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L SLDV Property Proving
-l Model e Model Coverage

/" Real-Time Workshop®
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Requirements Process for Model-Based Design

= Functional, operational, and safety requirements
= EXist one level above the model
= Models trace to requirements

= Requirements validation - complete and correct
= Simulation is a validation technique
= Traceability can identify incomplete requirements
= Model coverage can identify incomplete requirements

= Requirements based test cases
= Test cases trace to requirements

Validate.....--....
( x
“-| Requirements
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MATLAB&SIMULINK

do178b_dhcz o ]

File Edit Yew Simulation Format Tools Help

DSES| 4 R[>0 |22 > s

™
i

Inerial ata Senzar

Air Data Sensor Environment

Werification_Blods

LeHavilland Beaver Airframe

LeHavwilland Beawver model
bazed on original watk created by
Marc Bauw for Delft University of Technology,
http it dutchroll com

ARP-A73D0-172E Demanstration
Author bpotter
Model Version: 1.110
Date: 17-Apr2007 02:25:45
ARP-4754 Systemn Lifecycle Data:
4.4.4 Architecture and Design
F.E.A.calidation/Modeling
2.4.2.1 VerificationfAn alysistodeling
[O0-1788 Software Lifecycle Data:
11.13 Sofhware Werification Caszes and Procedures
DO-1788 Objectives:
5.2.1a High Level Requirements Comply with System Requirements
6.2.1b High Level Requirements are Accurate and Consistent
6.3.1d High Level Requirements are Werifiable
6.3.1g Algorithms are Accurate

Engage and kode Panel

Autopilot

Reference Signals

Via 5.3.23 Low Level Requirements Comply with High Level Requirements
DO-1730 Adifacts 6.22b Low Level Requirements are Accurate and Consistent
[double-clicd) 6.3.2d Low Lewvel Requirements are Werifiable
- Cockpit Cantrals 6.3.2g Algorithms are Accurate
Adtifacts Signal Conditioning
ARP-4754/D0-178B Demonstration
Copyright 1990-2006 The Mathifodks Inc.
Ready [1009%, |ode23 ~
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Requirements trace example — view from

‘ Formal module */Autopilot Project/Attitude Controller Derived Requirements® current 0.0 - DOOR
Table Tools User MATLAE Help

File Edit ‘“iew Insert Link Analysis

DOORS® to Simulink

=10l x|

HEE | BER|(¥|[X v == 7 U &

== = (2 H A, (@ 5 o= E |

HStandardview j“.&lllevels jl e | =E == E ”@“CC AT A | | g | | M EF|

=) Attitude Contraller Derive o

Software reguirements for a reuzable attitude caontraller

-- 1 Introduction
#- 2 Component Desig

rr & 00T

43

20

63

39

g

7

21

[Sirmulink reference: attitude_confraller /Rate Limit (Saturate)]

L]
2.4 Integral Control and Limit

The integral control shall generate a surface command based on the attitude rate error computed

by the rate contral, integral error gain and the autompilot engage state, The total integral
cammand shall be limited to not exceed the integral command limit. \When the autopilot is not
engaged, the integral command and internal state shall be held at zero.

[Simulink reference: attitude_confroller _harness/Signal Builder (SubSysterm)]

L]

[Simulink reference: attitude_controller/Int Gain (Gain)]

L]

[Simulink reference: attitude_confroller Mot engaged  (Logich]

L]

[Simulink reference: attitude_confroller Integrator  (Discretelntegrator]

L]

2 8 Quirfare Cammand and | imit

|L|sername: bpotter

|E:-:|:Iu3i'-.-'e edit mode

&.\tl; L
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/ Dl MATLAB&SIMULINK
Requirements trace example — view from
Simulink to DOORS

%V attitude_controller Model Requirements Repork - | Dlil
File Edit Wiew Go Debug Desktop ‘Window Help £
@ | =1 | % | Location:IFile:,I',I',I'C:,I'IocaI_WDrk_area,l'demos,l'autopilot_RZDD?a_dereF,l'attitude_controller_reqreport.html vl

Chapter 2. System - attitude_controller

Attitude Control using displacement rate and integral T
5

Int Gain I

Engaged

Mot engaged  Intagrator
-intLim ta inaLim {dag)

o
isp_Gmd Disp Limit
-dispLim to displin {deg)

Surf_Cmd

Rate Limit
-ratelim fo ralelim (deglsec)

Crd Limit
-emdLinn 1o cmedlim (deg)

Cisp Gain Rate Gain

Altilude Controller
ip_Fl
Cw_fB Author. bpelter
Wergon: 1.21
@ Date: 1B-Apr-2007 00:22:44

DO-1788 Software Lilecycle Data
11.8 Software Requirements Dala
11.10 Dedgn Deariplion
DO-1788 Objectives
5.2.1a Low Leval Requi remeants are Developed
5.2.1a Software Architecture is Developed
5210 Denved Low Level Requirements are Developed

ARP-4754/D0-178B Demonstration
Copyright 19902007 The MathWorks Inc.

