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Standards Background

MATLAB&SIMULINK?

System Development
Processes
(ARP 4754)

Software Life Cycle
Process
(DO-178B)

Hardware Design Life
> Cycle Process

(DO-254)
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Benefits of Model-Based Design

Use models to validate and verify requirements and designs
early in the process

Re-use tests throughout design cycle

Automatically generate design and verification artifacts

Streamline process by qualifying verification tools
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DO Workflow Example Tomee_0o25i>
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DO Workflow Example Do-1788_DO-254>
Trace Validate ............
Simulink Verification K
and Validation: P Requirements
Requirements -~
HETEG AT Simulink &
I Mo Stateflow
s ~ 47

—

= === 5| Model

DO Qualifiable Tool
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Requirements linking and traceability Seeire 0oz

© 2

= Bi-directional linking with requirements o
= For Simulink and Stateflow q
= Requirements consistency checks ﬂ

(Mode DWOTk.ModelogicChart.c is Ll — Mode IN ac

Mode Lo keauirements da (Reas-Unly) - Micrsolt W
B ER wen Pust Fewat [o66 Tk dncow b

= Extensibility API
= Report generation

= Links to Documents and Requirements
Management Packages.

IBM DOORS
ReqTracer
Microsoft Word
Microsoft Excel
PDF

HTML
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<DO-178B DO-254
DO Workflow
Validate .............
.
_ - - = Requirements
Trace -~
//
| Simulink & Conformance

R Stateflow [ ... Model Advisor*

=~ - - | Model |-

* DO Qualifiable Tool n
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Simulink Model Advisor

= Model Advisor is used to
= Enforce model standards and best practices
= Detect modeling and code generation issues
= Pre-defined sets of checks for DO-178B and MAAB Style Guides
= Automated report generation

=loi x|
File Edit View Help
Task Hierarchy: rtwdemo_advisor1 =/ |Model Referencing

=

&-aModel Advisor Task Manager
£-E3By Product
&2 Simulink
#3Real-Time Workshop Embedded Coder
=-CaSimulink Verification and Validation
=-EaModeling Standards
© =@DO-178B Checks
| 2-EaMathWorks Automotive Advisory Board Chet
--ﬁRequirements Consistency
== By Task
= Simulation Performance and Accuracy
=Simulation Runtime Accuracy Diagnostics
= ‘aModel Referencing
-~ & Check root model Inport block specifications
¥ @Check for model reference configuration mis
- @ Check for parameter tunability information ign
~# @Check for implicit signal resolution

 Analysis

Perform model reference related checks

Run Selected Checks

" Show Report After Run

r Last Report

From node: Model Referencing

P . g
| | 3

Report: C:\Work\Aslrtw\slprj\modeladvisor\rtwder
Date/Time: 05-Jun-2007 14:58:04
Summary: @Pass:4 @Fai: 0 A \Warning: 1
4 | _’l;
Help

N

CDO-178B DO-254

Model Advisor -- ¢ tmp',ma_utils',slprjimodeladvisorrtwdemo__advisor1'repo... [H[=] E3

L 4] ]

@

|»

Report name: Model Advisor - MathWorks Automotive Advisory
Board Checks

Model version: 1.190
Last run: 08-Jun-2007 22:09:39 —

Simulink version: 7.0
System: rtwdemo_advisor1

Run Summary
Pass Fail Warning NotRun Total
@11 @0 Ag = 20

MathWorks Automotive Advisory Board Checks

@cCheck for blocks not using one-based indexing
Math¥Waorks Autorotive Advisory Board Style Guideline: db_0112: Indexing

Passed

&.Check for invalid filenames
MathWaorks Autormaotive Advisory Board Style Guideline: ar_0001: Filenames

The following madel or ather files residing in the same directory as the
maodel use characters that are not allowed

rhwdema lct mexw32 loa hd

Daone
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DO Workflow Example CBo1788 DO25A

Validate .............
"

— - = Requirements

Verify
SystemTest*
Simulink Design Verifier:
Property Proving
Model Coverage

\ Conformance

= = =~ 5| Model

DO Qualifiable Tool
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SystemTest

