE T — — ["&| cruiseControl_SIL_harness » v
Results and Artifacts a
[Q Filter Results B 7 IEI | 4 CruiseControl_SIL h |
NAME STATUS - B —— o— CruiseOnOff m
4 Results : 2015-Jun-04 22:45:56 198 = bookean »lemme
» [ 71 02_Functional_Baseline Excel FullCaoverage 19 @ Brake engaged :ngﬁ
4 Results - 2015-Jun-04 23:01:48 198 O Brake
4 [T 03_Equivalence_MNormal_SIL_Excel 19 @ Speed
4 =] Init_Not_Enable_or_Engaged ]
4 Equivalence Criteria Result ] CoastSstSu
) engaged ]
) tspeed (/] fessess
) AccelResSw (] S B CoastSetSw
) Brake (]
) CoastSetSw ] o PY——"
() CruiseOnOf o e
) Speed (] vaid Test Unit
3 Sim Qutput 1(CruiseControl : normal) i Harness Inputs —
» Sim Qutput 2(CruiseControl : normal) o Partisl Coverage Test Vectors
¥ [E] Not_Engaged with_Enable ] .
PB S o et @ Ready 103% FixedStepDiscrete -
v 5| Engage_1st_with_CoastSetSW ] gt
» =] Mo_Engage_1st_with_AccelResSW ]
v [=] Disengage_with_Brake ]
v [Z] Ra Fnn with CnastSetSuw "
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Code Equivalence Check Results:

Model vs Code

'\ Test Manager

WVISUALLEE FORMAT

aa@ = L 2

clearPit @ 3 [3 | DataCursors Hiohiohi | Send to Figure
= =

in Model

EDIT |ZOOM&F’AN| MEASURE & TRACE | SHARE

Y

Results - 2015-Jun-04 22:45:56
» [71 02_Functional_Baseline_Excel_FullCoverage

Results - 2015-Jun-04 23:01:48

198
19e
198

4[] 03_Equivalence_Normal_SIL_Excel

190

4 =] Init_Not_Enable_or_Engaged
4 Equivalence Criteria Result
| engaged

) tspeed

| AccelResSw
(_) Brake

| CoastSetSw

CruiseOnOff
_) Speed
3 Sim Qutput 1(CruiseControl : normal)
3 Sim Qutput 2(CruiseControl : normal)
¥ [E] Not_Engaged with_Enable
» = Disengage_with_Disable
v [5] Engage_1st_with_CoastSetSW
» =] Mo_Engage_1st_with_AccelResSW
v [=] Disengage_with_Brake
v [Z] Ra Fnn with CnastSetSuw

(4]

O 00 00 00O

3 00000

7

Code Coverage

File Contents/Complexity Cumulative
D1 Cl MCDC Stmt
1 . CruiseControl ¢ 2297% oo 95% oo 96% oo 10070 S—"
2 .. CouseControl_Init I - - - 100%  ———
3 ... CruiseControl 2097% oo 95% s 96% s 10070 S——"
4 . CruseControl_initialize 1 - - - 100%  ——

A7 S T S o e i
47 /* output and update I ontr:

i i et e T T T 14 = 7 -
referenced model: 'CruisseContrel’ */

4% woid CruiseControl (const boolean T *rtu CruiseOnCff, const boolean T *rtu Brake,
3 const uint8 T *rtu Speed, const boolean T *rtu CoastSetsSw,

C const boolean T *rtu_RccelResSw, boolean T *rty_sngaged,

1 uint8 T *rty_tspeed)

55 if (CruiseControl DW.temporalCounter 11 < MAX uint32 T) {

Decisions analyvzed:

#1 #2  Total Bw_start;
50% 0%  50%

CruiseControl DW.temporalCounter il < MRX uint32 T

false 0/399 - 0/420
true 399/399  -- 420/420
Ut L_LLJ.:IC\_—U].LL._UJ._]_H’\ -n\_r\_rGJ.I\C:I_W_L_I_C A _L,L'L_n'\_"\_'CJ.I\C:I-\_ﬁI
67 CruiseControl DW.CoastSetSw_prev = *rtu_CoastSetSw;

