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OSATE Plug-in Development Series

Introduction to OSATE Plug-in Development
— OSATE capabilities & plug-in architecture
— AADL Meta model & example plug-in

OSATE Plug-in Development Process
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— Model traversal & AADL properties

— Analysis plug-ins & result management

Interfacing with Existing Models & Tools
— Declarative & instance models
— Generation & external representations
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— Persistency
— Sublanguage extensions

)

www.aadl.info




Outline
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o Extensible OSATE plug-in architecture
« OSATE Plug-ins for Embedded System Engineering

« AADL Meta model
 Model statistic plug-in example
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SAE Architecture Analysis & Design
Language

» Notation for specification of task and communication
architectures of Real-time, Embedded, Fault-tolerant,
Secure, Safety-critical, Software-intensive systems

* Fields of application: Avionics, Automotive,
Aerospace, Autonomous systems, ...

e Based on 15 Years of DARPA funded technologies
« SAE AADL Standard published Nov 2004
 www.aadl.info
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Model-Based Engineering

System Analysis System Integration

» Schedulability *Runtime System Generation
« Performance Software « Application Composition

« Reliability System « System Configuration

» Fault Tolerance Engineer

« Dynamic Configurability / Predictive \

/

Model the System

Architecture SAE AADL Engineering

Abstract, but Reduced
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Recognjtion Application Executi
Guidance /__\_,./\ Software Platform
&CO Tr()l Ciinnlv

GPS DB HTTPS |JAda Runtime

Informatioh i e

: Fusion
& Signal Devices |Memory] Bus | Processor
Processing
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The AADL Standard

Requirements document SAE ARD 5296

— Input from aerospace industry
— Balloted and approved in 2000

SAE AADL document SAE AS 5506
— Core language published by SAE Nov 2004

In review to be balloted late 2004

— Graphical AADL notation

— UML profile of AADL for UML1.4 and UML 2.0

— AADL Meta model, XMl domain model, XML schema
— Ada and C Annex

In development

— Dependability Modeling Annex
— Partitioning Annex (ARINC653)

www.aadl.info
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AADL: The Language

Components with precise semantics
— Thread, thread group, process, system, processor, device, memory,
bus, data, subprogram

Completely defined interfaces & interactions
— Data & event flow, synchronous call/return, shared access
— End-to-End flow specifications

Real-time Task Scheduling
— Supports different scheduling protocols incl. GRMA, EDF
— Defines scheduling properties and execution semantics

Modal, configurable systems
— Modes to model transition between statically known states &
configurations

Component evolution & large scale development support
AADL language extensibility

www.aadl.info
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AADL Language Extensions

 New properties through property sets

e Sublanguage extension

— Annex subclauses expressed in an annex-specific
sublanguage

* Project-specific language extensions

e Language extensions as approved SAE AADL
standard annexes

« Examples
— Error Model
— ARINC 653
— Behavior
— Constraint sublanguage

www.aadl.info
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AADL In Context

DARPA Funded
Research ADLs — ———__ Researchsince 1990]

MetaH

— Behavioral validation
 ADL Interchange

— ACME

— Real-time, modal, system famiry
— Analysis & generation

« Rapide, Wright, ..

— RMA based schedulina :
> Extension ;

\

AADL
Extensible
Real-time

Dependable

\

HOOD/STOOD

ﬁs & ESA

SDL

UML Profile |
Industrial Str th 0
e UML 2.0, UML-RT
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AADL/UML Relationship
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System Engineering
To Be submitted to
SysML OMG for Adoption |

: Embedded w
: Software Syste

Engineering Core AADL UML 2.0
UML Profile UML 1.4
@ Detailed design
Dependability

‘ AADL Annexes
UML Working Groups

UML-RT
Performance
Timeliness
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Background: SAE AADL Standard

» Extensible OSATE plug-in architecture
« OSATE Plug-ins for Embedded System Engineering

« AADL Meta model
 Model statistic plug-in example

www.aadl.info

11



The Software
Engineering Institute

Two-Tier Tool Strategy

e Open Source AADL Tool Environment (OSATE)
— Developed by SEI
— Low entry cost solution (no cost CPL)
— Multi-platform based on Eclipse 3.0
— Utilizes Eclipse Modeling Framework (EMF) & ANTLR
— Prototyping environment for project-specific analysis
— Architecture research platform

« Commercial Tool Support
— UML tool environment extension based on UML profile

— Extension to existing modeling environment with AADL
export/import

— Analysis tools interfacing via XML or XML to native filter
— Runtime system generation tools

www.aadl.info
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XML-Based Tool Integration Strategy

AADL Front-end

Graphical
AADL

- g4 -
%)ﬂ: @ommerc% - .R

Prolect Specific
| Research prototype In-House
\D!
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AADL Models

 Declarative AADL Model

Reflects semantically processed abstract syntax of AADL
Represents declarative nature of AADL

Preserves complete content of textual AADL specifications
Package-based partitioning of XML documents

« AADL Instance Model

Represents system instance as application & execution
platform

Compact representation with locally cached relevant
property values

Captures modal system instances & system operation
modes

System operation mode specific of property values
Multiple property value sets

www.aadl.info 14



Tool Interoperability

Textual
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OSATE Plug-in Architecture

: Java Eclipse Platform

: : [Development :

