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® 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
¢ Functionality is increasingly implemented in software

¢ Size and complexity are growing exponentially
*» Software-based systems are becoming dominant
+*» This marriage of hardware/software enables systems of systems

ble phones - airliner cockpits
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One Measure of Complexity
® Software lines of code growth

20
_ 299M $160 B
ISlope = 0.173731885 134M
ntercept = - .
18 — o 61M
Curve implies SLOC doubles ——o s Assumed
about every 4 years 6B <« Affordability
Limit
16
)
O 1 A330/340: 2M
%) B737: 470K A320: 800K $290M
o B747: 370K A310: 400K $81 M
S 1pd1— B757,B767: 190K $38 M
=
g A300FF: 40K —&—Line Fit
c 10 —a— Boeing
- .
v —l— Airbus
8 A300B: 4..6K —&— Unaffordable
The line fit is pegged at 27M
INS: 0.8K SLOC because the projected
6 , , - - - SLOC sizes for 2010 through
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 (COMPASS '91), 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
¢ Engineering
¢ Development
¢ Manufacturing
¢ Production
¢ Verification
¢ Validation Explosion in models
¢ 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 — Model

Repository

Distributed and Heterogeneous — Data
Exchange Layer

Standards based

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

Collaborate — leverage “Best-In-Class”

[ V] .Y ] N .
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Single Model, Multidimensional Analysis

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

Integrity
Confidentiality

Key exchange frequency changes
FC‘(E)?\lgllle:IICPETION Message size increases
_> Bandwidth RCHITECTURAL ° increases bandwidth utilization
CPU Time

\D

MODEL - increases power consumption y

Power Consumption

Increased computational complexity\

* increases WCET

* iIncreases CPU utilization

REAL-TIME * increases power consumption
PERFORMANCE

Deadlock/Starvation
Latency
Execution Time/Deadline <

* may increase latency /

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

: Signature 2a
2b < —_41
Signature 1 ignature 1
20 [N ¢ | ————Slanaur

Signature 2b

® Models from multiple
design teams contain

Unexposed

+ @ Sl multiple interdependent
\lCD/ Model 1 I — Model 2 .
As-Is Multiple Truth propertles
B ¢ Each design team identifies
SAV — multiple ways of modeling
% A?lif{t'?é‘ﬁg{jaj}l‘é‘f‘?féﬁ?e (abstracting) these common
» x properties - multiple models
1l\m <—>| Data Exchange Layer and tOOIS
7 FX £ K

 Repositories ./
\_/

Auto

generate

* Each team abstracts properties

9/24/12

in different ways

*» Each team’s approach to
modeling common properties

Signature 2
Signature 2

Signature 1 | | ignature 1 .
= may not be equivalent
e Shared g
Property . =
w2 | @ Results: multiple truths
Single Truth
AN IR
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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

‘ AA D L I\/I O d el AADL: system HelicopterSystem |
Structure

Cockpit

Displays
AADL: system Rotor AADL: system CockpitDisplaySystems

AADL: system Engine AADL: system DoorMonitorSystem |

AADL: system Transmission AADL: system VibMonitorSystem |

Air & Inertial

Data
AADL: system AirDatalnertial RefUnit AADL: system FlightControlSystem |

feat
. |nterface useS e:i;iiis: requires bus access SignalFlow;

Mountings: requires bus access MountPoints;

AA DL feat u reS HydraulicPower: requires bus access HydraulicFlow;
ElectricPower: requires bus access ElectricPowerFlow;

-- Interfaces for other subsystems - added per 3/29/12 minutes

St I u Ct U re FCS_DMS: port group FCStoDMS;

FCS_CDS: port group FCStoCDS;
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Model Overview in AADL

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
¢ Goodrich (SI) ¢ EMBRAER (FCS) ¢ Rockwell Collins (Avionics)

¢ Airbus (DMS) ¢ Honeywell (Engine)
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CH-47 Common Avionics Architecture System
(CAAS) Upgrade for AMRDEC

® CAAS - “fully integrated flight and mission
management capability...”

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

¢ Fully open, non-proprietary system embracing
commercial standards

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

p 3 - ki
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CH-47 CAAS Elements

® Components of CAAS

MED IMED MFED MED MED

PP DT DT DT GPFTT

e8] DCU ASEP

' Afﬁ%:\
Areraft Adrcraft Analog

Sy sterns Systerns Discrete

{ 155E canp ) fnets 1553E comp. ) Arinc 429
seral (Muzm)
E=422

from [Clements and Bergey 02]

[ V] .Y Y .
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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

ASIIST
Analysis
Tool

VI Y] Y
9/26/12 1Y
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SAVI Proof of Concept Takeaways

B No Roadblocks

® 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

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

® Major Lessons — Focus for SAVI Version 1.0
® “Single Truth” Does not Imply Single Language

s AADL’s strong semantics facilitates architectural analyses

% SysML graphical tools are helpful for data flow and to illustrate Use Cases

% Two-way translations are available (Cofer’s work for DARPA — extended for SAVI)
% 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

® Involve Tool Vendors and Standards Body (ies)

llnll
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SAVI Roadmap for Next Stage

2012 | 2013 | 2014 | 2015 |

| SAVI 1.0A | SAV| 1.0B | SAVI 1.0C | SAVI 1.0D |
: : Focus of Focus of
Description V10
T I:l?ode Bus & SA VI V " aA 5A VI V 1- OB

| SAVI DEPLOYMENT

SAVI Tools pre-implementation

Models.....ocoeeecreceeefirnecrcceinns
Interfaces Functional

Wiring
Harness

Requirements............
Architectural Model.|....... .
Configuration Management.. jement
Document Productiop......
Repository MMI........
1/0 Services...............

