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Table 5 — Notations for software unit design

L
[ ¢

) ASIL
Notations
A B C D
la |Natural languagea 4+ ++ 4+ +4
1b |Informal notations 4+ ++ + +
1c  |Semi-formal notationsb + + ++ +4
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 pseundocode or modelling with UML®, SysML®, Simulink® or Stateflowi®.

NOTE UML®E, 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 150 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.

# 2 Software Architecture Design 4 &/e/#£H9 712
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Simulink Requirements

i ~ fl_l
Ihi Helicopter_System_Req... ~
'XIS W % Impaortl References to Helicopter_System_Requ

=t . . )
v’_E_| i Heliconter Fliaht Control Svstem Requi

E ZREE o
FAIPEBE
v E 13 tem Requirements
—r*
I::'ﬂ 1.3.1 Implemented
' El 132

Ihi HelicopterSofowareReq...

w E 1 Ha-opter Fight Control Software Requ
ze DF E 1.1 Infiduction
1 > e Desrrintinn

v o r, 2 5 o s .
....................................................................... ERACEFTK 164

""'?
II;

SRR

Verified

I\ Implemented: 16, Justified: 0, Mone: 2, Total: 18

Er137 Hydraulic Actuator Feedback noageVall

E 133 Hydraulic Actuator Dirive —
1.3.4 Hydraulic Actuator Loop Control NI B

El i r.au |c. uator Loop Contro /W\IJIKFH1§IJ

El 135 Multi-Variable Inner Loop Control
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¥ Controller Property Inspector
~
£% Requirement: ENABLE
Q [ENABLE: Engage cruise control Detals
- 7 »
4] 22 e i
= & Type: Functional v
enable R Index: 3
= @ » Custom ID: ENABLE
Active Control == — |
= NOS® AND on Summary: Engage cruise cont
0 brake e Description  Rationale
control is active b | Aral vitio v|B J
The ENABLE button shall enga
Active last step
(@D, I
speed "
B —— M
@ ) , | Target speed o mﬁ}—@
set | \F throt
%_. Pl Controller
k|
&> ! s
inc | F Compute the
@ ) = speed
(@D |
dec
2 F aal nm v
uiseC: ¥ x
View: [Requiements ~ [ |1 @ [ 4 a (S
I R ~
N S -
. S s ———— W
.2 Brake disengages cruise control _[ » Revision information:
W Erone e conr 1 v it
o inremen st et G 00 n
as o s IEE— e
o et ot st s [  Loogal Qrerata
v (% SafetyReq ( ) N
&1 Disable Throttle when Braking | [ = Comments
Mode! Data Editor
LReady
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4\ Test Manager
* lﬁ]cruiseControIRBTCovExampIe } [Pa|Controller ¢ hd J
TESTS DATA INSPECTOR FORMAT

enable —
& s J[E |
3 Active Control Results and Artifacts
= control is active |F|Ite’ tests by name or tags, e.g. tags: test
' | |' =] cruiseControlRETCovTests
(B=) @ i Cruise Control Test Suite

speed _
L] D jTaruelspeed G| B |=| Set Speed Test

set | F throt =1 M
m?\ Pl Controller / = BFEIKE TEE
s ~ |Z] Enable Test
- EN y | Increment Test
] D e e —— =| Decrement Test
m dec F - .
| -| NS =| Throttle Test
» previous target u target
(1] |
V4

Requirements - cruiseControlRBTCovExample

iew: Requirements ~ ll g = = N LY Ay -
View: Req f e £ % @ @ € ;ﬁ“ﬁtgﬁﬁ&?g

Vv [*a| cruiseControlRBTCovReqgs

N &

E 1 SET button locks set speed

El 2 Applying BRAKE disengages cruise control - Z:ﬁﬁ

= 3 ENABLE button engages cruise control

E 4 INCREMENT button increases set speed **;L?-‘I_'

& 5 DECREMENT button decreases set speed

&l 6 THROTTLE applied smoothly if speed differs from target 9‘_[-; iyl\lj "Lﬁm 1§IJ

Model Data Editor
Ready
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SET button locks set speed

Applying BRAKE disengages cruise control

TR EMA A HIRBEILKEL

ENABLE button engages cruise control

INCREMENT button increases set speed
DECREMENT button decreases set speed

THROTTLE applied smoothly if speed differs from target
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SET button locks set speed