= Manage tests and analyze
results for system verification

and validation

T A e S S T -

Simulink System

Model

Load

MATLAB&SIMULINK
CDO-178B DO-254

Setup Test and
Variables

Run
Simulations

Results

@ é’ Z Analyze

SystemTest
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CDO-178B DO-254

Simulink Design Verifier
Property Proving & Test Generation

o]
= Property Proving T B [ | o [orecimi s <]
- FunCtionaI testlng Chapter 2. Test/Proof Objectives -
u Property prOVIng \SIE}]‘UESTrue Output
= Generates an example of a Status
Vlolatlon Tahle 2.1.|0hjectives Falsified with Counterexamples
. . #: Type Model ltem Description
= Produces detailed analysis reports L tpsserlipceotio pssetion Aesstion
= Test Generation Verify True Output
= Automatically generates test
VeCtO s for mOdeI Coverage Chapter 3. Test Cases / Counter Examples
= Detects unreachable states
= Saves test vectors and generates Counterexample 1 :
report Summary .
‘prjr?gth.: ) QSecondstampIe pe;mds) _’ILI
= Uses formal methods, not

simulation
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DO Workflow Example Qo:t7es Do-254 >
Trace Validate ............
Simulink Verification 4 ’«

and Validation: _ - - - = Requirements _

Requirements -~ . s\t/eer:nyest*

Management / L y

Inte?'face : Simulink & Conformance Simulink Design Verifier:

AN Stateflow | ... Model Advisor* Property Proving

~
~

S~

- Model Coverage
= = - —=| Model

DO Qualifiable Tool



<} The MathWorks MATLAB&SIMULINK

Agenda

Relevant standards

DO workflow — Common Elements

= |DO-178B - Software Considerations and Workflows

DO-254 — Hardware Considerations and Workflows

Additional Topics




<} The MathWorks MATLAB&SIMULINK
DO-178B Workflow Example @oisdsozs:

Validate ............
.‘t‘ '0‘

— - = Requirements

Trace |
‘e “___...Conformance Verify
= ~ ~ * .“-
~ = = = =—| Model
- - -
Trace -

Conformance

~ v

T==- -I Source Code |- '

Object Code
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DO-178B Workflow Example @oisdsozs:

Validate ............
.‘t‘ '0‘

— - = Requirements

Trace | Verify

\ Conformance

Trace = = = =—| Model
Model/Code Trace Report _ - ~
-
7/

\ Real-Time Workshop®
\ Embedded Coder™

N

~

~
~

T==a -I Source Code
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Real-Time Workshop® Embedded Coder

=  Automatically generates C code from T - —
Simulink® and Stateflow® models . L R —

Fault-Tolerant Fuel Control System - Fixed Point

. ! ) | RS engine gas dynamics
Code is ANSI/ISO-C compliant _

engine engine speed 02_out ——

speed

nominal

spaed command throttle sensor
-_’_ko—- —’_O\O—L’ P throttle angle MAP —
High
Speed speed sensor
(rad.sec) ble [ fuel airifuel ratio

Ty

EGO sensor

% »

Iﬁ:ﬂ:ﬁsens‘" v Metered Fuel airifuel
double

fixpt to
double

to fixpt mixture ratio
%'RTW Report - fixpt_fuelsys.c =(0f x|
File Edt View Go Debug Desktop Window Help B
€ 9 | & | # | Location [oumatien7sworkifixpt_fuelsys_ert_rtwitmifixpt_fuelsys_c html ]
Contents 21 /# Switch: '<S20>/Switch' */ =
anten if (fixpt_fuelsys B.throt_fail o) {
Summary - - - -
Subsystems /* Output and update for atomic system: '<520>/Throttle Estimate’
Code mapping
Code reuse exceptions /* Lookup2D Block: '<S31>/Thrott Estimation Table (2-D)' —
Generated Source Files + Input0 Data Tyvpe: Fixed Point  S16 2°-1
+ Inputi Data Type: Fixed Point  S16 2°-14
sl + Output0 Data Type: Fixed Point szsl 245 >
v| 4 { ¢
Z
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Model-to-Code and (00-1785> D0-254

Code-to-Model Traceability

Simulink Verification Real-Time Workshop
and Validation Embedded Coder

=] Real-Time Workshop Report

Back I Forvard I

Traceability Report

Summary Eliminated / Virtual Blocks
Traceability Report

Subsystem Report

) Block Name Comment
Generated Source Files <Root=/Build ERT Empty SubSystem
ert main.c _ <Root=/Mux ML
rtwdemao hVDerI!nI{s.c <Root=/Scope Eliminated unused block
rtwdemo hyperlinks.h <Root=/\iew RTW Empty SubSystem

rewdemo hyperlinks private.h
riwdemo hyperlinks tvpes.h

Traceable Blocks

rtwtypes.h

Block Name Code Location

<Root=/TNC2 rtwdemo hyperlinks.c: 36
<Root=/TNC3 rtwdemo hyperlinks.c:37
<Root=/IMIT rtwdemo hyperlinks.c: 44
<Root=/RESET rtwdemo hyperlinks.c. 54
=Root=/RelOpt rtwdemo hyperlinks.c:43
=Root=/Sum rtwdemo hyperlinks.c:35