&\ MathWorks
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Code Equivalence Check Results:
Model vs Code Code Coverage

- File Contents/Complexity Cumulative
¥\ Test Manager \ \
D1 Cl MCDC Stmt
WISUALLIZE FORMAT .
- 1 . CruiseControl ¢ 2297% oo 95% oo 96% oo 10070 S—"
S (2] = : 2 .. CruseControl_Init J - - 100%  e———
ear Plot (:l E [% Data Cursers Highloht | Send to Figure .
- = fpiode 3 CruseControl 2007% s 057 s 00% s 100%  s—

EDIT | ZOOM &

4 Results - 201

= Re-used full coverage test vectors and harnesses from Model Verification testing
- Ran test vectors on generated code using Model Reference SIL mode

e s = Equivalence test performed in Simulink Test, including test execution, evaluation |2
—  and presentation of the results

1= Compared Model Coverage to Code Coverage using the SIL Code Coverage
> Report
“I= Successfully demonstrated code behavior matches model behavior!

':' MUH ~ N . N . N . - . . Tl T 1 ULAL r o — =
o Speed - CruiseControl DW.temporalCounter il < MRX uint32 T 50% 0% 50% I
» P4 Sim Output 1{CruiseControl - narmal) false 0/399 _ 0/420 FY_starts
» P4 Sim Output 2{CruiseControl - normal)
v [£] Not_Engaged_with_Enable true 309/399  -- 420/420
+ |=| Disengage_with_Disable
v || Engage_1st_with_CoastSets% & .. B Tv—TruIsec (0.0 0 e e ) e g =S owW _pI=vV = ITU BECCEINSS oWy
67 CruiseControl DW.CoastSetSw_prev = *rtu CoastSetSw;

v [=] No_Engage_1st_with_AccelResSW
+ |=| Disengage_with_Brake

3 00000
|

v 1=l Re Fnn with CnastSetSw
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Gaining Confidence in our Design

A
) ‘ Code
8 ‘ Model & code integration
O Modeling equivalence analysis
© O _ standards checks
e Functional
g & structural
Design tests
© ¢ error
detection
Ad-hoc
testing
Effort / Time >
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Code Integration Analysis

System
Inputs

Cruise Control
Module (MBD)

"r
i

Fuel Rate Control
Module

Shift Logic
Control Module

Legacy code

Outputs

4\ MathWorks
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Code Integration Analysis

Inputs

Cruise_onoff
Brake
Speed

Coast set
Accel reset
EGO Sensor

MAP Sensor

Cruise Control
Module (MBD)

Fuel Rate Control
Module

Shift Logic
Control Module

Legacy code

4\ MathWorks

Qutputs

Gear
Engaged
Target speed

Fuel Rate
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Finding Dead Code During Integration
ECU

Inputs

§ Outputs
. Cruise Control O
Module (MBD) g
Cruise_onoff s
()
Inaccurate
Brake ing f
scaling for o
Speed speed
Coast set Fuel Rate Control % Engaged
oast se
Module o Target speed
Accel reset O
> Fuel Rate
EGO Sensor O
(40}
MAP Sensor S ILaTe g
Control Module ]
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Finding Dead Code with Polyspace

ECL_main.c ECL_main.c ECU_system.c
main rt_Onestep ECU_system_output

Target speed parameter
propagated to “Cruise_ctrl.c”
[0 ... 40]

*rty EMsgaed = false;

-

v
} else if (rtu Speed > maxtspeed) §

ntry 'STANDBY': '<35>:52" %

Cruise_cirl.c Cruise_cirl,
Cruise_ctrl MR,

Maximum target speed = 90

J* Transition: "<S55>:55" */
J* Exit Internal "ON': "<35>:54" */
localDW->is ON = IN NO ACTIVE CHILD;

localDW->13 CRUISE = IN STANLDBY;

f¥ Entry "STRANDBY': "<35>:52" */

*rty Engaged = false;

a
=
o

v .
< mintspeed) |

} else if (rtu Spe
. ,

*

T &

4\ MathWorks

—— Dead code
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Root Cause for Dead Code: Speed Sensor Input Hand Code