Applying BRAKE disengages cruise control

ENABLE button engages cruise control

INCREMENT button increases set speed

DECREMENT button decreases set speed

THROTTLE applied smoothly if speed differs from target

4 Traceability Matrix
HOME
i\ (- z 2
& lb Bes %% Expand All Cz é\f
Update Scope £ Collapse All Highlight  Create
Missing Links  Link
FILE VIEW LINKS
ER PA Simulink Requirements vs Simulink Test
‘:" Top ': cruiseControlRBTCovTests [(‘;ut:ar Fnltm] [TCSTCEI‘SC -]
v Type I cruisecontrolRegs
lestAs {
TestSuite B z: 8
: P _izifiCig
v Link 2 Qi D & Bi Bi
Ri i gf 8 £ 9
=: O:0: 2:5:6: 8 B
Missina | i @ P @i P £
: ﬁfm;ﬁ;Efg—ﬁ
L] Left 2
v Type ' i
|
2 -,:_.rﬁ.u..uh.-.r
v Link
& SET_SPEED Set target speed <
Mis L
Cell =l BRAKE Brake disengages cru %
ENA o aarec » 3= |
v Tvpe & ENABLE Engage cruise co
yp ﬁ Leﬂ &l BRAKE Brake ¢
& Top =1 Brake Test
& Link | None ( Create )
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%& ':“ﬂ i}ll_l’ fl:glcﬂ::unh'nl Computer "= &

ATIERI ARG bt P System Composer /

Simulink / Stateflow

G UE

Azt 1A

SN = S
Scenarno o /‘Wl}‘fftg ;}75 | o ' 4\

—— : 1
4\ Signal 1 xls 3 inpat
- ] = . 3 ‘ /
1+ prmsmdy ypan

Xls
[P >
= == MAT / Excel et
= Assessments
Acuaor] “‘.\ -
[omwm >
[t >

>

Signal Editor

l\qu-f\T(( Exc;;al 1 File (baseline)
ile (inou J s . _ o) —— |
p g v f ' “““WWWM roars > B v function customCriteria
: ‘ 7 » Perform custom criteria

1 test.verifyThat(test.sl

\J]

Test Sequence Simulink Test MATLAB Unit Test
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Simulink

AND

[upper]

v

[lower]

previous_output

Stateflow

[hasChangedTo(AccelResSw,true)...
&&tspeed!=uint8(0)]
1

S

L 4 F

Code

Links to model

Coverage annotation

element

Code
wdemao_sil {topmodel.c v Q Searct
void CqunterTypes(void)

10 if (enables) {
t
t

I " if (rtu.reset) {

I 14 rtY.count_b = éu;

Tooltip with code
coverage results

LAB EXIPO

angedTo(( Switrue)

tspeed = mintspeed

Summary

Model Hierarchy/Complexity

1. sldemo_fuelsys

2 Engine Gas Dynamics

3 Mixing & Combustion
4 EGO Sensor

6 Throttle & Manifold

m Lag

Intake Manifold
MATLAB

9 . Throttle

o RANKAE

. EBRTE
. FBEEE

¢ IR

Coverage Reports

Testl
Decision Condition MCDC Execution Seatons!
Boundary

80 34% wm 34% wem 7% = 90% we——— 10% =
13 71% wessm=s NA NA 100% we—— 50% w—
3 67% NA NA 100% wo———— NA
2 100% e NA NA NA NA

NA NA NA 100% w— N A
10 73% e NA NA 100% w—— 50% =—
2 100% v NA NA 100% wo——— N2
2 100% wo—— N NA NA NA
6 83% wemmmm: NA NA 100% s 100% ———— 5

Saturation on
integer
overflow

50%

—
50%  m—
—

50%  w—
=
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= 4r Controller X PIController e aE A
® |[*a]cruiseControlRBTCovExample b [Pa|Controller b v | 2.SubSystem block "Controller"
. _ @ enable _ 0 Justify or Exclude
e - =] 1 g Parent: cruiseControlRBTCovExample
= Active Control -
) ) ) 2 =] Child Systems: DI Controller
~ Results: 2020-Mar-02 22:14:00 =
. = Determine if the Coverage
- = |:|'U|SEE|:|HUDIH BTEOUT&StS = B control is active Metric Coverage (this object) (inc.
O descendants)
= . - . .
A . Cyclomatic Complexity 0 7
d Cruise Control Test Suite N RERD 100% (12/12)
Condition NA condition
b |=| Brake Test a outcomes
- 100% (12/12)
N EReec B Decision NA decision
¢ [£| Decrement Test T\ Target specd n= outcomes
3 al 5 error throt 1 100% (17/17)
1 set F throt E 1 NA biectiv
4 EI Enable TESI = Pl Controller Fecution sui:g;];
. =
b |=| Increment Test . K
= S = Logic block "Logical Operator"
. F ompute the
3 =l Set Speed TESt - =) - target speed
& 4\7- Justify or Exclude
=| 6
r I:I Th rOttle TESt dec { Requirement Testing Details
@@ — F -
B
B previous target b 2 Imple.menled Verified by Tests Associated Runs
B target Requirements
> um| S
Requirements - cruiseControlRETCovExample % —Urm; c;ﬁ?flggﬁ Brake Test 12
View: Requirements - |0 H |5 ['e] Qe Engage cruise .
Enable Test 13
control
~ 5 cruisngntmlRBTCovReqs Parent: cruiseControlRBTCovExample/Controller
E1 SET_SPEED Set speed Metric Coverage
B2 BRAKE Brake disengages cruise control Cyclomatic Complexity 0
B3 ENABLE Engage cruise control Condition 100% (6/6) condition outcomes
=4 INCREMENT Increment set speed Execution 100% (1/1) objective outcomes
E5 DECREMENT Decrement set speed Conditions analyzed
@6 THROTTLE Throttle to maintain set speed o [ e |
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+ Results: 2020-Mar-02 22-14-00 60 v AGGREGATED COVERAGE RESULTS
v [=] cruiseControlRBTCovTests 6O Create a coverage report from coverage results to justify or exclude missing coverage. The filters and
= Crulsa Conlrol Tost Sullo 60 updated coverage values will be displayed with this result.