Version mana

Basic production
ADL Visualization

MTTF

verereen] ADL & models exchanges

afety, functions, weigh Focus Of
Simulation app. gen. SA VI V ’.oc

SAVI Version 1.0

Analysis Tools..
Simulation Tools.......]

Legend
Identified, not exercised P
u i o i . alyze
Exercised in prototype only
Exercised in best demo pict Track

Exercised adequately '

20 .
* i pPlan — wth
Oﬂglna" _.__--'_: — ent al Gro
. — istic/Increm Partners
— ™M Realis
of€ Includes all

10  — 11 . .
— 10 [ —First TVH participants

SAVI Partners
=
wu
® ‘_\

5
| 2009 2010 2011 2012 2013 2014 2015 2016
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Aircraft Braking System Safety Template

2.6.2 2.10
Validate Example
® \Workflow e -
4754
Detemine Sysiem ! g
28 Protatility Alccations,
FDAL, & Sabety .
: Supporti
27 Develop AC Assumptions e On:g
2.3 22 2.4 2.5 Leval
p——— Alocate Arcraft Level | | | “rehitecture
Develop Identify Icdentify Functions and
l furcatt | Aircraft Aircraft Level Mareraft Level Reguirenents o
| Concept | Flans Functionz Requirements Sysiemi{s) Conduct
———— Trads Shadies —
Integral (@s reguined)
Processes
3.34 3.2 242 29
Requirements . Syatems Architecturs,
e iiegrton o
Validation
Requirements 3414
Valigation 3.35
Conduct
Sysiems 3.4 Determine Tem probakility
dlocations,, 1IDAL, & Safety
Configurabon
Manzgement
Develop Systems
3.3.2 — ey —— 35.1 >
Walidate
Develop syﬂ.!:‘n leswest
Process —— Systems Level Desive System requirements
Requiremenis Requrenents
Agsurance Conduct Trade and
; architeciure
J Studies (as Allocate System
implementation required) .
YVerficaton Level Funchicns and
3.5.4 |  Requirsmenis o
3413 ltemais)
Cerification
and Regulatory
Cagrdnation
7 4.2 4.3
Sysiams
Implementaticn
. Systems 5 Aircraft Integration
{Implement items o T
of system) Integraton verification & Verification
Use DOATE and
DO2s4
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SAVI Version 1.0 Roadmap

B SAVI Initial Capability Phase (Version 1.0A)

® Specify the SAVI Virtual Integration Process
€ Use AADL Requirements Annex

% Requirements Generation

Requirements Validation

% Requirements Traceability

€ Spell Out Multiple Language Interfaces

< Define needed translators/mapping tools
« Evaluate mapping and translators available

€ Document the VIP (set initial baseline)

® Specify Model Repository and Data
Exchange Layer

€ Initiate Application of the VIP Process
« Apply Analysis Technigues Used in SAVI

% lllustrate Specification with Models
% Implement translators

Description of Repository Interfaces

Capture Functionality of System
Encapsulate Consistency Checking
Set up Version Management Scheme
lllustrate Specification with Models
Implement translators

Involve Tool Vendors

Capture Inputs to Version 1.0 Specification
Encourage setting roadmaps for tool development

KR/
& 050 o,

¢

C IR K R R )
X X IR X R X g X

4

KR/
& o0

*¢
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Conclusion

® The problems caused by escalating complexity are being
felt the majority of large aerospace systems
developments. Thus the need is immediate to develop the
next generation of system design tools and processes.

® The SAVI Program is a collaborative, industry-led project
developing the requirements, processes, and
technologies necessary to enable virtwal integration of
complex systems.
¢ The problem space is large and diverse. An industry-

consensus effort leading to a set of implementable standards is
necessary for a viable solution.

¢ The impact will be on the full product lifecycle. All stakeholders
in the design, development, manufacture, distribution,
operation, and maintenance of complex systems need to be
engaged.
® A solution will require continued investment and
direction from both government and industry and employ
technology development with academic partners.

AN IR :
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Questions?

Contacts:
’ ’ Dr. Don Ward
Phone: (254) 842-5021
S- ‘V'I Mobile: (903) 818-3381
dward@avsi.aero

Dr. Dave Redman

% AVYS]  Office: (979) 8622315
AEROSPACE VEHICLE SYSTEMS INSTITUTE Mobile: (979) 218-2272

dredman@avsi.aero
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