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Key Enabling
Technologies

Goals to achieve

On what abstraction level are we working




HW-SW allocation

SW functions

Pack™=

Controller 'Supply fresh air

Zone— (§

Controller Supplv hot air Pack |
ppy Controller Rack | Aft Zone

i

Monitor 1

_ temperature '

AirCond ] I o

Pane: = "¢ -

Set Pack !

Pack |
temperature Controller ) | Forward

| | | Zone
Zone
Controller

System
Display l,‘

A||r "’ Flight

Deck

Conditioning
panel

e e

MUEGYETEM 176Gz




Functions to partition allocation — User-Driven

SW functions

Partitions
Pack O Q Federated
Controller O RTOS
Zone
Controller e Pack i | f
o Controller | Aft Zone
e i
ARINC 653 |
RTOS I
AirCond |
Panel e 1 -
c P,?Ck” Pack ||
ontrofer ) | Forward
I | | Zone
Zone
Controller
Constraints @ .
. ) o I t‘ \ Flight
Only one function per Air Deck
partition Conditioning
panel

MUEGTYETEM 1762




Functions to partition allocation — User-Driven

SW functions

Partitions
Pack O Federated
Controller O RTOS
Zone
Controller e Pack i |
o Controller | Aft Zone
e i
ARINC 653 |
RTOS | I
AirCond |
Panel e 1 -
c P,?Ck” Pack ||
ontrofer ) | Forward
I | | Zone
Zone
Controller
Constraints @ .
Display
I t Flight
I i Air Deck
Modify HW architecture Conditioning
for more resources | vanel

MUEGTYETEM 1762




Allocating communication channels — Semi-automated

SW functionality HW Communication
channels
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Key Enabling
Technologies

Overview:
TRANS-IMA Project




Overview of the TRANS-IMA project

= Atool to allocate system Component
functionalities to different HW Library
platforms using model-driven :
. Functional Platform
development techmques Architecture Description

o Early validation: Model Model
Find design flaws as early as possible

* Directly on model level
- Simulating the IAM in Simulink Allocation

o Model Transformation: Generate
* Communication paths
* Integrated Architecture Model

o Traceability:
Complex traceability links as models

o Integrated Development Environme
Eclipse based Study and development of

. Model Transformation (MT) methods
o Tool Integration: lied to the desi :
MATLAB Simulink — Eclipse applied to the design or )
Integrated Modular Avionics Systems
= Knowledge + Techn. Readiness

Integrated
Architecture
Model

e s
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Design of HW-SW allocation
r/Inputs: (Simulink)

e Functional Architecture Model (FAM) Coi?kfrzrr‘ent

eSimple Component Library :

(Simulink library)

e Automated import / Functional Platform
Architecture Description

Model Model
Tooling: (Eclipse) |

e Platform Descr. Model (PDM) Editor

e Extensibility by plug-in infrastructure

Allocation

 Allocation:
e Reuses existing Simulink models
e Generates required simulation elements

e Batch model transformation 4
—_—— Integrated
[ Output: Architecture
e Integrated HW/SW model Model

e ready for simulation in Matlab
. ® End-to-end traceability links ) 00O &



Model Driven Development of HW-SW allocation

f/AIIocation steps:
' o Designer-guided manual steps
e Automated steps:
e Communication channels calculation

Component
Library

' e Integrated Architecture Model AFUE_Cl_“Ot”a' DPlatf_Ozfn
e Continuous validation of design rules FCAIEECLUIE escription
Model Model

/

/

/7 \

Automate Explore
consequences alternatives

Capture
constraints

Allocation

Integrated
Architecture
Model




Key Enabling
Technologies

Key Enabling Technologies:
Eclipse based approach




Overview: MDD Infrastructure

Model Driven Development =
Languages, Models and Transformations

Modeling Model Model
Languages Queries Transformations
(EMF) (EMFE-IncQuery) (VIATRA)




MDD Infrastructure: Eclipse Modeling Framework

= A tool to allocate system
functionalities to IMA platforms
using model-driven development
techniques

o Early validation:
Find design flaws as early as possible

o Model Transformation: Generate
e Communication channels
* Integrated Architecture Model

o Traceability:
Complex traceability links as mode

o Open source technologies: Evaluation
of Eclipse framework

o Tool Integration:
MATLAB Simulink — Eclipse

e s
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.+ for domain-specific langauges -/

Component
Library

Functional Platform
Architecture Description
Model Model

Allocation

Integrated
Architecture
Model

r———————q
L———————ﬂ

Eclipse Modeling Framework
(EMF):
 open source platform
» model representation & dev.tools

e =



Eclipse Modeling Framework

Matlab Simulink Eclipse Modeling Framework

import Functional
Architecture
Model

Functional uses Matlab Simulink

Architecture

Component

_ Librar pe s
Library ModeY Specification

Component

Allocation Integrated Arch.
- Model

1 transform
I InstanceOf

Platform
Description
Model

uses

1 transform

Traceability Document

e s
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Eclipse Modeling Framework

Matlab Simulink Eclipse Modeling Framework

import Functional
Architecture
Model

Matlab Simulink

Integrated Arch.
- Model

/ Value for Users:
- » Helps avoid vendor lock-in

Functional
Architecture

s Component
Library
Model

Allocation
Specification

Component
Library

/Technical Advantages of EMF:

« Open source modeling standard for
(Eclipse based) modeling tools ~ » Knowledge based tool integration

 Desigh metamodel =»auto-generate  Future integration with open
interface, implementation, editor... standard simulation techniques

« Examples: UML, AADL, SysML, (Modelica)

