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<) The MathWorks® MATLAB&SIMULINK
Safety-Critical Model-Based Design Workflow
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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
= Traceabllity can identify incomplete requirements
= Model coverage can identify incomplete requirements

= Requirements based test cases
= Test cases trace to requirements

Validate..........

“| Requirements
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Imulation example — controller and plant

E =0l x|

Ele Edt View Smulstion Format Jooks Help
Oed& (=R e 1=

i e femd ] BEBes REES

al Data Sensor
™
Lad
Air Data Sensor E s ]
_— =
B
il
Werification_Blods . . 3 . !
DeHavilland Beaver Aiframe

DeHavilland Beaver model
bazed on original weork created by
Marc Rauw for Delft University of Technology.
hitp: oanm, dutchroll com

ARP-ATEH0D0-1750 Demonstration
Authar bpotter

Model Wersion: 1.110

[ Date: 17-Apr2007 023546

Bt ARP-4754 System Lifecycle Data:
: 4.4.4 Architacture and Design

o TE.A e Validation/Modeling
—% 8.4.2.1 VerificationtAnalysisfModeling
LO-1TEB Software Lifecycle Data:
11.43 Sofhware Verification Cases and Procedures
DO-1TEE Objectives:
§.2.1a High Lewel Requirements Comply with System Requirements
5.2.1b High Lewel Requirements are Accurate and Consistent

5.3.1d High Lewel Requirements are Werifiable
G.3.1g Algorithms are Accurate

Engage and hMode Panel

Autopilot

Reference Signals

Wisw 5.3.2a Low Lewve| Requirements Comply with High Level Requirements
{Iﬂ_-i-‘fl:;.ﬂ Adifacts 5.2.2b Low Level Requirements are Accurate and Consistent
(double-clic) 5.5.2d Low Lewel Requirements are Verifiable
- Cadkpit Contrals 6.2.2g Algorithms are Accurate
Artifacts Signal Conditioning
ARP-4754/DO-178B Demonstration
Copyright 1990-2006 The Mathiloks Ine.
Ready 100% | | ode23 4
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Requirements trace example — view from
DOORS® to Simulink

‘ Formal module */Autopilot Project/Attitude Controller Derived Requirements® current 0.0 - DOOR - |EI|E|
File Edit Wiew Insert Link Analvsis Table Tools  User MATLAE  Help

i= 1= = (8 H A, ([ § o= E |
||Standardview j“.ﬂ.lllevels j| Juc SAE | =E==EE |E{C = % %4l | L] | e EF|

=l Attitude Lontroller Derive §py Softwars requirerients for a reusable attitude contraller o =
[+ 1 Introduction - - - —
s . 43 [Simulink reference: attilude_controller /Rate Limit {Saturate)]
[+ 2 Component Dezigi E.l

20 2.4 Integral Control and Limit
The integral control shall generate a surface command based on the attitude rate error computed
by the rate control, integral error gain and the autompilot engage state. The total integral
cammand shall be limited o not exceed the integral command limit. When the autopilot is not
engaged, the integral command and internal state shall be held at zero.

63 [Simulink reference: attitude_controller_harness/Signal Builder (SubSystem)]

=
39 [Simulink reference: attitude_contraller/Int Gain {Gain}]
=

38 [Simulink reference: attilude_controller Mot engaged  (Logic)]

=
37 [Simulink reference: attitude_controller/Integrator  (Discretelntegrator]

2]

21 2 8 Qurfare Mommand and 1 imit

L

|Llsername: bpaotter |E:-:|:Iusi~.fe edit mode
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Aerospace and Defence Conference '08 -
5

:mLh




) The MathWorks- MATLAB&SIMULINK

Requirements trace example — view from
Simulink to DOORS

%' attitude_controller Model Requirements Report 1Ol x|
File Edit Wiew Go Debug Desktop window  Help £
) ocation: | File: local_work_arealdemos) autopilok_| a_tndlreffattitude_controller_reqreport, bl -
- B @4 | Location: | file: /i local_work, d topilot_R2007a_mdiref fattitude_controll t.html
=l
Chapter 2. System - attitude_controller
Attitude Control using displacement rate and integral o
5
Int Gain =
Engagead
Not engaged Intagrator
-ntLim ta infLim {deg)
=| raleGain L.
Disp_Grd S | o oy SUr_Cmd
in imi e Lini
ispilim b dispLim {deg) B GaN eLim 1o rateLim (degisect Foale (Gain “emeLi ta cmelLim (deg)
Atfilude Caniraller
bim_FB Author. bpolter
Verson: 1.21
@ Date: 18-Aps2007 00:22:44

DO-1788 Software Lilecycle Data
11.9 Seltware Requirements Dala
11.10 Desgn Desciplion
DO-1788 Objectives
5.2.1a Low Level Requirements are Developed
5.2.1a Software Architecture iz Developed
5.2.1b Derved Low Level Requiremenis are Developed

Rate_FB

ARP-4754/D0-178B Demonstration
Copyright 1990-2007 The MathWorks Inc.