Table 2.1. Block Requirements Table

Name Requirements e
e Linit 2.1.2 Parameters 00000022 #23
2.5 Surface Command and Limit Q0000022 #21
) ) 2.1.2 Parameters 00000022 #23
Disp Gain . -
2.2 Attitude Contral and Limit 00000022 #16
Dien Limit 2.1.2 Parameters 00000022 #23
St 2.2 Attitude Control and Limit 00000022 #15
Disp_Crnd 2.1.1 Inputs 00000022 %22 -
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Requirements based test trace example — view
from Simulink Signal Builder block to DOORS

) Signal Builder (attitude_controller_harness,/Signal Builder) — |E||i|
File Edit Group Signal Axes Help £
BHEH|FBBE|o o =T FREE 0 o= 3w
eedback Test 3 ‘Rate Feddback Test 1 \Rate Feedback Test 2 \(Rate Feedback Test 3 }/Integral Test 1 \ ‘l >|
| EEEEE
1_"Disp_Cmd 1 ' ] ] Ty o T [ " Werification block settings:
[l"_$"""""l"""""i """"" s S [ i e R e B:Jattitude_controller_harness
|| R I S [ : : : : 4| “ B Check Static Range
| |
1 | ottt T e
Disp_FB : : : : : : : : :
0 ; : : ; ; ; ; ; ; ]
1 I i i I
S
0 ; : : ; ; ; ; ; ; ]
y | i i |
1E-- ET————— e = see—=eereen]
Engaged H i i i i
e R E
E : : : : : Requirements:
0  ——————  lalslebeletd Eeieletlelselels m— il  leielieleield Ealaleiieiels ] —
I o e — oo ooy ==--------= | 2.4 Integral Control and Limit
o VT Ty T R e | === ==
5 | i | i | | | | | |
0 1 2 3 4 =3 G 7 &3 9 10
Time (sec)
LLeft Point Right Point {shown)
Disp FE {showmn)
Hame: pisp_Cmd T:I T:I Rare_FE {showm)
Engaged {showm)
Index: -3 "l":l ‘l":l Expected Surf_ Cmd {shown) _I
Click to select signal Disp_Cmd (#1) [ YMin Yiax |
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Model coverage report example

%Y attitude_controller Coverage Repork - O] x|
File Edit WYew Go Debug Desktop Window Help ~
= wp | =] | ik | Location:IFile:,I',I',I'C:,l'locaI_WDrk_area,l'demos,I'autopiIot_R2DD?a_mdlref,I'attitude_control_results1948640?.html LI
Discrete integrator block “Integrator™ =l
Parent: fattitude _contraller
Metric Coverage
Cyclamatic Complexity 3
Decision (D1) 100% (B%8) decision outcomes
Decisions analyzed:
Raseat 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
falze 2014401 201401 2014401 2014401 2014401 2014401 2014401 2014401 201401 2400401 2049:4010
true 2004401 2000401 2004401 200401 2000401 2004401 2004401 2000401 2004401 1615401 19514010
integration result <= lower limit A0% A0% A0% A0% A0% A0% A0% A0% 50% 100% 100%
falze A01,/401 4017401 4014401 401,401 4017401 4014401 401,401 4077401 4014401 2837342 389253051
true 0401 0401 0401 0401 0401 0401 0401 0401 0401 507342 £8/3851 |
integration result == upper limit 50% 50% 50% 50% 50% 50% 50% 0% 0% 100% 100%
false 4014401 4017401 4014401 401401 4017401 4014401 401/401 4017401 4014401 342401 395154010
true 0401 0401 0401 0401 0401 0401 0401 0401 0401 555401 5874010

Logic block "Not engaqged

Parent: Fattitude _controller

Metric Coverage

Cyelomatic Complexity ]

Condition (C1) 100% (242) condition outcomes
1| | 3
Done 4
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Requirements Process take-aways

= Early requirements validation

= Eliminates rework typically seen at integration on
projects with poor requirements

= Early test case development

= Validated requirements are complete and verifiable
which results in well defined test cases

= Requirements management and traceabillity

= Requirements management interfaces provide
traceability for design and test cases

Validate
{ k|
“| Requirements
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Design Process for Model-Based Design

= Model-Based Design
= Create the design - Simulink and Stateflow®
= Modular design for teams - Model Reference