» |=| Brake Test o ANALYZED MODE w REPORT COMPLE DECISIO! CONDITION  EXECUTION
» =] Decrement Test (V) [*a) cruiseControlRBTCovExample a s 02% i 100% s 76% s
» |=| Enable Test ()
» |=| Increment Test (V]
» |=| Set Speed Test (/)
» || Throttle Test o

"

[v’] Scope coverage results to linked requirements
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P4 cruiseControlRBTCovExample/Controller - Simulink = X

e
o

SIMULATION

Coverage Details

a - U Controller X ' PI Controller
v Results: 2020-Mar-02 22:14:00 6® @® ||%a|cruiseControlRBTCovExample P [Pa| Controller b v Constant block "Constant]l" =
f ) | i “) anable .
v cruiseControlRBTCovTests 6® @ e ‘al (%) Fify o Baclade
v Cruise Control Test Suite o Active Control P rrorseGantrolRBTCovExample/Controller

Uncovered
» || Brake Test emoiyb Links: b
» =] Decrement Test e
Active last step Metric Coverage
» |=] Enable Test Cyclomatic Complexity 0
0, ( . =3
» =] Increment Test - Execution 0% (0/1) objective
4 l'\" Target speed ~ = n &.é 3 :
» |=| Set Speed Test D g = E tion analyzed
PI'Controller

» [£] Throttle Test @ o Block executed

= i

nc D | . F

o e Constant block "Constant3"
previous targ 2
target
» ||E ; um| )
Requirements - cruiseControlRBTCovExample ' x Parent: cruiseControlRBTCovExample/Controller
View: |Requirements v | |[% | 3/ & |5 & LS ‘ U Pco"ered «-n
Links:
= - _ =
A
E s THROTTLE Throttie to maintain set speed (|| | G G RELS S Bl 5
v
< > Property Inspector Coverage Details
Ready 83%
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ol

3. SubSystem block "PI Controller"

Justify or Exclude

n =l Requirement Testing Details
, error ﬂ'urmj 1
throt
Pl Controller Implemented Verified by Associated
Requirements Tests Runs
/—\
lhrotile 1o @Iﬂc Test TD
maintain set speed
—_—
1 +

+
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3. SubSystem block "PI Controller" |

Discretelntegrator block "Discrete-Time Integrator"

Justify or Exclude

Justify or Exclude

cruiseControlRBTCovExample Controller PI

peed = error n haj 1 Requirement Testing Details Parent: Controller
throt - Uncovered Links: @
Pl Controller Implemented Verified by Associate(
Requirements Tests Runs Metric Coverage
T | ' ' Cyclomatic Complexity 2
~arottic 10 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%

1 #IJE EE% y false 3911;301
o 1E5E*E*5ﬂ“"ﬁt rrue 410301

integration result >= upper limit 50%
false 801 501
- - B o501 \
Discrete-Time Ki et
Integrator e &
ntegratc T4 )
A v A
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Link to Selection in Requirements Browser

B i

- BRI REBERRE

* INPUTS

v Include input data in test result

+ Stop simulation at last time point

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

v td_throttle updated mat C:\Demos'\examplesiR2020a\sin
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&\ MathWorks

27



100%BEER, MiXAEI

+ AGGREGATED COVERAGE RESULTS

+ Results: 2020-Mar-02 23:59-38 50 10 o i

~ (=] 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.

- Cruise Control Test Suite °9 10

- T T == R —— —

Brake Test

[

» |=] Decrement Test P4l cruiseControlRBTCovExample a3 100 % m— 1 00 %o s 1 (/)% e
» = Enable Test

v =] Increment Test

» =] Set Speed Test

O 0 0 0 0 0O

v |=| Throttle Test

+'| Scope coverage results to linked requirements
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© Throrle changes within limits
v Results: 2020-Mar-02 . ... S
== " - » = throttle_deriv o . Hltar
v cruiseControlRB » At any point of time, throttle_deriv must be greater than -1 and less than 1 le missing coverage. Th'?-' iiters and

~ Cruise Control

» =| Brake Test = Error 1 of 1 —

Expected Behavior Actual Result Explanation

v =] Decrement’ )0 %o mm—1 0% m— 1 ()% m—

Assessment Throttle changes within limits' failed from
105sto12s
« Expected 'throftle_deriv’ to be greater than -1
and less than "1
o Al 11.67 s, expected value to be greater than -1