Table 2.1. Block Requirements Table

Name Requirements o
rmd Linmit 2.1.2 Parameters 00000022 #23
2.5 Surface Command and Limit 00000022 #21
Disn Gai 2.1.2 Parameters 00000022 $#23
St 2.2 Attitude Control and Limit 00000022 #15
Disa Lirmit 2.1.2 Parameters 00000022 $#23
b 2.2 Attitude Contral and Limit 00000022 #16
Dizsp_Crnd 2.1.1 Inputs 00000022 #22 -

MathWorks
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Requirements based test trace example — view
from Simulink Signal Builder block to DOORS

<) Signal Builder {attitude_controller_harness/Signal Builder) -0l =l
File Edit Group Signal Axes Help w

BH|$BRE| o o =0 FREE > 0= R

eedback Test 3 \ Rate Feddback Test 1 ‘ Rate Feedback Test 2 ‘( Rate Feedback Test 3 )/ Integral Test 1 \ {| |

LEEEE

1~-Digp_Cmd : : : : TNy T yerification block settings:

04 St A R | Rt BT ormmmm o | B attitude_controller_harness
: : : : : : : : : “. M| Check Static Range

............................

i Requirements:
L e R LT LR e e —— e R ==--------= | 2.4 Integral Control and Limit

Time {sec)

Left Point Right Point

Disp FE {showmn)
Rate_FE {showmn)

Hame: ':)isp_(:md T I
Index: _3 ¥ I

Click to select signal | Dizp_Crmd (#1) [ Min e ]

Engaged {shotm)
Expected Surf Cmd {shotm)

s

E

MathWorks
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Model coverage report example

#" attitude_controller Coverage Report ] 4
File Edit wiew Go Debug Desktop ‘window Help ~

- | = | dh | Location: IFile:,I',I',I'C:,l'IocaI_WDrk_area,l'demos,l'autopiIot_RZEIEI?a_mdlref,I'attitude_control_results1948640?.htm| vl

Discrete integrator block “Integrator”
Parent: fattitude_controller

Metric Coverage
Cyclomatic Complexity 3
Decision (D1) 100% (5] decision outcomes

Decisions analyzed:

Reset 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%

false 2014401 201/401 2014401 207401 201401 201401 201401 201401 201/401 2404401 20454010

true 2004401 2004401 2004401 2004401 2004401 2004401 2004401 200401 200/401  161/401 19614010
integration result <= lower limit a0% a0% 0% 0% a0% a0% 0% 0% a0% 100% 100%

false 401/401  401/401  401/401 4074401 407401 401401 401401 401401 4017401 283/342 389243951

true 0/401 0/401 0/401 0/401 0/401 0/401 0/401 0/401 0/4m 59/342  59/3951 |
integration result == upper limit S0% S0% S0% 50% S0% S0% S0% S0% 0% 100% 100%

false 401/401  401/401  401/401 4074401 4074401 401401 4017401 4014401 401/401 3424401 395144010

true 0/401 0/401 0/401 0/401 0/401 0/401 0/401 0/401 0/4m 534401 59/4010

Logic block "Hot engaged™

Parent: fattitude_controller

Metric Coverage

Cyclomatic Complexity ]

Condition {Z1) 100% (272} condition outcomes
4 I _>l_I
Done 2

MathWorks |
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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 traceability

= Requirements management interfaces provide
traceability for design and test cases

Validate..........

“| Requirements

MathWorks
Aerospace and Defence Conference '08 n
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Design Process for Model-Based Design

