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Challenge to Deliver Complex Systems and Meet Standards

« Need to meet industry or customer’s standards

— DO-178C (Aero), ISO 26262 (Auto), IEC 62304 (Medical),
IEC 61508 (Industrial), MISRA, etc.

= Time and cost for safety critical projects estimated
20-30 times more costly*

= Finding defects late increases cost and time

*Source: Certification Requirements for Safety-Critical Software

LAB BEXIPO &\ MathWorks 2



http://35.233.174.106/index.php/2015/08/06/aonix-3/

1ISO 26262-6:2018 notes Simulink and Stateflow

Table 5 — Notations for software unit design

] ASIL
Notations
A B C D
la [Natural languagea ++ ++ ++ 4
1b |Informal notations ++ ++ + +
1c |Semi-formal notationsb + + ++ ++
1d |Formal notations + + + +

a  Natural language can complement the use of notations for example where some topics are more readily expressed in
natural language or provide an explanation and rationale for decisions captured in the notations.

EXAMPLE To avoid possible ambiguity of natural language when designing complex elements, a combination of an activity
diagram with natural language can be used.

b Semi-formal notations can include pseudocode or modelling with UML®, SysML®, Simulink® or Stateflow®.

NOTE UML®, SysML®, Simulink® and Stateflow® are examples of suitable products available commercially. This
information is given for the convenience of users of this document and does not constitute an endorsement by ISO of these
products.

NOTE In the case of model-based development with automatic code generation, the methods for representing
the software unit design are applied to the model which serves as the basis for the code generation.
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Qualify tools with IEC Certification Kit and DO Qualification Kit

Qualify code generation and verification products

Includes documentation, test cases and procedures

@ Certification Artifacts Explorer -

File Edit Help

IEC Certification Kit +Edde @

Reference Workflow

v IEC Certification Kit

|{2) Embedded Coder

v ISO 26262, IEC 61508, IEC 62304, EN 50128, IEC 61511

(Simulink Test, Simulink Requirements, Simulink Coverage)

MIL Testing PIL Back-to-Back Testing
(Simulink Test)

SIL Back-to-Back Testing

1
: b ;
! Architecture Verification ! ' Prevention of Unintended Functionality !
' (Simulink Test, Simulink Requirements) ! ! (Simulink Test, Simulink Coverage) _ _ . '
Lo H ol ! H !
' ! | Static Model Analysis H 1 I ! '
! 1 | (Simulink Check, H I | static Code Analysis \ {
' 1l 1 Simulink Design Verifier) | ] : (Polyspace) ' i
' 1 ! N ! ! | 2\ ! 1
Y v ¥ (v v v v ' ¥ x
System 3 ) Generated Object
Requirements Requirements Architecture Model CIC++ code Code

Requirements
Authoring
(Simulink Requirements)

Architecture Development
(System Composer,
Simulink, Stateflow)

Modeling
(Simulink, Stateflow
Fixed-Point Designer)

Code Generation
(Embedded Coder)

@ Certification Artif - | X
DO Qualification Kit +ddé€ @
Model-Based Design Workflow for DO-178C  ESEGYaTETR=IrIY
v DO-178C, DO-278A, DO-330, DO-254
|2 Polyspace Code Prover
Requirements z Design Model
Allocatedto neql;:i:;mts (Software Architecture, »  Source Code ;:::::::fe
Software LLR) )
Requirements Model Source Code E"?“‘“"'e
Development Development Development Lo A
Development
(MB.A-2: 1-2) (MB.A-2.6) (MB.A-2.7)

; certkitiec_mbd_iec62304.docx
,';‘certkwt\ec,mbd,lec62304‘pdf
; certkitiec_mbd_is026262.docx

MATLAB&SIN W e

R2020a <} MathWorks®

(MB.A-2: 3-5, MB 9-10)

7= QUETKITI0_00 17 5_WOTKITOvW.par
;i qualkitdo_do254_workflow.pdf
_‘ qualkitdo_psac.docx
= qualkitdo_psac.pdf

MATLAB&SIMULINK

<} MathWorks®

4\ MathWorks




Qualify tools with IEC Certification Kit and DO Qualification Kit

= Qualify code generation and verification products

« Includes documentation, test cases and procedures

@ Certification Artifacts Explorer — O x
@ . S .
DO Qualification Kit pl=1" S @

Model-Based Design Workflow for DO-178C ‘ ~ DO Qualification Kit
v DO-178C, DO-278A, DO-330, DO-254
|2 Polyspace Code Prover

IEC Certification Ki
Reference Workflow

CERTIFICATE

No. Z10 1511 67052 017

Holder of Certificate: The MathWorks, inc Requirements R Design Model TS
Avpm 1l Deve Allocated to eql;:fme o (Software Architecture, » Source Code Ob?ed:ode
Nohh MA 0 2090 ' Software LLR) '
A
f |
Factory(les) .
| . Executable
Syst Requirements Model Source Code =
R°q“)1:;"’2"‘s Cortification Mark ﬂ De::elopment Development Development e
Development
TUV r (MB.A-2: 1-2) (MB.A-2: 3-5, MB 9-10) (MB.A-2.6) (MB.A-2.7)

Requirements
Authoring
(Simulink Requiremd

W |

7= QUATKITOO_Q0 17 6_WOT KITOv. par
;'i qualkitdo_do254_workflow.pdf

% ¢ CEPTUOUKAT & CERTIFICADO @ CERTIFICAT

_‘ qualkitdo_psac.docx
Product Software Tool for Satety Related Development #-! qualkitdo_psac.pdf
Model(s) Embedded Coder™
MATLAB Ra i Woraog Embeaid Codr ™ MATLAB&SIMULINK'
Parameters; Yo COME gRrerEion B Sutabée Y uae 1D Seveicp safety
walel b Pavr & Ong 10 1EC 1500 v EN 2018 i
R2020a ~pavod gmemeeinb oot oo a0 L <} MathWorks®
oty =w e, eateo
e o ib— § ¢ el PP, >

EXPO 4\ MathWorks




Qualify tools with IEC Certification Kit and DO Qualification Kit

= Qualify code generation and verification products

« Includes documentation, test cases and procedures

KOSTAL Asia R&D Center Receives ISO 26262 ASIL D
Certification for Automotive Software Developed with

Model-Based Design

Kostal’s electronic steering column lock module

Korea Aerospace Industries Develops Helicopter Active

Vibration Control System Software to DO-178C Standards

Control Algorithm

The KAl active vibration control system

4 Mativorks




Conform to Certification Standards with Reference Workflow

[ Model Verification ] [ Code Verification ]

Discover design errors at design time  Gain confidence in the generated code

Module and integration Back to Back
testing at the model level e, Testing

" Prevention of
" unintended functionality

----------
.............
----
L34 L}
. »
.* e
.
. vy
.* ‘e
. .
* ‘e
. .
. .
. .
. .
. .
o* .
-

Reviews and analysis
at model level ...,

Model used for
production
code generation

Generated —  Object code
code

Textual Executable
— —> - — —

requirements specification

Code
generation

Compilation

Modeling and linking
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Model Verification: Discover Design Errors at Design Time

[ Model Verification ]

* Manage requirements « Check standard compliance
« Systematically test « Detect design errors
* Measure model coverage  « Prove model behavior compliance

Back to Back
............ Testing

Module and integration

-------
s
ws®

" Prevention of
" unintended functionality

.............
"ay
.....
"a
.
vy
.
«
.
G
.
.
.
.
.
.
.

