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Objectives

Provide overview
– Propose of 

• SAE AADL 
• UML Profile for SAE AADL

– Principles

– Status

Preview of tomorrow 10AM presentation in 
MARS section

Lay groundwork for OMG RFC
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AADL Overview

Society of Automotive Engineers (SAE) approved 
standard Architecture Analysis & Design Language
(AADL)
– ~Nov 2004

Basic research funded by
– U.S. Defense Advanced Research Projects Agency (DARPA)
– Office of U.S. Secretary of Defense’s Open Systems – Joint 

Task Force (OS – JTF)

Based on 
– MetaH

• Design by Honeywell for specification of real-time, fault-tolerant, 
securely partitioned, dynamically reconfigurable multi-processor 
system architectures 

– Unified Modeling language (UML) 
• Object Management Group’s (OMG) standard language for 

object–oriented software development
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MetaH Development & 
Evaluation

1991 DARPA DSSA program begins
1992 Partitioned PFP target (Tartan MAR/i960MC)
1994 Multi-processor target  (VME i960MC)
1995 Slack stealing scheduler
1998 Portable Ada 95 and POSIX middleware configurations
1999 Hybrid automata verification of core middleware modules

1992-present Evaluation and demonstration projects include
• Missile G&C reference architecture, demos, others (AMCOM SED)
• Hybrid automata formal verification (AFOSR, Honeywell)
• Missile defense (Boeing)
• Fighter guidance SW fault tolerance (DARPA, CMU, Lockheed-Martin)
• Incremental Upgrade of Legacy Systems (AFRL, Boeing, Honeywell)
• Comanche study (AMCOM, Comanche PO, Boeing, Honeywell)
• Tactical Mobile Robotics (DARPA, Honeywell, Georgia Tech)
• Advanced Intercept Technology CWE (BMDO, MaxTech)
• Adaptive Computer Systems (DARPA, Honeywell)
• Avionics System Performance Management (AFRL, Honeywell)
• Ada Software Integrated Development/Verification (AFRL, Honeywell)
• FMS reference architecture (Honeywell)
• JSF vehicle control (Honeywell)
• IFMU reengineering (Honeywell)
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AMCOM Effort Saved Using 
MetaH
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Total project savings 50%, re-target savings 90%

Benefit During 
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SAE AS-2C AADL Subcommittee

Bruce Lewis (US Army AMRDEC): Chair
Peter Feiler (SEI): technical lead, author & editor
Steve Vestal (Honeywell): co-author
Ed Colbert (USC): UML Profile of AADL
Joyce Tokar (Pyrrhus Software): Ada & C Annex
Other voting members
– Boeing, Rockwell, Honeywell, Lockheed Martin, Raytheon, 

Smith Industries, General Dynamics, Airbus, Axlog, European 
Space Agency, TNI, Dassault, EADS, High Integrity Solutions

Coordination with 
– NATO Aviation, NATO Plug and Play, French Government 

COTRE, SAE AS-1 Weapons Plug and Play, OMG UML & 
SysML
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Applications Supported

Kinds of systems
– Avionics

– Space

– Robotics

– Industrial Control

– Medical

– Automotive

Systems with 
characteristics like
– Fixed sampling & 

processing rates

– Variable sampling & 
processing rates

– Stochastic event & 
processing rates

– Operational modes & 
configurations

– Large-scale system 
integration
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Potential Users

Airbus

ESA 

Rockwell Collins

Lockheed Martin

Smith Industries

Raytheon

Boeing 

Common Missile

System Plug and Play

Apply AADL for systems 
integration modeling & analysis

Modeling of Satellite Systems, 
Architecture Verification - ASSERT

Modeling of Avionics 
Computer System

New System Engineering Approach 
incorporates AADL

NATO/SAE AS1 Weapon 
System Integration

Embedded System 
Engineering & AADL
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Architecture-based 
Requirements

Analysis

Architecture-based 
Design and 

Implementation

Architecture-based 
System Integration

Model-Based AADL Process

Rapid Integration 
Predictable System 
Upgradeability

Explicit Architecture
Engineering Model
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AADL–Based Engineering

Ambulatory

Information
Fusion

Supply 
ChainMechanized

Sensor
& Signal
Processing

System Construction
• AADL Runtime System 
• Application Software 
Integration

Devices Memory Bus Processor

Automatic
Target
Recognition

Guidance
& Control

System Analysis
• Schedulability
• Performance
• Reliability
• Fault Tolerance
• Dynamic Configurability

Document 
Architecture
Abstract, but 

Precise

HTTPSDBGPS Ada Runtime

Execution 
Platform

. . . . . . . . . . 

