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The “digital” car

Fighter planes

High end cars
Electronics SW
Electronics SW
Innovation Spend
Spend on innovation
SOC market

20 M lines of code

100 M lines of code

< 20% of car cost in 2005
Almost 40% today

90% in Electronic Systems
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THE SOURCE OF SOFTWARE ISSUES

“The IV&V Program documented 10,677 software artifact defects on 22 NASA projects in
2007...The IV&V Program analyzed the defects sorting them by severity and type of defect.”

Software Defects by Tvpe (High Severity)
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36% (206) Performance & Quality
g 52% (302) System Behavior 24%
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REQUIREMENTS DESIGN CODE TESTING

Requirements are the leading source of software defects.
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Go Further

g source of requirement
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THE SOURCE OF SOFTWARE ISSUES

Total Issues: 361

r Requirements
N 4 149 System
| \ 415 Related
e —— - 137
38%

41% of Software issues found during development of the 2016 MY F-150 Pro Trailer
Backup Assist Feature were related to the requirements, and 38% of all software issues

were system-related.
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Virtual vehicle
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R2016b release — Powertrain Blockset

R2018a release — Vehicle Dynamic Blockset
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4\ Metrics Dashboard
METRICS DASHBOARD
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Cpen  Options Non-Compile All Metrics | an
- - Metrics

Show:

FILE RUN THRESHOLDS

sldemo_fuelsys

Created by: The MathWorks, Inc.

Collected 1/14/2020, 12:46:44
P

Revision: 1.742
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Code Analyzer Diagnostic
Warnings Warnings

SIZE

211 1 Models

Blocks 3 Files

ARCHITECTURE

Actual Reuse
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Model Complexity I

Dashboard
0
VIEW ‘
Blocks . Cyclomatic complexity
0 Metric that calculates the cyclomatic complexity for model, subsysiems and charis.
Type Component @
Stateflow LOC
0
Chart control_logic

I Model

Subsystem
MATLAB function
Subsystem

MATLAB LOC

Subsystem
Subsystem
MATLAB function
MATLAB function
MATLAB function
Subsystem
Subsystem
Subsystem
Subsystem
Subsystem
Subzystem

Chart

Sihsyatem

8 MATLABLOC

50 statefiow LOC

System Inferface

B

sldemo_fuelsys
Speed.speed_estimate
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Throttie

Throttle & Manifold
switchable_compensation
EGO Sensor

MATLAB Function
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sldemo_fuelsys/fuel_rate_control/control_logic
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...elsys/fuel_rate_control/fuel_calc/switchable_compensafion
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_..mics/Throttle & Manifold/Intake Manifold/MATLAB Function
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Table 2 below provides the list of Model Quality Requirement (MQR) applicable to achieve the quality objective of
each type of design models. The details of each MQR are specified in section 3.2

MQR Title
MQRO! | Model layout M M M M
MQR-02 Model comments M M M M
MQR-03 Model links to requirements M M M M
MQRO4 | Maodel testing against requirements M R M M
: 5, ok MQRO5 | Maodel compliance with modeling M M M
Model Quality Objectives sondord
MQR-06 | Model date M M M
Embedded software development with MATLAB/Sir ot
MQRO7 | Model M M
Author: MGO Working Group | Version: 1.0 | Release date: 092018 + - .
MQR-08 | Model complexity M M
MQRO9 | Model coveroge ™ M
MGR10 | Model robusiness ™ M
MGR11 | Generated code tesiing against R M
VAl A requirements
\ / AR MQR12 | Generated code compliance with R M
° \\z ’[ | N = s otiiad
MGR13 | Generated code coveroge R M
MQR-14 Generated code robustness R M
[ ] *% FU 'ﬁ = E * M QO MGR15 | Generated code execution fime [ M
3.2.7 Model size
= JJ\ == 7]\ "

Madel izn

The model shall hove less than 500 elements including:

®  The number of Simulink blocks

©  The number of MATLAB execulable lines of codes

©  The number of Sioteflow ransition, sictes, and connections
©  The number of iruth tobles decision

Description

| mao MQO

MQO-1
| Mandoory | Mandatory |

Recommendation level

The model reference biock any counts a3 one slement

The company standard uslity funchion (e.g. Simulink library black, MATLAB unction e}
oaly counts a3 one element

Piease refer 1o MathWorks guidance on large scale modeiing in Simulink documentason

1.10 Authors

This document was prepared by the MQO w
OEMs and suppliers.

References /Examples
of techniques

Very lorge models are more difficult 1o merge ard are more likely 1o be modihed
by several users at the same fime.

Rationale Smaller models are more fikely ko be reuscble and asily configuroble.

Jérome Bouquel Renault Generated code of very lorge models connct be incrementally teved
: Last upds 10
Stéphane Faure Valeo el maid
3.2.8 Model complexity
Florent Féve Valeo Model complesiy

The model and ifs subsystems, Stateflow charts, and MATLAB functions shall have @ local

Descriph
sz cyclomatic complexity lower or equal 1o *30".

Matthieu Foucault PSA

. MQO-1 MQO-2 MQO-3 MQO-4
Ursula Garcia Bosch Recommendation level |
| | Mandatory Mandatory |
Frangois Guérin MathWorks Locol compluchy fs the cyclomatic complexity for objects o their Merarchical level
Aggregeied cyclomatic complesby is e cyckomatic complesly of on object
"hie ‘and ity descendants.
Thie Ty Hubert PSA The theashold of 30 for local cyclomatic complenity s & recommandalion ond con be
i 4 odapted on & project basia. The number 30 for cyclomatic camplexity has been derived
Florian Levy Renault from the HIS [7] code metric ond adopied 1o Modek Based Design
| Cyclomatic complexity is & measure of the siructural complexity of @ model. It opprox
Stéphane Louvet Bosch mces the McCabe complexity mecaure for code genercied from the model. The McCobe
complesity mecaurs is sightly higher on the genercied code dve 1o eror checks thot the
; : 3 ™ model coverage xulys doss net conmids
Patrick Munier MathWorks To omprt Ry crdomatc crmpley o o s, such v b, ha o i
medel coverage s the falloving ol
Pierre-Nicolas Paton Delphi s ¢

Alain Spiewek Delphi Nio e simbir of daciion polais tht the abject repsasasts wnd on Ia the mamber o ovt
comes for the nth decision point The 1ool adds one o the complexity number for atomc

swbsystems and Siatefiow charts

Yves Touzeau Renault

Cyclomate complexity is & leading tesiability metric. Test hormess can be created kor

Rationale simulotion af model, subsysem, chart, and MATLAB function level

Last update 10
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1 Contents

1. Model Depe y View

1.1 Madel Dependency View Detail

2. Integration Test Metri

2.1 Integration Test Metrics info
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3. Unit Test Metr

3.4 Unit

3.1.1 Unit Test Metrics Table

3.1.2 Unit Test Coverage Metrics Table
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a1 Inf

A.1.1,C00€ MEETICS 0 TABIE v
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6. Model specific Mety

6.1 Model Specific Metrics Infa

2 Figures
No table of figures entries found.

3 Tables
No table of figures entries found.
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5.1 Model Metrics Info

Metric

Details

Value

CloneDetection

AAALOXDFUn_CasFund

CloneDetection
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