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Domain-specific IDEs in embedded automotive software.

Embedded operating systems do not provide full
hardware abstraction

Many different hardware plattforms are used

Limited modularity, little reuse: if hardware (processor
type.. f)1 changes, the software is often re-developed from
scratc

Lifecycle gap: the lifetime of cars are usually much longer
than those of ECUs

Changing hardware requires
e compatible re-development of software on the new
hardware, or
* available stocks of old hardware

Unit based cost structure drives car manufacturer to use
cheapest possible hardware - limited resources
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Domain-specific IDEs in embedded automotive software.

The increasing amount and complexity of software in cars
requires new methods and tools

A component-based approach is aspired to master
challenges in future automotive software development
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Domain-specific IDEs in embedded automotive software.

* An architecture-centric programming model will be used in

’Iczhg L1juture to realize component-based development for
S

* The goal is a seperation of concerns:

* Software components only deal with application logic
and can be developed independently of the underlying
hardware and bus systems

* Middleware-layer handles aspects of remote
communication, component lifecyle, scheduling and
timing as well as OS abstraction
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Domain-specific IDEs in embedded automotive software.

* Midlleware technologies like J2EE or Corba are not
suitable for various reasons:

* Resource limitations in the automotive domain
prec\)/gréc us from using heavyweight application servers
or S

* AUTOSAR is an upcoming automotive industry standard
that implements compareable concepts using a different
approach

* As the desired system is static after system design, the
middleware-layer can be tailored for the special
requiremenrs of the scenario (omit features not needed)

* A code-generator uses information from a system
model to generate a highly optimized, lean
middleware-layer
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Domain-specific IDEs in embedded automotive software.

e BMW Car T is building a proof of concept prototype of
the AUTOSAR standard

e Standard based on committee discussions

e Early prototypes are vital for validating “paperware”
concepts

* Provide timely feedback to the committee from an
Implementer’s perspective

* Give future users an early impression of the upcoming
development paradigm and tooling
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Domain-specific IDEs in embedded automotive software.

e Since the prototype is intended to give developers a

»feeling” of what AUTOSAR is going to be, and to
convince them of the idea, developer acceptance is a
major concern for the prototype.

* As aconsequence, an IDE had to be developed.

* \We decided to use Eclipse as a basis for the IDE.

E(clipse

THEAECLIPSESFROIECT
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Domain-specific IDEs in embedded automotive software.

* Models describe various aspects of the system, such as
e Components and Interfaces

Component Instances and Connectors

Hardware characteristics, topology and networks

Deployment of instances on hardware topologies

Timing

* Format and content (metamodel and concrete syntax) is
defined by the AUTOSAR committee

* |nthe prototype, a code-generator (openArchitecture
Ware) verifies these models for consistency and
correctness before code generation starts.

* (Code generation templates define the RTE code
generated for each model element
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* The first iteration of the IDE has the following features:

AUTOSAR-specific projects

Code generator integration

Generator messages displayed in IDE

Model editing based on manual editing of XML files
models are in XML

k?xml version="1.0" encoding="UTF-8" %> b
<JoftwareComponents>

<RecordType name="SampleType™:>
<RecordElement name="valid" typ
<RecordElement name="value" type=

</RecordTypes

<itomicSoftwareComponent Type hame="ilice" languageID="c™ har
<ProvidedPort name="Sender” interface="3RInterface" />
<ReguiredPort name="ReceiverCharlie" notification="trus"
<RequiredPort name="ReceiverBoh" interface="3RInterface"
<TimeTriggeredOperation name="Run" interval="100" catego:

</ htomicioftwareComponent Type>

<itomicSoftwareComponent Type name="Bob" languageID="c" hardw
<RequiredPort name="Receiverilice™ interface=
<ReguiredPort name="ReceiwverCharlie" interface="3RInterf:
<ProvidedPort name="Sender” interface="SRInterface" />
<TimeTriggeredOperation name="Run" interval="100" catego:

</ htomicioftwareComponent Type>

<itomicSoftwareComponent Type hame="Charlie" languageID="c" h:
<ProvidedPort name="3ender" interface="SRInterface"” uid=
<TimeTriggeredOperation name="Run" interwval="100" catego:

</ htomicSoftwareComponent Types v

autosar.types:Boolean
rautosar. types:UIntlg"

RIntecfac
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Domain-specific IDEs in embedded automotive software.