.
o
.
.
R
.
.
.
o
*

Reviews and analysis

at model level .4, - 7 7
| 4 N A 4
»

Model used for

Textual N Executable >—— Sl ) Generated >  Object code

requirements specification . code
code generation

Code Compilation

Modeling and linking

generation
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Code Verification: Gain Confidence in the Generated Code

[ Code Verification ]

« Trace code to model and requirements « SIL/PIL equivalence testing
« Measure code coverage * Generate 100% coverage test vectors

Back to Back
............ Testing

Module and integration

<" Prevention of
** \unintended functionality

----------
.............
----
L34 L}
. »
.* e
.
. vy
.* ‘e
. .
* ‘e
. .
. .
. .
. .
. .
o* .
-

Reviews and analysis
at model level ...,

Textual Executable > SRl e e Generated
—> —» — — =P production —p —> Object code

requirements specification . code
code generation

Code Compilation

Modeling and linking

generation
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Manage Requirements

[ Model Verification ]

* Manage requirements .

Module and integration

------------
...............
. .
. L
.* e
e
‘e
.
.
3
.
.
.
‘e
L3

B
o
.
o
.
.
.
o
*

Model used for

Textual N Executable >—— Sl ) Generated >  Object code

requirements specification . code
code generation

Code Compilation

Modeling and linking

generation

4\ MathWorks’ 10



Manage Requirements

= Ensure all requirements implemented

External
Requirements

ﬂ 7 - Verify the implementation is correct

= Respond quickly to requirement changes

Requirements

Managements
Tools

Model used for

Textual N Executable >—— Sl ) Generated > Object code

requirements specification code

code generation
. Code Compilation
4
\B PO 4@\ MathWorks 11




Work with Requirements, Architecture and Design Together

External
Requirements

xls

II;

Requirements
Managements
Tools

=

-~

Simulink Requirements™

Ihi Helicopter_System_Req...
hd % Importl

External Requirements

References to Helicopter_System_Reqy
v BT 1 Helicopter Aiaht Control Svstemn Requi

o\

Implements

v B 13 tem Requirements
=
|::|r+ 1.3.1 Implemented Verified
& 132 [ m[

_:l-:l

Implemented:

Ihi HelicopterSoftwareReq...
v B H
E 11 Infibduction

= 1.2 Coiltern Dhescrintinn

"I Authored Requirements ’“’

B 137 Hydraulic Actuator Feedback

E 1.3.3 Hydraulic Actuator Drive

E 1.3.4 Hydraulic Actuator Loop Conbrol
E 135 Multi-Variable Inner Loop Control

6, Justified: 0, None:

2 Total: 18

J

Architecture
/ Design

Verifies

Tests

4\ MathWorks
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Demo: Requirements Perspective

S Controller Property Inspector
~
= Requirement: ENABLE
Q [ENABLE: Engage cruise control Details
- v
74 e e
e Type: Functional v
Vi ble e Index: 3
enal \ .
] GO)——» = Custom ID: ENABLE
I
1= NOS® AND Active Contyol Summary: Engage cruise cont;
O brake
Determine if the Description ' Rationale
control is active b |Aral v[10 v|B &
The ENABLE button shall enga
Active last step
(@D [
speed T
B Target speed n
(@& ) ; ¢ | L error throt.
set | «F throt
Pl Controller
;8) ™L B
&> !
inc L «F Compute the
- ) = ta speed
(@} |
dec
» F T nm v
- cruiseC  x
View: Requirements =~ % 1 B (8 & & i | 'S ;
1 = ~
v B cusecononecs O G
Keywords:
T st e s _—— ) -
& ke dsergges e conr EEm—— | ) » Revison informatin:
W Ergece ot = ] > o
& Inemen st e S @000
as ot e EE—— i
T e [ [  Looial Ooerto
v % SafetyReq [ »
81 Disable Throttie when Braking ( || ) R > Commants
Mode! Data Editor
LReady

4@\ MathWorks 13




Test and Requirements Traceability

A\ Test Manager

—UE
| Enable Test

| F Compute the
target speed

* lﬁ]cruiseControIRBTCovExampIe } [Pa|Controller ¢ v
TESTS DATA INSPECTOR. FORMAT

enable —
Q [ =
3 Active Control Results and Artifacts |

brake

Determine if the .

= |F|Ite’ tests by name or tags, e.g. tags: test
E| |' =] cruiseControlRETCovTests
(=] D' - Cruise Control Test Suite

speed - X
] . [—~I—-§| Target speed \,g [ [E] Set Speed Test

Fomaner. |Z] Brake Test

w
-3

'

| %.[
]
=

Increment Tesi

| Decrement Test
Throttle Test

T \

F I = |
m previous target I:I -{I)
» target I Iﬁ’

Reguirements - cruiseControlRBTCovExample

View: Requirements ~ | %z | = 53 cX; = @ @

~

Verification Status
- Passed

Vv [*a| cruiseControlRETCovRegs

E 1 SET button locks set speed

E 2 Applying BRAKE disengages cruise control - Falled

= 3 ENABLE button engages cruise control

B4 INCREMENT button increases set speed U nexec uted
E 5 DECREMENT button decreases set speed

E 6 THROTTLE applied smoothly if speed differs from target M |SS| N g

Model Data Editor

Ready

4@\ MathWorks 14




Review and Analyze Traceability with Traceability Matrix

SET button locks set speed

Applying BRAKE disengages cruise control

Requirement is missing
link to Test Case

ENABLE button engages cruise control

INCREMENT button increases set speed
DECREMENT button decreases set speed

THROTTLE applied smoothly if speed differs from target

B BXIPO 4@\ MathWorks 15



Review and Analyze Traceability with Traceability Matrix

4\ Traceability Matrix
. Review links between 18 il
different requirements,
model, test = Top
v Type
- Filter view to manage large .
sets of artifacts T
D
v Type
- Highlight missing links Bl

% Expand All CZ c:?,J

Add Update Scope £ Collapse All Highlight  Create

Missing Links  Link

Simulink Requirements vs Simulink Test

- Directly add links to

SET button locks set speed

ad d re S S g ap S Applying BRAKE disengages cruise con

ENABLE button engages cruise control

DECREMENT button decreases set spe

trol

INCREMENT button increases set speed

ed

THROTTLE applied smoothly if speed differs from target

2020

mn P L P =
] cruiseControlRBTCovTests [(;:c-ar Fxlmr] [T('S?Llﬂﬁ(t -]
E__ cruiseControlReqs
g - 7i8:
= Eci RiCil g
i B E 4w 3 R
g: 8:®: 5 §: &
aiV:eo: g Ei 8
_U)_‘ z % : g P D: ki °
i Bt c1 Q3 g =
i m:Ww: £ : 0 =
uiseControlReqs
& SET_SPEED Set target speed <«
=l BRAKE Brake disengages crui %
|
=i Left

l )

AB BXIPO

24 Link | None ( Creale )

&

4\ MathWorks
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Systematic Functional Testing of Model

[ Model Verification ]

« Systematically test .

Module and integration

----------
...............
. L]
L34 L}
....
e
‘e
.
.
3
.
.
.
‘e
L3

.
o
.
.
R
.
.
.
o
*

Model used for

Textual N Executable >—— Sl ) Generated >  Object code

requirements specification . code
code generation

Code
generation

Compilation

Modeling and linking

4\ MathWorks’ 17



Overview to Requirements-Based Test

Goal: Assess extent to which requirements-based tests exercise corresponding designs

Requirements

Vv %3 cruiseControlRBTCovRegs
1 SET_SPEED SET button locks set speed

I m p | e m e nte d by | I n kS = 2 BRAKE BRAKE disengages cruise control

E 3 ACTIVATE ACTIVATE cruise control when enabled, speed set, and no brake

Verified by links

= 4 INCREMENT INCREMENT button increases set speed
E 5 DECREMENT DECREMENT button decreases set speed
= 6 THROTTLE THROTTLE applied smoothly if speed differs from target
M d I LSRR, ResNs and Artifacts |=| Set Speed Test
O e Filter tests by nare or tgs, e.g. tag
+ =1 cruiseControlRBTCAvTests Set Speed TeSt
I inc_sw R2 - R | Tkt Sui ) ) )
Cruise Corfirol Tegt Suite cruiseControlRBTCovTests » Cruise Control Test Suite » Set Speed Test
——{ dac_sw R 1 R 1
B o ez Simulation Test
else  dec_out P clse inc_out |=| Brake Test R2
) Select releases for simulation: | Current =
prev_raq (=] Activate Test
decrement prev_req |=] Increment Test Create Test Case from External File
- (=] Decrement Test » TAGS
increment
|=] Throttle Test

» DESCRIPTION

v REQUIREMENTS®

. Cove rage info rmation COIIeCted SET SPEED: SET button locks set speed (cruiseControlRBTCovReqs#1)
during requirements-based
testing to confirm that ...

