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Talk outline
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« SAVI Overview

 What is a “Behavior Model”?
 What is “Consistency”?

« Examples

e Supporting framework
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SAVI Overview
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Many systems integrated into one aircraft
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« System complexity increasing
- Shared resources
« Complex interfaces

Req / design
errors

cs
GREUP
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The impact of requirement/design errors is documented
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High-level Design System Integration
RFP Response Checks

High-level Reqg’s Target
Reqg’s in RFP PDR Changes CDR Completion

10% errors
80% detected
16-100X cost

(0% errors
3.5% detected
1x 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

SCHEDULE

) DELAY
Slide source: D. Redman, GPDIS 2015
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SAVI Approach
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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
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SAVI Virtual Integration “V”ision
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. ; Validated _
Sensitivity analysis for u dlementatio

Top-Level
Verification Items

Requirements

Acceptance
Engineering Test

System System
Design APl ek Keeping the Test
system
continuously
integrated!

Hardware Software
Architectural Architectural
Design Design

Agﬁt:‘/'lleg | Integration SW int. = HW Int.
2CE Test Test Test

Component Component Specify Model- Software Hardware
Hardware Software Code Interfaces Unit Test Unit Test
Design Design

— generation of test cases
Software ' < updating models with actual data
Development

Hardware

Slide source: D. Redman, GPDIS 2015
Development
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SAVI Participants
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Full Members Liaison Members

 Airbus * FAA

» Boeing * NASA Roc,{w//ms @

* DoD « SEI LOCKHEED mnrn/AV' Honeywell

Embraer

GE Aviation &= Software Engineering Institute ’

Honeywell

Rockwell Collins S/‘ ‘Vl

Lockheed Martin System Architecture Virtual Integration
@) AIRBUS

Tool Vendor Partners

» Adventium Labs @_ggg,,yg
 Esterel Technologies

» Eurostep Limited
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What is a “Behavior Model”’?

BOEING is a trademark of Boeing Management Company

GLOBAL PRO TD T Copyright © 2016 Boeing. All rights reserved.
,E,! ELYSIUM m NORTHROP GRUMMAN @Iﬂi[ﬂa I NT E ROPE Il Copyright © 2014 Northrop Grumman Corporation. All rights reserved.
|

M GPDIS_2016.ppt | 10



SAVI defines two general model categories
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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
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Emergent property — simple illustration
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What is “Consistency”?
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Definition of consistency
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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
« ... away 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
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This is not a new problem...

Global Product Data Interoperability Summit | 2016

* 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)

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?

——— Higher Level Verification Checks Higher Level Models
|
¥
Refine
o Models capture our
3l T = === = == == = — = — =~ = ,_l understanding of system
23 Verificati i ower = i
3% Chocks Define b Level o] Al and its components
ks 5 Dependencies | Model(s) % g
% “% Register § | § %
2l> 0 Dependencies §§ | ] 5
EE ok |2
=[5 Perform Con- s 1 B2
o5 sistency Checks \.\ sl Separate models
g ' ~ express decomposition

- Resolve Incon- . ’
sistencies by and V|ewp0|nts
Checks sent to Integrator . .. .
our individual views and

composed (virtual)
perspectives are looking
Only by assuring ourselves that our models are consistent can we have at one system?
confidence that subsequent analyses and their results can be trusted!

Incorrect Verification
Check

Resolve Non-
compliance by
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Example system for illustration
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D/A
//' Converter

Force /
]
Actuator |
Surface
PID Control
Thread
e Position

Command

A/D /
Converter /
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Consistency property types illustrated
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Model Property

Data Value
(numerical _'E (patterns,
1 component
values) : .
inventory, interfaces)
[
Data Type
(variable types, W Model Semantics

units, range, Fren (interpretation)
tolerance) /

14

Model Metadata

Data Semantics 12} (restrictions,
(interpretation) il /\ assumptions,
source)

Data Metadata

08

06

04

Model Behavior

(restrictions, (time history
. 02 . .
assumptlons, response, Invariant
source) X 1 2 3 i 5 s properties)
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Examples
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Challenges of data and model component consistency
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Simulink Modelica
1 1
& s "5 S hysi I
s s ame physics, nonlinear
. . . )
Gain Integrator Integrator1 xw'thfr‘lctlon frlctlon, mass, |C S
bo (Consistent?)
Out1 In1 //777
Friction m=10 I
—
int Fent
Constant o J
W ,./’__
— | DA
/" Converter
Mass o ~
~ g /
o Force {
Fen2 Product com
SJnace
PID Control
el Position
A/D / -~ Command
Converter  /
//
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Differing models of computation

Global Product Data Interoperability Summit | 2016

Different models of
computation  subtle
14 ! ' ' : ' behavior difference
around zero velocity