» = Enable Test

v |=| Increment T

- d less than 1 actual value s
» = Set Speed e e : an
=l p 9 .o ns 12.0 2.30949999999999
v |=] Throttle Tes i
Q E|
+ Throttle changes within limits: At N a
any point of time, throttle_deriv —9 Fail . _
must be greater than -1 and less Pass 4 d 1ESLS TUT IVISSINg LOvVETade -
than 1 |
10.2 10.4 10.6 10.8 11.0 1.2 11.4 11.6 11.8
» throttle_deriv must be greater True
than -1 and less than 1
False 4 0| False |l
Untasted 4
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4\ Test Manager

2020c¢

- O >

I
Results and Artifacts

|Fi|t'=' results by name ortags, e.g. tags:t | [§

Results: 2019-Oct-02 19:02:58

F SUMMARY

* AGGREGATED COVERAGE RESULTS

= Results: 2019-0ct-02 19:02:58 28
~ [=] dTestReqLinkBasic_Tests 20 AMNALYZED MODEL REPORT COMPLEXI... DECISION EXECUTION +
+ [ MyTestSuite 20 mTestReqLinkBasic A s 33% mm 25% mm
b |E| Testcase 1 -]
b |=| Testcase 2 L]
=
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 1 1 Q
6 4'4 o during requirements-based
SR testing to confirm that ... Metric _ Coverage
Cwclomatic Complexity 2 \
Decision 33% (1/3) decision outcomes \
Execution 100% (1/1) objective outcomes \
Decisions analyzed
truncated input value H 33% ‘ \
31/51 \
=1 {output 1s from input port 1 . . . P
(oute putport ) e - Hit by linked RBT -- Satisfied
0/51 \ I
= 2 (output 15 from 1nput port 2} = . . .
ne Hit, but not by linked RBT -- Unsatisfied
. : : 0/51 ‘
.3 (output 1s from input port 3) = ‘\ Mathworks 30
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2 Model Advisor - sldemo_fuelsys
File Edit Run Settings Highlighting Help
B P &S ™ And V@ E

& Model Referencing
& Modeling Physical Systems
L@ Modeling Signals and Parameters using Buses
2 Modeling Single-Precision Systems
I Modeling Standards for DO-178C/D0O-331
-4 Modeling Standards for EN 50128
- Modeling Standards for IEC 61508
O ~Display configuration management data
V& Display model metrics and complexity report
] @ Check for unconnected objects
v W] C& High-Integrity Systems
~ [m] @ simulink
[+] €@ Check usage of lookup table blocks
A\ Check for inconsistent vector indexing methods
[/] &\ Check for blocks not recommended for C/C++ production code deployment
[+] € Check for variant blocks with 'Generate preprocessor conditionals' active
@ Check for root Inports with missing properties
O ~Check usage of Math Operations blocks
[[] 2] ~Check usage of Signal Routing blocks
[ ~Check usage of Logic and Bit Operations blocks
O ~Check usage of Ports and Subsystems blocks
[[J L) ~Check for root Inports with missing range definitions
] ACheck for root Outports with missing range definitions
[w] Cdl Stateflow
@ maTLAB
4 Configuration
[Ji&a Naming

(] [ ] ] ]

<
[m]

Check for blocks not r ded for C/C++ production code deploy
Analysis
Identify blocks not supported by code generation or not recommended for C/C++ production code
deployment.
Run This Check

Result: A\ Warning

Identify blocks not supported by code generation or not recommended for C/C++
production code deployment

The following blocks are not supported or not recommended for C/C++ production code
deployment:

Intake Manifold/p0  Integrator Yesl.2 No
0.589 bar
sldemo_fuelsys/Throtile Repeating Yes3 No
Command table

Recommended Action

5@ R

=2 Model Advisor Analysis [

Ll L Embedded Coder supports these blocks, they are not recommended for C/C++
In code deployment. Review the support notes for these blocks and follow the

* Help Apply

il AR Tl 5 d: > R
=5

B
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4@\ MathWorks:

32



RE TR EMBERRE

 DO-178/D0O-331

MISRA C:2012

« |SO 26262 « CERTC, CWE, ISO/IEC TS 17961
« |IEC 61508 « MAB (MathWorks Advisory Board)
« |[EC 62304 - JMAAB (Japan MATLAB Automotive Advisory Board)
- EN 50128
SABR b TR (> - ) TECEERN L R | RS
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A ZERERITER

s s
o\ Simulink Design Verifier Resy o\ Simulink Design Verifier Results

> R

8 N

Back to summary - Close | | Back to summary - Close resuilts
' antipatternla/Sum antipatternla/Abs

Overflow VALID Overflow ERROR - View test case

anges:

Derived Ranges: Derived
Outport [-128..427] Outport 1/[-128..127]

| o\ J

int8

intg
* o |U| _I_>
<= | boolean
| Abs —{ : )
ll @inlﬁ |ouble Relational Out1
In2 threshold Operator

Constant
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DIEER K MRET/KER

sldvdemo_cruise_control_defective N
throt 1)
- InBus Throttle
InputData target =@
N A Target
Design Model
=
P Throttle_Out
P in
Safety Properties
<brake> "
[0 100] 1
| = P AND
z
<Actual_speed=

|-

Throttle_Out

T

IA

BrakeAssertion

LAB EXIPO

&\ MathWorks
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i

sldvdemo_cruise_control_defective N
throt 1)
- InBus Throttle
InputData target =@
N A Target
Design Model
E
P Throttle_Out
P in

Safety Properties

#1: Disable Throttle when Braking'
When the brake is applied for

<brake>

<Actual_speed>

[0 100]

three consecutive steps, the
throttle shall go to zero.