= Model-Based Design

MathWorks

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

» Requirementg

_ / Simulink
Trace: ;' & Conformance:
RMI \ Stateflow | . Model Advisor

Aerospace and Defence Conference 08 Sy I "
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Example detailed design including model
reference and subsystems

all_ap

310, S
I Op Model Fle Edt Wiew Smiation Format Tools Help
D@ &RR (e d || r s |um ZJEHBEy REES®
o oieading_Made Roll Autopilat
[« > Author bpotter
(LioGL] Wodel Version: 1.120
N N Date: 17-Apr2007 08:33:32
[ L (i L) ] DD-1788 Softmare Lifecyele Data:
Fsi 41.0 Software Requirements Data
11.10 Design Description
I e 1 I DO-1780 Objectives:
TAg 5.1.1a High Level Requirements are Deweloped
Heading Mode tiitude_contrallar &.1.1b Derived High Level Requirements are Developed
! Disp_Cmd 52.1a Low Level Requirements ars Developed
TIRD 5.2.1a Software Architecture is Developed
52.1b Deriwed Low Level Requirements are Developed
g ploicp_fB
Phi Surf Cmd >
Rate_FB , T
1
P Cmd
L,
hi zero Eng switch
. Basic Rell Mode
(5 ) pleF eng Phi Ref|——1
AP Eng
[Tum Knot
Tum Knob
Roll Reference
B Demonstration
Copyright 1880-2006 nathitions Inc.
Ready 100% \F\xedﬁtapD\sh\ 4
[0l
oll_ap/Roll Reference 1ol Lm0 =100
Ele Edt Yew Smuation Fomat ook Hefp
Fle Edt Wiew Simulation Format Tools Help —
- . DEEHE| BB |e= 2] » nfo Nomd v B DS L BRE S
DEEH& @R (e f Dy ns Nomdl || BEEB S REEE
Attitude Control using displacement, rate and integral
T
hi ntGain
Engaged
93 Not engaged Integrator
inetim o it (deg)
zeio ref smitch
Ref Threshald ] [T
1 i D)
sipoma | S
bisp Limit Disp Gain stz Limit e osin cmd Limit
ispLim to dispLim icg) ateLim 1o ateLim (egisec) ematim to cmaim (geg)
minus six Ref Threshaold1 Atitude Controller
Disp_FB Author: bpotter
D » Wesion: 121
Date: 18-Apr2007 00:22:44
AP eng B DO-1788 Sofuare Lifacycle Data
Net engagzd Rate_FB 118 Sottware Requirements bata
11,10 Design Dazcrption
TK switch DO-1788 Objectives:
5212 Low Level Requirsmens are Developsd
5213 Softnare Atchitecturs is Developed
thee  TK Thisshold 52.1b berived Lon Level Requirements are Develaped
Tum Knob ARP-4754/D0-1788 Demonstration
Roll Reference Copyright 1990-2007 The MathWerks Inc,
A Ready [100% |FizedstepDiscrete Ready [to0% [ [ [FixedStepDiscrete 4
T
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Model dependency viewer

& Model Dependency Yiewer: do178b_dhc2 = I QI XE
B Yeu lHsb
]
o
d01 78b_ dth
MathWorks
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Example Model Advisor report

Model Advisor - attitude_controller oy ] 5
File Edt View Help = . . . =
3 T Model Advisor -- C:hlocal_work_area'.demos',autopilot_RZ007a 101 =l
Task Hierarchy: attitude_conraller <] |By Product - | = | dh
Zie Model Advisor Task tanager Model Advisor l . . ~
- 4By Praduet To process all enabled validations in this folder and generate a Model Advisor Report for "attitude_controller I
+ & Simulink. To display the report automatic:ally atter validations are processe |-
+-. i Peal- Time workshop Embedded Code To display the |ast report generated. click the path link listed for ! Madiel version 1.2
+- i Simulink Yerification and ' alidation :
= DO0-1788 and MISRA-C Checks A Generated on: 02-May-2007 {0:35:27
----gDispllay software lifecpcle data Fiun Selected Checks
-+ Dizplay model version information A2 of 45 Passed
- { Check safety related optimization s ' Show report after run
----QEheck salety related solver diagno
""gCheck safety related sample time ¢ Last Report @cCheck model, local libraries, and referenced models for known
(@ Check safety related data validity - u rade issues
- Check safety related data validity - From rode: By Product PY
----OCheck safety related data validity -— Feport: CAlocal work area’s shautopilot B2007a m | Possad
- (@ Check satety related data validity - Diate/Tine, 02-May-2007 10:35.27
----@Check zafety related type cornversi Summary: 0-*2 & 3
- Check safety related cornectivity - @\dentify unconnected lines, input ports, and output ports
----OCheck safety related connectivity -
- Check satety related connectivity - Passed
----OCheck safety related compatability i
- (@ Check safety related model referer - 1
o e ,|—! @cCheck root model Inport block specifications
Fassed
MCheck solver for code generation
Sample times for this model is Unconstrained. If the model does not specify any
sample times, consider setting its Periodic sample time constraint parameter to
Ensure sawple time independent. Otherwise, set the parameter to Specified if
the maodel will not be referenced.
Oldentify questionable blocks within the specified system
MQThWOI‘kS Check for blocks not supported by Real-Time Waorkshop: =
? o]
Aerospace and Defence Conference 08
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Design Verification for Model-Based Design