<Root=/Switch rtwdemo hvperlinks.c:55




<} The MathWorks MATLAB&SIMULINK
DO-178B Workflow Example @oisdsozs:

Validate ............
.‘t‘ '0‘

— - = Requirements

Verify

Trace |
N\ Conformance
~ - "“---....‘
~ ~ -
: = = ==| Model
- - - -
Trace -
; Conformance
\\ PolySpace*
R
~ o* S

~ v

T==- -I Source Code |- '
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PolySpace

= Verification of C/C++ and Ada code o {122 e atre:
re|i0b|é\\%%p==n;:£ < 100; its, )
= Detects run-time errors E< fRed&\WﬂszuglL )
= Streamlines high integrity DO-178B " | co— N
workflows . it om0y (gt = 105 )
= Rule checking features (MISRA-C ”’ g e
and JSF++) o
= Source code color scheme
= DO-178B artifact generation D\
capabilities '*"
= Qualification kit available

Plans Test Cases Requirements
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DO-178B Workflow Example @oisdsozs:

Validate ............ Verify
“ SystemTest*
- — = Requirements Embedded IDE Link

Trace |
- ‘e Conformance
~ = = = =—| Model S
Trace - -~ SystemTest*
’ Simulink Design Verifier:
‘\ Conformance Test Generation
N O Embedded IDE Link

~ v

Te-a -I Source Code -

Object Code
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Processor-in-the-Loop Testing ooz

Embedded IDE Link
Simulink: - = Model in simulation and code on the processor

Flb B Wew Seasen Fomit Tod Hep

D FES LD es D= r =0 fow = BMDS | RE®E

running in parallel

= ~
- sapet S ~loi

File Edit ‘“iew Simulation Format Tools Help ¢1 Il
&8 | Lpp ABRE PAR
DSHE| L 2R |E 42 » o[ [Noma ]| 5L

Hast Fresults]

PIL comparison: Model Simulation vs. Tricore Code

Rea-Time orks and IDE ST

A e e e il . PIL Resus1
BLFLloEGuie m » P I eX 6 (267 % w B -—— i -
A eI Hew QA® T 0D =l int32 pil_tricore ;
Outl (i = int32 »

133 =] [ OxaD000154 = e csa_area: ¥ |[Scurce bnes. ZlfSouce ine step = In1
— S Feommer 3 S v I
BN Outz In2

int3z2
(o [ Qw3
- Outs In= Host Results2 I » inz

Test Inputs hodel Host
I—. In2
int32
L,ﬂ PIL Results1
[Tt FIL Template
int32 al Ina
FIL Resultsz
i ]
Trigore PIL Code 1 \earify Outputs with
> Aszertion Blocks
Ready [107% |FixedstepDiscrate Y

PIL also provides execution profiling, code coverage reports, and interactive debugging.
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DO-254

DO-178B Workflow Summary

Trace Validate _.............
Simulink Verification 4 K] .
e : Verify
all_\?d Vglldatlotn. Pt == Requirements SystemTest*
a0 Embedded IDE Link
Inte?-face ' Simulink & Conformance
M Stateflow | ... Model Advisor*
S~ o 3 " SystemTest*
T = = == Model |~ Simulink Design Verifier:
_--" Property Proving
7
,~ Real-Time Workshop Conformancie Model Covera?’e
\ Embedded Coder | FolySpace Verify
N SystemTest*

hRN PalysSpace*

Trace ~ ¥

~

- : Simulink Design Verifier:
Model/Code Trace Report™ = = -| Source Code |-

Test Generation
Embedded IDE Link

Embedded IDE Link

Object Code

DO Qualifiable Tool
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DO-254 Workflow Example po-1788 (DO-254

..............
L]
‘e

_ = High Level Requirements

e
/
Trace
\ Conformance
\
N
s ~
_ =¥ Conceptual Model
s
/
Trace ‘I
\
N\ \ 4
~

~> Detailed Design (RTL)

A 4

Detailed Design (Net-List)

\ 4
Hardware
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DO-254 Workflow Example po-1788 (DO-254

..............
L]
‘e

3 y
/"v High Level Requirements
/
/ .
Trace I Verify
\ Conformance
\
N ~
> Conceptual Model
s
/
Trace / Simulink
Model/Code Trace | HDL Coder
Report \
\ \ 4
N

> Detailed Design (RTL)
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HDL Code Generation with Simulink HDL Coder