= Model architecture/regression analysis - Model
Dependency Viewer

= Documented design - Simulink Report Generator

= Requirements traceability using Simulink Verification
and Validation™

= Design conforms to standards using Model Advisor

» Requirements

_ . Simulink
Trace: :' & Conformance:
RMI ' Stateflow Model Advisor

Adopting Model-Based Design

within Aerospace and Defense ** Model |-

MathWorks Sympasium
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Example detailed design including model
reference and subsystems

view  Similation  Format

Top MOde| B Ede Tools Help

—ioixl
MEEE G

e o= nemel ]| e B | W EE R
P;;-::‘”LM“E Raoll Autopilot
7 L Author: bpotter
HDG Ref Madel Version: 1.120
Date: 17-Apr2007 08:33:32
2> g i Phi Cmd DO-1788 Sothuare Litecycle Data:
Psi 11.8 Software Requirements Data
1110 Design Desciption
CE—#ms DO-1788 Objectives:
TAS 5.1.1a High Level Requirements are Developed
Heading Mode » attitude_controller 5.1.1b Derived High Level Requirements are Develaped
T 4l 7 p{oisp_cmd 5:2.1a Low Level Requirements are Developed
ST — | phicmd 5212 Sothuare Architecture is Developd
Mode sitch 62.1b Derived Low Level Requirements are Develaped
1 #Disp_FB
Phi Surf_c
*H 7
il Cmd
e zei0 Eng swith
. Basic Roll Mode
[P pp eng Phi Feaf
AF Eng
Tum knob
Tum Knob
Roll Reference
B Demonstration

Copyright 1980-2006 TG Mathiiiors Inc
Ready

100%

[FixedstepDischwe 4
Subsystem

oll Reference

File Edit

Yiew Smulstion Format Tools Help

Reference Model
=100 x|
D& sBR(ecad|2z|r s o -FHERSn hEE®

Bl £ Yew IJmustion Fomat Jook Help

=lai=
DISES 528t
o

2ip wfio [hemd c]HmBEc REERS
b Con of trsiteg dspdacement, rate and i
Phi
z=0 et sitoh 2
six Raf Thiashold » 1z - -
Tr »r,f" b()) Jt-w uH‘] o
bip_Emd DE —= =
b Ui by S st Limi i
arotims e o ‘ PO i ki g bt
minus six Ret Threshold1 E e Derinlieg
w0 Asther. bpoen
AF eng ]
Hot engaged Phi Ref nH
THC mtch
thiee  TK Thieshold
Tum Knab
Roll Reference
Ready [100% |FixedstepDiscrete i

ARP-4754 DO-1T8B Demonstration

vight 9002007 Tha MesthLeE Ins
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Model dependency viewer

& Model Dependency Yiewer: do178b_dhc2 = |EI|£|

Fil=  View  Help

OO

E
d0178b _dhc2

Heading_Mode

Altitude_Mode

athtude controller

Adopting Model-Based Design
within Aerospace and Defense
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Example Model Advisor report

Model Advisor - attitude_controller o ] 4|
File Edt ‘“iew Help

| Selectall | Desslect Al Model Advisor -- C:hlocal_work_area'.demos',autopilot_RZ007a_m 101 =l
Tazk Hierarchy: attitude_controller = By Froduct ‘ ‘ 8 | % | M
-5 Model Advisor Task Manager todel Advizor ~
E--@B}' Product To process all enabled walidations in this folder and generate a r MGdEI AdVISOI' Rept}l‘t fDI' attltude_CDr'ltl'D"er =
--@Simulink To dizplay the report automatically after validations are processe |
--@Heal-Time workshop Embedded Code To displap the last report generated, click the path link listed for * Maetal version: 1.24
- Simulink Werification and Y alidation _
£+ [§D0-1788 and MISRA-C Checks [ Anabsi Generatad on: 02-May-2007 10:33:27
g Display software lifecycle data Fiun Selected Ehecksl
- g Dizplay model version information 42 of 45 Passed
0 Check zafety related optimization = ¥ Show repart after run
0 Check zafety related zolver diagno
""gﬁheck safety related sample time ¢/} — L ast Report @cCheck model, local libraries, and referenced models for known
- L Check safety related data walidity - H
upgrade issues
- () Chieck safety related data validity - From node: By Product Pg
- () Chieck safety related data validity -— Repart: C:Mlocal wark areatdemoshautopilct R2007a m | Pasgag
0 Check zafety related data walidity - Date/Time: 02-May-2007 10:35:27
0 Check safety related type conversi Surnrary: Q 42 & 3
- (@ Check safety related connectiviy - @\dentify unconnected lines, input ports, and output ports
0 Check safety related connectivity -
0 Check safety related connectivity - Passed
o Check safety related compatability I
0 Check zafety related model referer - 4
« - [ ,|—| @Check root model Inport block specifications
FPassed
M Check solver for code generation
Sample times for this model is Tneonstrained. If the model does not specify any
sample times, consider setting its Periodic sample time constraint parameter to
Ensure sample time independent. Otherwise, set the parameterto Specifiedif
the model will not be referenced.
Oldentify questionable blocks within the specified system
Check for blocks not supported by Real-Time Workshop: =
_ _ ) Adopting Model-Based Design
MathWorks Symposium . Done
I| within Aerospace and Defense
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Design Verification for Model-Based Design

