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Behavior Models for Software Specification
Agenda

> Challenges
> Model supported Specification

> Variant Management
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Development of Electronic Control Units (ECU)
Challenges

> Increased requirement complexity in less time to market

Function

> Reduce failure rate and correction cycles during development

> Provide precise requirement specification to ECU supplier | e

> Description of either complex state based logic or
control strategies, depending on the application

> Management of increasing functional variability

> Product line / platform strategy

> Hundreds of variation points in single ECUs software

> Explicit variant modelling by using feature models

CARM EQ’ Behavior Models for the Specification of Software based automotive Systems, V1.0




Behavior Models for Software Specification
Agenda

> Challenges
> Model supported Specification

> Variant Management
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ECU Specification

Use of Models

> Requirements Specifications have to be precise and consistent
> In order to get the correct functionality fast
> In order to get the same functionality from different suppliers

( especially true for multi supplier strategy)
formalized text, informal models
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Use of Behavior Models
Model supported Specification

> Motivation
> Early usage of models with defined semantic
> Proof of correctness by simulation
> Mainly Simulink/Stateflow used

formalized text, informal models simulation model
I —— defined semantic
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Use of Behavior Models
Process View and Benefit

T — Ea}rly valldat.lon of
functional requirements

and detection of
specification errors

‘—/7;:7/4' Specification
OEM Behavior Model ' Test Oracle

Supplier further usage

(optional) \ . Design

Specification
‘—/m—/'

Default -
Implementation

Implementation

Implementation
Model

Code generation
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Model supported Specification
Role of models in development process

Role of model in

development
process

CARMEQ.
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Role of Models

Informative Executable Specification

Requirements
Specification

Requirements

TENIEERIY Specification

informative

CARMEQ.
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Informative Executable Specification

Experiences

> Improvement in the requirements > High effort (and thereby cost) has to be
specification spent in modelling activities

> Better understanding about functionalities > Requirements are still interpretable, since
on OEM and supplier side models do not have direct impact on

> Reduction in development time, since less specification method
requirements have to be clarified > Risk of inconsistency between

» Reduction of costs for CRs requirements specification and model

> The improvement in the requirements specification (and the costs saved by this
improvements) are usually compensated by the effort spend for modelling activities

> This strategy is profitable only, when models are further used for another purpose, e.g. rapid
prototyping or series software implementation

Folie 10
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Role of Models

Formal Specification

Requirements mandator Requirements
Specification y Specification

informative

Folie 11
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Formal Specification
Characteristics

Requirements specification

BCM33G | 4.1.1 Zustande der Funktion
P_KES_
a7
BCIM35G | Die Funktion KLEMMENSTEUERUNG soll folgende Zustinde realisieren:
P K33 |FZG_DEAKTIVIERT,
48 |FZG_AKTIVIERT,
ZUENDTNG_ATIS (Submstand von FZG_aAKTIVIERT),
ZUENDUNG_EIN (Zubmustand von FZG_AKTIVIERT),
KEIN_MOTORSTART _AKTIV (Bubmistand von ZUENDUNG_EIN),
MOTORSTART _AKTIV (Subszustand von ZUENDUNG AT

Die Einschaltzustinde der hetrachteten Verbrauchergruppen sind unmittelbar von der Aktiviening dieser Zustinde ahhingig
BCM35G | Das folgende Zustandsdiagraram zeigt die Abhdngigkeiten meizchen den Zustinden der Klemmensteuenung sowie die ma den Zustd
P K33 |Verbrauchergruppen, die bei Aktivierung des entsprechenden Zustands eingeschaltet sind.

49
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Optional: GUI based Simulation

Fenster Vorne Links

Stimuli

|| Hindernis \_) Thermoschutz
|| Pos-Fehler erzvingen  (s) nermiert

(#) Auto erlaubt
\#) oberer Block
|_J unterer Block
() Block ervartet
| Kurzhub sktiv

() Langhub sktiv

Usually, only a part of the specification is replaced by models

Folie 12
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Formal Specification
Experiences

> Improvement in the requirements > Still initially high effort, but this is scalable,
specification depending on the degree of modelling

> Better understanding about functionalities
on OEM and supplier side

> Low degree of interpretation

> Reduction in development time, since less
requirements have to be clarified

> Reduction of costs for CRs

> Improvement in the requirements specification with scalable effort

> Because only relevant parts of the specification are modeled, effort and cost for modelling
activities are lower

CARMEQ.
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Model supported Specification
Conclusions

> Model supported specification promises a variety of advantages
> Less misinterpretation of requirements
> Faster development cycles
> Less communication effort
> Better understanding of the underlying functionalities

> In order to obtain the most benefit
> Models should play a mandatory role
> Models should be exchanged with suppliers

> Initial high effort is notably justified in case of further usage of models

CARMEQ.