Changing analog-to-digital converter from 14 to 12-bit results in dead code

MASK — accounts for scaling
down for new ADC from 14-bit to
12-bit

CONV_FACTOR - accounts for
translating sensor input counts to
mph

Overlooked changing
CONV_FACTOR for new ADC

*C:\WorkingV...d_ECUNnFunc.c

13 #define NEW_ECU

14

15 /* Changing the mask (MASE) to account for new ECT per requirement CR102*/
lg #i2de NEW ECT

17 MASK = OxFFF; /fHew ECU

15 #2l3=

1a MASK = Ox3FFE;

20 #endif

J/0riginal design specification

21

22 /* Scaling factpr CONW FACTOR for translating senpory input to miles/hr */
23 const real32 T [CONMV _FACTOR = 0.01; // FAILS

24

25 vold readHW (woid)

26 |

27 gvar U ECO ayatem Cruiselnd = CruiselnOff;

=]

20

23 gvar_U_ECU syatem Brake = Brafe;

31 uintlé T temp=speed inp;

SL

A4
33 gvar_U_ECU system Speed = CONV_FACTOR * (temp & MASK) ;

&\ MathWorks
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Polyspace Code Analysis

Start with C/C++ source code

static void pointer arithmetic (void)
int array[100];
int *p = array;

int i;

if (get bus status() > 0) {
if (get _oil pressure() > 0) {
*p = 5;
} else {
i++;
}
}

i = get bus_status();

{

4\ MathWorks
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Polyspace Code Analysis

Source code painted in green, red, gray,

static void pointer arithmetic (void) {

. int array[100];
Green: reliable int *p = array;

safe pointer access int i;

| wr(i=o;i<1oo;i++>{
Red: faulty *p = 0;
out of bounds error ph+;

variable ‘I’ (int32): [0 .. 99]
J assignment of ‘I’ (int32): [1 .. 100]

if (get bus status () > 0) {
if (get oil pressure() > 0) {
59 = 5

} else {
Orange: unproven i++;

may be unsafe for some }
conditions

Gray: dead

unreachable code

v

—

i = get bus status{();

Purple: violation if (1 >=0)
MISRA-C/C++ or JSF++ *(p - i>?= 10;
code rules } i

}

Range data
tool tip
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Gaining Confidence in our Design

A
) ‘ Code
8 ‘ Model & code integration
O Modeling equivalence analysis
© O _ standards checks
e Functional
g & structural
Design tests
© ¢ error
detection
Ad-hoc
testing
Effort / Time >
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Conclusion: Model-Based Design Verification Workflow

-

Model Verification
Discover design errors at design time

Module and integration
testing at the model level

- -
- -
-

!

v r
\
\H’

Review and static analysis
; at the model level -7~ °

\ / Code Verification \

Gain confidence in the generated code

Equivalence testing

Prevention of
/unintended functionality

/ T~

\ I e ~. \\
.

vl . . \

v 4 N \

Ly ¥ \ \
lIUSf’d for Ganearated ﬁhjnr'r
roduction > >
b . C code code
code generation

4\ MathWorks

Workflow approved by TUV SUD for development of safety-critical software in accordance with
ISO 26262 (automotive), IEC 61508 (industrial), EN 50128 (railway), IEC 62304 (medical devices)
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Conclusion

It is easier and less expensive to fix design errors
early in the process when they happen.

Model-Based Design enables:

1.

2.

Early testing to increase confidence in your design

Delivery of higher quality software throughout the workflow

&\ MathWorks'
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Change the world by

Accelerating the pace

of discovery, innovation, development, and learning

in engineering and science
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