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Introduction and Motivation
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Introduction

Digital Systems are the future of DoD Acquisition

m Defense programs will be “born-digital”

DIGITAL
ENGINEERING o
STRATEGY o

m Digital models will replace documents and static artifacts

_GUIDEBOOK “for"

m The Authoritative Source of Truth (ASoT) will be leveraged from cradle to grave . ) acia
m Development will be via a Model-Analyze-Build methodology

m Digital twins developed and tested prior to the build of a physical system

m Digital Transformation (DT) will drive Digital Engineering (DE),
Model-Based Systems Engineering (MBSE), and Digital Materiel

Management (DMM) in the development of DoD weapons systems

Authoritative
Source of
Truth
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Motivation

Potential impact to all DoD acquisition programs

m Applies to Systems-in-Sustainment (SiS) and Systems-in-Development (SiD)

m Facilitate the Adaptive Acquisition Framework (AAF)

m Digital lifecycle models will allow for agility and rapid prototyping

m Certified ASoT is the foundation of DT/DE

Systems-in-
Development
NGAD
_——

- s
e N
™ M T-7 Redhawk
R 2

usted? The answer may lie in VV&A.

m Certification via Validation, Verification, and
GBSD Accreditation (VV&A)

Sentinel




e

‘\ .#

Related Work — DE, MBSE, and
Validation
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System Validation

Validation in DoD Acquisition is synonymous with Validation of Systems

g

Systems Engineering Guidebook

m DoD SE Guidebook and Defense Acquisition University

m Validation provides objective evidence that the system capability complies with

stakeholder performance requirements, achieving its use in its intended
operational environment.

m “Was the right system built?” is typically answered during Operational Test
and Evaluation

Office of the Deputy Director for Engineering

nnnnnnnnnnnnnnnnnnnnnnnnnn

m The Engineering Design of Systems — Buede and Miller

m A system’s validity addresses whether we have built the right system. By
extension model validity concerns whether we have built the right model.
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Model Validation

Validation of Modeling and Simulation (M&S)

m Definition 1. Validation is the process of determining the degree to
which a model and its associated data are an accurate representation of the
real world from the perspective of the intended uses of the model (Bair and
Tolk, Cook and Skinner, DoD M&S Glossary).

m Definition 2: Model validation is substantiating that within its domain
of applicability the model behaves with satisfactory accuracy consistent with
the study objectives (Balci).

m Definition 3: The process of determining the degree to which a
model, simulation, or federation of models and simulations, and their
associated data are accurate representations of the real world from the
perspective of the intended use(s) (MIL-STD-3022).

5 busaary 2

Three core elements of M&S model validation: the model, the real world, a bounding principle
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MBSE Model Validation

Validation of MBSE System Models
m Inherently different than both systems and M&S validation
m Reality (real-world instantiation or data) not guaranteed for comparison / referent
m Occurs continuously throughout life cycle, not just during OT&E
m Existing system and M&S validation guidance could be applied, but not a seamless

transition e
Why is MBSE validation required?
m For a given scenario (use case) model credibility must be established
m MBSE model is pedigreed data in the ASoT — must be validated prior to acceptance
m Guidance underdeveloped in comparison to M&S

What is needed for MBSE validation?

m Model use cases, model requirements, model validation test cases, and validation
relationships

m Requires guidance, methodology, and best practices

MBSE will not succeed without correct and complete systems engineering models (Hecht and Chen)
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Methodology — Framework,
Process, and SysML Profile
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Methodology — Metamodel

Metamodel for Verification
and Validation

-

o

1

I

«requirement»

Generic Requirem ents

K
«verify» |

-«

«averify»
—

«testCase»
Manual Methods

«requirement»
Project Specific Requirem ents

>

- ~ _«verfy»
~

7
| «verify»

Autom ated Methods

«testCase»

Hecht and Chen,
The Aerospace Corporation
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Methodology — Framework

req [Package] Model Validation Process [ 1 - Model Validation Process ])