12f /\ . (Inconsistent?)
1r \

08+ —
Modelica
06 o .
Simulink
04r
02F ' | b
/' Converter
- s
' T /
0 ' ' igﬁglor (
0 1 2 3 4

PID Control

Position
-~ Command

A/D
Converter  /
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Wheel Brake System

Global Product Data Interoperab

Cockpit

IMA
Cabinets

(2)

Summit

FiCE o) frm Frovt Caninet (4) from LRDC (A) [LROC_A_in]
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fom FCS (B)
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NormBrkRDC_Out

Networks

(2)

#Cont_B_In]

ARErEKRDC_N ARErBkRDC_Out
UERDC_In LERDC_Out
Network A
LRCC i LRDC_Cut
RROC_In RROC_Cut
CRDC_In CRDC_Cut
FCS ROC Il FCS RDC_Out
FrCzoket FriCaohe_Cut
ATtCanIet_n ATtCaDIet_Out

Nom BKRDC_In

NormBrkRDC_Out

ARerBrkRDC_Out

LERDC_Out

ROC_E_In DC_in
- B_In] = 3
[LGROC_E_ou] fom LG ROC (B) ~
[LGROC_E_In] WERDC_In
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Network B
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Remote
Data
Concentrators

[CRDC_B_Out] fRm CROC (B)

(RS D0 {rom 0 oot

»|Motion Sinaks

from ARerBrake RDC (B)

fom Front Cabinet (B)

from LE ROC {

from LG ROC (B)

[A.IherBriRDC_B_In]]

[LGROC_A |

Brake

{Nomnal Brake RDC)

Measured Motion Signak

Hydraulics
Brake actuation

A/C dynamics

Left Truck Signals Isolate Command RDC) Command (Normal Brake RDC) Actual Motion Signak
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Drill down to hydraulics model
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Measured Mation Signals

Brake Commands (Normal Brake RDC)

Actual Motion Signals

Isolate Command (Normal Brake RDC)

Left Truck Signals

Brake Commands (Alter Brake RDC)

Isolate Command (Alter Brake RDC) Right Truck Signals

Hyd Lines Data

Parking Brake Command

Aireraft1

B ° :
Wheel dynamics

Data Type Conversion

Adiate at 5%CS Enanle Hole Fallure
ailure OL Brake Pressure
/ Outer Brake Pressure
Outer Whee! Brake Torque Friction —
OL Brake Comm and OL Brake Command IL Brake Pressure P
Brake Commands (Nomal Brake RDC) / Imer Brake Pressure
Inner Wheel Brake Torque Weasured Outer Wheel Speed 3
Brake Commands (Normal Brake RDC) c " - Outer Wheel Speed
IL Brake Brake Command OL Brake Tomue P Left Track Signals
Normal Force Measured Inner Wheel Speed e
inner Wihee! Spe
EeakelConpandal At aErmke HOC) OR Brake Commands OR Brake Command 1L Brake Torque. P J
Brake Commands (Alter Brake RDC) wtual Aircraft Speed WoW o '
IR Brake Commands 1R Brake Command OR Brake P Left Wheel Truck
Isolate Command (Nomal Brake ROC) .
L Alter Brake Command Alter Brake Command IR Brake Pressure
Outer Brake Pressure

Isolate Command (Normal Brak

Inner Brake Pressure

¥
Outer Whee! Brake Torque Friction A’d

Inner Wheel Brake Torque Measured Outer Wheel Spesd
Outer Wheel Speed
Right Truck Signals

Com mand DC) R Ater Brake Command

Isolate Command (Alter Brake
Selection [
—»{Hormal F Measured Imer Wheel Speed »
ormal Force leasured Inner peed er ined Spesd J
Hyd Lines Data il i cvaltispeer wow |
Parking Brake Right W hi ruck
Command
-
Force over left truck Motion Signals - Friction

Normal Pump Speed (%) - Nominal

Total Weight

\ Body Dynamics
<hircraft Speeds !__

r ¥ Actual Body Moti Measured Body Motion

Force over right truck

Body Weight

Normal Pump Speed (%) - Failure Enable Pump Faiure

Weight Digtribution

Inertial ReferencySystem (IRS)

2
Actual Motion Signals

100%

Alter Pump Speed (%)

Hydraulics _ _
Aircraft dynamics
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Dramatically different abstraction — consistent?