: Tools - 1Standalone
(JDT) Workbench

N\ n
N : i Generation

'

g
SWT ) = :
: E 7 Marker : -
: 1| Plug-in Workspace : : | Analysis
: = [Development § = : Tool
Environment : : | Via Java
(PDE) [ Platform Runtime
"] - ™ =y - . j
: 1 Eclipse Enviro : AnTa:)szls
o ad Via XML
et | AADL T | AADL AADL
I : | Parser extual || Graphical | | object
Y U Editor Editor API Document
A | AADL Environment Eersistence
. »* 16
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OSATE Capabilities

OSATE Release 0.3.0 based on Eclipse Release 3
Online AADL help

Text to XML & XML to text
Syntax-sensitive text editor
Parsing & semantic checking of full AADL

AADL property viewer Cl‘iProcessed 21000 line :|
Syntax-Sensitive AADL Objec\ AABL model in 20 sec

Model versioning & team support
Model instantiation

Over 200 downloads ’

Model consistency checking Next release Dec 2004
Graphical editor
AADL to MetaH translator Multi-file support

Analysis plug-in development

www.aadl.info 1
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OSATE Plug-in Extensions
4 OSATE N

Textual AADL, Graphical AADL
XML/XMI AADL, AADL object model API
AADL extension support

EMF \ (AADL Front-end)

XML/XMI, Metamodel Text editor
Change notification Object editor
Multi-file support Graphical editor
( Eclipse \ Text<->XML

Platform independence \_Semantics _/
Extensible help  OSATE )
Task & Problem Mgt Extensions

Team support Analysis template
Qlug in developmey Generation template
\AADL Semantic AP/

www.aadl.info 18
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OSATE Core Plug-ins

« AADL Model Processing: edu.cmu.sei.aadl.model

 AADL Model Viewing & Edit Cmds: edu.cmu.sei.aadl.model.edit
 AADL Object Editor: edu.cmu.sei.aadl.model.editor

 AADL Text Editor: edu.cmu.sei.aadl.texteditor

 AADL Parser/Semantics: edu.cmu.sei.aadl.model.parser

« AADL Text Generator: edu.cmu.sei.aadl.unparser

 AADL Help: edu.cmu.sei.aadl.help

 AADL Model Instantiation: edu.cmu.sei.aadl.instance

« OSATE project & builder: edu.cmu.sei.osate.core

e OSATE Ul Support: edu.cmu.sei.osate.ui

www.aadl.info
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OSATE Community Development

« www.aadl.info website

« OSATE Plug-in update site

e Bugzilla error reporting

 SEIl-Hosted CVS Development Server
« Availability of Source Code (CPL)

e Plug-in contributions
— Syntax-sensitive text editor by York U.
— Graphical layout editor by USC
— AADL to MetaH translator by SEI
— Error modeling support by Embry-Riddle

www.aadl.info
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« Background: SAE AADL Standard
o Extensible OSATE plug-in architecture
OSATE Plug-ins for Embedded System Engineering

« AADL Meta model
 Model statistic plug-in example

www.aadl.info




Engineering Institute

An Extensible Engineering Environment

I  Embry-Riddle !

\ Reliability Analysis !

_____ AADL Extensions
Error model

Architecture

System
Verification
>Manager (CMU)
Simulink/Matlab,

Im - Concurrency behavior Import & Dymola models
| (@T{ﬁ Extraction
: Concurrency |
Analysis | '
| _naysls ATEALECIIE MetaH Toolset
=R o EXport (Honeywell)
X MetaH, TTA : :
Scheduling analysis
T, Object Model Model Export Reliability analysis
e ;J’ ; Interface Filters Isolation analysis
% etwor P Network model Timing model Runtime system
simulation | % generation

\

TimeWeaver (CMU)
Distributed resource allocation
Multi-platform runtime system generation

TimeWiz Commercial Tool
Scheduling analysis
Execution trace analysis

www.aadl.info
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Architecture Consistency

Systemic issues discovered in architecture analysis
Issue detection codified as OSATE extensions

« EXpected component connectivity
— Required and optional port connections

« Miss rate of data stream
— Accommodates incomplete sensor readings
— Allows for controlled deadline misses

» State vs. state delta communication*

— Data reduction technique
— Requires guaranteed delivery protocol

[ Use in models of different fidelityj

)

www.aadl.info
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Architecture Consistency - Impact

« Safety criticality
— Authority over high criticality components
» Security levels & information flow
— Port-based flow, shared access, subprogram call
— Security level of containing component
— Security level of execution platform
* Impact dependency*

— Partition isolation in safety-critical systems
— Fault propagation in reliability models

[ Use in models of different fidelityj

www.aadl.info
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Architecture Consistency — Data Flow

 Domain data typing of ports
— Connection-based data type checking

—Measurement UNitS* —~——w——
—Value range*

e Data stream constrain

Utilize property range value j

—Delta value bound* —— —~  Represents controller
— Acceptable miss rate L set-point constraint
—Assumed latency
» Data accuracy Compositional &
— Reading accuracy configuration consistency

eaar= —Computational error accumulation

)

www.aadl.info 2
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Architecture Consistency - Flows

* Flow latency in partitioned systems
— Use of flow specification
— Partition execution semantics
— Low fidelity, high precision models