P AND

e

|

BrakeAssertion

Throttle_Out

IA

LAB EXIPO

&\ MathWorks
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>

Prove
Froperties =

sldvdemo_cruise_control_defective N
throt 1)
Throttle
: InBus
InputData |
putbata | _ targeth——————»(2)
4
File Edit Group Signal Axes Help »
FH @ oo~ T M FREE o ow | A
Active Group: | |Counterexample 1 ™ @- - w
1—
o—InputData.Actual_speed
« | \
1
05| InputData.Switches.enable
0= | | |
1
05— InputData.Switches.brake
0 Il L
1
05— InputData.Switches.set
o= | | |
1
0.5
0= |
1
op—InputData.Switches.setincDec.dec
| | | | | | | | | |
10 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.045 0.05

Click to select signal
I Nrote_uwut

Time (sec)

InputData. Switches_enable

InputData. Switches.brake

InputData. Switches set

InputData. Switches.setin... v

'D'} Results: sldvdemo_cruise_control_wverification —

Back to summary

Assert Objectives
Assert  ERROR

sldvdemo_cruise_control_verification/Safety Properties/BrakeAssertion

4@\ MathWorks

41



Model Slicer

1T IR MERA R B 9 TR

InputData

sldvdemo_cruise_control_defective N
throt 1)
InBus Throttle
target » 2 )
N A Target
Design Model
E
P Throttle_Out
P in
Safety Properties

'b'a Results: sldvdemo_cruise_control_verification — O pd

Model Slicer X

e @

Name: ‘ontrol_verification/Safety Properties/BrakeAssertion : Assert .

} Slice configuration list

Description:

Throttle d__o -02

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

3
l\\\,"ER FIES

\'\

BrakeAssertion

false

LAB EXIPO

This slice configuration is autogenerated for debugging the falsified A
property ‘sldvdemo_cruise_cbntro\_veriﬂcation/Safety Properties/
| BrakeAssertion : Assert’

Signal propagation: 4= |upstream M

Starting Points [clear all
= L BrakeAssertion

} Simulation time window (Enabled)

m

hafety Properties/BrakeAssertion

ample Debug

T

o

Debug Using
Slice

&\ MathWorks
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B ST T AE KRR EY

o Hriems
BEAR, SRREG, WRRAEHIR
LB

HESBRE

S ENERFEEO. ABRERE. 1=K
stateflowf4E 1

HRATARER
WO BIER S SIER, BRES. mOER
HGBXR

(-] pL ki

® | < |Pw|Test Unit (copied from sidvdemo_cruise_control) P ¥y Controller b -
G—l enable
1
El - Active Control
orake
= Determine if the
control is active
(&=] Active last step
(4
- dre data v
- v T t speed I Il
3 arge —F@—harmr [alea] ] — A ]
. a -100 -2.02
set !F .
Pl Controller
!-‘ T
5
L= Elv— . i F -l..n;:n|:u' th:
v = ! -_Tl. L | target spes
_ : ‘ a
I_';El_.l dec F
" | L o7
previous target 1 I target
pd
] |
Paused 80% T=0.030* -aused FixedStepDiscrete
&\ MathWorks 43
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Description
<« (S Find: |:| 4 ¥ Match Case

Subsystem Report

The traceability matrix provides traceability among model objects, generated code, and model requirements in
an excel file format.

Traceability Report for

Code Interface

Report . Use the Browse button to select an existing Traceability Matrix Report to update or to select the name and
Traceability Cru |5eCO n‘t ro I_Req location of a new report. Use the list panes to define the column headings in the report.
Beport Click Generate to generate the Traceability Matrix Report
Generate Traceability Matrix
Static Code

Excel file
Metrics Report
. Table of Contents

Code {Workshop 19a\Auto_VnV_Workshop\Work\CruiseControl_Req_Trace_20200514T194715.xls

Browse...
Replacements 1. Eliminated / Virtual Blocks
Report 2. Traceable Simulink Blocks / Stateflow Objects / MATLAB
Functions q
Coder —— Available columns Selected columns
Assumptions o CruiseControl Req - — .
E—— - o CruiseControl Req/Compute target speed Relative Position Model Object Name* ~
» - Model Object Type o Model Object Path* T
Model Optimization Rationale = Model Object Subsystem* =
K LER Utility Function =« | |Code File Location*

Code File Name*

Code Function*

Code Line Number* v

Generate * Required items cannot be deselected
Cancel Help
A | B | C E F G H K L
Model Object Name Model Object Path Model Object Subsystem Code File Name Code Function e Line Nun  Model Object Unique ID Requirements Source Requirements Location