= Requirements based test cases

= Automated testing using SystemTest™ and Simulink
Verification and Validation

= Traceability 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

Requirements

= Verify data coverage of model . Verty
& System'i’est
Stateflow SLDV Property Proving
MOThWOI’kS i Model Coverage

Aerospace and Defence Conference 08 Model
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SystemTest for requirements based testing

SystemTest - Clocal_work_area'demos’ autopilot_R2007a_mdiref attitude control.test P Iﬂ | x|
File Edit Insert Rum Tools Deskhop Window Help
®® O2H| e = G4 T | % | CurrentDirectory: | C:\iocal_work_arealdemos\autopilot_R2007a_mdref =lal®

Test Browser L Propertles Main Test F 4 mmJ mMI Run Status » ’

Mew Test Elemert~ & 0 R —

= attitude _control Pre Test
=-Pre Test

'EJ Test Data |
?:'i Run Reference Model —“

B pun test harness
# | post Process Logged Data
Displacement Command Plot
@ Displacement Feedback Plot Main Test
[/ Rate Feadback Plot
EI Engaged Plot
Ei Surface Command Plat
EI Expected Command Plot
Model Reference PassjFail
%_g Fun Mormal Mode
B pun normal mode
E,} Post Process Cutput Data
@ Reference ModelfMaormal Mode Plok
@ Mormal Mode Pass/Fail
Save Results
Post Test

variables

main fest elernen? |

test vectors

save resu I'P:

Post Test

Test vectors # X  TestVariables
Hew.. | Edioi | B¢ B | F®

Mame | Expression |  wectar |1t |er.. |
fﬁ_{jmdex 1:1:10 I E B Test Status;

Time Elapsed:

Tokal number of iterations: 10 |

MathWorks

Aerospace and Defence Conference '08
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MATLAB&SIMULINK

SystemTest — example report

Data Plotting and expected
results comparisons

local_work_area/demos/autopilot_R2007a_mdlref/attitude_control_report/attitude conkr:
Ele Edit view Go Debug Desktop Window Help

- O | =] | &h ‘ Locatian:IF\Ie:;’,l',ic:,iloca\_work_area,idemos,iautapi\ot_R2007a_md\ref,iattitude_contml_raportjattitude_contml_l

lteration: 10

Normal Mode Pass‘Fail

Test Variable Expected Value Tolerance Type Tolerance Limit.
surfCmd normalkodeSurfCmd Absolute commandTal
<4011 double> <4011 double> 1e-007

=10l ]

»

‘local_work_area/demos/autopilot_R2007a_mdIlref/attitude_control_report/attitude_conkr:

¥
File Edit Wiew Go Debug Deskiop Window Help

[

@ B | @ | % | Location: Ifile:J‘,I’,I’C:,l’Iocal_work_area,l’demos,l’aut0piIot_RZDD?a_md\ref;’attitude_c0ntr0I_report,l’attitude_control_report.html

=l

attitude_control Done

Generated Files

Type Location Action
e Chrage Repor
Coverage Chlocal_work_areatdemostautopilot_R2007 a_mdlrefattitude_control_results18486407 cvt

- = - - - - for Run narmal
Report

made

st Clocal_work_areatdemoshautopilot_R2007a_mdirefattitude_control_results. mat M
Results - = - - - - Results “Wiewer
;Z?m Clocal_work_areatdemoshautopilot_R2007a_mdirefattitude_control_reportyattitude_control_report. html iew Test Report

Final Test Status

Start Tirme 19-Apr-2007 05:40:33
Stop Time 19-Apr-2007 05:41:13
lterations Completed 10

lterations Passed 10

lterations Failed 0

Final Status Passed

Evaluates To

Summary of results

TRUE

Daone

MathWorks

Aerospace and Defence Conference '08
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Signal Builder and Assertion Blocks