Application 
Software

Software
System
Engineer

Application 
Developer

12

AADL Engineering Paradigm
Specification of SW & HW architecture using formal semantics

– Interfaces
– Properties

Early analyses of system concerns
Elimination of errors thru automatic generation & integration
Verify source code compliance, middleware behavior
Rapid refinement of models & components

discipline-specific 
design notations and 

editing and
visualization tools

formal modeling
and analysis methods

and tools

implementation
methods and tools

design feed-back
verification

code generation

Model & analyze 
each change
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AADL-Based Application 
Development

re-engineering
of legacy
software

traditional
development

target hardware
specifications

SimuLink

other
specialized

tools

AADL-Based
Software & Systems
Integration Toolset

AADL-Based
Software & Systems
Integration Toolset

Complete, Validated
Executable System

Complete, Validated
Executable System

Application 
Development 

Tools

Application 
Development 

Tools
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AADL-Based Tool Set

AADL Model 
XML

Textual
AADL

Graphical
AADL

Scheduling
Analysis

Reliability
Analysis

Filter to Markov
Analysis

AADL Instance
XML

Commercial
Tool like
TimeWiz

Complete Execution 
Platform Binding

Safety
Analysis

Project-Specific
In-House

AADL Runtime
Generator
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AADL/UML Relationship

UML 2.0

UML-RT
Performance
Timeliness

UML 1.4
Detailed design

AADL
Core

Dependability

Security

AADL Annexes
UML Working Groups

AADL Annexes
UML Working Groups

Embedded 
System

Engineering

System Engineering

SysML

To Be submitted to 
OMG for Adoption

Overlap shown is only representative; not exact

AADL
UML Profile
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AADL Graphical Notation: 
Components + Packages

process

Application Software

System Composition

Thread

Execution Platform

processor

memory

System

data

package

device

bus

Thread Group

18

Graphical & Textual Notation Example

system Data_Acquisition 
features
speed_data : in data port metric_speed;
GPS_data : in data port position_carthesian;
user_input_data : in data port user_input;
s_control_data :out data port state_control;

end Data_Acquisition;

speed
_data

user_
input
_data

GPS
_data

Data_Acquisition

s_control_data

data port
data type 

of port

data port
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AADL Component Interaction

Flight Mgr

Warnings
Annunciations

MFD Pilot

MFD Copilot

data

1553

Weapons 
Mgr

• Unidirectional data & event flow

• Synchronous call/return

• Managed shared data access
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Application System & Execution 
Platform

Flight Mgr

Warnings
Annunciations

MFD Pilot

MFD Copilot
data

1553

Weapons 
Mgr

CoPilot Display

Display 
Processor

Pilot Display

Display 
Processor

High speed network

Mission
Processor

1553 bus

Application system binding 
to execution platform
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Graphical Notation Example 2
Flight Manager

Navigation 
Sensor 

Processing

Integrated 
Navigation Guidance 

Processing

Flight Plan
Processing

Aircraft 
Performance 
Calculation

20Hz

10Hz 20Hz

5Hz

2Hz

From 
Partitions

To 
Partitions

Fuel Flow

Guidance

Nav
sensor 
data

Nav signal 
data

FP data

Performance 
data

Nav
dataNav sensor 

data

Nav_Data

FP data
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Benefits of Extending UML

Architects can represent system architecture graphically using 
commonly available UML tools

UML tool developers can add advance support for AADL to 
existing tools rather than developing new tools
– e.g. safety analysis