CruiseOnOff CruiseControl_Req CruiseControl_Req CruiseControl_Req.c Global 42 CruiseControl_Req:26 MW_CruiseControl.slregx  Enable/Disable Switch (MW_CruiseControl#2):2
CruiseOnOff CruiseControl_Req CruiseControl_Req CruiseControl_Req.c CruiseControl_Req_step 63 CruiseControl_Req:26 MW_CruiseControl.slregx  Enable/Disable Switch (MW_CruiseControl#2):2
CruiseOnOff CruiseControl_Req CruiseControl_Req CruiseControl_Req.c CruiseControl_Req_step 76 CruiseControl_Req:26 MW_CruiseControl.slregx  Enable/Disable Switch (MW_CruiseControl#2):2
CruiseOnOff CruiseControl_Req CruiseControl_Req CruiseControl_Req.c CruiseControl_Req_step 105 CruiseControl_Req:26 MW_CruiseControl.slregx  Enable/Disable Switch (MW_CruiseControl#2):2
CruiseOnOff CruiseControl_Req CruiseControl_Req CruiseControl_Req.c CruiseControl_Req_step 284 CruiseControl_Req:26 MW_CruiseControl.slregx  Enable/Disable Switch (MW_CruiseControl#2):2
CruiseOnOff CruiseControl_Req CruiseControl_Req CruiseControl_Req.h Global 69 CruiseControl_Req:26 MW_CruiseControl.slregx  Enable/Disable Switch (MW_CruiseControl#2):2

\B EXIPO

4@\ MathWorks

45



H R R AT —H

|
MJ Tests

Embedded PC
Coder ' Generated ~ Compiler  Object
Model —— > :
Code File
_# Desktop Simulation Object Code - £/ Simulink Test Bk
(on PC) Execution (on PC) M
- 4
| [ —
N Compare

m Results Results
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AUTO CREATE

Test File from Model

Create a test file from mode

Test for Model Component
Create a new baseline or back-to-

Test from Spreadsheet

Create a new test with data specit

P W ———

Test Manager A%

= Rz FH 451

L
rtwdemo_sil_block Harness1
B2Btest » New Test Suite 1 » riwdemo =il block Hamessi

Equivalence Test
Select releases for simulation: | Current

» DESCRIPTION®

Test generated for the subsystem ‘rwdemo_sil_block/Controllar

» SIMULATION 1
- SYSTEM UNDER TEST®
Model: | rtwdemo_sil_block
« TEST HARNESS™®
Hamess: | rtwdemo_sgil_block_Harness1
+ SIMULATION SETTINGS OVERRIDES*
Simulation Mode: | Mormal hd

» SIMULATION 2 C ettings from Simulation 1

» S3YSTEM UNDER TEST*
Model: | riwdemo_sil_block
+ TEST HARNESS*
Harness: | rwdemao_sil_block_SILHarness1
» SIMULATION SETTINGS OVERRIDES*

Simulation Mode: | Software-in-the-Loop (SIL) | ™

m%RAC

Override model blocks in SIL/PIL mede to normal mode

Im*%s&C

Override model blocks in SIL/PIL mode to normal mode

EISFNLREX BN MK KB
B A8

BSRE R EAIEL

{f§F Simulink Design Verifier B
A Rl A 451

&\ MathWorks
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=S ISIL/PIL S5 o4
s A By X HEZEAE RY 2000

o [ERZBIMRAERBARERTEZE SIL/PIL MIAHESS
- 22 A SIL/PILMKIES:, REFREXHREERATHESF

A 4
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.

Component under Test: mriwdemo_counter/Amplifier

htrml
._-l Ar‘npliﬁer[)_cump,rsp Basic Properties  Advanced Properties  Description
I_'l AmpllflerD ref rsp Harness Creation Options
Amplifierd.bat Verification Mode: | Software-in-the-Loop (SIL) -
EI Amplifierﬁ.c Use generated code to create SIL/PIL block [ -l
[ Amplifier0.h () I
. Build folder: | H:\Simulink Test\SILHamess\Internal_Demos\Amplifier0_ert_rtw Browse ... In 1
= Armplifierd.mbk SIL oyt
= o ; ut H
2] Amplifierd.ch) 5| Post-create callback method | | > Trigger I
- ( 2 ) I
'J Ampllflerﬁ.rsp Harness Rebuild Options - equal_to_count equal_to_count | Amplifier |
[l buildinfo.mat Trigger :
. [ Rebuild harness on open . —— Sj |
| | codedescriptor.dmr O uod fourati 4 Model Workeoace d il Signal spec. ignal spec.
ljj codelnfo.mat Update Configuration Parameters and Model Workspace data on rebui and I’OUUﬂg and routlng
: Post-rebuild callback method |
1 compilelnfo.mat