#=* AUTOSAR Dewvelopment Perspective - Orpheus - The AUTOSAR IDE
File Edit

- % | E M [E B Q- |4

lﬁ @AUTOSAR Development Perspective .ﬁ.LITOS.ﬁ.R Modelling Perspective .ﬁ.LITOS.ﬁ.R Bus Mapping Perspective LﬁResuurce

Mavigate Search Project Auktosar Run indow  Help
=
||

H Froject X @ [é] X ~‘o-'§?‘3-* =0

T ScEnarioFzM

Mavigakaor

+

[éi] Save

@ Explore

1432870 [main] INFC
1432880 [main] INFO
1432880 [main] INFO
1432880 [main] INFO
1432880 [main] INFC
1432880 [main] INFC
1432880 [main] INFC
1432880 [main] INFC
1432910 [main] INFC
1432920 [main] INFG
1432950 [main] INFC
1433030 [main] INFC
1433070 [main] INFC
1433120 [main] INFC

4

F { e |
+ 2 scenarioTestCl Errar Log Cnnsu:ule &8 Messages | Propetties = B
- generate.internal prepare: ~
+l-a- Conl Edit > | generate, validate:
+- = oukp
-z Rep Generate Interfaces generate. internal core:
- [ | Repatts r [echo] effective GENROOT: diforpheus-5.4. 1/pluginsautosarGenerator_5.4.1
-0 =1 | log#j.properties: d:/orpheus-5.4.1 /plugins/autosarGenerator_S.4, 1/log4]. properties
i | Biuild 1432870 [main] INFO genfwuatil,ant,Generator Task - mode; validate
* gy SCETTE 1432870 [main] INFO genfwutil, ant, GeneratorTask - loading plugin: mm
Clean Cutput 1432870 [main] INFO genfwutil, ant, GeneratorTask - loading plugin: valinterfaces
1432870 [main] INFO genfwatil,ant, GeneratorTask - error output: Swskem.err, sysErrFile="sysert’
*ﬁﬁ" Reload 1432870 [main] INFO genfwatil, ant, GeneratorTask - ouk: D:forpheus-5.4. 1 fworkspace/scenarioTraining)

genfwutil, Frontends. xml. ¥MLInstantiskor - loading =ML From Dihorpheus-5.4, 1wor

ascore, plugin, AutosarInskantiakor
ascore, plugin, AutosarInskantiakor
ascore, plugin, AutosarInskantiakor
ascore, plugin, AutosarInskantiakor
ascore, plugin, AutosarInskantiakor
ascore, plugin, AutosarInskantiakor

- REPOSITORY Z: fruntime-workspace/scenarioT
- module simple

- REPOSITORY Z: fruntime-workspace/scenarioT
- module autosar . bypes

- module shared. ecutypes

- module shared.bustypes

genfwutil Frontends. xml. ¥MLInstantiakor
genfratil, frontends., xml, XMLInstantiakor
genfwutil Frontends. xml. ¥MLInstantiakor
genfratil, frontends., xml, XMLInstantiakor
genfwutil Frontends. xml. ¥MLInstantiakor
genfwatil, frontends., xml, XMLInstankiakor
genfwutil Frontends. xml. ¥MLInstantiakor

- loading ®ML From Z:4runkime-workspace
- loading ¥ML From Z:hruntime-workspace
- loading %ML From 24 runkime-workspace
- loading ¥ML From Z:hruntime-workspace
- loading %ML From Z:4runkime-workspace
- loading ¥ML From Z:hruntime-workspace
- loading %ML From Z:4runkime-workspace 2

>

Generator Access and Log
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* Models are getting larger and more complex

* |n order to provide a better picture of the XML-based
models, we started developing tree-based model
viewers.

|<?xml version="1.0" encoding="UTF-8"%> b
<JoftwareComponents>
<RecordType name="SampleType™>
<RecordElement name="valid" type
<RecordElement name="value" type
</RecordTypes
<itomicSoftwareComponent Type name="ilice" languageID="c™ har
<ProvidedPort name="Sender” interface="3RInterface" />
<ReguiredPort name="ReceiverCharlie" notification="trues"
<RequiredPort name="ReceiverBobh" interface="3RInt|
<TimeTriggeredOperation name="Run" interwval="100"

—1-{@ [S{R] Receiver: SRInterface
= 0 [5/R] SRInkerface
8 flag: Boolean
B walue: UntLs

B sample: SampleType

—-{@ [5{R] Receiver: SRInkerface
= 0 [5/R] SRInkerface
‘8l flag: Boolean
Y wale: Untts

B sample: SampleType

utosar.types:Boolean
rautosar. types:UInclg"

