&

Rockwe,
well. < Honeywell

AV S ISysem
Architecture Virtual © s i GocERE
Integration Program: ’
@areus  |S-A-V-I =~AVSI

Moving SAVI to
the Launch Pad

| BAE SYSTEMS |

Don Ward, TEES SAVI Program Manager

Presentation to the 15" Annual NDIA Systems
Engineering Conference
October 25, 2012




= AVSI 0
Outline

Overview of the SAVI Program
Motivation for Virtual Integration
The Program Status

Credibility from Shadow Projects
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What is the Problem?

The trend across industry is to put more
features / functionality into products
E Functionality is increasingly implemented in software

E Size and complexity are growing exponentially
x Software-based systems are becoming dominant
X This marriage of hardware/software enables systems of systems

, Examples - portable phones - airliner cockpits
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One Measure of Complexity
Software lines of code growth
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2020 are unaffordable. The
1960 1970 1980 1990 2000 2010 2020 cocoMO Il estimated costs
Y to develop that much software
ear are in excess of $10B.

Airbus data source: J.P. Potocki De Montalk, Computer Software in Civil Aircraft, Sixth Annual Conference on Computer Assurance ( COMP A S S Gaithersburg, MD, June 24-27, 1991.
Boeing data source: John J. Chilenski. 2009. Private email.
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One Approach to the Problem

Industry has been moving toward
Model-Based
E Engineering

E Development
E Manufacturing
E Production

E Verification

E Validation Explosion in models
E Integration

For both Systems and Software

NATIONAL DEFENSE INDUSTRIAL ASSOCIATI
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SAVI Program Concepts

Start integrated, stay integrated
Integrate, analyze, then build

. Architecture-centric, single truth T Model

Repository

Distributed and Heterogeneous T Data
Exchange Layer

Standards based

Semantically precise for quantitative analyses
Mixed maturity development i incremental V&V
Support the business case

Collaboratei | e v er a g dn-Gil Baessst 0
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Single Model, Multidimensional Analysis

SAVI Supported Analyses Increased confidentiality
PP y SECURITY requirement
Enhance Automation Intrusion Achange of encryption policy

Integrity
Confidentiality

Key exchange frequency changes
FC‘(E)?\lgllle:IICPETI ON | Message si.ze inc.r.eas-es
_> Bandwidth RCHITECTURAL Aincreases bandwidth utilization
CPU Time

\D

Aincreases power consumption )

Power Consumption

Increased computational complexity\
Aincreases WCET

Aincreases CPU utilization

REAL-TIME Aincreases power consumption
PERFORMANCE

Deadlock/Starvation
Latency
Execution Time/Deadline <

Amay increase latency /

Confidence
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As-Is to To-Be -> Single Truth

)| [ ™ Models from multiple
2 I [SO7E0reY] | ———Snares design teams contain

Unexposed . .
e @ opery 9 multiple interdependent
~_“P - Model 1 | Model 2 .
As-Is Multiple Truth p_ropertles
. E Each design team identifies
sAv multiple ways of modeling
istributed Annotated .

% pehiesira Rference (abstracting) these common
» x properties - multiple models
1l\m <—>| Data Exchange Layer and tOOIS

 Repositories ./ A A A 4 4 A .

R x Each team abstracts properties

in different ways

Y > | Slonaure 2 x Each te a mapproach to

> B < e modeling common properties
— g — “ﬁ\: may not be equivalent
I Shared 7
o[ e sz | Results: multiple truths
- Single Truth
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Multiple Groups/Tools/Repositories

Avionics [% %J Fuel @1%] PD
Cabin [% %J Fuselage C:,\%J Production
cCs (IMA)  (T0ds] [Joos ] Hydraulic [ To0E] Suppor

Electrical [% %J Interior
(— Tools b
Customers
MR )

Environmental (120IS %J Mechanical
(—){ Tools b

Flight Controls [% %J Payload
Flight Deck [% %J Propulsion
Flight Surfaces [% %J Test

30 30 30 I IC I0 30 11

T U T T IT U
uolje|sued | /abueyox3 eyeq
Data Exchange/Translation

Suppliers
: | MR

Flight Test Tools i )
tlesls () Tools —— )

Repository Regulators
MR )

Data Exchange/Translation
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LP'I-n Nic~ranviAarvs nf CruvricetAarm l_evel Problems

80% of accidents due to operator error
High recertification cost of design error
corrections leads to 75% of operator time spent