«modelRequirement»

l&. [ N
‘\ » //

Determines Rec’]vll:?:l?':\ent Validated By «valid:f\tion.'l'estCase»
- = = — — — — — >/Model Validation Test Case
MOdeI Use Case _ _ Id = "0.0" « — — — — attributes req [Package] Systemto Model Requirements [ 1 - SUAS - SENG 550 PDR (Systemto Model Requirements) ])
«refine» |Text="The «validate» |+Manual or Automated Methods

Conduct Model-
Based Design

Conduct Document-
Based Design Review

model shall

«validationTestCase»

have....[or do]..." Review [Inspect for Functional Decomposition
- |
| «refine» «refine» |
|
|
1 — .
t
SENG 550 PDR Chbcklist (Document-based SENG 550 PDR Checklist (Model-based
|
| |
- |
«requirement» «modelRequirement»
Preliminary Design Review (PDR) M‘;’el_::?dv'_”:v'i(’l','g‘;)"y I
esign Revie
1d="1" |
Text = "Receive approval of the PDR I'I"’e:l :"Receive Approval of the |
via a Document-Based Review."
PDR via a Model-Based Review" |
) |
«validate»
______ J
r
«requirement» «modelRequirement» |
Create a Functional Create a Functional |
Decomposition «deriveReqt» Decomposition
Id= 1.? _ E————F — —|— — {d="3" I «modelRequirement»
Text ="PDR shall have a functional Text = "Model shall have a | Traceability of Functional
decomposition for each system functional decomposition" Hierarchy
segment” verifyMethod = Inspection | =TT
K X | s = Text = "The model shall have
| |«derNeReqt» | identified traceability between the
) | leaf-level functions in the
| CEREREE,D «modelRequirement» | | hierarchy and the steps in the Use
Create a Functional | Cases and Activity Diagrams via
| Decomposition in Model | an allocation matrix"
«requirement» ld="23.1" I | .
Demonstrate Traceability Text = "The model shall have one «deriveReqt»
1d="1.3.1" hierarchical BDD for each | -
Text =‘“F.unc1ional decomposition eitiied\system]ssoment - - - Rpodelieguilementy
shall be able to demonstrate representing a functional Create Logical Groupings
traceability between steps in Use et L cderiveRedt»  fig=23.1.2"
Cases, Activity Diagrams, and the NS D Text = "The model shall have
4 validationDate = "TBD"
leaf-level functions in functional p—— = functions in the hierarchy logically
hierarchy" validationKind = Visual grouped for allocation to
validationMethod = Inspect subsystems"
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Methodology — SysML Validation Profile

Profile Diagram 2 - Stereotypes [ 2 - Validation Profile ])

«stereotype»  [R] «Metaclass» «Metaclass» «Metaclass» : «Metaclass»

Requirement > Class : Behavior | | Operation - |Abstraction SRR
[Class] - T 71 - 7 |
' ? «stereotype» ’ «stereotype»
«stereotype» Cel TestCase Trace
extendedRequirement [Behavior, Operation] [Abstraction]
[Class] faY
attributes ' ' ' ' T «stereotype» /—\’,‘
Verify
AN .
[Abstraction]
«profile»
Model Validation
«stereotype» @ «stereotype» «stereotype»
modelRequirement validationTestCase Validate
[Class] [Behavior, Operation] [Abstraction]
attributes

+validationMethod : validationMethod = Inspect

+validationKind : validationKind = Visual

+validationDate : date

+validationAgent : String
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Methodology — Framework Execution

SYSTEMS ENGINEERING
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Application of the Validation Profile
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Application — AFIT SUAS Reference Architecture

Profile Diagram 2 - Stereotypes|[

2 - Validation Profile ]J

«profilex»

Model Validation

astereotypes (™
Model Requirement

[Class]

attrihiites
diifioute

«stereotype»
validationTestCase
[Behavior, Operation]

«stereotype»
Validate
[Abstraction]