DO-178C
6.4.4.2

74

AB BXPPO &\ MathWorks 18




Requirements Based Verification with Simulink Test

I =

FUNCTIONAL REQUIREMENTS mplemented by rges
The flight control system shall ... ) b he o System Composer /

Simulink / Stateflow

Verified by

Test Case
Inputs Assessments
Scenario i T — i : 4\
4 | Test Harness . s 1
Signal 1 P ' = Y inpat
xls @ ‘ [ ] N e | k ] == p3 J
Slgnal Editor =1 ] =1 MAT / Excel Test
MAT / Excel m— || - | I - = 1 File (baseline) Assessments
flle (InDUt) 12 Ou ’ _ = N "2 ) : v function customCriteria
3 f = ,m = S v+ Perform custom criteria
. _ . 1 test.verifyThat(test.sl
Test Sequence Simulink Test™ MATLAB Unit Test

LAB BXIPO &\ MathWorks



Automate Functional Testing with Simulink Tes
Test Manager

Author:

Include in Report

+ | Test Details + lterations
+ Loggad Signals + External Inputs
+ Callback Scripts + Parameter Overrides
<\ Test Manager + Coverage Settings + Logical and Temporal Assessments
+ System Under Test v Baseline Criteria
v" Create test cases 7 Custom Crlteia / Equivalence Cltera
2 s 3 9 5
2 + Test File Options + Configuration Settings
Hew Open Save Expol Help
FILE o RESULTS RESOURCES Output Options
e b di.Siaibage —Slua hocel File Format: | PDF v ¥ newReport 5pdf - Adobe Reader oo e
T —— Fle Edit View Window Help *
/ G . t 't d [ ComponantTesing Slow Accel File Name: C\Users\Desktopiney, 2 [ & ) ®)[1] 26 (=) [714% [~ || 7] + Sign | Comment
4 [ Fundlional and Regression tests Customization Templates
.
test fl | eS 4 [T Signal Builder Baseline examples Test Suite Reporter Report Generated by Test Manager
=) Slow Accel 4\ Test Manager
o - el
VISUALIZE Title: LandingGearControl-Regression Tests
[E] Decel Author: Jessica Johnson
» [T ExcelDrivenExamples fl & a g Date: 20-Feb-2015 18:28:22
Software-in-the-loop Testing
+ (3 Software-in-the-loop Testing & I Datacursors Send to Figui Test Environment
. .. + 5 SystemTesting = Pt PGS
v xecute individual or Lo
| | BN
b atC h — = © Activate_Pump
— — 4 Results - 2015-Jan-12 17:35:31 2@ 10
» /| SlowAceibaselineCheckpoint1.mat 0
l 47 Signal Builder Baseline examples 2@ 1@ ® At any point of abs{room Temperatur femperature) >= threshold becomes tiue and stays true §
seconds then. starting from rising edge of igger, with a delay of at most 2 seconds, pumpCMA Must stay ue
l » [5] Slow Accal L] seconds v
4 |5 Fast Accel ] fror 1 ¢ -3
I z| Baseline Criteria Result
/ V' It - 2 L SRR St g Expected Behavior Actual Result
llllll — - (® gear -] - -l m
IeW resu Su ary I Hame =] Slow Accel =a — T vmooen f
Type Baseline Test () throttle [e— ot | po
Location CaUsersimoneilDeskto () vehicle speed —_— 0
EEED b » 24 Sim Output (sf_car - narmal)
Hierarchy GomponentTesting » Fu » [l Decel 5 -
Model st_car Y
Simulation Mode [Model Settings]
v" Analyze results
— o v
Name L=] gear 2 ! + 1} LY 4 l i
Status o » » “ " L ®s L L]
/ } \rC h iVe eX O rt re 0 rt Absolute Tolerance 0
’ p ’ p Relative Tolerance 0.00%
Block Path SigBdrivenishift_logic
¥ o & @ % @ &
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Measure completeness of testing

[ Model Verification ]

* Measure model coverage -

Module and integration

----------
...............
. L]
L34 L}
....
e
‘e
.
.
3
.
.
.
‘e
L3

.
o
.
.
R
.
.
.
o
*

Model used for

Textual N Executable >—— Sl ) Generated >  Object code

requirements specification . code
code generation

Code
generation

Compilation

Modeling and linking
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Coverage Analysis to Measure Testing

Simulink®

AND

[upper]

v

[lower]

previous _output

&&tspeed!=uint8(0)]
1

Stateflow™

[hasChangedTo(AccelResSw,true)...

<

—y

Code

Coverage annotation

Cod
riwdema_sil jtopmodel.c ¥ Q Search
ic vod Chunterrypes(void)
Links to model
element ‘
—a] if (enables) {
Rucn ot st
I 1" rtu.reset)
I 14 . count_b

Tooltip with code
coverage results

LAB EXIPO

|dentify testing gaps

Missing requirements

Unintended functionality

Design errors

Coverage Reports

Summary

Model Hierarchy/Complexity Testl
Decision Condition
1. sldemo_fuelsys 80 34% wm 34% wm
Engine Gas Dvnamics 13 71% oo NA
xing & Combustion 3 67% NA
4. .. EGO Sensor 100°% wo— NA
..SystemLag NA NA
6 Throttle & Manifold 10 73°% wesssmmes NA
Intake Manifold 2 100% w——— NA
il. ‘ .....MATI AB > 1000 NA
9 . Throttle 6 83% s NA

MCDC

Saturation on

Relational

Execution Bowsdiiv integer

- overflow
90% e 10°% = 50% w—
100% = 50% — 50%  w—
100% w——— NA 50%  m—
NA NA NA
100% we——— NA NA
100°% w———— 50% — 50%  m—
10 —— N 50%  w—
NA NA NA
100% e 100%; ———— 50 —

&\ MathWorks 22



Test and Requirements Traceability in Coverage Results

= Results: 2020-Mar-02 22:14:00
+ =] cruiseControlRBT CovTests
- Cruise Control Test Suite
b |=| Brake Test
¢ |=| Decrement Test
¢ |=| Enable Test
b |E| Incrament Test
b S| Set Speed Test
b |=| Throttle Test

* All tests passed and shows 100% coverage

* AGGREGATED COVERAGE RESULTS

Create a coverage report from coverage results to justify or exclude missing coverage. The filters and
updated coverage values will be displayed with this result.