Software designers can take defined architecture & refine 
software components
– rather than common practice of re–creating architecture in software 

development tools

System integrators should have easier time integrating
– Software components generated by UML tools, or hand–code based 

on UML specification

– Executive and architectural glue code that is generated by AADL tool

– Target hardware.
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Flight Manager in AADL Graphical 
Notation

Navigation 
Sensor 

Processing

Integrated 
Navigation Guidance 

Processing

Flight Plan
Processing

Aircraft 
Performance 
Calculation

20Hz
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Flight Manager Example Using UML Profile
Classifier View: Navigation Package

<<AADLThread>>
Sensor_Processing_Type

--------------------------
AADLPorts

<<AADLPort>> Nav_Signal_Data : in Signal_Data_Type
<<AADLPort>> Nav_Sensor_Data : out Sensor_Data_Type

--------------------------
AADLProperties

Period = 50ms  -- i.e. 20Hz
Dispatch_Protocol = Periodic

<<AADLData>>
Signal_Data_Type
--------------------------
AADLProperties

Source_Data_Size =100 B

<<AADLData>>
Sensor_Data_Type
--------------------------
AADLProperties

Source_Data_Size =10 B

<<AADLPackage>>
Navigation

<<AADLThread>>
Integrator_Type

--------------------------
AADLPorts

<<AADLPort>> Nav_Data: out Integrated_Data_Type
<<AADLPort>> Nav_Signal_Data: in Sensor_Data_Type

<<AADLData>>
Integrated_Data_Type

--------------------------
AADLProperties

Source_Data_Size =32 B

<<AADLThreadImplementation>>
Integrator_Type.Impl1

--------------------------
AADLProperties

Period = 100ms -- i.e. 10Hz
Dispatch_Protocol = Periodic

<<AADLRealization>>
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Flight Manager Using UML Profile
Classifier View: Navigation Package (Possible 

Alternative Representation)

<<AADLThread>>
Sensor_Processing_Type

--------------------------
AADLProperties

Period = 50ms -- i.e. 20Hz
Dispatch_Protocol = Periodic

<<AADLData>>
Signal_Data_Type
--------------------------
AADLProperties

Source_Data_Size = 100 B

<<AADLData>>
Sensor _Data_Type
--------------------------
AADLProperties

Source_Data_Size = 10 B

<<AADLThread>>
Integrator_Type

<<AADLData>>
Integrated_Data_Type

--------------------------
AADLProperties

Source_Data_Size = 32 B

Nav_Signal_Data: 
Sensor_Data_Type

Nav_Signal_Data: 
Signa_Data_Type

Nav_Signal_Data: 
Sensor_Data_Type

Nav_Signal_Data: 
Signal_Data_Type

<<AADLThread>>
Integrator_Type.Impl1

--------------------------
AADLProperties

Period = 100 -- i.e. 10Hz
Dispatch_Protocol = Periodic

<<AADLPackage>>
Navigation

<<AADLRealization>>
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Flight Manager Example Using UML Profile
Classifier View: Guidance Package

<<AADLThread>>
Controller_Type

--------------------------
AADLFeatures

<<AADLPort>> Nav_Data: in Navigation::Integrated_Data_Type
<<AADLPort>> FP: in Flight_Management::Flight_Plan_Type
<<AADLPort>> Nav_Signal_Data: out Guidance_Data_Type

--------------------------
AADLProperties

Period = 50ms -- i.e. 20Hz
Dispatch_Protocol = Periodic

<<AADLData>>
Guidance_Data_Type

--------------------------
AADLProperties

Source_Data_Size =100 B

<<AADLPackage>>
Guidance
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Flight Manager Example Using UML Profile
Classifier View: Aircraft Performance Package

<<AADLPackage>>
Aircraft_Performance

<<AADLSubprogram>>
Calculate_Performance

--------------------------
AADLFeatures

<<AADLParamater>> Plan : in Flight_Management::Flight_Plan_Type
<<AADLParamater>> Nav_Data : in Navigation::Integrated_Data_Type
<<AADLParamater>> Fuel_Flow : in Fuel_Management::Fuel_Data_Type
<<AADLParamater>> Performance : out AC_Performance_Data_Type

<<AADLSubprogramImplementation>>
Calculate_Performance.F15_Implementation.