T T

#

e 3 7

-7 5 - MBSE Model Validation Framework 0|

3 1 - Validation Framework
7 2 - Stereotypes n
-3 3 - Customizations

3 4 - Applications

3 5 - Validation Activities, Test Cases, and Criteria Block Library

2

ol Energy orags suffcietfo

Name Text
The Vehicle shall be comprised
[ Allied Manufact of American or
lly-manufactured parts.
The Vehicle shall pass
[T Cyber Manufact airworthiness and cyber
security standards.
Asafety pilot shall land the
[ Landing Pilot  vehicle once the rest of the
mission has been completed.
Asingle operator shall be
capable of navigating the air
vehicle to the recovery

D3 Recovery i, safelylanding the ar

vehicle, and rerieving the air

vehicle for re-use.
Mission wamﬂpmmv
more than d0inGtes to
perform. Mission planning
starts when surveillance and
drop target coordinates are
provided to the operator, and
concludes when the vehicle is
ready for launch,

3 Mission Plannin

UAS shall be capable to carry
5 Mison Require XPSmentl paylosds or the
ANT center over the next five
years.
Setup shal be performed
without the assistance of any
power source not provided as
part of the UAS system.
The system shl provide the
[E Battery Report | operator status of battery
power available.
The Vehicle shall be able to
[ Payload Config: mount the payload inside or
outside the fuselage.

[H Setup Power So

o \Enevgysgmjges shall be
overal
i 15 51 power-to-weight ratio.
The system shal require one
(objective) or two (threshold)
[0 Setup Operator: operators to perform
concurrent vehicle setup and
mission planning.
Control and operation of the
UAS shall require not more
[ Control/Operati than two dedicated operators,
with an objective of a single
operator.
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B Excecute Mission (8 Telemetry

I
Avold bstcies
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Application — Use Cases

uc [Package] Use Case - Technical Reviews[ Use Case - Model-Based Reviews (To-Be) ] )

«block»
Model-Based Design Review

% Conduct Model-Based
Government Achisition PersonQ

Design Review

MDA/Reviewer
Develop Authoritative

Source of Truth (ASoT)

Validate Model

\

«includex»
e «extend»
<, \ extend» 7
~ «include» \
& Model User & h

Program Manager Program Engineer

System User/ CV

|
|
|

/
Generate System
Requirements

|
|
|
|

Auto-generate
Review Approval

| Documentation

«includes |

/ \ N\ includex
include: /
«incClu /)/ ; \ N
i \ N \
System-in-Development (SiD) Engjneer «include» \«include»
\
/ ; Create Model
. /’ " Development Plan
% Data Requirements / \
System-in-Sustainment (SiS) Enginee / \
=" 5

Create Model
Elements

Generate Model

Requirements
Contractor (Creator)
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Application — Document-to-Model Translation