ANALYZED MODEL + REPORT COMPLEXI... DECISIOM CONDITION EX +
cruiseControlRETCovExam |}|E " 8 1009 e— 0 — 2 e—
<« 4 Controller X | PIController [CoEmaceinis
® |[Pa]cruiseControlRBTCovExample » [Pa] Controler b ~| 2.SubSystem block "Controller"
Q enable = (<) Justify or Exclude
] 1 S Parent: cruise Contro[RBTCovExample
= 3 = Ll eniieel] Child Systems: PI Controller
= brake
Determine if the Coverage
=) ) control is active Metric Coverage (this object) (inc.
- ) descendants)
o = Cyclomatic Complexity 0 7
Active last step 100% (12/12)
Condition NA condition
outcomes
— 100% (12/12)
Spsed C Decision NA decision
ﬂ\ Target speed X n = outcomes
3 q (8) > error throt 1 100% (17/17)
set F throt Execution NA objective
Pl Controller outcomes
s
Scope coverage res ; K
inc | reompumme Logic block "Logical Operator"
s target speed
K Justify or Exclude
8 ﬁ
dec Requirement Testing Details
@ —F -
0
L previous target 2 Implemented ||\ 5 g by Tests Associated Runs
Bl target Requirements
> ([ Brake d
Requirements - cruiseControlRBTCovExample ¥ x 74\32 C;:’flégg Brake Test v
View: Requirements ~ & |J/H & [} @|c |Sea rch Engage cruise 5
Enable Test b}
control
- 4 cruiseControlRBTCoVReqs [ [ Parent: cruiseContro[RBTCovExample/Controller
1 SET SPEED et pee ———— ¢
B2 BRAKE Brake disengages cruise control —_ Cyclomatic Complexity 0
53 ENABLE Engage crise corol ¢ 107 60 cotron e
54 INCREVENT  Increment st spee ] R e s
@5 DECREMENT Decrement set speed ] Conditions analyzed
@6 THROTTLE Throttle to maintain set speed S [tioe it [ Tratee
Foooery Iospector | Couerace ceran

&\ MathWorks
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Scoping Model Coverage to Requirements-Based Tests 2020

v AGGR

m

GATED COVERAG

m

SULTS

D
~n

m

v Results: 2020-Mar-02 22:14:00 6®

v =] cruiseControlRBTCovTests 6@ Create a coverage report from coverage results to justify or exclude missing coverage. The filters and

: : . updated coverage values will be displayed with this result.
- Cruise Control Test Suite 6® updatea coverage vaiue | D€ QIspiay itn n esu

» |=| Brake Test

ANALYZED MODEL -

» =] Decrement Test [*&) cruiseControlRBTCovExample a 3 92%  — 100 m— TEY  —

» |=| Enable Test

o
o
o
» |=| Increment Test (/]
» =] Set Speed Test o

o

» || Throttle Test

@ coverage results to linked rec_uveme)

» Checking coverage of tests with the linked requirements

1) Testing(covered) with missing requirements

2) Testing(covered) with requirements but not by linked tests

3) Not testing(not covered)

AB EXIPO

&\ MathWorks
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Scoping Model Coverage to Requirements-Based Tests 22020¢

-~
5 v AGGREGATED COVERAGE RESULTS
~ Results: 2020-Mar-02 22:14:00 6®
v [=] cruiseControlRBTCovTests 6o Create a coverage report from coverage results to justify or exclude missing coverage. The filters and
. : . ndated cover values will lisplayed with this result.
«[™ Cruise Control Test Suite 60 updated coverage value | be displayed with this result
» |=| Brake Test o ANALYZED MODE v REPORT COMPLEXI... DECISION CONDITIO! EXEcuTION
» =] Decrement Test (V] [Pal cruiseControlRBTCovExample a 3 02% s 100% s 76% s
» (£ Enable Test O #4 cruiseControlRBTCovExample/Controller - Simulink
SIMULATION
» || Increment Test ] @ 5 @ | conroter X | prConiroter Coverage Detait v x
© |[*acruiseControlRBTCovExample b [Pa] Controlier b - Constant block ""Constant1" -
» [5] Set Speed Test © —
= = ble o >} Justify or Exclude
» |5| Throttle Test (V) : : - s -
1 M I S S I n g g Uncovered
oL e ks T

requirement

Cyclomatic Complexity 0

@ Scoil I I n k S I d e n t I f I ed N : Brecation g:’l:;?mle)sobjecm'e

Execution analyzed

L F
D @ ) S Block executed 0%

* Each test only contributes coverage -~ 0 B i

for the corresponding models = i \

-5 s . Constant block "Constant3"
previous target
that implement th ment g
at impiemen e requirements -
Requirements - cruiseControlRBTCovExample ¢ x Parent: cruiseControlRBTCovExample/Controller
View: |Requirements v | | [% | 3| @ |2 ) AE l'.ncorered -
Links:
~
B THROTTLE Throttie to maintain set speed —-v ALanis A 5

< > Property Inspector  Coverage Details
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Test and Requirements Traceability in Coverage Results

3. SubSystem block "PI Controller"
Justify or Exclude
n = Requirement Testing Details
5 error 'IhrmJ' 1
hro
Pl Controller Implemented Verified by Associated
Requirements Tests Runs
e —
Throttle to @Iﬂc Test D
maintain set speed\{ ™
—_—
1 +

+
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Test and Requirements Traceability in Coverage Results

3. SubSystem block "PI Controller"

Justify or Exclude

DiscreteIlntegrator block "Discrete-Time Integrator"

Justify or Exclude

cruiseControlRBTCovExample/ Controller/P1

peed - arror n = 3 Requirement Testing Details Parent: Controller
throt - Uncovered Links: 4=
Pl Controller Implemented Verified by Associated
Requirements Tests Runs Metric Coverage
- | Cyclomatic Complexity 2
~farottlc fo Throttle Test || T6 Decision 75% (3/4) decision outcomes
maintain set speed ||© _ _ .
Execution 100% (1/1) objective outcomes
Decisions analvzed
integration result <= lower limit 100%
3 2) Decision covered i falee 391/801
. + I6
error but not by linked test
troe 410/801
Ié
integration result >= upper limat 50%
KTs _/_ falae 801/801
z-1 P
/
Discrete-1ime Ki OEOI
Integrato frue =,
ntegrator T4
v"

4@\ MathWorks
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Address missing Requirements-Based Test Coverage

1) Add missing implementation links to requirements

1

Link to Selection in Requirements Browser

Ever

e

2) Update test to increase target speed to be covered by the linked test

LAB BXIPO &\ MathWorks

» INPUTS

v Include input data in test result

v Stop simulation at last time point

td_throttle. mat C:\Demos\examples\R2020a\sin M

[+7)

pRed
R

|_r-

& |
=
[«¥]

+ td_throttle updated mat C:\Demos'\examples\R2020a\sin

=
m
(o8

28



100% Coverage but Testing Identified Error in Implementation

* AGGREGATED COVERAGE RESULTS

+~ Results: 2020-Mar-02 23:59:38 5 10
~ (=] cruiseControlRBTCovTests e 10 Create a coverage report from coverage results to justify or exclude missing coverage. The filters and
. : updated coverage values will be displayed with this result.
+ 7] Cruise Control Test Suite 50 10 st J ' piay
» =| Brake Test (v ANALYZED MODEL REPORT COMPLE DECISIC CONDITIC EXECUTION
» [£] Decrement Test o &l cruiseControlRBTCovExample & 3 [100*-1--9— 1005 A—, 1y — ]
» =| Enable Test & : : :
Discretelntegrator block "Discrete-Time Integrator”
» = Increment Test
= ° Justify or Exclude
> |5 Set Speed Test ) Parent: cruiseControlRBTCovExample/Controller/Pl Controller
v |=| Throttle Test (x) Metric Coverage
Cyclomatic Complexity 2
Decision 100% (4/4) decision outcomes
Execution 100% (1/1) objective outcomes
Decisions analyzed
| integration result <= lower limit ” 100% ‘
@pe coverage results to linked reguirements 394
false /950
%6
true 551950
| integration result >= upper limit ‘ 100% ‘
false 950/1001
N
- 51/T1_6001 )
——
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Additional Testing ldentified Error in Implementation

+~ Results: 2020-Mar-02 23:59:38 5 10
v [=1 cruiseControlRBTCovTests 50 10

- Cruise Control Test Suite 5 10
Brake Test

[

Decrement Test

I

Enable Test

[i

Increment Test

[

[i

Set Speed Test
Throttle Test

oo o0 0 0O

)
[

* AGI

@ Thrortle changes within limits

» At any point of time, throttle_deriv must be greater than -1 and less than 1

Expected Behavior

———— B
10.5 11.0 1.5

+ Throttle changes within limits: At

any point of time, throttle_deriv
must be greater than -1 and less
than 1

» throttle_deriv must be greater
than -1 and less than 1

» = throttle_deriv b
o Error 1 of 1 -
Actual Resuit Explanation
Assessment Throttle changes within limits' failed from
2 10.5st012s
» Expected ‘throttle_deriv' to be greater than -1
and less than "1
0.0 o Al 11.67 s, expected value to be greater than -1
. and less than 1 actual value IS
120 2.30949999999999
-
Q
= B
Fa Fail “
Pass 4 ‘
10.2 10.4 10.6 10.5 1.0 1.2 11.4 116 1.8
True
False 4 0| False |l
Untasted 4
102 L 10.50 [ 10.8 1.0 12 1.4 16 1.8

https://kr.mathworks.com/help/sltest/ug/test-coverage-for-requirements-based-testing.html?s tid=srchtitle