.J defines.tut Harness Component Synchronization Options

I_i‘l ert_main.c Synchronization Mode | Synchronize only during rebuild
E ert_main.ohj

|=] modelsources. bt
| ] rtw_proj.trmw
setup_msvec150.bat : -

\B E>XXPO 4@\ MathWorks: 48
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R ARREAEEA
— MISRA C 2004/2012/AGC
— MISRA C++ 2008

— CWE
- CERT'C Check MISRA C:2012 from-file ~ | Edit
- Ij\] E ':%" m;m:;“@g%% [ ] Use generated code requirementsm:::::gg_reqmmd
Effective boolean types| Type single-unit-rules
[ i?% g E)‘(*&@:;H- X iﬂstem-decidahle-rules
s/ — I—I Ny 5Q0-subsetl
. {E£MACode Proveri#{TiE 1 EH o0 e
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Bug Finder Analysis o e, Al vesats o sl e e
mfg&:zfxumz b,'m::"m Code covered by analysis
N High (2)
Find defects custom v I
= p_‘ Defects Files 100% (12/12) |
-] Defe
&[] Numerical ] o y
i [v/] Static memory o -
edium (1)— 3 L tow
&[] Dynamic memory o o
i [V] Data flow 0 E3 ™
t|v| Resource management Defectdsribution by categery
i [v] Programming
#[v] Concurrency Ay acoess aut of bounds
] security .
&[] Cryptography
e D Tainted data Call through non-prototyped function pointer —
7] Good practice . . ° 12k gé 300 ﬂ:q:lﬁkl-{ﬁd:ﬁ §
i 3

« ARIXFEFRBIERBEX 5T
O Array access out of bounds (Impact: High) @ &
i e o5 T — o  B{RBYENSIFIELRN 655 E F

Event File Scope
Array access out of bounds analog_io.c acquire_ai_hw_data() 25 The fix depends on the root cause of the defect. For instance,

:situations happened: | o 1|§ E E[\] Ei}\(

The upper bound of the loop is too large.

% Configuration | M Result Details * You used an array index that is the same as the loop index

| 1 To fix the issue, you have to modify the loop bound or the arra
analog_io.c x| scheduler.c x

uint32_t loop_index;

m for (loop_index = Ou; loop_index <= MAX_AT_RAW_COUNTS_BUFFER_SIZE: loop_index++)

9 29 AI Raw_Counts[loop_index] = HW_A2D_Data_Addr;

&\ MathWorks
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Hand Code

MBD Gen Code / Cruise Control Application \

I<

S-function Code 4 ] [ )
Read Inputs
\_ )
[Svstem Inputs\ - ~ [ \
Cruise Power =P Fault Logging System Outputs
\_ )
Brake p N Target Speed
Vehicle Speed AUDEHE [Pl  \Write Outputs Engaged
Scheduler . )
Coast/Set - ~ Pedal Position
Target Speed j
K Accel/Resume j > Control Module K
\_ ) o —--....\
q N 100>
Pedal Command \\
Control Module 120\
\_ \ g \
140

51T . B#rFEEM FEE T 40 mph I

| ': 160 /
TLAB BXPO &\ MathiWorks '




$
Global variable 'maxtspeed' (unsigned int 8): 90
Conversion from unsigned int 8 to unsigned int 32
right: 90
result: 90
Conversion from unsigned int 32 to int 32
right: 90 o8 X X
! ANTIRY? - sQ1n . Se  tesult 90
/% Entry ~ STANDBY : (81>:5: (result is wrapped) Variables Values # Reads # Writes Written by t... Read by task
i engaged = false; Press 'F2' for focus cs Ul
i - - &-AI_Raw_Counts full-range [-128 .. 127] 1 2 ps_main ps_main
} else if (Speed 2 maxts ] = AI_Speed 6 5  ps_main ps_main
# Transit1o0:|Global variable 'Speed’ (unsigned int 8): [0 .. 40] #-AccelResSw full-range [0 .. 255] 3 3 ps_main ps_main
) = Brake full-range [0 .. 255] 2 3 ps_main ps_main
#* Exit Intern| Conversion from unsignod int § o unsigned int 32 - CoastSetSw full-range [0 .. 255] 3 3 ps_main ps_main
. ol right: [0 .. 40] 0 ACTIVE CHILD &-CruiseOnOff [0.1] 2 3 ps_main ps_main
result: [0 .. 40] = = #-M 3 1
W 0l _ trol_PS_IN_STANDBY M 0 2
Conversion from unsigned int 32 to it 32 - PedalCmdY 0.0 or 0.5 or 1.0 or 1.5... 5 1 ps_main
right: [0 .. 40] i-PedalPos [-35.5 .. -2.9802E °8] or 0 4 ps_main
% Entrv result: [0 .. 40] - PedalPosRaw 0.0 1 2 ps_main
(result is wrapped) =-Speed [0..40] 7 3 ps_main ps_main
M Press 'F2' for focus -4 _init_globals() 0
1intspeed) 1 ‘ isaGantialeintageRiminiial
Cpcate shared varabes) I N
» CruiseControl_PS() [0..40]
* CruiseControl_PS() [20..40]
» CriiseContral PSO) [0 401
SysTick_Handler ¢ scheduler_execuitive.c update_shared_variables.c CruiseConfrol_PS.c
SysTick_Handler schaduler _executive update_shared_variables CruiseControl_PS_step