* Flow specification across data and flow types
— Logical application flow

» Spec-based flow analysis

— Early latency analysis for integrated systems and systems of
systems

— Latency budgeting
— Specification validation

www.aadl.info
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Architecture Consistency - Performance

e Priority inversion

—Manually assigned thread priorities
e Scheduling analysis

— Earliest deadline first: Java-based

— Rate-monotonic Analysis: Java-based
— External timing model*

e Distributed system resource allocation
—TimeWeaver binpacking
e Load balance vs. resource minimization

— Allocation constraints
* Processor, memory, bus types & instances
» Co-location

www.aadl.info 21
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Generators

» Textual AADL
— Fully preserved AADL model content
— Preserved ordering, number precision
— Formatting by generator
* MetaH
— Sorted declarations
— Multi-pass processing
— Port group unfolding
 AADL instance model
— XML-based object model
— EMF-based meta model

* Model transformation*
— Deep copy cloning & undo history
— Examples
« Connection rubber-banding
» Rate group optimization
» Single threaded processes
» Redundancy template instantiation

www.aadl.info
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 Background: SAE AADL Standard

o Extensible OSATE plug-in architecture

« OSATE Plug-ins for Embedded System Engineering
AADL Meta model

 Model statistic plug-in example
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Defining the XML Representation

XML Data Type Definition (DTD)
— Define tags & hierarchical structure

XML Schema
— Better handling of references & typing

e XMI

— Meta model definition
— XML documents with document change information

Record of content
additions/changes
by different tools

www.aadl.info




Leverage of Existing echnology

Transformation
Tools
[ ]
Database Tools

[ 1

<I EI 'IF I> > Integrate Testing Tools

[ 1]
&p Model Driven
v App Development

[ 1]
MetaData
Annotated Java Management
XSD, XMI... —
Java Tools
Etc..

EMF - The Data Integration Foundation of Eclipse

www.aadl.info www.eclipse.org/emf 2
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AADL Meta Model

e Defined in Eclipse Modeling Framework (EMF)
— Collection of meta model packages with graphical views
— Separate from, but close to UML profile of AADL

« XML as persistent storage
— XMI specification from Ecore meta model
— Generated XML schema

e In-core AADL model
— Generated methods for AADL model manipulation
— Edit history, deep copy, object editor, graphical editor

— Methods to support
« AADL extends hierarchy
 feature “inheritance”
e property value “inheritance”

www.aadl.info
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AADL Meta Model Packages

« Core: defines the concepts of component type, implementation,
subcomponent, AADL packages and modes.

 Component: defines the concrete classes for the different
categories of components, including the constraints on their
containment.

« Feature: defines the features of component types.

« Connection: defines the connections between component
features.

 Flow: defines flow related elements of the AADL.

* Property: defines the elements for associating property values
and for introducing new property types and properties via
property sets.

www.aadl.info
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AADL Meta Model Class Hierarchy

A H AObject
=oomment [ Esing | | Programmatically available
for common
’?‘ methods & operations

A1 H NamedElement

= hatme: EString

[ﬁ Inheritance of meta model
N attributes and associations

£ PropertyHolder

A

H ComponentClassifier A H ModeMember

A

H ComponentType 41 B Componentimpl H feature::PortGroupType

www.aadl.info 34




,,,,,,,,,,,,,, he Software
—=—  [Engineering Institute

AADL Meta Model Fragment

i‘|

Reference associations
Can be cross XML document

0.1 subcomponents / /
H| EH Systemlmpl |¢ I E SystemSubcomponents
extend 0.
u] implementatio
a 0.*  systemSubcomponent
r

1
clazzifie
/ H SystemClassifier I I H SystemSubcomponent |
1
refines | 0.1

processorsubcampanert

| H ProcessorSubcomponent |

memorySubcomponent

| H MemorySubcomponent [

AS S O C I at I O n I ab eI S EﬁteghmoiwnPilgt;oe;gltggf: and implementstions ﬁ
become XML tags & ‘ H DeviceSubcomponent
A C C es S m et h O d S 0.* U busSubcomponesrt

| | BusSubcomponent I

LV deviceSubcomponent

www.aadl.info %
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AADL Inheritance

&
core::Componentimpl | FeatureContext
p pl| ==
4

s
| H core::Subcomponent

dstContext sroContesxt

This reference represents
the cortext of the port reference
This i the object that logically

cortains the port, which it inherited
fram the companert type

0.1 | connections

g Connections 2 | H core:Connection |

et B N A N\ nnan S

AADL inheritance
handled by methods

Port references require
Context due to inheritance

\\

parameterConnection \/ 2 . D"*\/evemcommm n..ﬂ..%@iaﬁatac nnection T ratnes event ataConmection 0.1 reflnﬁa* portroupConrection
refines refines -
H| H ParameterConnection | H EventConnection H DataConnection H EventDataConnection | E PortGroupConnection
0.1

= timing: ConnectionTiming

Port references point to
src | 101 fdst port okjects in the type. dst | fare f1 /
| g feature::EventPort | | g feature::PortGroup |
dsty 1 1 f1(o]

[ i
Tm—

i | E feature::EventDataP ort |
This class idertifies the the classes of objects j

whose content can be passed to subprogram
| g feature::Parameter | parameters.