--------------------------
AADLProperties

Compute_Execution_Time = 25ms

<<AADLSubprogramImplementation>>
Calculate_Performance.Harrier_Implementation.

--------------------------
AADLProperties

Compute_Execution_Time = 35ms

<<AADLData>>AC_Performance_Data_Type

<<AADLRealization>><<AADLRealization>>
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Flight Manager Example Using UML Profile
Classifier View: Aircraft Performance Package 

(cont.)<<AADLPackage>>
Aircraft_Performance

<<AADLData>>
Performance_Data_Type

--------------------------
AADLFeatures

<< AADLSubprogram>> Calculate : Calculate_Performance

<<AADLData>>
Performance_Data_Type.F15_Implementation

--------------------------
AADLFeatures

<< AADLSubprogram>> Calculate ::
Calculate_Performance.F15_Implementation

--------------------------
AADLProperties

Source_Data_Size = 20 KB

<<AADLData>>
Performance_Data_Type.Harrier_Implementation

--------------------------
AADLFeatures

<< AADLSubprogram>> Calculate ::
Calculate_Performance.Harrier_Implementation

--------------------------
AADLProperties

Source_Data_Size = 40 KB

<<AADLRealization>><<AADLRealization>>
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Flight Manager Example Using UML Profile
Classifier View: Aircraft Performance Package 

(cont.)<<AADLPackage>>
Aircraft_Performance

<<AADLThread>>
Calculator_Type

--------------------------
AADLFeatures

<<AADLPort>> Nav_Data : in Navigation::Integrated_Data_Type
<<AADLPort>> FP_Data : in Flight_Management::Flight_Plan_Type
<<AADLPort>> Fuel_Data : in Fuel_Management::Fuel_Data_Type
<<AADLPort>>Performance_Data : out Performance_Data_Type

--------------------------
AADLProperties

Dispatch_Protocol = Periodic

<<AADLThreadImplementation>>
Calculator_Type.F15_Implementation

--------------------------
AADLFeatures

<<AADLPort>>Performance_Data : refines to
Performance_Data_Type.F15_Implementation

--------------------------
AADLProperties

Period = 250ms -- i.e. 4Hz

<<AADLThreadImplementation>>
Calculator_Type.Base

<<AADLThreadImplementation>>
Calculator_Type.Harrier_Implementation

--------------------------
AADLFeatures

<<AADLPort>>Performance_Data : refines to
Performance_Data_Type.Harrier_Implementation

--------------------------
AADLProperties

Period = 250ms -- i.e. 4Hz

<<AADLRealization>>
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Flight Manager Example Using UML Profile
Behavior View: Aircraft Performance Package’s 
Calculator_Type.Base Thread Impl.

<<AADLThreadImplementation>>
Calculator_Type.Base

<<AADLMode>>
Default_Mode

-------------------------------
AADLCallSequences

Default_Periodic_Calls : AC_Performance_Data_Type.Calculate
( FP_Data, Nav_Data , Fuel_Data

Performance_Data);
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Flight Manager Example Using UML Profile
Classifier View: Flight Management Package

<<AADLThread>>
Flight_Planner_Type
--------------------------

AADLPorts
<<AADLPort>> Guidance_Data: in Guidance::Guidance_Data_Type
<<AADLPort>> FP_Data: out Flight_Management::Flight_Plan_Type
<<AADLPort>>Performance_Data: in Performance_Data_Type

<<AADLData>>
Flight_Plan_Type

<<AADLPackage>>
Flight_Management

<<AADLProcess>>
Flight_Manager

--------------------------
AADLPorts

<<AADLPortGroup>>Sensors : in Flight_Sensor_Group_Type
<<AADLPortGroup>>Status    : out Flight_Status_Group_Type

--------------------------
AADLProperties

Source_Data_Size => 500 KB: 