= Requirements based test cases

= Automated testing using SystemTest™ and Simulink
Verification and Validation

= Traceabllity using Simulink Verification and Validation
= Robustness testing and analysis

= Built in Simulink run-time diagnostics

= Formal proofs using Simulink Design Verifier™
= Coverage Analysis

= Verify structural coverage of model
= Verify data coverage of model

Requirements

Simulink Verify:
& SystemTest
Stateflow SLDV Property Proving

i Model Coverage

Adopting Model-Based Design

within Aerospace and Defense Model
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SystemTest for requirements based testing

). SystemTest - C:hJocal_work_area'demos'autopilot_R2007a_mdiref attitude_control.test =l |
File Edit Insert Run Tools Desktop Window Help
®» @ | (% B | w3 Cu | G W | 2 | Current Directory;:IC:'l,I0cal_werk_area'l,demos'l,autepilet_R2DD?a_dereF j _I

| Tesk Browser

x Properties - Main Test 7 X ww Run Status 2 i

t 4| x|

| Mew Test Element +

[=-attitude_control Pre Test
=--Pre Test
- ‘B Test Data b
pre fest element ”|
----- %g Run Reference Model

= Run test harness

----- ‘ﬂ Post Process Logged Data

= Displacement Comrand Plak
Displacement Feedback Plat Main Test Ea
- Rate Feedback Flat

----- Engaged Plot

----- Surface Command Plot

= Expected Camrnand Plak

= Model Reference Pass/Fail

main test variables

main fest element

ITERATIONS

<+ 7@ Run Marmal Mode
= Run narmal mode

= ﬂ Puosk Process Qukput Data

= Reference Model{MNormal Mode Plat
Morrnal Made Pass/Fail

test vectors

save results

----- Save Results
----- Post Test

Post Test T
post test element

p—

Test Vectors @ XI i
Cbew. |Edb. | B8 | FF
| Mame Expression Wector Ik... | Gr...

|inde>< 1:1:10 [1z345..| 10 | [T

Test Status:
| Time Elapsed:

Total number of iterations: 10

Adopting Model-Based Design

MathWorks Sympasium o
' within Aerospace and Defense
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SystemTest — example report

. Vil ‘local_work_area/demos/autopilot_R2007a_mdlref/attitude_control_report/ o 1 - |E||1|
Data P|Ottlng and eXpeCted File Edit View Go Debug Desktop ‘Window Help £
results Comparlsons - e | % | A | Location: IFile:J‘,I’,I’C:,l’Iocal_work_area,l’dem0s,l’autopiIot_RZDD?a_md\reF;’attitude_control_report,l’attitude_control_report.html LI

=]
attitude_control Done

Generated Files

il flocal_work_area/demos/autopilot_R2007a_mdlref/attitude_control_report/attitude_control_repork

File Edit Wiew Go Debug Deskiop ‘Window Help Type Location Action

Launch todel

4m op e | é | & | anatlnn:IF\Ie:U,l’C:,iInca\_wnrk_araajdemns,l’aumpllnt_RZDD?a_dereF,iattltude_cnntrﬂI_repnrt,l’attltude_cnntrnl_v

Wodel

. overage kepor
Coverage CMocal_work_area\demosiautopilot_R2007 a_mdlrefattitude_control_results13486407 ot Coverage Repor

- - - - - - for Run norrnal
Report
rnode

st Clocal_work_area\demosiautopilot_R2007a_mdirefattitude_control_results. mat M
Results Results Yiewer
;Z?m CMocal_work_area\demosiautopilot_ R2007a_mdirefiattitude_control_reportiattitude_control_report. himl Yiew Test Report

Final Test Status

Start Time 19-Apr-2007 05:40:35

Stop Time 19-Apr-2007 05:41:13

lterations Completed 10

lterations Passed 10

lterations Failed 0

Final Status Passed

4

10

lteration: 10

Normal Mode Pass/Fail

Test Variable Expected Value Tolerance Type Tolerance Limit Evaluates To
surfCrmd normalodeSuCrnd Absolute comrmandTal TRUE _ Summary Of reSU|tS
<401x1 double> <401x1 double> Te007
Daone Y

Adopting Model-Based Design
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Signal Builder and Assertion Blocks