B B>XIPO
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Scoped Model Coverage to Requirements-Based Tests 2020

4\ Test Manager — O >
Results and Artifacts Results: 2019-Oct-02 19:02:58
|Fi|te' results by name or tags, e.g. tags: b | g | F SUMMARY
- AGGREGA VERAGE RES
- Results: 2019-Oct-02 19:02:58 20 AGCRECGATED COVERAGE RESULTS
- [=] dTestRegLinkBasic_Tests 2@ ANALYZED MODEL REFORT COMPLEX... DECISION EXECUTION +
+ [ MyTestSuite 20 mTestReqLinkBasic A 5 33% mm 25% mm
v |=| Testcase 1 (-]
v |=| Testcase 2 (-]
3
Add Tests for Missing Coverage Export
Scope coverage results to linked reguirements l
. |
| MultiPortSwitch block "MPSwitchl"
Requirement Testing Details
Implemented Requirements || Verified by Tests Associated Runs
DO-178C ... coverage information collected Requirement 1 Testcase | I
during requirements-based Metri Cover
6.4.4.2 : . Metric overage
teStIng tO Conflrm that - Cyclomatic Complexity 2 \
Decision 33% (1/3) decision outcomes \
Execution 100% (1/1) objective outcomes
Decisions analyzed \
truncated input value 33% \
=1 {output 1s from input port 1) 151 \
- \
0/51 @ 2 2 . _ . -
e e e o v Hit by linked RBT -- Satisfied
2 \ r
=*3 (output is from input port 3) C'e Hit, but not by linked RBT -- Unsatisfied
r

RBT (Requirements-Based Tests)
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Check Standard Compliance

[ Model Verification ]

g « Check standard compliance

Reviews and analysis
at model level ...@,

*
. -
.
*
‘B

Model used for

Textual N Executable >—— Sl ) Generated >  Object code

requirements specification . code
code generation

Code
generation

Compilation

Modeling and linking

4\ MathWorks’ 32



erify Design to Guidelines and Standards

2 Model Advisor - sldemo_fuelsys

- a X
File Edit Run Settings Highlighting Help
Check for: R
.

Check for blocks not for C/C++ pr ion code
[m] & Model Referencing N
ags - [®] Cg Modeling Physical Systems Analysis
o R e ad a b I I Ity a n d S e m an tl CS [®] £& Modeling Signals and Parameters using Buses Identify blocks not supported by code generation or not recommended for C/C++ production code

[[] &2 Modeling Single-Precision Systems deployment.

] Modeling Standards for DO-178C/D0O-331

[5] £@ Modeling Standards for EN 50128 Run This Check

~ [mg Modeling Standards for IEC 61508 .
~Display configuration management data Result: & Warming

1@ Display model metrics and complexity report

Identify blocks not supported by code generation or not recommended for C/C++ -
. . [+ @ Check for unconnected objects production code deployment.
« Performance and Efficiency TR
v ] L@ simulink
@ Check usage of lookup table blocks The following blocks are not supported or not recommended for C/C++ production code
[ Ay Check for inconsistent vector indexing methods deployment:
[~ A\ Check for blacks not recommended for C/C++ production code deployment
@ Check for variant blocks with ‘Generate preprocessor conditionals’ active

[~ @ Check for root Inports with missing properties
- - - ] ~Check usage of Math Operations blocks
« Clones (for optimization 2 o -
1] ~Check usage of Logic and Bit Operations blocks ..../Intake Manifold/p0  Integrator Yesl.2 No
[[] 2] ~Check usage of Ports and Subsystems blocks 0.589 bar
[1] ~Check for root Inports with missing range definitions sldemo_fuelsys ottle  Repeating  Yes3 No
1] ~Check for root Outparts with missing range definitions Command table
[w] L4 stateflow
] C@ MATLAB
- E::::Eum“m Recommended Action
L4 n l I l O re e mm = :R 9 Alsl L Embedded Coder supports these blocks, they are not recommended for C/C++
4c
(L}

. . In code deployment. Review the support notes for these blocks and fallow the
=2\ Model Advisor Analysis [ :
* Help Apply

eun
o e

.
.
.

euw,

Textual Executable Model used for

- e L. —p — — =P production _— cRiEElE — Object code
requirements specification . code
code generation

Code
generation

Modeling Compilation

and linking

4\ MathWorks’ 33



Built in Checks for Industry Standards and Guidelines

 DO-178/D0O-331 MISRA C:2012

« ISO 26262 « CERT C, CWE, ISO/IEC TS 17961
 |[EC 61508 « MAB (MathWorks Advisory Board)
« |IEC 62304 « JMAAB (Japan MATLAB Automotive Advisory Board)
« EN 50128
-::.‘ : odel usea tor
ot [ e > - - | “poducion {72 L) opjctcod

code generation
. Cod Compilation
AB DPO 4@\ MathWorks




Shift Verification Earlier With Edit-Time Checking

« Highlight violations as you edit

 Fixissues earlier

 Avoid rework

Textual
requirements

|

Edit-Time
Checking

|

if

Executable
specification

'}

> - — >

Modeling

Model used for
production

—

code generation
Code Compilation
generation and linking

Generated
code

— >

\B EXIPO

Object code

4@\ MathWorks
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Detect Design Errors with Formal Methods

[ Model Verification ]

. « Detect design errors

Reviews and analysis
at model level ...@,

*
. -
.
*
‘B

Model used for

Textual N Executable >—— Sl ) Generated >  Object code

requirements specification . code
code generation

Code
generation

Compilation

Modeling and linking
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Detect Design Errors Using Formal Methods

9& sldvdemo_design_error_detection/Controller - Simulink — [} X - F i n d d e S i n e r ro rS
SIMULATION MODELING DESIGN VERIFIER g
Analyze "
i @ e g P  Integer overflow
Design Error Error Detection B e T MBI Ao Detect REVIEW RESULTS
Detection * Settings ¥ Target @ Check Compatibility { Design Errors - .
MODE PREPARE ANALYZE ] Dead Log |C
~ w  Controller
® @sldvdemofdesignferror;detecticn » @Controﬂer » v . . .
 Division by zero
&
= = A t-of-bound
[ J - -
e rray out-or-bounds
= NOT boolean AND boolean . Active Control
- . 3 R jolat
Determine i the ° ange violations
| Ba) OR
<brake> y
D Active last step poolean z
ufix16_Eng
<Actual_speed>
< _ = Generate counter example to
4 ufix16_En8 Target speed sfix18_Eng o lsij1e_en3 T
error throt
el \ reproduce error
Pl Cgntroller
N sfix16_En13
throt
P4 Results: sldvdemo_desi detecti O x
esults: sldvdemo_design_error_detection -
-clesign.. - I ¥4 Results: sldvdemo_&ign_error_detection — O x
- [&
- [&
Back to summary
Back to summary
sldvdemo_design_error_detection/Controller/Sumi . .
sldvdemo_design_error_detection/Controller/PI Controller/Kp
Integer overflow Objectives .
Overflow Error - needs simulation - View test case | Justify Integer overflow Objectives
Overflow Valid
Derived Ranges: I ] Derived Ranges:
diagnostics
Outport 1:[-128..127.99609375] Outport 1:[-2.56005859375..2,559814453125]
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Prove Model Behavior Compliance

[ Model Verification ]

. Prove model behavior compliance

Reviews and analysis
at model level ...@,

*
. -
.
*
‘B

Model used for

Textual N Executable >—— Sl ) Generated >  Object code

requirements specification . code
code generation

Code
generation

Compilation

Modeling and linking
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Proving Model Meets Requirements

» Need to ensure the design performs correctly

Safety Requirement:

When the brake is applied for three consecutive steps,
the throttle shall go to zero.