“ ConnectionTiming

= Immediste: 0
= Delayed: 1

www.aadl.info 3
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AADL Text Example

package edu::.cmu::sei.;:XMIExample
public
system GPS
features
Init: in event port;
signal: out data port GPS_Signal;
end GPS;
system implementation GPS.basic
end GPS.Basic;
data GPS_Signal
end GPS_Signal,
end edu::cmu::sei::XMIExample;

www.aadl.info
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AADL XML Example

<?xml version="1.0" encoding="UTF-8"?>
<core:AadlSpec xmi:version="2.0" ......... >
<packageSpec name="edu:.cmu::sei::XMIExample">
<aadlPublic>
<systemType name="GPS">
<features>
<eventPort name="init"/>

<dataPort name="signal" direction="out"
dataClassifier="#//packageSpec[@name=edu:.cmu::sei::XMIExample]/aa
dIPublic/dataType[@name=GPS_Signal]"/>

</features>
</systemType>

<systemlmpl name="GPS.basic"
compType="“#//packageSpec[@name=edu:.cmu::sei.:XMIExample]/aadlP
ublic/systemType[@name=GPS]"/>

<dataType name="GPS_Signal"/>
</aadlPublic>
</packageSpec>
</core:AadlSpec>

www.aadl.info 38
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 Background: SAE AADL Standard
o Extensible OSATE plug-in architecture
« OSATE Plug-ins for Embedded System Engineering
 AADL Meta model
Model statistic plug-in example
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A First Plug-in: Model Statistics

Task: Plug-in that counts the components in a model

Topics Covered

« How to set up a plug-in project
— Creating a new OSATE Plug-in project
— Creating a new OSATE Action class

How to traverse AADL models

— Declarative vs. instance model processing
— Meta model’s class hierarchy

— Using “switch” classes for processing

How to report analysis results
— Reporting via markers
— Reporting via dialog boxes

www.aadl.info
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Constructing the “Model Statistics” Plug-in
» e Create a plug-in project

e Create the analysis
— Walk the AADL model to count the components

e Create an Eclipse action
— Invokes the analysis
— Reports analysis results

www.aadl.info
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Creating a Plug-in Project (1)

& Jawa - Eclipse Platform
File Edit Source Refactor Mavigate Search  Project
BlE-+Shifk-+n
Close Chrl+F4
Close Al Chrl+-Shift-+F4 - & Mew Project
& Class
[|ﬁ|] e Chl+5 € Interface Select a wizard I
—
Create a Plug-in Project
&, save fs... {2 Source Folder . ] 4 \
&) 5ave Al Chrl+Shift+5 (% Folder 2 R
Rewvert E
L] File Wizards: u
Move, . Ef" JUnit Test Case
Rename. .. Fz N S Flug-in Project
REFrESh FS r:J Gther... CtrH‘N :
T E? Eclipse Modeling Framework,
HL Java
(= Plug-in Development
[+-[z= Simple
= Back Cancel
——
42
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Creating a Plug-in Project (2)

& New Plug-in Project

Plug-in Project

Create a new plug-in project

Project cantents
[v Use default

| i

Project Settings
[v Create a Java project

Saurce Folder Mame: | SFC

Qukput Folder Mame: | bin

alternate Format (For Advanced Users Only)
[ Create an ©3Gi bundle manifest for the plug-in
Maoke: This Format is nok supported by older Eclipse platforms {prior to 3.00

< Back Mexk = |

d

Cancel

www.aadl.info
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Creating a Plug-in Project (3)

& New Plug-in Project

Plug-in Content

Enter the data required to generate the plug-in,

Plug-in Properkies

Plug-in IC: | edu.cmu.sei.osate, skatistics

Plug-in Version: | 1.0.0

Plug-in Marme: | Skatistics Plug-in

Plug-in Provider: |

Runkime Library: | statistics . jar

Plug-in Class

[v Generate the Java class that controls the plug-in's life cycle (recommended)

Class Mame: | edu,cmu,sei,osabe, statistics, StatisticsPlugin

v This plug-in will rake contributions ko the LT

[ Inktended for use with older Edlipse platforms (prior to 3,00

Cancel

|

www.aadl.info
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Generated Plug-in Project

Java package with same
name as project
% Package Explorer 52 . Hierarchy — O /
=

- I:';I- edu,cmu. sei,osake, statiskics

Class that manages plug-
In lifecycle. (Don’t edit)

—| [ arc
- B8 e::lu.cmu.sei.nsate.statisti.:s//
o m Stat'St'csplfJg'”']aﬁ f Properties file that
+- = Plug-in Dependencies ] _
/-2, JRE Swstem Library [i2sdkl.4.2_04] influences build process.
o} build, properties  ——— \ (Don’t edit)

)

Plug-in Manifest File: Describes
appearance and structure of plug-in.
(Must edit to define plug-in action)

www.aadl.info ®
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Plug-in Dependencies

Plug-ins export the Java packages they contain

Plug-ins depend on other plug-ins for their packages
— Dependencies are declared in plugin.xml

A new plug-in already declares that it depends on
org.eclipse.uil
org.eclipse.core.runtime

Our “Model Statistics” plug-in also depends on
org.eclipse.emf._ecore fEcIipse Modeling
YN = edu.cmu.sei.aadl .model Framework
— All OSATE plug-ins will depend on
these plug-ins AADL Meta Modelj

www.aadl.info
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Setting the Plug-in’s Dependencies

Edit the plugin.xml file
— Use the “Dependencies” tab

M- edu. crmu. sei. asate. statistics X

Dependencies

Required Plug-ins

specify the list of plug-ins required For the operation of this
plug-in:

@ ' )
s l=org, eclipse, Ui

@ ' i
sl=arg, eclipse. core. runkime

O optional
O re-export the dependency
Yersion ko match:

Match rule:

Dependency Analysis

£% Look for cvdles in the depe

'i[j'" Compuke Dependency Exke

-gjn Find unused dependencies

.%.-. Find plug-ins and fragment:
w

| >
Build | plugin.zml | build, proper. . .

www.aadl.info

£ Plug-in Selection

Select a Plug-in:

| edu,cmu.sei,aadl

?‘bedu.cmu.sei.aadl (0,3.0)
?‘bedu.n:mu.sei.aadl.architecture (0.3.0
E{]}edu.u:mu.sei.aadI.FIDwanalysis (0.3.00
E]}edu.cmu.sei.aadl.help (0.3.00

E{bedu.u:mu.sei.aadl.mudel.editur 0.3.0
?‘bedu.cmu.sei.aadl.parser (0.3.00
?‘]}edu.cmu.sei.aau:ll.se-:urit‘;.-' (0.3.00
?‘bedu.cmu.sei.aadl.texteditur 030
?‘bedu.cmu.sei.aadl.tnMetaH (0.3.00

LY mgadl . unparser (0,3.0)

Cancel
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Setting the Plug-in’s Dependencies in XML

Edit the plugin.xml file in raw XML
— Use the “plugin.xml” tab

M- *edu,cmu, sei.osate. statistics X

id="edu.cwu.sei.osate.stacistics”
namwe="2taciscics Plug-in™

[ >

version="1.0.0"
provider-name=""
class="edu.cmu.sei.osate.statistics.3tatisticsP lugis

<runt ime:>
<library name="statistics.jar">
<edport namme="ErSs
</ lihrary:
</ runtimex

<requires:-
<import plugin="org.eclipse.ui™ >
<import plugin="org.eclipse.core.runtime™; >
<import plugin="org.eclipse.emf.core™) >
<import plugin="edu.ciu.sei.aadl.model™/ >

<frequiress
plugin, xm

£

Cwerview | Dependencies | Runtime | Extensions | Extension P... | Buil

www.aadl.info
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Constructing the “Model Statistics” Plug-in

* Create a plug-in project

e Create the analysis
— Walk the AADL model to count the components

e Create an Eclipse action
— Invokes the analysis
— Reports analysis results

www.aadl.info
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The “Model Statistics” Plug-in

Counts the components in a model

e Declarative model
— Component types
— Component implementations
— Data types and port group types
— Flows
— End-to-end flows

Instance model

— Thread, process, processor, memory, bus, device instances
— Semantic connections

www.aadl.info
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Gathering Model Statistics

Extend class AadlProcessingSwitch
— (In package edu.cmu.sei.aadl _model .util)

— Extends ForAllAObject
» Concrete model traversal methods: e.q., processPreOrderAll
» Abstract model processing method: process

— Uses EMF “switch” classes
* One switch per EMF package

— E.g., edu.cmu.sei.aadl .model .component.util.ComponentSwitch
* One “case” method per class

— E.g., Object caseBusType(BusType obj)
* Processing “falls-through” based on the class hierarchy

— Return DONE — do not fall through

— Return NOT_DONE — fall through

Extend & provide task-specific “switch” implementations
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ModelStatistics Class: Outline

public class ModelStatistics [extends AadlProcessingSwitch |{
/* Counters to keep track of occurrences of diftferent
* objects in the model.

*/
(private int typeCount = 0O; ~N
private int componentTypeCount = O;

Extend OSATE utility classa

private int complmplCount = O;
private int threadCount = O;

private int processCount = O;
private int processorCount =

0;
private int busCount = 0; ‘§§‘~\\\,——f
private int deviceCount = 0O; Declare fields to hold
private int memoryCount = O;
private int componentCount = 0; component counts

private int connectionCount = O;
private int flowCount = O;
\private int endToEndFlowCount = O;/

public ModelStatistics() { super(Q; }

protected void |initSwitches()] {
/* We overwrite the case
* specific switches.

d for a class in the meta model

Override initSwiches to define behaviorj
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ModelStatistics Class: Declarative Model

protected final void 1nitSwitches() {
componentSwitch = new ComponentSwitch() {
public Object caseComponentType(ComponentType obj) {

typeCount++;

// Only count those that are not DataType or PortgroupType

iIT (1(obj instanceof DataType || obj instanceof PortGroupType))

componentTypeCount++;
return DONE;

+

public Object caseComponentimpl(Componentimpl ci) {
compImpliCount++;
return DONE;

}
¥

flowSwitch = new FlowSwitch() {
public Object caseFlowSpec(FlowSpec obj) {
flowCount++;
return DONE;

}

public Object caseEndToEndFlow(EndToEndFlow obj) {
endToEndFlowCount++;
return DONE;
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ModelStatistics Class: Declarative Model

protected final void iInitSwitches() {
componentSwitch = new ComponentSwitch() {
pubTrCc Object caseComponentlype(ComponentType obj) {

typeCount++;

// Only count those that are not DataType or PortgroupType

iIT (1(obj instanceof DataType || obj instanceof PortGroupType))

componentTypeCount++;
return DONE;