veq Pockage] T - SUAS - SENG 550 DR [1 - SUAS - SENG 550 POR (Hodel Reauremeris) 1) e
AFIT SENG 550 SENG 550 PDR Checkist (odel based)
“modeRequrements
Allocated Baseline and Preliminary Design Review (PDR) M Gesnneview PR
. =
Winter 2022 ceve Approval o e
POR v ModetBas e Reviet
Due: Wed, 11 Mar 2022
modeRequremerts “modeRequremerts modeRequrements <modeRequremerts modeRequremerts
The assignment is as follows: ncorporate Previous ncorporate New System Updte Incramertal POR Usdate ncramental POR Creste System Segments cantty System Segments Creste System Segmerts in
nsiactor Feedbact [t Fsonment n todel "scsion Ve
> 2z
PECIiES [EEXES PEEYD adelhall ave 2zv
et _cderiveReds | rexte"Modelshalhave upames || | cceriveReqs
1. Update all portions of your Group Assignment #1 based on instructor feedback and any additional ncorporsted updated dammesttion packags o nncamr P07 stracaginteco L
Secmentaton” e with 2 name het coesonds
information you have uncovered since then. To be clear, you have an opportunity to correct any POR ncorparated and sonatated RasignmentWoré document: o
- vaidaonAgent=Wintor® a2z
problems you may have had with that assignment, but it will be re-graded in full as part of this PDR. | document™ validatonDate verfyMethod = Inspection
| rspec
| valdatinMetho | <deriveRedts i Hybiid
2. Identify the system nodes that you are proposing for your solution. These will represent the system I deriveRedts e it eieaaeRet S kepect
elements; at a minimum, your nodes should include air vehicle, ground station(s), and operator(s). If T T T T T T T T T T T T T T I T T TOF
You are proposing multiple ground stations, this distinction should be indicated. modeRequrements P —— modeReurements
Cramte s P Create a Functional Create a Functional Create a Physical Hierarchy Create a Physical Hierarchy in Physical Hierarchy Properly Phys/Func Hierarchy Phys/Func Hierarchy
S Wi Model Decomposition P dariveract Model Identified ability
3. Provide a functional decomposition for each of your system nodes and demonstrate traceability e eiveR v eeReds -2 — Tet=Modelshatbaves o —l4=24T =241 =212 2415
Text="The modelghallhave Text="The model shall have one Text="Model shall have 3 physical hierarchy” Text="The model. Text=" Tod=" e
between the steps in your Use Cases and Activity Diagrams and the leaf level functions in your erarchioal 80D for ach fncona decompasion” Methad= Inspecton arrcical BOD repesenting
hierarchy (which should be done from a systems perspective). Allleaf level functions should be it e R 2 E EE= - e eaaaaar pessy -
traceable to one or more activities, and all activities should have one or more functions traceable to Cases and Actvity Disgrams via o | et [eeeee™ b T T T T _deriveReas | dertenet |
them. Use logical groupings for your functional hierarchy, as you will be allocating these functions to e e e e e
vaidatankin
subsystems that will either be purchased, modified, or developed by your group, and you want to nd external systems. ValidationMethor
identify what functionality is required by the various subsystems. nying text providing N e s
cy band for R Create intertaces iertace Specirum Management formation Fovs Detals
4. Complete the physical hierarchy for your UAS system that is traceable to and consistent with your land constraints Operationsl Activities and = ot hava a1 sevemect B e e
Systam Sagmanis a=2s ext="Modelshal have . shatthave o=
functional decomposition. Your hierarchy should clearly identify not only the system elements, but een the operator(s) e Texto Model shal have actey ertaces defmedbemeen & o notes uploaded n e ypeiname of the iformation that
B SEE agrams created and or refined to documentation pane of each 18D is floming actass each connection”
should identify the subsystems of those system segments, A good reference is Appendix H of the MIL-  |the connections. Text= "The actiy disgrams shal «eriveReqts _| s oesed and o tfined it deta ofthe intertace, where
HDBK-881A, which provides a candidate Work Breakdown Structure (WBS) for an Unmanned Air operasonsl sctwites an system B n e et e
eqments Lo swimianes on e = e e e =
Vehicle. | expect your group to tailor the hardware/software elements of the WBS to the rapid ts of your system s " e i e T "“ = e et D e etisy e et
- " o e s e «deriveReqts . N
response project for this course, so not all WBS elements listed in MIL-HDBK-881A will be required. e., if a system can be e eyt e | | o |