- FARXARE
- RT=1/[1OF. SEESAE

4@\ MathWorks
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analog.h &3

/* Conversion tactors of speed */
#define NEW_ECU
#ifdef NEW ECL
#dEFinq:SPEED_MASK OxFFF ¥* New ECU */
#alse
#define SPEED_MASK Ox3FFF /* Original design specification */
#endif

¢

dd 1
JF
o

= G WD

Pl P Bl B P R

.[‘\..l | )

/* Scalipgfor conversion factor for translating sensor input to miles/hr */
#define |CONV_FACTOR @.01|7 rolls 7

2
3
il
5
6
7
8
9
]

2
.|

#dafing, MAXAT, RAW _COUNTS BUEEERSSTIE 101, .
33

ull T f.nb-\_ = (JE‘-I_SPEEEI - :-'ul | . - 1._1_1_I__J-{.|L-\. S - - ] __-_l_.l'_l___}_-:

f/* Convert raw counts to speed */ v v

MASK ts for scaling down .
— accountsiorscaling down 55 a1 speed.Speed = ((AI_Speed.Average & SPEED_MASK) * CONV_FACTOR);

for new ADC from 14-bit to 12-bit 35
. 37 /* Updated analog inputs */

ASE K 38 MDB_Shared_Data.Speed = AI_Speed.Speed;

#18Y ADC BHYJ CONV_FACTOR {E 39 }
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Analysis information: Configuration - Analysis assumptions

Check distribution
Proven: 99%

Orange (1)
B
Green (283) s Gray (1)

Open results

100+

100%

Files

Code covered by verification &

100%

Functions

100%

Code operations

4\ MathWorks
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4 RERIEUEY)

\ Y B
¥ Run Report TP BEO HEY) BO0W BHH
Select reports Fm T2 CS_UI_Quality.pdf
CallHierarchy B E Q @® @ 14 i/ A MO @ nw - B T B ¢ & %
CodeMetrics
CodingStandards o F=E X
Developer - [ . . L.
DeveloperReview n ® R Chapter 5. Polyspace Run-Time Checks Statistics
Developer WithGreenChecks @ >R E“ZP‘T; T‘f"""t,yspace o . )
Quality S Distribution of checks per file for CS_UI - CP_Result_20
VariableAccess > N Chapter 2. Verification : : : Distribution of checks per file. : : !
Characteristics .
> [ Chapter 3. Code Metrics 1
Summary
Select report format > [ Chapter 4 MISRA )
C:2012 Guidelines
Summary
Output folder Auto_VnV_Workshop\Models ~ [ Chapter 5. Polyspace
Run-Time Checks ]
Output format PDF Stan-fc H SysTick_ Handir
HTML N Dlstfr\bitworégfjlhecks in
i per file for CS_UI - edalCmd.c
[]Only include e e 20 ﬁ " 1 n n
|:| Generate th Word (.dDCX) D Normalised Number of checks
distribution of checks
per file for CS_UI -

&

S
gl

AEIRBFIE IR S
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MR MERER Polyspace &y w &

Developer : 17 7777

Developer Manager Engineer
% Code Build Engineer
' Check-ins _L

i Build automation
' tool
' (e.g., Jenkins)

_______________________

Desktop or IDE

Plugin %

Developer

I »
»

I
I
. [
i I
; : Results Ql I RA
Desktop or IDE i I ‘
Plugin %ﬂ ! | Server 1:
i I Runs
: Analysis
Developer ! |
: | MATLAB Parallel Server 2:
= g
I X Results

I el w2
&SR] HERREE Jenkins
TIERZ | TIERTZ




SERIE

‘\ Simulink Requirements*
-y Simulink Test and Simulink Coverage (MIL)*

v, Polyspace Bug Finder *
I Polyspace Code Prover*

IEC Cert Kit (trace)
~asm® Simulink Test and Simulink Coverage (SIL)*

‘\ Simulink Check*
Simulink Design Verifier*

~—aag
gRmsTRERNE |00\ e ‘\ Simulink Test (PI)*
............................... '~..... /%g%ﬂlh&t
... BRZAEEBR
O N . * 0 e, mm Z- ﬁb .
RN . .,

L3 .

.
.
° .

R R AY

XAER [P ARTHE > - — P sE T B

B

MATLAB/Simulink ,‘\ Embedded Coder* *Qualifiable
~=#® Stateflow / AUTOSAR Blockset .
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https://www.mathworks.com/solutions/verification-validation.html
https://www.mathworks.com/matlabcentral/fileexchange/72898-requirements-based-testing-workflow-example
https://www.mathworks.com/company/newsletters/articles/verifying-models-and-code-for-high-integrity-systems.html
https://www.mathworks.com/matlabcentral/fileexchange/71399-getting-started-with-model-verification-and-validation
https://ww2.mathworks.cn/products/polyspace.html
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