----------
..............
Py "y
e y
. »
.* e
.
. vy
.* ‘e
. .
* ‘e
. .
. .
. .
. .
. .
o .
-

Textual
requirements

Executable
specification

> - - >

Modeling

Model used for
production

—

code generation
Code Compilation
generation and linking

Generated
code

— >

AB BXIPO

Object code

4@\ MathWorks
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Model Functional and Safety Requirements

¥4 dldvdemo_auise_control_verification * - Simulink

SIMULATION DEBUG MODFLING
A Cpen -~ U@
| L5}
Eove ~
New Library

~ S Pint v Browser

sidvdemo_cruise_control_verification

® [*a]sidvdemo_eruise_control_verification ¥

FORMAT

Signal
Table

FILE BRARY PREPARE

REQUIREMENTS

Stop Time | 100

= | | Normal -

@ Fast Restart

DESIGN VERIFIER

Step
Back =
SIMULATE

ol B U B e

G

{ ()
& P Al =
Run Step Data Logic
= e Inspector Analyzer

REVIEW RESULTS

E)

g

~| &

=2

g

Simulink Design Verifier Property Proving Workflow for Cruise Control

@—o—b

InputData

sldvdemo_cruise_control_defective

InBus

throt

target

(D

Throttle

*(2)

Target

Design Model

—>

Throttle_Out

<brake>

[0 100]

<Actual_speed>

AND

S

B

Throttle_Out

IA

BrakeAssertion

https://kr.mathworks.com/help/sldv/ug/property-proving-workflow-for-cruise-control.html

&\ MathWorks
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Link Requirements to Properties

¥4 dldvdemo_auise_control_verification * - Simulink

SIMULATION DEBUG MODFLING

A Open ~ &
U

Esave ~
New Library
~ S Print v Browser

FILE BRARY PREPARE

FORMAT 5 REQUIREMENTS DESIGN VERIFIER
e Stop Time | 10.0 (& )
A
signal « | [ Normal = [
Table g Fast Restart Back = -
SIMULATE

- o *
> %)
Step Data Logic
Forward Inspector  Analyzer

REVIEW RESULTS

© [ i it et s 13
a i
= Simulink Design Verifier Property Proving Workflow for Cruise Control

&

)

@—o—b

InputData

sldvdemo_cruise_control_defective

throth——————» (1)

InBus

target »(2)

Throttle

Target

Design Model

—>

Throttle_Out

> »

<Actual_speed>

L’ 1 > P AND

{#1: Disable Throttle when Braking
When the brake is applied for
three consecutive steps, the
throttle shall go to zero

o

Throttle_Out

IA

[ ERIEIE

N G
5 A==>B » @

BrakeAssertion

4\ MathWorks
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Prove That Design Meets Requirements

9& sldvdemo_cruise_control_verification * - Simulink — ] X
SIMULATION MODELING FORMAT > e P4 Results: sldvdemo_cruise_control_verification — O X
—x o Analyze .
= e , ¥ - @
iy RS sldvdemo_cruise_control_verification ¥ Prove et Bt -
Proving « Settings ~ Target v Sﬂ Check Compatibility Properties v Results Back to summary
MODE PREPARE ANALYZE REVIEW RESULTS sldvdemo_ cruise_control_verification/Safety Properties/BrakeAssertion
<« sldvdemo_cruise_control_verification 3
® | |"a|sldvdemo_cruise_control_verification b v | R Assert Objectives
% Assert ERROR - View counterexample Debug
A
¥ E
= Simulink Design Verifier Property Proving Workflow for Cruise Control
B
(A=
] 7 AN l—“. sldvdemo_cruise_control ation/Safety Properties * - Simulink ] X
sldvdemo_cruise_control_defective SMULATON . " e Ve »
th I'Ot V{ 1 ) — Analyze — B
Th j % ) sldvdemo_cruise_control_verification ¥ o |_|] H.‘;\',E.h Bﬂ
rottle Property Property Proving Prove Results Highlig t Create Test
(( '1 } InBus Proving ¥ Settings + Target - kA Check Compatibility  Properties » Summary in Model Harness Model
MODE PREPARE ANALYZE REVIEW RESULTS
InputData . w Safety Properties 3
iarget —@ @ [Pajsidvdemo_cruise_control_verification b [Pa] Safety Properties A g
N Y Target o g
g
. 3 S
DeS|gn Model _ #1: Disable Throttle when Braking
- When the brake is applied for
= . > three consecutive steps, the
& R throttle shall go to zero
: [0 100] :
z P AND
P Throttle_Out TP
A
» in A==>B
; 1 B
z
Safety Properties
D " <
_ . Throttle_Out -
(@ Copyright 2006-2020 The MathWorks, Inc. _ 0
)
E: .
» nm » = (1] |
Ready 185% FixedStepDiscrete Ready 162% FixedStepDiscrete
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Prove That Design Meets Requirements

P4 Results: sldvdemo_cruise_control_verification - Od X

Back to summary
sldvdemo_cruise_control_verification/Safety Properties/BrakeAssertion

Assert Objectives

Assert ERROR - View counterexample | Debug
¥4 Diagnostic Viewer - O X
Diagnostics
BHERE&EI T - @~ @
sldvdemo_cruise_control_verification_harness sldvdemo_cruise_control_verification
— ) i L i ~ Simulation @ 1
4 Signal Builder (sldvdemo_cruise_control verification_harness/Inputs) — O X 05:32 PM Elapsed: 1 sec
: i : I An error occurred while running the simulation and the simulation was terminated
File Edit Group Signal Axes Help k] § . o g
> T~ u | — i | 57 1Q LT all | o ]| § Caused by:
= E ‘x‘ = "r JL Qr it va bl » -r &J ﬂ § + Assertion detected in ‘sldvdemo_cruise control verification harness/Test Unit (copied from
Active Group: | Courterexarmple 1 - @' = — § sldvdemo_cruise_control_verification)/Safety Properties/BrakeAssertion’ at time .04
s Component: Simulink | Category: Block error
Size-Type
1
Counterexamplgifbata.Actual_speed D%_mputData.ActuaLspeed o o o
1 I 1 I 1 I |
InputData.Switches.enable 1
o5k InputData.Switches.enable
InputData.Switches.brake U= ‘ : ‘
1
. InputData.Switches.brake
InputData. Switches set DEF P | |
. . ] —
InputData.Switches.setincDec.inc 05l InputData.Switches.set
ok ‘ | ; ; ; ; ; : : .
InputData.Switches.setincDec.dec
1
Inputs Te 05
()= |
1=
] | —InputData.Switches.setincDec.dec
DOC o—""P
4 I 1 I I I I 1 I I |
Text 0 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.045 0.05
i Time (sec)
Test Case Explanation
. —_— = Inputl ctual_speed ~
InputData Switches enable
,,,,, Name: InputData.Actual_spe InputData Switches brake
Index: 1 - & InputData. Switches.set
) M InputData.Switches.setin... v
ok InputData Actual_speed [#1) [YMin YMax ]
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Debugging Property

Proving Violations

%ﬁ sldvdemo_cruise_control_verification/Safety Properties - Simulink

= W Safety Properties sldvdemo_cruise_control_verification

% sldvdemo_cruise_control_verification P [P Safety Properties

@

SIMULATION MODELING
C .1 Open ~ Ui = Stop Time | 0.04
u [~ [5] E<3]
New Library Signal
v &9 Print ¥  Browser o
FILE LIBRARY PREPARE

DESIGN VERIFIER

4 w»

() Model Slicer setup is now complete. Use the Step Back/Step Forward buttons to debug.