BPMN, AUTOSAR p

@ 0o &



Customizable views for EMF model
Goal: Hide irrelevant information

from detailed models fyiew: .
| Defined by queries
T — simulink Navigable as a model |
e e Maintained
' ' Incrementally +
e EMS |
fagt:func 6*0 U"O “_)D O"@ Immed|ate|y
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Customizable views for EMF model
Goal: Hide irrelevant information

from detailed models

Simulink

PilotControl tag: func

I Function SubSystem with "func" tag)

/ EM F-IncQuery Viewers:
 Capture visualization rules as
model queries
» Incremental update of rules over
large models
 Layouting based on industry
leader yWorks libraries

7 View:

* Defined by queries

* Navigable as a model

 Maintained
Incrementally +
Immediatel

[=l FAM_PilotControl

FAM_FMS

/ Value for Users:

« Custom views extendable by
domain experts

 Reusable visualization module
« Integration to EMF-based tools
- (UML, SysML, AADL, TOPCASED)




MDD Infrastructure: Model Queries

= A tool to allocate system Component
functionalities to IMA platforms Library

using model-driven development Functional Platform

techniques 4 Architecture Description
Model Model

o Early validation:
Find design flaws as early as possible

o Model Transformation: Generate Allocation

e Communication channels

_— _— _— _— _— _—
A
—_— —_— —_— —_— —_— —_— —_—

* Integrated Architecture Model Integrated

o Traceability: Architecture -
Complex traceability links as models Model

|
L

o Open source technologies: Evaluati

0
of Eclipse framework r EMF-IncQuery (open source)

o Tool Integration: . _model querlles fcl)r design constra|||1ts
MATLAB Simulink — Eclipse . m_crementg eval. over EMF models

» violations immediately reported

e supports dynamic model

synchronization



Early validation of design rules/constraints

Input-to-Input port connection design rule
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Early validation of design rules/constraints

Input-to-Input port connection design rule

‘( *busSensor.pdm &2 = O ‘( PDM Data Arch "( PDM Power Arch "( PDM Combined Hardware Arch &3
4 { platform:/rescurcefiam.examples/demo/busSensor.pdm &= | e E“3| %|

Bo ®E
4 < Model busSensaor —
a < Chassis Chs Mﬂ
4 <4 Slotl ~
4 < Processing Unit PU = ProcessngUnit FLU
4 < Federated RTOS Fed
N P " Sp—-"

@Constraint(severity =

" ts O
essage = "Both por
; : incorrectInputToInputPo

=l ChasziE Cha

location = conn,"
e inputs!™)

rtConnection(conn){

ern ‘ :
paignd directPortConnectlon(p, op{.;onzls.
CommunicationPort.direct%on(p, .:.gﬁ ut;-}
CommunicationPort.directlon(op, ::Inp 5

=] Properties | & Console | 9] Error Log | T Problems &2




Early validation of design rules/constraints

Input-to-Input port connection design rule

( Erroneous mode! |rmempane
element =EEHE ]
selectio

<€ *busSensor.pdm 2 = B ||«€ PDM Data Arch
4 4 Processing Unit PU
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/ EMF-IncQuery approach: Value for Users:
- Capture design constraints as P> - Design constraints extendable by

model queries domain experts
. Incremental re-validation of - «Definition of structural constraints

Chaszim Cha

constraints over large models :¥- * Reusable validation library
(>100k) B - Integration to EMF-based tools

- Immediate error reporting /e (UML, SysML, AADL, TOPCASED)
Problems view
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Traceability based on queries

= Model-based Traceability

o Complex M-N traceability Component
. Lib
o Traceability models ekl
* Automated generation Functional Platform ’E
e Automated maintenance Architecture Description o
- both based on Model ogs =
query technology 2
. 2
o Auto-generate Allocation o
traceability =
document/matrix Integrated
(AIR 6110) System Model

o OSLC based integration




MDD Infrastructure: Model Transformations

= A tool to allocate system Component
Library

functionalities to IMA platforms
using model-driven development SrEaal Platform
techniques 4 Architecture Description

Model Model
o Early validation:

Find design flaws as early as possible

o Model Transformation: Generate Allocation

e Communication channels

* Integrated Architecture Model Integrated

o Traceability: Architecture
Complex traceability links as models Model

o Open source technologies: Evaluation

of Eclipse framework " Role of Model Transformations:
o Tool Integration: * rule based generate&merge
MATLAB Simulink — Eclipse  automated synthesis of
traceability links




Role of model transformations: Synthesis

= Com plex MT: Component Functional
” Library Architecture
o ,Merge and extend [Simulink] [Simulink]
o Output Simulink model:
* Use FAM and PDM as is Component Functional
* Generate allocation parts Library Architecture
. ] . [EMF Model] [EMF Model]
o Smooth integration with A
. . % Instance
Simulink :
. Platform Allocation
* Reuse available models Description Specification
* Bus handling [EMF Model] [EMF Model]
ransform
= Used open source a
technologies datform  Allocaion
o Xtend Description  gpecific Parts

[Simulink] [Simulink]

Integrated Architecture

o EMF-IncQuery + Viatra
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Summary and Future Directions

= A tool to allocate system Component
functionalities to IMA platforms Library
using model-driven development Functional Platform
techniques 4 Architecture Description

Model Model

= Future directions

Allocation

o Semi-automated allocation
o Polarsys initiative

Integrated
* Long term support for open source Architecture
technologies Model
e EMF-Simulink bridge oS
o Standalone OSLC based traceability &

Study and development of

Model Transformation (MT) methods
applied to the design of

Integrated Modular Avionics Systems”

framework

P “ = Knowledge + Techn. Readiness
T SR
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