<<AADLPortGroup>>
Flight_Sensor_Group_Type

--------------------------
AADLPorts

<<AADLPort>> Nav_Sensor_Data: in
Navigation::Sensor_Data_Type

<<AADLPort>>Fuel_Flow: in
Fuel_Management::Flow_Data_Type

<<AADLPortGroup>>
Flight_Status_Group_Type

--------------------------
AADLPorts

<<AADLPort>>Nav_Data: out Navigation::Nav_Data_Type
<<AADLPort>> Guidance_Data: out

Guidance::Guidance_Data_Type
<<AADLPort>>Flight_Plan: out Flight_Plan_Type
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Flight Manager Example Using UML Profile
Classifier View: Flight Management Package (cont.)

Generic Flight Mgr. Impl.
<<AADLPackage>>
Flight_Management

<<AADLProcessImplementation>>
Flight_Manager.Generic_Implementation

<<AADLThread>>
Navigation::Sensor_Processing_Type

<<AADLThread>>
Navigation::Integrator_Type.Impl1

Navigation_Sensor_
Processing

Integrated_Navigation

<<AADLThread>>
Guidance::Controller_Type

Guidance_Processor

<<AADLThread>>
Flgiht_Planner_Type

Flight_Plan_
Processor1

1 1

1

<<AADLThreadProcess>>
Flight_Manager

<<AADLThread>> 
Aircraft_Performance::Caclulator_Type

Aircraft_Performance_Calculator 1

<<AADLRealization>>
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Flight Manager Example Using UML Profile
Classifier View: Flight Manager Implementation 

(cont.) – Nesting & Association
<<AADLProcessImplementation>>

Flight_Manager.Generic_Implementation

<<AADLThread>>
Navigation_Sensor_

Processing

<<AADLThread>>
Integrated_Navigation

<<AADLThread>>
Guidance_Processor

<<AADLThread>>
Flight Plan Processor

1

1

1

1

<<AADLThread>>
Aircraft_Performance_Calculator

1Fuel Flow

Nav
signal 
data

Nav sensor 
data

Nav data

Guidance

Nav
sensor 
data

FP data
Performance 
data

Nav
data

FP data

FP data

Performance 
data

<<AADLConnection>>

<<AADLConnection>>

<<AADLConnection>><<AADLConnection>>

<<AADLConnection>>
<<AADLConnection>>
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Flight Manager Example Using UML Profile
Classifier View: Flight Management Package (cont.) 

F15 & Harrier Flight Mgr. Impl.
<<AADLPackage>>
Flight_Management

<<AADLProcessImplementation>>
Flight_Manager.Generic_Implementation

<<AADLThread>> 
Aircraft_Performance::Caclulator_Type. 
Calculator_Type.F15_Implementation

Aircraft_Performance_Calculator
{refines to}

1

<<AADLProcessImplementation>>
Flight_Manager.F15_Implementation

<<AADLProcessImplementation>>
Flight_Manager.Harrier_Implementation

<<AADLThread>> 
Aircraft_Performance::Caclulator_Type. 
Calculator_Type.Harrier_Implementation

Aircraft_Performance_Calculator
{refines to}

1
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SAE AADL Summary
UML Profile

Symbiotic Relationship
– System Architects can graphically using commonly available UML 

tools to represent software & hardware architecture
• Can make use of UML tools that provide capabilities like simulation of 

state models

– UML tool developers can easily integrate AADL tools for advance 
analysis techniques rather than developing new tools

• e.g. safety analysis

– Software designers can take defined architecture & refine software 
components

• Rather than common practice of re–creating architecture in software 
development tools

– System integrators should have easier time integrating
• Software components generated by UML tools, or hand–code based on 

UML specification
• Executive & architectural glue code that is generated by AADL tool
• Target hardware
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Standardization

SAE approved core language specification
– Published

Expect SAE approval of UML profile for AADL 
~March/April ’05

Plan to propose UML profile for AADL as OMG 
standard ~June ’05 using RFC process
– Issues:

• 3 weeks rule
• Does OMG RFC proposal need to be self contained or can 

it refer to SAE Document
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