</ hromicSoftwareComponent Type: Alice
<AitomicSoftwareComponent Type name="Bob" languageID="c - G Eob
<RequiredPort name="Receiverilice" interface="3RInterfac: 3 G Charlie

<ReguiredPort name="ReceiverCharlie" interface="3RInterf: < O[S)’R]SRInterFace
<ProvidedPort name="Sender" interface="SRInterface" /> @ Flag:Boolean
<TimeTriggeredOperation name="Run" interval="100" catego: ‘ﬁ walue: UIntLE
</ htomicioftwareComponent Types
<itomicSoftwareComponent Type hame="Charlie" languageID="c" h:
<FrovidedPort name="3ender" interface="SRInterface"” uid=
<TimeTriggeredOperation name="Run" interwval="100" catego:
</ htomicSoftwareComponent Types v

& sample: SampleType
+-@ SampleType
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=¥ ALITOSAR Development Perspective - Orpheus - The AUTOSAR IDE
File Edit Mawigate Search Project  Autosar Run Window  Help

= *5 | [ B3 (4 3] Foll SR S AR
2] .C\LITOS.D.R Developrent Perspective AUTOSF\R Modelling Perspective AUTOS.C\R Eus Mapping Perspective [_[':,Resuurce
Project i1 Mavigatar =0 Composition ot é@ =B 53‘5'18”" Model %
i & & o0 ||| =1 appizsteuerung [local] =-H Example Deployment =41, Example Tapalogy
SO ———— = (@ LeselLichtHelligkeit —|-4p# bedierECU; bedienECU =] Example Mebwork
4 f.o ccenatioTestCl =13 lansteuerung: LeseLichtar - 'H‘ bedienEC U ontainer —|-4# bedienECU
= f-" scenarioTrainin @ Leselichtansteusrung +-(@ l5chalter =~ 8 Hardware Characteristics
ff Confi uratign +- {8 LeseLichtHelligksit -4 steusrECU: sheusrECL o nl [Metwork Adapter]
+ e aut Li +-#—1 schalerzappl [remate] =¥ steuerECUContainer 2 steuerEC
i = e positories —-{3 I5chalter: Leselichtschalter +-(3 lappl 2. o Hardware Characteristics
. E’Ei'rrap 3 Leselichtachaler +-(3 llansteuerung \ < Adapter]

+

(3 llappl: LeseLichtappl
(D lansteuerung: Leselichtansteuer,

+

[Ecamporents, Interfaces ... &2 . = O
)
—-{3 Leselichtachalker £ *
=-{W [5r] SchalterZustandProvPort: Les |

- 0 [5/R] LeselichtSchalter Zustand
8 zustand: RTEbool

w-@ Leselichtapnl Error Log | Console | Metamadel Browser | Messages | = Properties 52 = }:D 7w
+-{3 Leselichtansteusrung Properky | Yalue
+- ¥ [5/R] LeselichtschalterZustand BusType ishared, bustypes: AN
+- 4% [5/R] LeseLichtHelligkeit Connected brue
Drriver <None
< >

Various Model Browsers in the IDE
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“Real” developers started using the prototype
- Read-Only Browsers were not sufficient anymore

Domain-specific IDEs in embedded automotive software.

AUTOSAR defines a graphical notation for the various kinds of
models. This notation of AUTOSAR is not UML-based
(although it does use boxes and lines).

We use GEF to build graphical editors for the AUTOSAR

specific notations.

|<?xml version="1.0" encoding="UTF-8"%>
<JoftwareComponents>
<RecordType name="SampleType™>
<RecordElement name="vzlid" type=":autosar.types:Boolean
<RecordElement name="value®" type=":autosar.types:UIntlg"
</RecordTypes
<itomicSoftwareComponent Type name="ilice" languageID="c™ har
<ProvidedPort name="Sender” interface="3RInterface" />
<ReguiredPort name="ReceiverCharlie" notification="trues"
<RequiredPort name="ReceiverBobh" interface="3RInt|
<TimeTriggeredOperation name="Run" interwval="100"
</ htomicZoftwareComponent Type>
<AitomicSoftwareComponent Type name="Bob" languageID="c
<RequiredPort name="Receiverilice™ interface="3RInterfac
<ReguiredPort name="ReceiverCharlie" interface="3RInterf:
<ProvidedPort name="Sender” interface="SRInterface" />
<TimeTriggeredOperation name="Run" interval="100" catego:
</ htomicioftwareComponent Types
<itomicSoftwareComponent Type hame="Charlie" languageID="c" h:
<FrovidedPort name="3ender" interface="SRInterface"” uid=
<TimeTriggeredOperation name="Run" interwval="100" catego:
</ htomicSoftwareComponent Types
< »