Paused after final step

@

3

=

=]

1=~}
1

0 = AND
false| rus
truegl speed>
: false
ine : false
g
z true
1
C 0.02 <
Throttle_Out
0
0
]
» J

]
N
Step  Continue Stop Data Logic Bird's-Eye h
Back + - Inspector Analyzer Scope
SIMULATE REVIEW RES
Model Slicer X
-
s
x || ¥ Siice configuration list @ R
Name: ema se_c erification/Safety P Asse Assert -
Description:

false

BrakeAssertion

This slice configuration is autogenerated for debugging the falsified property
‘sldvdemo_cruise_control_verification/Safety Properties/BrakeAssertion : Assert'.

Signal propagation: 4=  upstream -

Starting Points |c I

I]
L} prakeAssertion

¥ Simulation time window (Enabled)
Display port value labels
D Display control dependencies
Time window

Start 0 Stop |0.04 Highlight

Actual simulation time: 0 to 0.04 seconds

Inspect Signals

Export to Web

Generate Slic

Slicer Active

View diagnostics 158%

T=0040

FixedStepDiscrete

Joyadsur Auadolg

*ﬁ Results: sldvdemo_cruise_control_verification

Back to summary

Assert Objectives
Assert ERROR

- View counterexample

Debug

sldvdemo_cruise_control_verification/Safety Properties/BrakeAssertion

Debug Using
Slicer

&\ MathWorks
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Resolve Unexpected Behavior in a Model with Model Slicer

Fault-Tolerant Fuel Control System
Isolate

Find the area of the model responsible oL o coree
command > .
H P engine speed  02_out
for unexpected behavior N, T bl ou
rottle
Throttle Angle T}ﬂ_
Fault Swilch Throttle_Angle_Selector |(bar)
ey ﬂ;mme angle M|;AP
engine_speed ] (deg) (bar)
Engine Speed speed_sw >l » fuel_rate_contrd
speed (1)
Engine Speed - oLl fuel airffuel ratio
Fault Switch @ ‘ g (g/s)
Eng\nejrien‘LSeleclor Convert sansorsfuel_(rgaéa) Convert el h 1 4
{_\ To Plant
| ego "
EGO Fault Switch r}ﬂ_ air_fuel_ratio
‘ 02_Voltage_Selector
' >j-'\-|1|v.‘-|uﬂdmm ms,s-f-u«a rate control - Simulink ) o - [ X

SIMULATION DEBUG MODELING FORMAT

L&l faaal bid mr E
9 L] ) =) =)
Get Embedded Fixed-Point AUTOSAR Model Steady State Model Frequency Control System ™ |
Add-Ons + Coder Tool Test Component Slicer Manager Manager Linearizer Response Designer
NV M AF
|« & fuel_rate_control
© |(%sidvsiicerdemo_fuelsys b [ fuel_rate_control (fuel_rate_control) ¥ -
~
Q
|
Fuel Rate Control Subsystem
=
l [=5])
(rad/s) sensors is)
| » als
I <speed> est_airflow P est_airflow
" (9's) (9/5) (g15)
validate_sample_time
#| 02_normal
(g/s)
€50 fb_t ion P fb_correction fuel_rate o
O \ IeRpcs (gs) fuel_rate
es i 2_normal
irfl l
sensors t airflow_calc
fuel_mode P fuel_mode
- control_logic
-
# fuel_calc
| » -
|Ready - View 1 wamning 146% odeds
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Resolve Unexpected Behavior in a Model with Model Slicer

IS O I at e Record simulation time window: fuel_rate_control x ‘
Fl nd the area Of the m Odel reSponSI ble Please specify stop time of the simulation time window and

press OK to start simulation.

fOI’ UneXpeCted behaViOF The model is in editable highlight mode now. Consider

turning on Fast Restart for simulation based workflows.
Click here to enable Fast Restart.

Stop time: |20

[ | Log inputs and outputs of the starting points

I d d = ¥ fuel_rate_control - Simulink - X
An a yze e p e n e n C I eS SIMULATION ] MODELING FORMAT Save As | rate_control\fuel_rate_control.slslicex Change
Understand data & control dependencies & & Cancel
Get: Model Srave uneanzavon wioueT Trequety womrorysTET N
in large or complex models 5 —
ENVIRONMEN
fuel_rate_control Mode! Slicer
- #&|fuel_rate_control b v -
= 2
» Slice configuration list a8 Q@
CY
- Name: |untitied
al
Description
- Fuel Rate Control Subsystem
- Signal propagation: = upstream
I Starting Points |
(rac's) e sonsOrs ore) = T fue|_calc:l
- S
I <speed> est_airflow —’g est_airflow "E control_logic:3
: = @5) @) gs)
———9 02 _normal
es_o [gi
- fb_cormection e fb_comection fuel_rate 1
D} fuel_mode (g's) (9‘5} el rat
gt o 2_noma |
t airflow_calc
sensors
fuel_mode —' P fuel_mode
control_logic
fuel_calc
X Simudatioo time window
Run simulation O] I
Copyright 1990-2017 The MathWorks, Inc. Use existing simulation data ™
- » Refine Dead Logic
n
Export toWeb  Generate Siice
e Simulation canceled
Compiled 140% auto(FixedStepDiscrete)
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Resolve Unexpected Behavior in a Model with Model Slicer

Isolate
Find the area of the model responsible
for unexpected behavior

Analyze dependencies
Understand data & control dependencies
in large or complex models

Inspect slice regions
Highlight model slices for time windows or
failure states & transitions for state flow.

4\ Simulation Data Inspector - untitled®

MODEL SLICER DATA INSPECTOR

Start 565 M 1]
Step 7.55 Highlight odel
licar
TIME WINDOW TRACE MANAGE z
® L3
= untitled : sidvSlicerdemo_fuelsys fuel_calc:1 W CheckRange
v fuel_calc:1
I
=
.- T e A T ————————
- 9 - — —
F - k= (Fuel_Disabled N
s ass en
Properties \\ fual_mode = DISABLED;
N kRang \
\
L — \
\
\
D \
\
Untested
! o 3
B >
B 4P < x>
Multi] o~ Shutdown
\\ il Wdustia L
\
\
\ LS J
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Resolve Unexpected Behavior in a Model with Model Slicer

Isolate
Find the area of the model responsible
for unexpected behavior

Analyze dependencies
Understand data & control dependencies
in large or complex models

Inspect slice regions
Highlight model slices for time windows or
failure states & transitions for state flow.

Debug simulation behavior
Step through precompiled slices to
understand signal and port value propagation

Correct Model

TLAB EXPO

lterate

@ | « Py Test Unit (copied from sldvdemo_cruise_control) P %y Controller b -
G—l enable

1
IE' 3 Active Control

orake
= Determine if the
control is active

(=) Active last step

4

5 dl'li.'.\ d-'!.l'.-"! yet
- v T t d
\_\ arget spee "':J [

3 —_—T mrmr thral f——m='_1_ ]

. a -1pa i T

st ‘ F p— |

Pl Controller
5
L= -L.n;:npu::a- the
target speed
) 1]
I_';EI_.I Qe
1
o - *(2)
: : target
p ]
nm
Paused 80% T=0.030* -aused FixedStepDiscrete
4\ MathWorks
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Code Verification: Gain Confidence in the Generated Code

[ Code Verification ]

« Trace code to model and requirements « SIL/PIL equivalence testing
« Measure code coverage « Generate 100% coverage test vectors

Back to Back
............ Testing

Module and integration

<" Prevention of
“\ unintended functionality

----------
.............
----
L34 L}
. »
.* e
.
. vy
.* ‘e
. .
* ‘e
. .
. .
. .
. .
. .
o* .
-

Reviews and analysis
at model level ...,

Textual Executable > SRl e e Generated
—> —» — — =P production —p —> Object code

requirements specification . code
code generation

Code Compilation

Modeling and linking

generation
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Back-to-Back Testing: Simulation-In-the-Loop

|
MJ Tests

Embedded PC = Automate SIL testing
Coder |~ rated Compiler  Object using Simulink Test
Model > :
Code File
_% Desktop Simulation Object Code - Testing across releases
(on PC) Execution (on PC)
| : :
\ Compare \

m Results Results
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Back-to-Back Testing: Processor-In-the-Loop