Behavior Models for the Specification of Software based automotive Systems, V1.0

14



Behavior Models for Software Specification
Agenda

> Challenges
> Model supported Specification

> Variant Management
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Variant Management
Motivation and Objectives

> Motivation
> Software functions have to be deployed for different platforms and vehicles
> Requirements differ slightly for each platform
> Set of relevant functions differ for each platform
> Software has to cope with these differences
> Objectives
> Explicit variability management for models and requirements
> Maintaining consistency between requirements and model variants
> Provide a single software model which is able to handle defined variants

> Management of similar software products (software product lines)

CARMEQ.
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Variant Management
Feature Models

> Feature models explicitly describe variants in the software (Kang et.al., 1990)

> To reduce combinatorial multiplicity, relationships between features have to be
defined

CARMEQ.
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Overview Variant handling
Model Supported Specification

Configuration

DOORS Specification

<<corresponds>>

Simulink Model

CARMEQ.
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Variant Management
DOORS Specification

Variants are maintained in feature models
and are annotated to DOORS requirements.

Feature selections are created by filters generated
by the variability tool.

View | Variant_View 'HMI“"'E’{S '] i dh i dh 4 ":i_( == 7 A% 3l
=~ Copy of 100 BCM26 SWC Releasep | Variante
(- 1 Zugangskortrolle
{#)-2 Fenster-und Dachsteusung || | 1.1.14.1.2 Auto Unlock Heckdeckel HeckAutolock
&+l 3 Diebstahlschutz = = T e ——
-4 Dingnoss 1.1.15 Tankdeckel verriegeln/entriegeln ngkdeckel:um : _rf\.-' er
1.1.15.1 Basisumfang Tankdeckel Tankdeckel_iiber_Taster,
Tankdeckel_mit_7Vv
1.1.15.1.1 Tankdeckelstatus einlesen Tankdeckel_uiber_Taster,
Tankdeckel_mit_7V
1.1.15.2 TANKKLAPPE_ENTRIEGELN_UEBER_TASTER Tankdeckel_iiber_Taster
1.1.15.2.1 Basisfunktion TANKKLAPPE_AUTOMATISCH_ENTRIEGELN
1.1.15.3 TANKKLAPPE_VER-/ENTRIEGELN_MIT_7ZV Tankdeckel_mit_ZV
1.1.15.3.1 Basisfunktion TANKKLAPPE_AUTOMATISCH_ENTRIEGELN
1.2 Tiir, Deckel- und Klappensysteme Default
' 1.2.1 Basisumfang Tiir. Deckel- und Klappensysteme Default
' 1.2.1.1 Aligmeine Anforderungen Tiir, Deckel- und Klappensysteme Default
' 1.2.2 Schiebetiir Offnen/SchlieBen Schiebetiiren
' 1.2.2.1 Schiebetiir verriegeln/entriegeln Schiebetiiren
| 1.2.2.1.1 Basisfunktion SCHIEBETUR_NACHVERRIEGELN Schiebetiiren
' 1.2.2.2 mit Funk Schiebetiiren
| 1.2.2.2.1 Basisfunktion ELEKTRISCHE SCHIEBETUR UBER FFB OFFNEN  Schiebetiiren
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Variant Management
Simulink Model

Variant features are modeled in different subsystems.
Correspondence to feature model is realized by special parameters.

For each variation point in the feature model a separate parameter exists.

L boolean Simulink
Schloss « 2-Mot
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variation point variant feature — ——m
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e
=
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Variant Binding Time

Simulink Model
> Design Time oo l
n
> Variants are selected for a specific project, o
. . . —_—pltstan bEntrall " =
e.g. they are fixed for given project o
> Compile Time B ey
——— e T
> Variants are determined at compile time
> Deselected variants are removed from L e
production code via specific storage !
classes " o
> Run Time T
> Variants are expressed via parameters that o
can be changed during run time. . )

Compile Time and Run Time

Variants are modelled as

.,Enabled” Subsystems
CARMEQ.
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Variant Binding Time
Simulink Design Time Variants

> Are modelled as model references
> Variants are selected by variant objects
> Different implementations can be selected for specific projects.

.configuration by
———variant object

te v e e e ey

CARMEQ.
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Variant Management
Conclusions

> We use a variant model that coordinates requirements in DOORS as well
as the Simulink model

> Variability is explicitly defined for all stakeholders
> Dependencies between variation points are defined
> Less errors in ECU software configuration

> We handle all variants in a single Simulink model hierarchy, which
Includes constructs for all kinds of binding time variants

> Further work

> Improvements in tool integration needed: feature modelling to requirements
management and modelling tools

> Links between variant models of ECU functions and vehicle variant model

CARMEQ.
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