+

public Object caseComponentimpl(Componentimpl ci) {
compImplCount++;
return DONE;

}
¥

[ flowSwitch = new FlowSwitch() { |
public Object caseFlowSpec(FlowSpec obj) {
flowCount++;
return DONE;

}

public Object caseEndToEndFlow(EndToEndFlow obj) {
endToEndFlowCount++;
return DONE;

Create new switches
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ModelStatistics Class: Declarative Model

protected final void 1nitSwitches() {
componentSwitch = new ComponentSwitch() {
public Object|[caseComponentType(ComponentType obj)| {

typeCount++;

// Only count those that are not DataType or PortgroupType

iIT (1(obj instanceof DataType || obj instanceof PortGroupType))

componentTypeCount++;
return DONE;

+

public Object [caseComponentiImpl (Componentimpl ci)]{
compImplCount++;
return DONE;

}
¥

FlowSwitch = new FlowSwitch() {
public Object(caseFlowSpec(FlowSpec obj)]{
FlowCount++;
return DONE;

}

public Object (caseEndToEndFlow(EndToEndFlow obj) {
endToEndFlowCount++;
return DONE;

Override handling of specific model elements
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ModelStatistics Class: Instance Model

protected final void initSwitches() {

instanceSwitch = new InstanceSwitch() {
public Object caseComponentlnstance(Componentinstance obj) {
componentCount++;
switch (obj.getCategory().getvalue()) {
case ComponentCategory.THREAD:

threadCount++; return DONE;
case ComponentCategory.PROCESS:
processCount++; return DONE;

case ComponentCategory.PROCESSOR:
processorCount++; return DONE;
case ComponentCategory.MEMORY:
memoryCount++; return DONE;
case ComponentCategory.BUS:
busCount++; return DONE;
case ComponentCategory.DEVICE:
deviceCount++; return DONE;

}
return DONE;
}

public Object caseConnectionlnstance(Connectionlnstance ci) {
connectionCount++;
return DONE;
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ModelStatistics Class: Instance Model

protected final void initSwitches() {

instanceSwitch = new InstanceSwitch() {
public Object caseComponentlnstance(Componentlnstance obj)) {
componentCount++;

(switch (obj.getCategory() .getValue())
case ComponentCategory.THREAD:
threadCount++; return DONE]
case ComponentCategory.PROCESS:
processCount++; return DONE;
case ComponentCategory.PROCESSOR:
processorCount++; return DONE;
case ComponentCategory.MEMORY:

Component instances

modeled by single class:
Componentlnstance

memoryCount++; return DONE;
case ComponentCategory.BUS: \
busCount++; retur,
case ComponentCategory.DE Separately test the category:
deviceCount++; retu -
(1 obj .getCategory() .getValue()
return DONE; o
s
public Object caseConnectionlnstance(Connectionlnstance ci) {
connectionCount++;
return DONE;
s
33
}

www.aadl.info 5




ModelStatistics Class: Getting Results

public String getModelResult() {
return ""Model Statistics: " + componentTypeCount
+ " component type declarations, " + complmplCount
+ " component implementation declarations, "
+ (typeCount - componentTypeCount)
+ " data/port group type declarations.

}

public String getFlowResult() {
return "Flow Statistics: " + flowCount + ' flow specifications, "
+ endToEndFlowCount + " end-to-end flows. '';
+

public String getApplicationResult() {
return "Application statistics: " + threadCount + " threads,
+ processCount + ' processes, " + connectionCount
+ " semantic connections. '';

}

public String getExecutionPlatformResult() {
return "Execution platform statistics: " + processorCount
+ " processors, " + memoryCount + ' memory units, "
+ busCount + " buses, "™ + deviceCount + " devices. ';

Saz

} // End of class ModelStatistics
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Constructing the “Model Statistics” Plug-in

Create a plug-in project

Create the analysis
— Walk the AADL model to count the components

Create an Eclipse action
— Invokes the analysis
— Reports analysis results
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“Model Statistics” Eclipse Action

We need an Action to invoke our analysis
— Appears as

« Button on Eclipse toolbar

* |Item in Eclipse menu
— Reports results to user

» Via Eclipse markers on model
* Via dialog box

Action implemented in two parts

— Java class implements action behavior
— plugin.xml installs action into Ul
» Buttons, menu items, etc.
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Implementing Action Class

Extend class AaxIReadOnlyAction
— (In package edu.cmu.sei.aadl .model .pluginsupport)
— Implements IWorkbenchWindowActionDelegate
* Required interface for Eclipse actions
— Ensures needed Eclipse/EMF resources are initialized
— Action defined by method doAaxlAction(AObject)
» Passed the currently selected model object

— Read-only: changes made to models by action are not saved
» Use AaxIModifyAction instead to automatically save changes

Extend and implement doAaxIAction
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Class DoModelStatistics: Running Analysis

public class DoModelStatistics(extends AaxIReadOnlyAction {

public void [doAaxlAction(AObject obj) {
// Get the root object of the model
AObject root = obj.getAObjectRoot();

Extend OSATE

// Get the associated AadlSpec utility class

AadlSpec as = obj.getAadlSpec();

// Get the system instance (if any)
Systemlnstance si = obj.getSystemlnstance();