= Simulink HDL Coder

Generate behavioral HDL

Readable and traceable to
requirements

Target-Independent
Bit Accurate/Cycle True

Customizable via options and
Control Files

= Full model support

Simulink (datapath)
Stateflow® (control logic)
Embedded MATLAB

MATLAB&SIMULINK®
DO-178B

o sy

uuuuu
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Model-to-HDL and o178 o254 D
HDL-to-Model Traceability

Sim_u_link_ Simulink HDL Coder
Verification and

Validation

Model used for

Textual production HDL
requirements HDL generation
BEGIN
Fle Edit View Simulation Format Tools Help S
Re Uirement #1 | 81 =0 e s R L SfsEber nEE® —— Block reguirements for <Root>/Takeoff Zbort
9 T~ /—— 1. 1.4 Takeoff BLbort Logic

| -- 2. 1.4.1 Manual Abort
-— 3. 1.4.2 Automatic Abort
u_Takeoff Abort : Takeoff Abort
FORT MAP
(MANUAL TO RECRT => MANUAL TO_RBORT,
AUTC TO ABCORT =»> Accel Auto TO Abort AUIC TO AB
AUTC TO ABCORT ENABLE => Auto TO Abort Enable AU

Requirement #2

ACCELERATION
ACCELERATION

TG ABORT => TO ABORT
1 (D) ARSPEED L ! R I
Requirement #3 - E— ~ ACCELERATION signed <= signed (ACCELERATION) ;

\ g2fps2 gainparam <= to_signedi&4, E);

—— gain mumltiplication is replaced by a shift of 1 t

g2fps2 outl <= resize (ACCELERATICN_signed (7 DC-WI‘II‘V

» Use the Traceability Report section of the
Simulink HDL Coder HDL generation report to review mapping
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DO-254 Workflow Example po-1788 (DO-254

¥ High Level Requirements

7/
/
Trace / Verify
| Conformance
N e,
\ .
S | Model
~» Conceptual Mode
P P Verify
I/ SystemTest™*
EDA Simulator Link
Trace '\ HDL Simulator
\ \ 4
N

Verify
SystemTest™*

EDA Simulator Link
HDL Simulator

> Detailed Design (RTL)

A 4

Detailed Design (Net-List)

* DO Qualifiable Tool
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EDA Simulator Link™ block Brings Together | Boi7s(8025>

Leading Tools for Modeling and HDL Simulation

= EDA Simulator Link™ block is a fast, bidirectional cosimulation
Interface for system-level functional verification using ModelSim,
Incisive or Discovery

= Benefit: Reuse test environment in the executable specification
to verify the implementation.

Modeling Cosimulation and
and Simulation Verification

EDA Simulator Link cEdancd
Simulink SYNOPSYS

HDL Verification
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DO-254 Workflow Example

Validate,...........,,
"y
- High Level Requirements
/
/
Trace /
| Conformance
N e,
\ .
S ~
p _~» Conceptual Model
/
/
Trace |
\
\ o 4
~¥ Detailed Design (RTL)
EDA Partner ;7
Tools /
|
Trace \
\\ \ 4
| Detailed Design (Net-List)
/
/
I
\
Trace \
\ N ]

Hardware -

DO-178B

CoSim / HIL

Verify
SystemTest™*
Vendor HIL Solution

Verify
SystemTest™*
EDA Simulator Link
HDL Simulator

Verify

Systemlest™”
EDA Simulator Link
HDL Simulator

Verify

Verify
SystemTest™*
Vendor HIL Solution

* DO Qualifiable Tool
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DO-254 Workflow Example (Partners)

Validate

High Level Requirements

Trace /
Simulink® Verification /
and Validation™: |
Requirements \
Management Interface <

Simulink &
Stateflow

Conformance
Model Advisor

------
......
.® "

Conceptual Model

SystemTest™*

Model Coverage

DO-178B

CoSim / HIL

Verify
SystemTest™*
Vendor HIL Solution

Verify

Verify

Trace /
Model/Code Trace|
Rep&tace \

HDL Coder

EDA Partner 7
Tools /

—» Auto Generated HDL

Simulink

v

SystemTest™*
\ EDA Simulator Link

HDL Simulator

‘e

L] .
----------

Conformance
\ 4

Detailed Design (Net-List)

A

Verify

SystemTest™*

EDA Simulator Link
HDL Simulator

Verify
SystemTest™*
Vendor HIL Solution

~»| Hardware

* DO-254 Qualifiable Tool
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DO Qualification Kit

= Tool Qualification Plan and Tool
Operational Requirements

= Test case models and code, test
procedures, and expected results

= Traceability tables mapping test cases
to requirements

= Qualification materials for Simulink
verification, validation, and test tools

= Qualification materials for PolySpace
code verification tools

MATLAB&SIMULINK?

Plans

€

Test Cases

Requirements