E!dn1'.'Bh_dhc2,.-"'h'erifil:atinn_BIncks - | Ellﬂ
File Edit Wiew Simulation Formak  Tools  Help
cu e L L
D|DH§|%E|<}==D?|DQ|P l|25 INolmaI jl@ |ﬁ@ﬂ5®
N Verification Blocks
=nlk
m m| MexRellRef _ ~
Fate Transition . FI o —
I'—|I|:| m| MinRollRef RollResponsePass =
Roll References Rate Transitiond Terminatons
= :l Chedk Iynamic Rall
Fhi H
" Bl —]
= hx Rl Pass =
Terminatar?
Chedi Rall Range
> R Ko NI gck]
Theta
o]
w1
Fsi <ah> v
Inerial 1 Altitude
el —]
MaxRollRateFass  © | — o]
Terminator caltRater Ll
Chedk Roll Rate Range \
BB =u<=BE > Altitude Rate
(q}
Terminatard ': 2 ) > <airzpeed L
Air [rata
Airspeed
el —]
irr = w3
Terminator2 alpha* =
Terminator
; »[5 =
o - hbx filPass Ll “betar —
ileran Cm i
Terminatord T e
Ched Aileron Range
=15 ¢<=u <= 15
Ready 100% |ndez3 4

MathWorks
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Model coverage report example — signal ranges

%Y attitude_controller Coverage Report

G
Ix

File Edit Wiew Go Debug Deskkop  window  Help ~

dm up | % | i |L|:u:ati|:|n: File: [ s flocal_wiork_arealdemaos)autopilot_R2007a_mdlreffattitude_control_resulks19486407  Rkml

: =]
Signal Ranges:
Hizrarchy Test 1 Test 2 Test 3 Test 4 Test & Test B Test 7 Test 2 Test 9 Test 10 Owerall
Min Max Min Max Min Max Min Max Min Max Min Mae Min BMas Min Mas Min Mas Min M2 Min bax
attitude_controller
. Integrator o o o o 0 oo o o o o oo o o o o oz -2 0z
. Not engaged 1] 1 0 1 1 ] 1 1] 1 0 1 ] 1 1] 1 0 1 0 1 1
.Cmd Limit -1 1 -5 9 A0 10 A 1T 4 4 &5 5 A 1T F 7T FETSE 4 4 A0 A0
. Dizp Limit -1 1 5 9 A0 10 0O 0 o o o o oo o o oo 1 -0 A0
. Rate Limit -1 1 -5 9 A0 10 A 1T 4 4 5 5 oo o o oo 1 -0 A0
. Dizp Zain -1 1 -5 9 A0 10 A 1T 4 4 &5 6 oo o o oo 1 -0 A0
. Int Zain o o o o o o oo o o o o oo o o o o -z Z -2 2
. Rate Gain -1 1 -5 9 A0 10 A 1T 4 4 &5 5 A T F 7T 2 8 A 1 -0 A0
. Sum -1 1 -5 9 A0 10 A 11 1 -1 1 oo o o oo 1 -0 A0
.Sumi -1 1 -5 9 A0 10 A 1T 4 4 &5 5 A 11 1 -1 1 -1 1 -0 A0
. Sumz -1 1 -5 9 A0 10 A 1T 4 4 &5 5 A 1TF 7T &2 8 4 4 A0 A0 —
d | ol
Crone Y
MathWorks

Aerospace and Defence Conference '08 -
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Simulink Design Verifier — Coverage Test

[Elsidvdemo_debounce_modelcoy —(olx]
Fle Edt Yew Snulaton Format Tools Help

DSES| SBR[ 4| r oo [vomad ]| 5 e B8

Simulink Design Verifier
Model Coverage Test Generation

debounced
debounce

This modelis configured to generate test cases that achieve complete

model coverage. Each outcome of each model coverage point in the model

is atest objective. Ifyou configure the Simulink Design Yerifier to generate the
fewesttest cases, itwill satisfy as many objectives as possible in each test case

Run View Options
{double-click) {double-click)

Run Simulink Design Verifier View Simulink Design Verifier Options

Copyright 2006-2007 The MathWars, Inc.

Ready 100% T=0.00 [FixedstepDiscrete 4

<) Signal Builder {sldvdemo_debounce_modelcoy_harness/Inputs) * I [=](ES)

File Edk Group Signal Axes Help

FH| BB o[~ ToEFREE Y 0 G R[E
Test Case 2 K Test Case 3 )/ Test Case 4 )f Test Case § \Tesﬂ Case B )f Test Case 7 4
140
raw
120
100
80
60
40
20
0
0 0.02 0.04 0.06 0.08 0.1 0.12
Time {sec)
Left Point Right Point =
N Hame: [ T | o |
Index: 2| Vi ¥:
I [ I El

ﬁ Adjust segment ¥ position ‘

'08

MATLAB&SIMULINK

%Y Simulink Design Yerifier Repork

File Edit Views Go Debug Desktop  Window Help

=0l ]

B | % | dh |anatiu:-n:IFile:,I',I'II'H:II'Du:u:umentsII'MATLABII'sIdv_c-utputII'LI

Test Case 7

Summary
Length: 0.13 Seconds (6 sample periods)
Objective Count: 10

Objectives Reached At:

Step Time Chjectives
1 o 1
2 0.01 7

)

11
3 0.02 .