Override
doAaxlAction 1o

define behavior

// Get the data

ModelStatistics stats = new ModelStatistics();
stats.processPreOrderAll(as);

iIT (si '= null) stats.processPreOrderAll(si);
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Class DoModelStatistics: Running Analysis

public class DoModelStatistics extends AaxlReadOnlyAction {

public void doAaxlAction(AObject obj) {

AObject root = obj.getAObjectRoot();

// Get the associated A
AadlSpec as = obj.getA

// Get the system ins
Systemlnstance si =

(it any)

// Get the data

ModelStatistics s
stats.processPre0O
it (si '= null)

ModelStatistics();

),
sPreOrderAll(si);

Given the selected object, return the root
object of the containing model. This will be
either an AadlSpec or a Systemlnstance.
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Class DoModelStatistics: Running Analysis

public class DoModelStatistics extends AaxlReadOnlyAction {

public void doAaxlAction(AObject obj) {
// Get the root object of the model
AObject root = obj.getAObjectRoot();

// Get the associated AadlSpec
AadlSpec as = obj.getAadlSpec();

// Get the s

em instance (it any)
Systemlnstan i

= obj.getSystemlnstance();

// Get the d
ModelStatisti
stats.process
it (s1 = nul

= new ModelStatistics();
1(as);

cessPreOrderAll(si);

} Get the declarative model associated with\
the selected object. If the object is from an
Instance model, the declarative model that
generated the instance model is returned.
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Class DoModelStatistics: Running Analysis

public class DoModelStatistics extends AaxlReadOnlyAction {

public void doAaxlAction(AObject obj) {
// Get the root object of the model
AObject root = obj.getAObjectRoot();

// Get the associated AadlSpec
AadlSpec as = obj.getAadlSpec();

// Get the system instance (if any)
Systemlnstance si = obj.getSystemlnstance();

// Get the data
ModelStatistics stats
stats.processPreOrd
iIf (si = null) s

ModelStatistics();

),
sPreOrderAll(si);

Get the instance model associated with the
selected object. If the object is from a
declarative model, null Is returned.
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Class DoModelStatistics: Running Analysis

public class DoModelStatistics extends AaxlReadOnlyAction {

public void doAaxlAction(AObject obj) {
// Get the root object of the model
AObject root = obj.getAObjectRoot();

// Get the associated AadlSpec
AadlSpec as = obj.getAadlSpec();

// Get the system instance (if any)
Systemlnstance si = obj.getSystemlnstance();

// Get the data
ModelStatistics stats = new ModelStatistics();J

stats.processPreOrderAll(as);

iIf (si !'= null) stats.processPreOrderAll(si);
-
1. Create a new analysis )
2. Invoke it on the declarative model
3. Invoke it on the instance model (if it exists)
N——
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Class DoModelStatistics: Reporting Results

public class DoModelStatistics extends AaxlReadOnlyAction {
public void doAaxlAction(AObject obj) {

final StringBuffer msg = new StringBuffer();

final String modelStats =[stats-getModelResult();]
final String flowStats = |stats.getFlowResult();
reportinfo(root, modelStats);

reportinfo(root, flowStats);
msg.append(modelStats);

msqg.append(flowStats);

iIfT (si '= null) { // Do we_have instance statistics?
final String appStats =[stats-getApplicationResult(); ]
final String epStats = (stats.getExecutionPlatformResult();

reportinfo(root, appStats);
reportinfo(root, epStats);
msg . append(appStats) ;
msg.append(epStats);

by

// Also report the results using a message dialog
MessageDialog.openinformation(

getShell (), "Model Statistics", msg.toString());

1. Get results from analysis
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Class DoModelStatistics: Reporting Results

public class DoModelStatistics extends AaxlReadOnlyAction {
public void doAaxlAction(AObject obj) {

final StringBuffer msg = new StringBuffer();
final String modelStats = stats.getModelResult();
final String flowStats = stats.getFlowResult();
[reportlnfo(root, modelStats);

reportinfo(root, flowStats);

msg .append(modelStats) ;

msqg.append(flowStats);

iIfT (si '= null) { // Do we have instance statistics?
final String appStats = stats.getApplicationResult();

final String epStats = stats.getExecutionPlatformResult();
reportinfo(root, appStats);

reportinfo(root, epStats);
msg-append(appStats);
msg.append(epStats);

}

// Also report the results using a message dialog
MessageDialog.openinformation(

getShell (), "Model Statistics", msg.toString());

2. Record results using Eclipse markers
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Class DoModelStatistics: Reporting Results

public class DoModelStatistics extends AaxlReadOnlyAction {
public void doAaxlAction(AObject obj) {

final StringBuffer msg = new StringBuffer();
final String modelStats = stats.getModelResult();
final String flowStats = stats.getFlowResult();
reportinfo(root, modelStats);

reportinfo(root, flowStats);
msg.append(modelStats);

msqg.append(flowStats);

iIfT (si '= null) { // Do we have instance statistics?
final String appStats = stats.getApplicationResult();

final String epStats = stats.getExecutionPlatformResult();
reportinfo(root, appStats);

reportinfo(root, epStats);
msg . append(appStats) ;
msg -append(epStats);

by
// Also report the results using a message dialog
(MessageDialog.openInformation(

getShell (), ""Model Statistics', msg.toString());

3. Report results using dialog box
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Recording Results as Eclipse Markers