—1-{@ [S{R] Recsiver: SRInterface
= 0 [5/R] SRInkerface
8 flag: Boolean
& value: UInt16

B sample: SampleType

—-{@ [5{R] Receiver: SRInkerface
= 0 [5/R] SRInkerface
8 flag: Boolean
Y wale: Untts

B sample: SampleType

+-@ Charlie
= 0 [5fR] SRInterface

‘8 flag: Boolean

B value: UIntLe

& sample: SampleType
+-@ SampleType

<0
P
e =

oAA
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Domain-specific IDEs in embedded automotive software.
IDE lll: Graphical Editors.

#=F AUTOSAR Modelling Perspective - Component Editor - Orpheus - The AUTOSAR IDE

File Edit Mavigate Search Project Autosar Run Window Help
B 0 | [0 [ (B | B | o [ -[® & % ot o

ﬁ @AUTOSAR Development Perspective AUTOSAR Modelling Perspective AUTOSAR Bus Mapping Perspective [bResource

[@Praject 22 e Bl 5 Corponent Editor X (|
¥ [z ScenarioFZr [} Select
|z scenarioTestCl I, Marquee
l-fa5 scenarioTraining . =
-z Configuration fsiornonents o = - o
- output (9 Comberert Tpe LeseLichtSchalter Leselichtappl LeseLichtAnsteuerung
#-(z= Repositories (T Legacy C, Type 7 - - o T = =
] sceTra (1 Required Port .“ﬂ Operations = TT Operations = TT Operations "=
(W Provided Part
4 TT Operation
- 3 A i - - -
= Interfaces » 5 Operations = S Operations = S Operations =
€® Sender/Receiver
8 Data Element
© Clentfserver 2 Reception runnahle’,—' - Reception runnable=
‘25 Operation
= Connections L4
1€ Provided - = /5
14 Provided - > SR
GE Qutline 2 € Required -> C/5 é é *
|| € Required -> 5/R U— U_j\ _____________ 7 N
i |
| '
. |
| .
. |
| .
' |
| '
' |
;] SR Interface i ﬂ R Int\;rface
LesetichtSchalterZustand teselichtHelligheit
iautmsar bypes:RTEbool zustand = raukogar. bypes: RTEUINES hellighkeit |
=
| -
J
Elrroperties 2 |5 & » = 5 ||[1]Messages 2 & =8
Propert: Value | kind | Lacation | Message |
Module rsimple
Name LeselichtschalterZustand

Editing Components and Interfaces
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Domain-specific IDEs in embedded automotive software.
IDE lll: Graphical Editors.

¥z AUTOSAR Modelling Perspective - Deployment Editor - Orpheus - The AUTOSAR IDE

File Edit Mavigaske Search Project Autosar

=i = FEMEEDEE R -+

Run  twindow  Help

® |00 | ® &

opi o0¢ O
b8 P oif [

E’ AUTOSAR Development Perspective | AuTOSAR Modelling Perspective AUTOSAR Bus Mapping Perspective E\DRESUUFCE

[@lPragect 22 % ka0 nt Editor X g
[H-{z scenarioFZM [} Select
¥ 1z scenarioTestCl £ Marquee ' & Network. '
- B" scenarioTraining *. ,- |
[+ (&= Configuration L= Topology :
+-(= output &R nspus !
[+-{:= Repositories ™ ASEcuPrototype |
[ seeTra S ASBUSZASECUBUS. . L
L Deployment » :
Kl ASCantainer i
|
L& ASComponentPra, ., i
| _]j ECUPrototype:: sim ™~
________________________ . bedienECU
’jj_J ECUPrototype:: sim -
steuerECU -] ASContainer
bedienECUContainer
| ASContainer i
steuerECUContainer II5chalker
A
= lappl
5= cutline 52 s & =0 =
B2 Example Netwark IAnsteuerung
=9 hedienECU
- j nl
—- Ml bedienECUContainer
Lg lIschalker
(=19 steuerECU
-
=Ml steuerECUIContainer
-2 Iappl
uba lansteuerung
Elproperties 52 |5 » = 8 |[i]Messages &2 g =8
Property Yalue I ] Kind 1 Location I Message
Deployment :simple:Example Deployment
Module rsimple
Marne bedienECU
Type ishared.ecutypes:sim

Networks,

ECUs and Deployments
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e GEF is avery powerful
framework for buiding
graphical editors for
graph-like structures
on the Eclipse Platform.