16

18

10
e 0.08 12

14
13 012 1a
Generated Input Data.
Time 0 0.01 0.02 0.07 0.08
Step |1 2 3 4 5
raw (128 |1 128 |0 128

1 |

[

19



} The MathWorks® MATLAB&SIMULINK

Simulink Design Verifier — Objective Test

[E]sldvdemo_debounce_testconblk Y ]
Fle Edit Yew Simustion Format Tools Help

D& R e 4|2y ofion |Nmd -] S @B B

%V Simulink Design Yerifier Repork - IEIIEI
Simulink Design Verifier File Edit WYiew Go Debug Deskbop Window Help "
Test Constraint Block
a B | @ ‘ % ‘Lacatian:I:IvI:IemD_I:Iebaunce_testcanhlk_repurt.html Ll
2
0.1} ﬁ E’ﬂ True -
— i ' D
& C_ Tl Chapter 3. Test Cases / Counterexamples
debounce

- Table of Contents

This model demonsirates how input values can be constrained. The Test I

Constraint block added at the |eft forces the input value to be either 0 or 1.

Test Case 1

e o rine Test Case 1

Run Simulink Design Verifier View Simulink Design Verifier Options

o Summary
apyright 2006-2007 The Mathilios, Ine.
Ready 1o Fredsienbiscrete 4 Length: 0.13 Seconds (4 sample periods)
Ohjective Count: 2
S Objectives Reached At:
Fl= Edt Group Signal Axes Help 5
I IR Y = LT Step Time Objectives
7 0.06 2
raw
! 13 012 1
0.8
Generated Input Data.
0.6
o Time 0 0.01 0.07
Step |1 2 3
o rawe [0 1 1]
0 vI
0 0.02 0.04 0.06 0.08 0.1 0.12 1 I I L4
Time {sec)
——————  LeftPoint Right Point 7 Done j
Hame: [ T [ T [ =
N Index: 1 = | v | ]

]

‘raw (1) [ hin Yidax |

Aerospace and Defence Conterence ‘08
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MATLAB&SIMULINK

Simulink Design Verifier — Property Proving

[Z]sldvdemo_debounce_assumeblk - o) x|

Fle Edt Yiew Smulstion Format Tools Help

D EES $BR|(E 4| b = fier [Nomad =

Simulink Design Verifier
Property Proving with an Assumption Block

debounced

o

joutput X

&

{0,1% Verify True Outpirt

Thig model is configured for Simulink Design Yerifier to perform a property proof.

It atternpts to prove that when the sum ofthe current and six previous inputvalues is
greaterthan B, the output equals 2. The model includes an Assumption block that
constrains the inputto be 0 or 1

Simulink Design Verifier searches forviolations of 20 or fewer time steps. Itis
unable to find aviclation because the property is valid under the assumption.

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

Run Simulink Design Verifier View Simulink Design Verifier Options

Copyright 2005-2007 The Mathilfatks, Inc.

Ready |100% [T=0.00 |FizedStepbiscrats v

dvdemo_debounce_assumeblk /¥erify True Oubput =10] x|
File Edt View Smulation Format Tools Help

OEES| & B=e|e= 452 p =i [Nomal

by

ap ree 4@
output B
— Assertion
implies

M |Anemm to prove that when the surm of the current and six previous input I

walues is greater than 6 it implies that the output will equal 2

A| Ready [100% [f=0.00 [FixedStepDiscrete Arence ’08

%" Simulink Design Yerifier Report -0l x|
]

Flle Edit WYiew Go Debug Desktop window  Help

o B | = | ik |Location:I,l'sIdvderno_debounce_assumeblk_report.htrnl vJ
—TToETT =

[

ReportFileMame ShiodelNamed_report

ReportincludeGraphics off

DisplayReport on

Chapter 2. Test/Proof Objectives

Table of Contents

Status
werify True Output

Status

Table 2.1. Objectives having No Counterexamples of 20 or Fewer
Steps

#: [Type |Model hem Description
Aszzert Asserion Aszsertion "Assertion” assert

=

With the following active constraints:

Name Constraint
Aszsumption{ 01}

Verify True Output

Ohjectives of: Assertion

#: Status Test Cases Description
1 Undecidable|nfa assert
-~
l | _’l_I
Done G
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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
= Automated testing and analysis =~ 1Eclemens