: in work-arounds V
Requirements

205% 110x

Engineering 70% requirements and 80% late error A
system interaction errors discovery at high p—
repair cost SGG-1000x
System
Design System
Test
70%, 3.5% 1x
Software
Architectural Integration
Design Test
System-level fault propagation due to incomplete/inconsistent
requirements and mismatched assumptions.
Component
Software
Design 20%, 16% - INCOSE 2010
ni
Sources: 5X Test
NIST Planning report 02-3, The Economic Impacts of Inadequate

Infrastructure for Software Testing, May 2002. .
_ _ Where faults are introduced
D. Galin, Software Quality Assurance: From Theory to

Implementation, Pearson/Addison-Wesley (2004) Where faults are found
B.W. Boehm, Software Engineering Economics, Prentice Hall (1981) The estimated nominal cost for fault removal

Rework and certification Code ! Delivery delays not known
dominates development cost  2resenDevelopment ;12 |N  yntil late into project schedule 14
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Aircraft Monitoring System

AADL Model
Structure

Interface uses
AADL features
structure

9/25/12

AADL: system HelicopterSystem |

AADL: system Rotor

AADL: system Engine

AADL: system Transmission |
Air & Inertial
Data
AADL: system AirDatalnertial RefUnit |

Cockpit

Displays
AADL: system CockpitDisplaySystems
AADL: system Doorbonitorsystem |
AADL: system VibMonitorSystem |

AADL: system FlightControlSystem |

features
Signals requires
Mountings : requires  bus
HydraulicPower requires

ElectricPower requires
-- Interfaces for other
FCS_DMS port
FCS_CDS port

bus access SignalFlow ;

access MountPoints

bus access HydraulicFlow ;

bus access ElectricPowerFlow ;
subsystems - added per 3/29/12 minutes

group FCStoDMS
group FCStoCDS;

16




~ZAVSI

AEROSPACE VEHICLE SYSTEMS INSTITUTE

Model Overview in AADL

E Goodrich (SI)
E Airbus (DMS)

DhS
> Signals ENG
A0 > hounting > Torgues
Signals > founting
flounting OMS_ENG e =Porteroup=> ¢ Enc_DMS <<PortGroups:>
ADI_DMS e =<Portbroup>> ¢ Cms_ant ENG_RTR &
R —L
> Signals
> Mauntings MS
> S(i:gijls R e I > HydraulicPower D Signals
> Mounting > ElectricPower > Camputeriounting
CD5_DMs e ¢ Fosoms > RTRSensorMounting
CDS.FCs @ SR _Fcs cos e MEESensorhiounting
o5 vms e ppCeT—— e s DS
Roles

E EMBRAER (FCS) E Rockwell Collins (Avionics)

E Honeywell (Engine)
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CH-47 Common Avionics Architecture System
(CAAS) Upgrade for AMRDEC

CAASTnfully 1 ntegrated fI
management capabilityeo

E Common digital architecture for U. S. Army rotary
wing aircraft

E Fully open, non-proprietary system embracing
commercial standards

E Consistent, intuitive user interface for displays
that allows control of all avionics subsystems

9/26/12 18
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CH-47 CAAS Elements

Components of CAAS
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CH-47 CAAS Upgrade

SAVI contributions to modification architecture

Visio, Word,
PowerPoint
Documents

SysML AADL
Architecture META Architecture
Model Translator Model

5
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Analysis
Tool
AN A :
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SAVI Proof of Concept Takeaways

A No Roadblocks

E)

9/26/12

Architecture-centric Analysis Works
Model-based Elements Feasible

Narrative elements were captured
Property exchanges were carried out
Inconsistencies were detected and quantified

Cyber-Physical Interfaces Were Demonstrated with AADL Model

MATLAB/Simulink, LISA (FEM) i simple scripts (need to be automated and verified)
Simple fit geometries (CATIA)
Safety and Reliability tools for FHA and FMECA; MTBF analysis

ajor Lessons i Focus for SAVI Version 1.0

AnSingle Trutho Does not Imply S
AADLG6s strong semantics facilitates C
SysML graphical tools are helpful for data flow and to illustrate Use Cases

Two-way transl ations are avaiileaténtled for(SBG)f er 6 s
Other translations will be needed

Repository Interfaces Are Complex

Must facilitate consistency checking

Must provide protection for intellectual property

Must provide automated configuration management

Must provide verification path

Must underpin and encourage formal analysis

Must spell out needed translators/converters for unique project requirements

E Involve Tool Vendors and Standards Body (ies)

llnll
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SAVI Roadmap for Next Stage

Focus of Focus of
SAVI V. 1.0A SAVIV. 1.0B

NATIONAL DEFENSE INI SSOCIATION
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