5] do178b_dhc2/¥erification_Blocks -0l x|
File Edit Miews Simulation Format  Tools  Help
= . .
D|DE§|%E|<}==D?|DQ|P l|25 INormaI ﬂ|@ |H@ﬁ®
~ Verification Blocks
=it
m m| MexRellRef . R
Rate Transition . ;D T =]
"o tm| tnRalRet RollResponsePazs [ —
Roll References Rate Transition1 Terminatord
e I:I Chedk Dynamic Rall
Fhi
el —]
Ll ]
Terminator?
Check Rall Range
- Sl aemuae=33
Theta
o
w1
Pei <alt > l
Inertial 1 Altitude
[ |
MaxRollRatePass | | — [
Terminatar zat Rater L
Chedk Roll Rate Range i\
B <= <= 6B = Altitude Rate
“qF
Terminatard ':2 } L airspeed® L
Air [rata
Ajrspeed
[ |
> '{ZI =
Terminator2 <alphas Lo ==
Terminatorz
el —1
sl o bz Al Pazs = T =]
ileron Cm 5 i
- flerminaion Terminatord
Check Aileron Range
-16 <=y <= 15
Ready [100% [ode23 4

Adopting Model-Based Design
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Model coverage report example — signal ranges
-Ioix]

File Edit Wew Go Debug Desktop Window Help N

dm up {3 | % | % | Location: | File:/f)C: flocal_wark_areajdemosfadtopilot_R2007a_mdlref/attitude_contral_resulks19486407 . Rkl

- =]
Signal Ranges:
Hierarchy Test 1 Test 2 Test 3 Test 4 Test & Test & Test 7 Test 2 Test3d Test 10  Owerall
Min Max Min BMax Min Max Min Maxe Min Max Min Max Min Mae Min M Min Max Min Mae Min Max
attitude_cantraller
. Integratar o o o o o 0o o o o o o o o 0o o o o o -z 3z -2 z
.Hot engaged ] 1 1] 1 0 1 ] 1 ] 1 1] 1 0 1 ] 1 1] 1 0 1 ] 1
. Cmd Limit -1 1 -8 @ A0 10 A 1 4 4 5 &5 -1 1 7 7 58758 4 4 10 10
. Digp Limit -1 1 -8 @ A0 10 0O 0 o o o o o 0o o o o o A 1 10 10
. Rate Limit -1 1 -8 @ A0 10 A 1 4 4 5 45 o 0o o o o o A 1 10 10
. Disp Gain -1 1 -8 @ A0 10 A 1 4 4 5 6 o 0o o o o o A 1 10 10
. Int Zain o o o o o 0o o o o o o o o 0o o o o o -2 Z 2 2
. Rate &ain -1 1 -8 @ A0 10 A 1 4 4 5 &5 -1 1 7 7 &2 &8 4 1 10 10
CSum -1 1 -8 @ A0 10 A 1 -1 1A 1 o 0o o o o o A 1 10 10
CSumt -1 1 -8 @ A0 10 A 1 4 4 5 &5 -1 1 -1 1A 1 -1 1 10 10
L Sum2 -1 1 -8 @ A0 10 A 1 4 4 5 &5 -1 1 7 7 @2 2 4 4 10 10 —
! | o
Done 4

Adopting Model-Based Design
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Simulink Design Verifier — Coverage Test

[=1sldvdemo_debounce_modelcoy -0l x|

Fie Edi View Smuation Format Took Help

D SEHE $BR|(E 4 20 » ufioo [roma ] e B S e §

%" Simulink Design Yerifier Report -3 x|
File Edit Wiew Go Debug Desktop ‘Window Help N

Simulink Design Verifier . 7
Model Coverage Test Generation « wp | % | % |L0catlon: IFlle:,I'II'II'H:,I'Dl:ucumentsII'MP.TLP.BII'sIdV_outputII'LI

Test Case 7 [

- debounced S
debounce ““"“a']f'
This model is configured to generate test cases thatachieve complete LEngth D 1 3 SECDndS (6 Sample pErlUdS:]
rodel coverage. Each outcome of each model coverage pointin the model Oh B C . 1 D
is a test objective. Ifyou configure the Simulink Design Verifier to generate the JECtl"F’E ount:
fewesttest cases, itwill satisfy as many objectives as possible in each testcase

Objectives Reached At:

Run View Options
{double-click) (double-click) " " "
_ . s , Step Time Ohjectives
Run Simulink Design Verifier View Simulink Design Verifier Options
Copyright 2008-2007 The hMathiWatks, Inc. 1 D 1_
Ready 100%. T=0.00 |Fixedstepbiscrete 4 2 0.01 Z
]
11
3 0.02 E
) Signal Builder {sldvdemo_debounce_modelcov_harness/Inputs) * I =] -
Fle Edt Goup Signal Awes Help ~ 158
FH|B@B|o o |—~TnjE| FeEEr ]G R —
Test Case 2 ' Test Cased ) Test Case4 } Tesl Case5 % TestCasef )} Test Case 7 4n 10
- . ‘ . . 9 0.08 12
e i i i i
— 14
120 —
" 13 0.12 15
&0 Generated Input Data.
60
Time |0 0.01 0.02 0.07 (0.08
40
Step |1 2 3 4 5
a raw 128 |1 128 |0 128
0 L] i f i : -
i i i i
0 0.02 0.04 0.06 0.08 0.1 0.12 4 I I 4
Time {sec)
Left Point Right Point a é
Hame: [ 7 T
Indes: | = | v | ¥ |

Adjust segment ' position
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Simulink Design Verifier — Objective Test

[=]sldvdemo_debounce_testconblk _|o| x|
Ele Edit Wiew Simulation Format Tools Help

DE&| 4 BB|et| o b oo o | HsbSE B

Simulink Design Verifier
Test Constraint Block

debounced

debounce

Masked Objective

This model dernonstrates how inputvalues can be constrained. The Test
Constraint block added atthe lefi forces the input value to be either 0 or 1

View Options
{double-click) (double-click)

Run Simulink Design Verifier  View Simulink Design Verifier Options

Copyright 2006-2007 The Mathiifa bs, In.

Ready 100% FixedStepDiscrete
4

%V Simulink Design Yerifier Report - |EI|5|
File Edit %“ew Go Debug Deskiop Window Help '!

= B |§ | dh |Location: vdemo_debounce_testoonbll_report. bkl Ll

) signal Builder (sldvdemo_debounce_testconblk_harness/Inputs) _13) x|
Ele Edt Group Sonal dxes Help ~
SH| R0 =T n|EFREE 0 B[
Test Case 1 L
rany
1
08}-
06}-
041-
0.2}-
i
0 0.02 0.04 0.06 0.08 0.1 0.12
Time (sec)
Left Paint Right Point =
Hame: oy | T [
Index: [1 = ¥ ¥
| | .
ok ‘raw (41 [ YMin Yitax |

Chapter 3. Test Cases / Counterexamples

Table of Contents

Test Case 1
Test Case 1

Summary
Length: 0.13 Secaonds (4 sample periods)
Ohjective Count: 2

Objectives Reached At:

Step Time Ohjectives
7 0.06 2
13 012 1

Generated Input Data.

Time 0 0.01 0.07
Step 2 3
rawe (0 1 0

g

-
4 | 3

Done v
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Simulink Design Verifier — Property Proving

Idvdemo_debounce_assumeblk oy [=] |
Fle Edt Wew Smulation Format Tools Help

D EEHS s8R 4| r =fior  [omd =

imulink Design Yerifier Report ] 4|

File Edit Wiew Go Debug Deskbop Window Help m
Simulink Design Verifier @ up | @ | % | Location: I,I'sldvdemo_debounce_assumeblk_report.html vl
Property Proving with an Assumption Block SoroTio e o

[

ReportFileMame SModelMamed_report
ReportincludeGraphics off
debounced K
DizplayReport an
output 0
wioprt 2

o T Chapter 2. Test/Proof Objectives

This model is configured for Simulink Design Yerifier to perform a property proof.
It atternpts to prowe that when the sum of the current and six previous input walues is Ta hl& Of COI“EI“S
greater than 6, the output equals 2. The model includes an Assumption block that
constrains the inputta be 0 or 1

Status
Simulink Design Verifier searches for violations of 20 or fewer time steps. s VEI’If}E Tr'I_IE OLIt[ ut

unable to find a violation because the property is valid under the assumption

Run View Options
{double-click) {double-clicky ; . .
Table 2.1. Objectives having No Counterexamples of 20 or Fewer
Run Simulink Design Verifier  View Simulink Design Verifier Options Ste ps
Copyright 2008-2007 The Mathons, Inc.