/' Simulink
_ ! & Conformance:
Trace: ! Model Advisor

Verify:
SystemTest
SLDV Property Proving

Model Coverage

RMI © Stateflow L

MathWorks v

Aerospace and Defence Conference 08 *~»] Model |-
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Coding Process for Model-Based Design

= Automatic code generation
= Real-Time Workshop Embedded Coder

= Traceability
= HTML Code Traceabllity Report

= Source code verification

= Complies with standards using PolySpace MISRA-C®

Conformance:

checker
= Accurate, consistent and robust using PolySpace™
Vel‘ifiel‘ T + Model
Trace: . Real-Time Workshop
Model/Code Trace Repott Embedded coder
MathWorks S~

IRREEN

Aerospace and Defence Conference '08

Source Codeg

... PolySpace Products



<} The MathWorks" MATLAB&SIMULINK
Incrementally Generate Code

<} Model Reference Dependency Graph: application

File Help

= Incremental code generation dependent modsis rebuit ...

IS supported via Model
Reference

= When a model is changed, _
only models depending on it

are subject to regeneration
tode

Of thelr COde model changed and rebuilt

Click on a node to open the model

E! Configuration Parameters: floatdemo,/Configuration

—Febuild optionz for all referenced modelz

Select:
- Salver Rebuild options: | If any changes detected
- [1ata Import/E sport
. Alwans
- Cptirmization - A
Di . Wl e Ty T =TT | | any changes detected
E-Diagnastics | If any changes in known dependencies
- Sample Time Toatal number of ing by oyer

£ o) dopendences = Reduces application build

Connectivity % Specify the model dependencies az a cell aray of file n . L.
. % automatically include the model.mdl and linked library o
Lompatitility ) % nat on the MATLAE path, use abzalute paths: prefi $h tl m eS an d e n S U re Stab I I Ity Of
- Model Referencing i path iz relative to the location of the .mdl file; wildcards

- Hardware Implementation % to comment out a line; uze "' to continue lines. For ex a p rOJ ect’s COd e

: 4
Lilde |5 eieing Dok parameters mat', SO Lsmdlbvars. mat’,

[=]- Real-Time '#orkzhop % Pl e ol ob el

. Degre_e of deper]dency
MathWorks checking is configurable

Aerospace and Defence Conference '08 -
24
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Add Links to Requirements

[

EXI:I|CIFE E! Requirements: clock E3
I cut Requirements I Document Indes |
E Signal 2 =ignal_in IEE Copy Clack period shall be consistent with chirp tolerance
Delete &l
Signal Builder . i . Loy |
rebound el DiscretePulseczenaratar Parameters. .. | 1. "Clock period shall be consistent with ch 2
EBlock Properties. .. ' ' ) Delete
P Add link bo Word selection 4|
F.equirements &dd link. b active Excel cel Up |
Edit/Add Links ... o |
Link setkings ...
Dezcription: IEIock peniod zhall be consiztent with chirp tolerance
[ ocument; I thedemo_requirements_doc, himl ;I
[ocument pe: IHTML file LI Browse. .. |
Lozation: :
(Typeidentren | Bl JFequirement 5
zer tag: I
o Update fields with
. pdate fields wi
25 F* DiscretePulsefenerator: "<Rootx> clock’ current selection i DOORS | o | e |
De *
a7 * Requirements for "<Root>~clock': Ok I Cancel | Help | Apply |
Qg # 1, Clock period shall be consistent waith chirp tolerance
25 4

100 reh_clock = —

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

102 rtDWork.elockTickCounter »>= 0) 72

105 1.0

104 0.0o;

105 if (rtDWork.clockTickCounter »>= 2.0-11 {
MArthyYvorks

Aerospace and Defence Conference '08 -
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Code to Model Trace Report