 Record markers using the methods
— reportinfo(AObject obj, String message)
— reportWarning(AObject obj, String message)
— reportError(AObject obj, String message)
Associates message with the given model object

e Some properties of markers
— Separate recording from reporting
— Persist beyond the plug-in execution
— Auto-reset on plug-in execution
— Decoration icon on the resource in “Navigator” view
— Marker location indicators on the sidebar of an open editor
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Reporting Results in a Dialog Box

» Use factory methods in MessageDialog
— (In package org.eclipse.jface.dialogs)
— openlnformation(Shell s, String title, String msg)
— openWarning(Shell s, String title, String message)
— openError(Shell s, String title, String message)
Opens synchronous dialog box.

e Some properties of dialog boxes
— Immediate reporting

— Synchronous or asynchronous dialog
* Synchronous — requires user confirmation (ok button)

— Messages only exist for the duration of the popup.
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Describing the Action in plugin.xml

e Actions reside in action sets
— An extension point to Eclipse
— Groups together related actions

* Action set description includes
— Aninternal id — used to identify the set in XML
— Human readable label

e Action description includes
— Aninternal id
— Human readable label
— Reference to class that implements the action
— An icon — programmer provides images
— Locations in toolbar and menu bar

www.aadl.info
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We add “gif” files to use as
icons. We create an icons

directory to hold them.

: Package Explorer X

ac

SR =i, crnu, sei, osate, skatiskics
—|- [ grc

=} edu.cmu.sei.osate, skatistics

+-[J] DoModelStatistics, java

+-[J] ModelStatistics., ja

+-[J] StatisticsPlugi

+- = Plug-in Dependenciy

+-=, JRE System Libyg

/\ _J
= [ icons ~
Lﬂ nioSkats, gif -
™ | stats,qif
arg build, properties |
*\ J

@: plugin, il

\
1.I
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The “Model Statistics” Action Set

<plugin ...> | Eclipse extension pomtj [ Our new action set

<extension point="org.eclipse.ui.actionSets">
<actionSet i1d="edu.cmu.sei.osate.statistics.actionSet"

label="Statistics Action Set"
visible=""true">
<menu i1d=""analysisMenu"

label="Analysis &amp;Menu"/>
<action i1d="edu.cmu.sei.osate.statistics.DoModelStatistics"

label="&amp;Model statistics"
class="edu.cmu.sei.osate.statistics.DoModelStatistics
icon=""icons/stats.gif"
disabledlcon="1cons/noStats.gif"

tooltip="Determine model statistics"

enablesFor=""1"
toolbarPath="edu.cmu.sei .osate.statistics.actionSet"

menubarPath=""analysisMenu/statisticsGroup">

</action>
</actionSet>
</extension>
</plugin>
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The “Model Statistics” Action Set

We create an
“Analysis” menu

<plugin ...>

<extension point="org.eclipse.ui.act

<actionSet i1d="edu.cmu.sei.osate.sta .actionSe*

label=""Statistics Actio
visible=""true">

Our action
description

(<menu id=""analysisMenu" ]
. label="Analysis &amp;Menu'/>
(<action id="edu.cmu.sei.osate.statistics.DoModelStatistics"
label="&amp;Model statistics"
class="edu.cmu.sei.osate.statistics.DoModelStatistics"
icon=""icons/stats.gif"
disabledlcon="1cons/noStats.gif"

tooltip="Determine model statistics"

enablesFor=""1"
toolbarPath="edu.cmu.sei .osate.statistics.actionSet"

L menubarPath=""analysisMenu/statisticsGroup’> )
</action>
</actionSet>
</extension>
</plugin>

N
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The “Model Statistics” Action Set

<plugin ...>

<extension point="org.eclipse.ui.actionSets">
<actionSet i1d="edu.cmu - —

label="Sta

visible=""true >

<menu 1d=""analysisMenu"’

label="Analysis &amp;Menu'/>

<action id=""edu.cmu.sei.osate.statist

label=""&amp;Model statistics"

class="edu.cmu.sei .osate.statistics.DoModelStatistics"

(icon=""icons/stats.gif" J

Reference to our action implementation j

ModelStatistics"

"disabledlcon=""icons/noStats.gif"

_tooltip="Determine model statistics"

Action icons enablesFor="1"

aruitocﬂﬂp toolbarPath:"edu-cm9-se|-osate:st?tlstlcs-actlonSet"
menubarPath=""analysisMenu/statisticsGroup'>

</action>
</actionSet>
</extension> Location in toolbar and menu batr.
</plugin> References menu id analysisMenu.
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“Model Statistics” in Eclipse

lcon In toolbar j

™ Run  Window  Help

£~ Resource - 5_Instance.aaxl - Eclipse Platform
File Edit a80L Menu  Analysis Menu

4 - & - @ B AEWmE0OR &
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“Model Statistics” Results

- [B]X]
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Outline

 Background: SAE AADL Standard

o Extensible OSATE plug-in architecture

« OSATE Plug-ins for Embedded System Engineering
 AADL Meta model

 Model statistic plug-in example

» Summary
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Final Observations

 Industry-standard architecture modeling notation for
embedded systems
— Abstract but precise modeling
— Early and repeated predictable analysis

 Industry-standard XML interchange format
— Model interchange between contractors
— Interoperability of architecture design, analysis & generation
tools

e Low entry cost open source tool set
— Prototyping environment for project-specific needs
— Architecture research platform
— Codification of engineering experience
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