Ready 100% T=0.00 [FivedstepDiscrete 7 #: (Type [Model ltem Description

1 |Assert Assertion Lgsertion "Assertion” assert
dvdemo_debounce_assumeblk /¥erify True Oubput =10]x| . . . . .
= T G s i B With the following active constraints:
R EIEE Y == I o Name Constraint

Assumption {01}

Verify True Output

Objectives of: Assertion

] r i
Az)ﬂ;’@ #  |Status Test Cases |Description
output . "
_ Assertion 1 Undecidable|nda assert

Atternpt to prove that when the sum of the current and six previous input
values is greater than 6 it implies that the outputwill equal 2

Dane

Ready [100% [T=0.00 [FiedStepDiscrete v
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Design Process take-aways

= Modular reusable implementations
= Platform independent design
= Scalable to large teams
= Consistent and compliant implementations
= Common design language
= Automated verification of standards compliance

= Efficient verification process
= Develop verification procedures in parallel with design

= Coverage analysis early in the process ety
. . A SystemTest
= Automated testing and analysis TLRCHTEN SLDMVE%?%GMW
.’l & Conformance: ocel overage
TRr?\;?: :“ Stateflow l MOdeI Advisor
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Coding Process for Model-Based Design

= Automatic code generation
= Real-Time Workshop Embedded Coder

= Traceabillity
= HTML Code Traceabllity Report

= Source code verification
= Complies with standards using PolySpace MISRA-C®

checker
= Accurate, consistent and robust using PolySpace™
verifier | oeeeem | Model

Trace: " Real-Time Workshop
Model/Code Trace Report ', Embedded coder Conformance:
R P .. PolySpace Products

Adopting Model-Based Design e N
within Aerospace and Defense -» Source Code |-

MathWorks Symposium
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Incrementally Generate Code

) Model Reference Dependency Graph: application M=1E3
File  Help ~

application
.
<
|

Click on a node to open the model

= |ncremental code generation
IS supported via Model
Reference

= When a model is changed,
only models depending on it
are subject to regeneration
of their code

dependent models rebuilt :.

model changed and rebuilt

E! Configuration Parameters: floatdemo;/Configuration

—Fiebuild options for all referenced modelz

Select:
" Solver Rebuild options: | If ary changes detected
- Drata Import/E spoart
o Always
- ptimization . i
Di ) —Options for referenc R RE IR R S
= !agnmtlca ) | If arw changes in known dependencies
i Sample Time Total number of in Mever

i D ata Integrity - . . H
ie—— szt diseadhr e _ _ = Reduces application build

.. Connectivity % Specify the model dependencies as a cell arrayp of file n . e

4 ically include th del.mdl and linked libran .

e MAT AR et sk, e 9 times and ensure stablility of
‘- W odel Referencing % path iz relative to the location of the mdl file; wildcards

. Hardware |mplementation % to comment aut a ling; use "' to continue lines. Faor ex a p rOj eCt’S COd e

. =
- Model Feferencing =
E{D: .mat’, .mat’, ...
= Real-Time Warkshop Py .{npkbxi?mlfiﬁﬂextzﬁ e

= Degree of dependency
checking is configurable
Adopting Model-Based Design

MathWorks Symposium
Fr PO within Aerospace and Defense
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Add Links to Requirements

[T

E.‘:(I:I|IIII’E E! Requirements: clock
F cut Requirerments | Document Index |
% Signal 2 signal_in IEE Copy N Clock periad shall be consistent with chirp talerance
Delete o
Signal Builder " . . § Co
—l DiscretePulseGeneratar Parameters, .. | 1. "Clock period shall be consistent with ch 4&9'
Elock Properties. .. ' ' i Delete
. Add link to Word selection 4|
Feguirements Add link ko ackive Ex Up |
Edit/Add Links ... o |
Link settings ...
Description: IEIock petiod shall be conzsistent with chirp tolerance
Document; I thwdemo_requirements_doc. html LI
Document type: IHTML file ;I Browse. .. |
Lozation: -
(Tupedertii) ||
Uger tag: I
4 Update fields with
. pdate fields wi
95 A% DiscretePulsefenerator: "sRoot>Sclock' curent selection ir: UOOFS | e | Eeel |
Ll *
a7 * Regquirements for "wRootx clock': ok | Cancel | Help | Apply |
o8 * 1. Clock periocd shall be consistent with chirp tolerance
o9 *

100 rth_clock = \

101 (rtDork.clockTickCounter < 1.0 Requirements appear in the code

10z rtDllork.clockTickCounter == 0] 72

103 1.0

104 o.0o;

105 if (rtDlWork.clockTickCounter »>= 2.0-1) {

Adopting Model-Based Design

MathWorks Symposium .
' within Aerospace and Defense
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Code to Model Trace Report

E! Real-Time Workshop Report _ o] x|

|»

Back I Forward I

Traceability Report for
& attitude_controller

Traceabiity Report
Subsystem Report

Generated Source Files Table of Contents
attitude controller.c
attitude controller.h 1. Eliminated / Virtual Blocks

attitude controller private.h 2. Traceable Simulink Blocks [ Stateflow Chjects f Embedded MATLAR Scripts
SHtude CORLrOter DRvate.n o attitude controller

attitude controller types.h o attitude controller/Madel Info

Eliminated f Virtual Blocks

Block Mame Comment
=foot=/Disn Crnd Inport

<fBoot=/ANsn FB Inpart
ZRoot=/Rate FB Inport
=Root=/Engaged Inport
=Roots=Model Info Masked SubSystem
=foot=rsut Crind Qutport