[E1real-Time Workshop Report B =10l x|
Back | Forward I sgs T
Traceability Report for
Contents £
. . ... attitude_controller
'Subsystem Report
Generated Source Files Table of Contents
attitude controller.c
attitude contraller.h : I Ellminaﬁed_fvirtual Bluc:kgw R —
attitude controller private.h 2. TraCsaétl'gtj-iw%ﬁnﬁ!gﬁg: { Stateflow Objects / Embedded MATLABR Scripts
attitude controller types.h o attitude controller/Model Info
Eliminated / Virtual Blocks
Block Name Comment
“Root=/Disp Crad
“Root=Disp F8
<Root=/Rate FE
=Root=/Engaged
“Root=Model Info
=Roat=Sur Cmd
<51 =/EmptySubsystem
Traceable Simulink Blocks / Stateflow Objects / Embedded
MATLAB Scripts
Root system: attitude controller b
Object Name Code Location
<Boot=/Cmd Limit attitude controller.c: 129, 130
“Rootz=MAisp Gain attitude controller.c:81; 85
=Root=/Disp Limit attitude controller.c:74, 75, 82, 29
wRoot=Ant Galn atbitude controller.c: 138, 144
attitude controller.c:19, 20, 48, 49, 137, 140
zRooi=Antegraior athitude controller.h:26, 27
attitiida rontrallar Arivates Fo4dn 45 ;l
oK I Cancel Help | Apply |

MathWorks

Aerospace and Defence Conference '08 -
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Compliance history of generated code

MISRA-C 2004 Compliance history of generated code
I T

I
EIR20062
IIR2006h |
[_Ir2007a

e Our MISRA-C test
suite consists of
several example
models

(] (%]
(=] o
T T

Number of violations
N
o
T

* Results shown for
most frequently
violated rules

—=
o
T

(=] o
T

Rule10.6 Rule121 Rule14.4
MISRA-C 2004 Rule Numbers

= |mproving MISRA-C compliance with each release, e.g.

= Eliminate Stateflow goto statements (R2007a)
=  Compliant parentheses option available (R2006b)
= Generate default case for switch-case statements (R2006b)

= MathWorks MISRA-C Compliance Package available

Mofk{l?o% request http://www.mathworks.com/support/solutions/data/1-1IFPOW.html
Aerospace and Defence Conference 08 -
27
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Simulink Integration with PolySpace Products

NPT

ENHES ””g ,II\
Vanying| from - [

000110500

|
‘ & riwdemo_asap? * |:||E|El

‘ File Edit  Wew Simulaktion Format Tools  Help

Oed&E «» =8 <= II1EI.EI INn:nrmaI ~|| Z

A~

ates ASAPZ data export. ASAPZ is a data definition 5
|

|

Division by

MathWorks
Aerospace and Defence Conference '08 -
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See results In the model

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

Filz Edit Tools Windows Help

BE= T BRI I I

EEEEEE

i) riwdemo_asap? * |:||E|El

File Edit  Wew Simulaktion Format  Tools  Help

O = Hd&

= O p = [i00 |Nomal  ~|| B

Procedural entities

- riwdemo_hyperlinks.c

¥ Bumw: ' <Root>SSum” ing
*  UnitDelay: '<Root>s~)
i
rth_Zwitch = juintd T) (]

Z

/7 BelationalQperator:

ETE N

g

LookLipz2

Gain2 /% Outport: '<Roobx/Out

rt¥.0ut =

demonstrates ASAPZ data expaort. ASAPZ is 3 data definition standans

ot/ Swa by

f* Fwitch: !

£ | »

if(rth Feld

PolySpace detected an error here
Matiworks | (@fter having analyzed the generated code)

Aerospace and Detence Conterence '08
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Coding Process takeaways

= Reusable and platform independent source code
= Traceability

= MISRA-C compliance
= Static verification and analysis

PP, +* Model
Trace: /" Real-Time Workshop
Model/Code Trace Repott Embedded coder Conformance:

e - PolySpace Products

MathWorks
Aerospace and Defence Conference 08 ---»| Source Codd— 30
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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

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

Analyze code coverage during PIL rRaiemes

. . . Verify:
= Analyze execution time during PIL | _ spentet
= Analyze stack PIL Model
Source Code Verify: _
SLDV Test Gen_eratlon
MathWorks Embedded IDE | mbedded IDE Link XXX

Aerospace and Defence Conference 08 Object Code
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Processor-in-the-Loop (PIL) Verification
- Execute Generated Code on Target Hardware

Simulink

Algorithm
(Software Component) Plant Model

Execution

. on host and target
. non-real-time

(o
O
q)-l—'
'89
o
O
o
@)

Communication via one of

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

MathWorks Embedded Target
Aerospace and Defence Conference 08
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Integration Process Takeaways

= [ntegration with multiple development
environments

= Test cases and harnesses generated
automatically

= Efficient processor in-the-loop test capability

Requirements
Verify:
l SystemTest
Embedded IDE Link XXX

Model

Source Code Verify:

SLDV Test Generation
Embedded IDE mbedded IDE Link XXX
MathWorks :
Aerospace and Defence Conference 08 Object Code
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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)

MathWorks

Aerospace and Defence Conference '08