* However, it is not easy to use:
* Documentation is improvable

* A specific ,intent” is scattered through many classes
(models, parts, policies, ...); i.e. many artifacts have to
be adapted to realize a new feature

* We needed to stay in sync with the evolving
metamodel we use for the AUTOSAR generator
development; frequent changes!
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Domain-specific IDEs in embedded automotive software.

* Asaconsequence, we now generate most of the GEF
editors from our domain metamodel.

e Relations between meta-classes are defined in an
INstantiator

* Behaviour of the editors is “configured” by the
Instantiator

* Approach gives us serveral hooks to implement
sophisticated domain model-specific behaviour

* Only figures have to be coded by hand
- Editors are always in sync with the metamodel,

changes become simpler, and GEF development in
general is a pleasure now ©
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GEF Editor

Generated Plugin

GEF Editor
Classes

Meta-Metamodel,
Generator Templates
for MM Generation

AUTOSAR Metamodel
(UML Representation)

o0AW Generator

AUTOSAR Metamodel
(Java Representation)

Figures lugin.xml
Editor 9 plug

Descriptions

o0AW Generator

Generated Code
that runs on
Osek (RTE)

oAW Generator

Code Generation
Templates

Application
Model(s)
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EditorDesc editor = new EditorDesc();
metamodel .addEditor (ed) ;
editor.setName ("CompositionEditor");

MetaClassDesc prototype = new MetaclassDesc( .. );
editor.addItem(prototype);

OneToOneAssociationDesc assochmpositionPZP =
new OneToOneAssaciationDesc |(( .. );

editor.addConnectionItem(assocQompositionP2P) ;
OneToManyContainmentDesc e itoiZPrototype =

new OneToManyContainmentDesc (editor, prototype,
"ASComponentProtdtype") ;

editor.configure () ; ¥
g () ! [Ed] corfpasition Editor &3 \ =
~
= d
-
I Assermbly
Conneckar
w
< >
Error Log | Console | Metamodel Browser | Messages - F'r-:-pE-rHE-:K = _7:;-/ =
| Property | Walue
{Composition iscenarioTeste 1:scenarioTestC 1 Composition
Module rscenarioTeskizl
Marme bob
Tvpe rscenarioTeskC1:Bob
< >
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// define class description from “ComponentPrototype”
private MetaclassDesc prototype = new MetaclassDesc (
new RClass (metamodel, ASComponentPrototype.class),
MetaclassDesc.NO_ASSOCIATIONTY
prototype.setTitle ("Prototype");
prototype.addStringProperty ("name") .setVisibleInDiagram(true);
prototype.addStringProperty ("mgdule", ASMddule.class,
"QualifiedName”) .setVisibleInDiagnam (true);;
metamodel . addMetaclass (protot
MetaclassDesc portProt new MetaclassDesc(.. // port prototype
// define containment of port
new OneToManyContainmentDesc (protot
"PortPrototype") ; =
_+ Marquee " - e P
[~ Protokypgs - & .
Generator Run e -
=% Conneckprs
XYEditor.java =k
XYEditorPart.java o
XYEditorModel.javal ™= < | :
XYEd'tPO“Cy.Java Error Log |[Console | Metamodel Browser | Messages - Properties K ? = :“"’ - =03
Properky | Vaiue
e . . ECDmpiSitiDl‘l rscenarioTeskbC] :scenariDTe-s-E(-f 1C0mp05|t|0n
+XYF|gure_Java hNﬂDdu ':jscsnariDTestCI
Tvpe rscenarioTeskC1:Bob
< >
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Domain-specific IDEs in embedded automotive software.

Some numbers:

From
* |essthan 100 LOC editor description
e plus afew hundred LOC for the figures

We generate

e 50+ GEF Source-Files
e containing serveral thousand LOC of GEF Code

Generating GEF editors simplyfies development drastically!
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Domain-specific IDEs in embedded automotive software.

The increasing amount and complexity of software In
cars will in future require new methods and tools for
software development - Model-driven software
development is a promising approach

Early prototyping is a major contribution to a stable,
reliable infrastructure

Eclipse is a very good basis for developing custom,
domain-specific IDEs

The combination of GEF and code generation yields a
very productive environment for building graphical
editors.

The approach taken here in the automotive domain could
be suitable for other domains as well
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Domain-specific IDEs in embedded automotive software.
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