=51 m/EmptySubsystann Ernpty SubSystem

Traceable Simulink Blocks / Stateflow Objects / Embedded
MATLAB Scripts

Root system: attitude controller

Ohject Name Code Location
=Root=/Crnd Limit attitude controller.c:129, 130
=foot=/Di50 Gait athitude controller.c:81, 85
=foot=oNen it attitude controller.c:74, 75, 22, 29
=Root=Tnt Gain atritude controller.c:138, 144
attitude controller.c:19, 20, 48, 49, 137, 140
=Root=/nteqrator atritude controller.h:26, 27
attitnide rontroller arivate bedn 45 LI

oK I Cancel Help | Apply |
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Simulink Integration with PolySpace Products

INPULL

Entriies j 4
vVarying irem - ””E’ f/ﬂW.ﬂ

000101500

‘ ] riwdemo_asap2 * |:||E”g|

‘ File Edit Wiew Simulation Format Tools  Help

D|@E§|$E|9Q|} II1EI.EI IN-:urmaI

input
1
input1 b

=

GEaint
g Al
Gain2 Looklp

ates ASAPY data export. ASAPZ is a data definition 5
] 2

Division by Zere?

Adopting Model-Based Design
within Aerospace and Defense
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See results In the model

= Change the model
= Generate the production code
= Run PolySpace software

File Edit Tools ‘“Windows Help
Al v o = B &
F M x 2 v

Procedural entities 'i'

E) riwdemo_asap? * |:||E| [z|

File Edit Yiew Simulation Format Tools  Help

h E2E&E

B | < 3 |1|:|_|:| |N|:urma| bl f

F

=

A% Sum: '<Rootx/Sum' ing

f* *— 38 * UnitDelay: '<Root>/3
o - ” e
Gaini LoakUp1) | -00KUR3 : 1D . rth_Switeh = (uintd_T) (1

gl

/% RelationalOperator: |

o o

=

Gain?  LookUp2

f% Outport: '<Roo&x>S0ut
rtY.out = rth Reldpt:

demonstrates ASAPY data export. ASAPZ s 3 data definition standans
£ I >

otxSSwit

f% Switch: !
ifirth Rell

PolySpace detected an error here
(after having analyzed the generated code)
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MATLAB&SIMULINK

Coding Process takeaways

= Reusable and platform independent source code
= Traceability
= MISRA-C compliance

= Static verification and analysis

MathWorks Sympasium

Adopting Model-Based Design

I| within Aerospace and Defense

Trace:

Model/Code Trace Report "\

» Model

" Real-Time Workshop
Embedded coder

T

Source Code |

Conformance:
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Integration Process for Model-Based Design

= Executable object code generation
= ANSI® or ISO® C or C++ compatible compiler
= Run-time libraries provided

= Executable object code verification
= Test generation using Simulink Design Verifier

= Capabillity to build interface for Processor-In-the-Loop
(PIL) testing

Analyze code coverage during PIL [rememes

Verify:

= Analyze execution time during PIL | _ smente
= Analyze stack PIL Model
Source Code Verify:
SLDV Test Generation
Embedded IDE i mbedded IDE Link XXX

Adopting Model-Based Design -
within Aerospace and Defense Object Code

MathWorks Symposium
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Processor-in-the-Loop (PIL) Verification
- Execute Generated Code on Target Hardware

Simulink

Algorithm
(Software Component) Plant Model

Execution

Code
Generation

7 . on host and target
non-real-time

Communication via one of

data link e.g. serial, CAN, TCP/IP
debugger integration with MATLAB

Embedded Target



" The MathWorks™ MATLAB&SIMULINK®

Integration Process Takeaways

= Integration with multiple development
environments

= Test cases and harnesses generated
automatically

= Efficient processor in-the-loop test capability

Requirements

l

Model

Source Code

Embedded IDE i

Adopting Model-Based Design

SR beke S pmposim within Aerospace and Defense Object Code

Verify:
SystemTest
Embedded IDE Link XXX

Verify:
SLDV Test Generation
mbedded IDE Link XXX
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Wrap-up

= Tools to support the entire safety critical development
process

= Participation on SC-205/WG-71 committee for DO-178C

= Safety-Critical/DO-178B guideline document

= Available to licensed customers with Real-Time Workshop
Embedded Coder

= Contact Bill Potter (bill.potter@mathworks.com) or Tom Erkkinen
(tom.erkkinen@mathworks.com)

Adopting Model-Based Design

MathWorks Symposium .
' within Aerospace and Defense
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