F] Motion Scope . JE = Complex S|mp|e 4] Motion Scope ol
<Aircraft Accel> <Aircraft Accel>
| Enable Failure OL Brake Fressure [ M Enabiz Failure OL Brake Pressure B
M OL Braks Command IL Braks Prezzure B 0L Brake Command IL Brake Pressure B
) IL Brake Command OL Brake Torgue B ) IL Brake Command OL Brake Torgue B
)OR Brake Command IL Brake Torngue B )OR Brake Command IL Brake Torgue
)IRBr.inelena’-d OR Brake Fressure [y )IRBﬁneCurmna’-d OR Brake Pressure
)LNtelBialneCotnna\d IR Brake Fressure )L.ﬂtaBlalneCotnna\d IR Brake Fressune [
)RAhelBtdneGorrma’-d OR Brake Torgue B )RAIteIBrdneCommzbd OR Brake Torque B
<Alrcraft Speed> <Alrcraft Speed>
)Nnmlﬂ Pump Speed (%) IR Brake Torgue [ )Nmmd Pump Speed (%) IR Brake Torgue B
A adter Pump Speed (%) Measured Normal Line Data )&'Hmp&!ulﬂ.] Mezsured Nommal Line Data fr

Hydraulics 1 Hydraulics 1

* Pump
et postion * Accumulators e Scale et postion
* Line pressure loss factor
* Valve dynamics
« Actuator ~ — ¢ Actuator
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Supporting framework

BOEING is a trademark of Boeing Management Company

GLOBAL PRO TD T Copyright © 2016 Boeing. All rights reserved.
,E,! ELYSIUM m NORTHROP GRUMMAN @Iﬂi[ﬂa I NT E ROPE Il Copyright © 2014 Northrop Grumman Corporation. All rights reserved.
|

M GPDIS_2016.ppt | 25



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

m SAS Model Uploader — O et

Co nverter | aqUploader

Controls Model File Name Default Version  Sub Type
4 SysML
=iy SCADE SYsML :
=4 Enterprise Architect . -
4 Others simple_system 1.0.0.0 EnterpriseAr

=} simulink

=, Modelcs Simulink 1

=} aaDL blockdiagram 1.0.0.0 None
4 FIT
=4 ECAD/AP210 MDdEliCEI 1
=} MCAD/AP214 .
=, System Interconnect slidingblockpid1-fullSecond 1.0.0.0 None Step 1> execute

data extraction
AADLinstance : from each

model

=i} PackageWright

=i} AP214 Transformations

B Remove Model SimpleModel 1.0.0.0 None

H%I

Complete! 1SON Meodels added to the Uploader tab
(3 output JSON Path

C:\Users\prajr\Downloads\Installers\Output Generate JSON
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Tool to allow upload and extraction of Model-of-Models data
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™
“

meerter | AdUploader

H Model File Name Version  Conflict Type
D—QI Simulink 1 ~
” blockdiagram_Simulink 1.0.0.0 None
&) admin@eurostep.com
ProjectadministratorgOeMgsayt | AADLInstance : .
o erking pece s A simpleModel_AADLinstance 1.0.0.0 Mane
Modelica A
1.) Add Adadels
— slidingblockpid1-full Second_Modelica 1.0.0.0 MNone
I Dthers
b EIT SYsMIL - ~
W Remowe 1ISON Models simple_system_EnterpriseArchitect_EnterpriseArchitect  1.0.0.0
2.1 Uplogd Models Ip Ay
T , Step 2: upload into ShareAspace as a
B Upload To S5A4%
3, Creaie Model Group {Optiomal) Model Group
o
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Resulting Model Group in ShareAspace
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CollectionAdmin v

A ShareAspace / SAVI ProjectAdministrator@ OEM@SAVI

ModelGroups Modelling Struc...
+ (3 (0026) MGMOM, 1.0.0.0 shEdit [ Openin~

O (0022) blockdiagram_Simulink, 1.0.0.0

[ (0023) SimpleModel_AADLinstance, 1.0.00 (0026) MGMOM, 1.0.0.0

O (0024) slidingblockpidl-fullSecond_Modelica, 1.0.0.0 -

0026) MGMOM, 1.0.0.0

[ (0025) simple_system_EnterpriseArchitect_EnterpriseArchitect, 1.0.0.0 v Instance Id id Version Id Name Description a ( ) '
0022 1.0.0.0 blockdiagram_Simulink oliabosatplitem
0023 10.00 SimpleModel AADLinstance Id: 0026
0024 1.0.0.0 slidingblockpidi-fullsecond_Mode... Name: MGMOM
0025 1.0.0.0 simple_system_EnterpriseArchitect... Description:

Version Id: 1.0.0.0
4 »

Type Class: MoM

Contract:

Parties
Controlling Organization:

Participating Organization:

Dates
Planned Start Date:
Planned End Date:
Actual Start Date:
Actual End Date:
Documents
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Multiple Model Groups (Fit and Behavior test cases)
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A Model Viewer
Interact

3] ]

Move Generate
Nodes  Equivalence
s

lockdiagram_Simu...
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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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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
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