N
m Results

\
MJ Tests
Embedded C/C++ Cross
Coder | conerated  Compiler | Object
Model > :
Code File
_% Desktop Simulation Object Code
(on PC) Execution (on MCU)
- gt
I Compare \

Results

AB EXIPO

Automate PIL testing
using Simulink Test

Testing across releases

Hardware support package

&\ MathWorks 51


https://kr.mathworks.com/hardware-support.html?q=&fq=hardware-support-custom-tags:c-c-plus-plus-code-generation%20product:EC&page=1

Automate Test Creation using Test Manager Wizard

= Guided steps to define component
to test, inputs, type of test and
format for output

- Wizard generates required test
harness

= Auto generate tests using Simulink
Design Verifier

4\ Test Manager Create Test for Model Component

TESTS DATA INSPECTOR FORMAT

qutllgéc{JtﬁJ(/

Co|

New | Open Save @ Copy Delete Test Spec Run

- v v v Report - What is your Component under Test (CUT)? i
jfast File fop Modé | Create Test for Model Component

Create a blank test file

Compone
System » Test Inputs

Test Suite ¥ P

Create a container for test cases —

T ¢ 51 ATES
TEST CASE TEMPLATES How do yoi1 want in setun the innita? !
Baseling Teat ® Use catl Create Test for Model Component

Compare simulation output to a fixed baseline signal Create hi _ .

N System » Testnputs » Verification Strategy

Equivalence Test Use Desi

Compare output of two simulations Create in

A . How do you want to test the component?
Simulation Test Specify ir
Perform a simulation with no criteria Create a Use component under test oulpul as baseline

Simulate the top modef and record the outputs of the component to be used as baseline

Real-Time Test =]

Perform a simulation on real-time target
AUTO CREATE

Test File from Model
Create a test file from model

Test for Model Component

Create a new baseline or back-to-back test for model component

Test from Spreadsheet

Create a new test with data specified in a spreadsheet

Perform back-to-back testing
Set up a test to compare the component under test outputs in different simulation modes

Select simulation modes:

Simuat] Greate Test for Model Component

Simulat i .
System » TestInputs » Verification Strategy » Generated Test
Define t
No verifi
Specify the format to save the test data:
—

EXCEL M

Specify the location to save the test data:

B2BtestData [l
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Automate Test Creation using Test Manager Wizard

= Guided steps to define component
to test, inputs, type of test and
format for output

- Wizard generates required test
harness

= Auto generate tests using Simulink
Design Verifier

4\ Test Manager

TESTS DATA INSPECTOR FORMAT

=l & Cut ﬁ EN (/
& Copy

New | Open Save Delete Test Spec  Rur
- v - e Report ¥
Test File

Create a blank test file

Test Suite

Create a container for test cases
TEST CASE TEMPLATES
Baseline Test

Compare simulation output to a fixed baseline signal

Equivalence Test

Compare output of two simulations

Simulation Test

Perform a simulation with no criteria

Real-Time Test

Perform a simulation on real-time target
AUTO CREATE

Test File from Model
Create a test file from model

Test for Model Component

Create a new baseline or back-to-back test for model componer

Test from Spreadsheet

Create a new test with data specified in a spreadsheet

rtwdemo_sil_block Harness1

B2EBtest » New Test Suite 1 » riwdemo =il block Hamess1

Equivalence Test
Select releases for simulation: | Current +
-~ DESCRIPTION®
Test generated for the subsystem "riwdemo_sil_block/Controller.

* SIMULATION 1
* SYSTEM UNDER TEST*®
Model: | rtwdemo_sil_block mRpAC
+ TEST HARNESS*®
Hamess: | rhwdemo_sil_block_Harness1 - C A
+ SIMULATION SETTINGS OVERRIDES™®

Simulation Mode: | Normal A Override model blocks in SIL/PIL mode to normal mode

~ SYSTEM UNDER TEST*
Model: | rtwdemo_sil_block IR AC
+ TEST HARNESS®

Hamess: | rtwdemo_sil_block_SILHarness1 A Gl |

» SIMULATION SETTINGS OVERRIDES*

Simulation Mode: | Software-in-the-Loop (SIL) | ™ Cwerride model blocks in SIL/PIL mode to normal mode
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Cross Release SIL/PIL Test Harness Generation 2020

« Create a SIL/PIL test harness using code that was generated in a previous release

« Modify existing SIL/PIL test harnesses to store the build folder path information which
can be used for rebuild

2 O-l 9 Create Test Harness

Specify the properties of the test hamess. The component under test is the system for which the harness is

ﬂ Amplifierd ert rbw being created. After creation, use the block badge to find and open harnesses.

- htenl Component under Test: mriwdemo_counter/Amplifier
_-l Amplifier)_comp.rsp Basic Properties  Advanced Properties  Description
_-I Amplifierﬁ ref rsp Harness Creation Options
E] Amplifier).bat Verification Mode: | Software-in-the-Loop (SIL) =
EI AmpliﬁerD.c Use generated cede to ereate SIL/PIL BIQck ¢ 4 —u0 " mEmEmm=m=m=— 1
[ Amplifierd.h @ |
_— Build felder: |H:\Simulink Test\SILHamess\Internal_Demos\Amplifier0_ert_rtw Browse ... In 1
@1 Amplifierd.mk SIL gyt
(@ Amplifier.obj 5 Post-create callback method | | — Trigger :
Amplifier(.rs ( } 1
J ) P P Harness Rebuild Options - equal_to_count equal_to_count Amplifier |
0 buildinfo.mat ] Rebuid Trigger —————d :
. ebuild harness on open : ;
| | codedescriptor.dmr ) Signal spec. Signal spec.
[ update Configuration Parameters and Model Workspace data on rebuild and routing and routmg
0 codelnfo.mat
Post-rebuild callback method |

o compilelnfo.mat
J defines.txt Harness Component Synchronization Options

I_L‘I ert_main.c Synchronization Mode |Synchronize only during rebuild
@] ert_main.chj
|=] modelsources. bt

| ] rtw_projtmw
c | Hel
[%] setup_msve150.bat cip
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Use Reference Workflow to Conform to Standards

= Shift verification earlier

= Automate manual verification tasks (coding, compiling, back-to-back)

= Measure completeness of Requirements-Based Testing

----------
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Textual
requirements

Module and integration
testing at the model level

Reviews and analysis

at model level ...,

. 0 *
. a o
. » o
. » D
-
.
= ' '

Back to Back
Testing

Prevention of

unintended functionality

Executable
specification

. :
.

*

"

s

Model used for
production

—

Generated
code

— >

Object code

Modeling

code generation
Code Compilation
generation and linking
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Customer References and Applications

Airbus Helicopters Accelerates Development of DO-178B Certified Software
with Model-Based Design

Software testing time cut by two-thirds

LS Automotive Reduces Development Time for Automotive Component
Software with Model-Based Design

Specification errors detected early

Continental Develops Electronically Controlled Air Suspension for Heavy-
Duty Trucks

Verification time cut by up to 50 percent

More User Stories: https://kr.mathworks.com/company/user_stories.html



https://kr.mathworks.com/company/user_stories.html

Learn More...

« Verification, Validation, and Test Solution Page
Requirements-Based Testing Workflow Example

« Verifying Models and Code for High-Integrity Systems
Getting Started with Model Verification and Validation

ATLAB BDIPPO &\ MathWorks 57


https://kr.mathworks.com/solutions/verification-validation.html
https://kr.mathworks.com/matlabcentral/fileexchange/72898-requirements-based-testing-workflow-example
https://kr.mathworks.com/company/newsletters/articles/verifying-models-and-code-for-high-integrity-systems.html
https://kr.mathworks.com/matlabcentral/fileexchange/71399-getting-started-with-model-verification-and-validation

Thank You !!
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