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Talk outline

ÅSAVI Overview

ÅWhat is a ñBehavior Modelò?

ÅWhat is ñConsistencyò?

ÅExamples

ÅSupporting framework
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Many systems integrated into one aircraft

ÅSystem complexity increasing

ÅShared resources

ÅComplex interfaces

Req / design 

errors
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High-level 

Reqôs in RFP

High-level Design 

RFP Response

Reqôs 

Changes

Target 

CompletionPDR

Trades Reqôs DefinedSys 

Design

Sys Re-DesignDetailed Design

CDR

System Integration 

Checks

Sys Development V&V

COST 

GROWTH

Sys Integration

SCHEDULE

DELAY

70% errors

3.5% detected

1x cost

10% errors

80% detected

16-100x cost

500-1000x (INCOSE 2011)
Sources: 

NIST Planning report 02-3, The Economic Impacts of Inadequate 

Infrastructure for Software Testing, May 2002.

D. Galin, Software Quality Assurance: From Theory to Implementation, 

Pearson/Addison-Wesley (2004) 

B.W. Boehm, Software Engineering Economics, Prentice Hall (1981)
INCOSE Systems Engineering Handbook, Version 3.2.2, 20111

Slide source: D. Redman, GPDIS 2015

The impact of requirement/design errors is documented
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ÅñSystem Architecture Virtual Integrationò

ÅLeverage MBSE best practices and tools
ÅSAVI developed with exemplar toolset ïseek to define tool 

characteristics, but not specific tool selection

ÅReduce costs/development time through early and 

continuous model-based virtual integration
ÅInter-domain and inter-model consistency checks

ÅProtect Intellectual Property (IP)

ÅSupport definition/capture of incremental evidence for system 

safety analysis ïsupporting certification approach

ÅConsistency checking of constituent models participating in 

integration is critical element of the SAVI concept

SAVI Approach
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Top-Level 

Verification Items

Sensitivity analysis for uncertainty

Requirements

Engineering

Ÿ generation of test cases

Ŷ updating models with actual data

Confidence in implementation

System

Design

High-level

ADL Model 

Software

Development

Hardware

Development

Component

Software

Design

Software

Unit Test

System

Test

Integration 

Test

Acceptance 

Test

Component

Hardware

Design

Hardware

Unit Test

SW Int. 

Test

HW Int. 

Test

Specify Model-

Code Interfaces

Software

Architectural

Design

Detailed

ADL Model

Hardware

Architectural

Design

Keeping the 

system 

continuously 

integrated!

Predictive Validated

SAVI Virtual Integration ñVòision

Slide source: D. Redman, GPDIS 2015
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SAVI Participants

Full Members

ÅAirbus

ÅBoeing 

ÅDoD

ÅEmbraer

ÅGE Aviation

ÅHoneywell

ÅRockwell Collins

ÅLockheed Martin

Liaison Members

ÅFAA

ÅNASA

ÅSEI

Tool Vendor Partners

ÅAdventium Labs

ÅEsterel Technologies

ÅEurostep Limited
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ÅSAVI Overview

ÅWhat is a ñBehavior Modelò?

ÅWhat is ñConsistencyò?

ÅExamples

ÅSupporting framework
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ÅñFitò

ÅGenerally static properties

ÅIntegrated models queried for composite properties

ïParts Ą Boards Ą Boxes Ą Subsystems Ą Integrated 

system

ÅñBehaviorò

ÅMay contain ñsharedò properties with fit models

ïMass properties, locations, hinge axis orientation

ÅIntent is to represent dynamic or functional emergent

properties

ÅEmergent ïmeaning the property is not realized through an 

aggregation of model elements

ÅOften analyzed via simulation, but other analysis methods 

available

SAVI defines two general model categories
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Emergent property ïsimple illustration
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ÅShort answer: Consistency isé
Åé really hard to nail down!

ÅLong answer: Consistency isé
Åé a property of a set of models

Åé dependent on the purpose of the analysis

Åé a way to assure that there are no contradictions

Åé essential to establish that integrated model set will provide 

meaningful, relevant results

ÅAccounts for assumptions, approximations, ranges 

(altitudes, airspeed, temperature) 

ÅAppropriate to the system context

Definition of consistency
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ÅGeorge E. P. Box (1919-2013) 
ÅñEssentially, all models are wrong, 

but some are useful.ò

ÅñRemember that all models are 

wrong; the practical question is how 

wrong do they have to be to not be useful.ò

ÅChallenge for SAVI ñconsistency checksò
ÅHow ñrightò does a model have to be to use it in a specific 

context (which may include other models)

This is not a new problemé

Box, G. E. P., and Draper, N. R., (1987), Empirical Model Building and 

Response Surfaces, John Wiley & Sons, New York, NY.
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Where does consistency analysis occur?

Models capture our 

understanding of system 

and its components

Separate models 

express decomposition 

and viewpoints 

How do we assure that 

our individual views and 

composed (virtual) 

perspectives are looking 

at one system?Only by assuring ourselves that our models are consistent can we have 

confidence that subsequent analyses and their results can be trusted!


