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• NASA Software IV&V (1997-2009 - Contractor)

• BS & MS in Aerospace Engineering from University of 

Colorado
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Talk outline

• SAVI Overview

• What is a “Behavior Model”?

• What is “Consistency”?

• Examples

• Supporting framework
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• SAVI Overview

• What is a “Behavior Model”?

• What is “Consistency”?

• Examples

• Supporting framework
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Many systems integrated into one aircraft

• System complexity increasing

• Shared resources

• Complex interfaces

Req / design 

errors



Global Product Data Interoperability Summit | 2016

BOEING is a trademark of Boeing Management Company

Copyright © 2016 Boeing. All rights reserved.

Copyright © 2014 Northrop Grumman Corporation.  All rights reserved.

GPDIS_2016.ppt | 6

High-level 

Req’s in RFP

High-level Design 

RFP Response

Req’s 

Changes

Target 

CompletionPDR

Trades Req’s Defined Sys 

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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• “System Architecture Virtual Integration”

• Leverage MBSE best practices and tools
• SAVI developed with exemplar toolset – seek to define tool 

characteristics, but not specific tool selection

• Reduce costs/development time through early and 

continuous model-based virtual integration
• Inter-domain and inter-model consistency checks

• Protect Intellectual Property (IP)

• Support definition/capture of incremental evidence for system 

safety analysis – supporting certification approach

• Consistency 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

→ generation of test cases

← 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 “V”ision

Slide source: D. Redman, GPDIS 2015
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SAVI Participants

Full Members

• Airbus

• Boeing 

• DoD

• Embraer

• GE Aviation

• Honeywell

• Rockwell Collins

• Lockheed Martin

Liaison Members

• FAA

• NASA

• SEI

Tool Vendor Partners

• Adventium Labs

• Esterel Technologies

• Eurostep Limited
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• SAVI Overview

• What is a “Behavior Model”?

• What is “Consistency”?

• Examples

• Supporting framework
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• “Fit”

• Generally static properties

• Integrated models queried for composite properties

– Parts  Boards  Boxes  Subsystems  Integrated 

system

• “Behavior”

• May contain “shared” properties with fit models

– Mass properties, locations, hinge axis orientation

• Intent is to represent dynamic or functional emergent

properties

• Emergent – meaning the property is not realized through an 

aggregation of model elements

• Often analyzed via simulation, but other analysis methods 

available

SAVI defines two general model categories



Global Product Data Interoperability Summit | 2016

BOEING is a trademark of Boeing Management Company

Copyright © 2016 Boeing. All rights reserved.

Copyright © 2014 Northrop Grumman Corporation.  All rights reserved.

GPDIS_2016.ppt | 12

Emergent property – simple illustration
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• SAVI Overview

• What is a “Behavior Model”?

• What is “Consistency”?

• Examples

• Supporting framework
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• Short answer: Consistency is…
• … really hard to nail down!

• Long answer: Consistency is…
• … a property of a set of models

• … dependent on the purpose of the analysis

• … a way to assure that there are no contradictions

• … essential to establish that integrated model set will provide 

meaningful, relevant results

• Accounts for assumptions, approximations, ranges 

(altitudes, airspeed, temperature) 

• Appropriate to the system context

Definition of consistency
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• George E. P. Box (1919-2013) 
• “Essentially, all models are wrong, 

but some are useful.”

• “Remember that all models are 

wrong; the practical question is how 

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

• Challenge for SAVI “consistency checks”
• How “right” does a model have to be to use it in a specific 

context (which may include other models)

This is not a new problem…

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!
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Example system for illustration
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Data Value

(numerical

values)

Data Type

(variable types, 

units, range, 

tolerance)

Data Semantics

(interpretation)

Data Metadata

(restrictions, 

assumptions, 

source)

Model Property

(patterns, 

component 

inventory, interfaces)

Model Semantics

(interpretation)

Model Metadata

(restrictions, 

assumptions, 

source)

Model Behavior

(time history 

response, invariant 

properties)

Consistency property types illustrated
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• SAVI Overview

• What is a “Behavior Model”?

• What is “Consistency”?

• Examples

• Supporting framework
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Simulink Modelica

Same physics, nonlinear 

friction, mass, IC’s

(Consistent?)

Challenges of data and model component consistency
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Different models of 

computation  subtle 

behavior difference 

around zero velocity

(Inconsistent?)

Simulink

Modelica

Differing models of computation
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Cockpit

IMA

Cabinets

(2)

Remote

Data

Concentrators

(2)

Networks

(2)

Hydraulics

Brake actuation

A/C dynamics

Wheel Brake System Model
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Wheel dynamics

Command

Selection

Aircraft dynamics
Hydraulics

Drill down to hydraulics model
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Complex Simple

• Pump

• Accumulators

• Line pressure loss

• Valve dynamics

• Actuator

• Scale

factor

• Actuator
=

Dramatically different abstraction – consistent?
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• SAVI Overview

• What is a “Behavior Model”?

• What is “Consistency”?

• Examples

• Supporting framework
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• Eurostep continuing to support SAVI Behavior work

• Preliminary work described by D Redman: GPDIS 2015

– Mapping of four model languages into common 

representation within SAVI Model-of-Models

– Identify equivalences

– Display in circle and network diagram interface

• 2016 

– Rewrite of ShareAspace methodology

– Instantiation of supporting tool features to identify and 

evaluate equivalences

– Progress towards user display/feedback capability

2016 model mapping and interface progress overview
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Tool to allow upload and extraction of Model-of-Models data

Step 1: execute 

data extraction 

from each 

model
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Tool to allow upload and extraction of Model-of-Models data

Step 2: upload into ShareAspace as a 

Model Group



Global Product Data Interoperability Summit | 2016

BOEING is a trademark of Boeing Management Company

Copyright © 2016 Boeing. All rights reserved.

Copyright © 2014 Northrop Grumman Corporation.  All rights reserved.

GPDIS_2016.ppt | 29

Resulting Model Group in ShareAspace 
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Multiple Model Groups (Fit and Behavior test cases)
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The Sliding Mass Model Group
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Viewing the Model Group as Model-of-Models objects
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Reporting of Rule set execution
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Circle view showing model-internal and cross-model 
Equvalence Sets
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Circle view showing only cross-model Equivalence Sets
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Select a particular Equivalence Set for analysis
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Network view
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Spread models to clarify cross model equivalence sets
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Highlight a single set by showing neighbours
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View content of proposed Equivalence Set
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View content of proposed Equivalence Set
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Equivalence Set editing
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Equivalence Set reduced to confirmed membership
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Set set name to preferred value: Position Sensor
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The edited Equivalence Set: Position Sensor
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SCADE Model of Wheel Brake System as network
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SCADE Model of Wheel Brake System – separated out