Also, | urge you to take advantage of the SUAS Reference Architecture both for block definitionsand ~ [)- The “Satisfaction” || |aksstnkng=taneal | e~ = = e T T T I Y O B Bttt it I erveReats I | |
example builds. s, andthe | ] 0 T T T T T s s T s me e s e s s s s s Ity -t ; ;S S S ooIISIIISIIISIooISIoooo_ L ceveRsds |
nents (blocks in
EpoccRepsrements «modeRequirements «modelRequirements
5. Further refine your Activity Diagrams to reflect your allocation decisions. Use proper diagramming ill be purchased, il Il e o ol | v [ st e 1o Provide Mssion Requrements Create 2 Model-Based Mission dersitythe Overail Mission Create Comesponding o
standards to provide traceability between operational activities and system nodes (e.g., swim lanes in exrs rertmme madetsharingioste [ o fa=m2zr amr e e IEE TR i e Eere
o e model shall provide whether a subsystem or T T T | Text="Model we s ext="Mode we a federiveReats 3
o oon i e ol cveal s m equemeni »
1 fement. o] ing to the prefminary [Puekaced, modiied. e of e system architectae” |the overall mission requirement’ datawhich & compared against cderiveReqts | 19efied a5 well 5 their threshold the T
equrement e Wit verieihad= Ispecton D =" oot
« Provide preliminary sizing analysis based on projected weights, motor configuration, and ST S0y 5 E-—- - ——— - e
" SSC SIS S S SIS DI DD Fewmeedven | e stk — —  _ _ _owemeReas | T )
battery capacity. ederiveRedts| «deriveRedty F
o Provide preliminary analysis of sensor and operating parameter tradeoffs.
rese Sataction rossnlh Crese Ao crossvol
o " = Recuirement Testabity Testing Reiremerts Test ethodalogy
9. Provide a risk assessment for your group’s approach. A qualitative risk assessment is sufficient - | want 2 a2t 012 a=201r
to know what you think are the 5-8 issues most likely to cause delays and/or shortfalls in meeting s g <modsRequremerts “modeRecquremerts Text shatlhave = Text=
Emieind i detrminaion of the method of e et esesaey o e s e
requirements. You may omit cost as a consideration. ey o foncr e Sraveay esttor eacn aat. sppat .
cderiveRects | Amabze. Demonstste. o Test | [sme e TestUse Case and satutid by
— F-—-=-- ‘combination of
anich[sOeNeRecEs | Tet="The modelshal containa e e
10. Provide a test strategy that identifies a graduated approach to evaluating your system design, " X e e s [} | ey i P
. R “modeRequremerts e
culminating in an all-up flight test. Major test events should be identified, and discussion should B o S verhy =iy B ek B e e e lements E 77777777 Suloig |
include the expected hardware/software configuration to be tested, how it will be tested, where it will PECTIES la=2012" 2013 = PICT ofsatstachen snd th st s " detvefegs - o sderneRecs
Tent="The model sht e modelshal be ableto | [Text="The mdelshatisortand | [14="207 v
be tested and when the tests need to be completed. For the final flight test, differences between the e ey e ey | [T o | [ e aidatonager =55 - e e
and the test should be identified. The test configuration should [ 3 e t o= ek o ment la=21015" 016" l4=210.14"
hemens. requiramens. o p s i, q
include flight safety consi Test specific i ion, where needed, should be identified. [onchins” ] aidatondte - TBD" errcica sy ofestng dterences betmeen e package oftes e cases hat e
| T (cderiveRects __|vakdaionking = Manual ) persions and nsspseatest | [fly drssed and stoetor
<derneRects atdatoniatiod = nspect ————
| _«deriveReqts T~ T T T T — & T = === k! «emodeRequirements =g ——
ote: T e e e T - Written Report alkup fight test”
There will be both a written and an oral presentation for the PDR. The oral presentation will be in class moceRequremerts modeRequremerts “modeRequremerts | TEEE
Friday, 12 March. Each grous will have 3040 mi 5 Reauired Views enersts resectation views | L ral Presentaion Ter=eseathane
Y, group inutes, and all group members should participate in Ty <aeriveredts dereReds [ et smted by Asoce Requred Views Reauired odel nformation Supporting Feormation
the oral presentation. The written presentation will consist of the slides/notes pages from the oral 5 S Text “Modelshallbe pres ented onietig o bietng sides ana UV RER [ig o ia e a2 =2z
presentation, and any necessary supporting documents. The written presentation must be turned in = — = — EBepkesedsmine] s pags o e ot = i i Text=
COB Friday, 11 March 2022. appropriate evel of detail” before Friday. 12 Maich 2022 and o inerseata! POR. the system wihout requiring views that are required for the additonalinformation that s tht s not native to the model but
e eport Tequined for e modebbased POR | | necessary tn descre he system
vabdationdate = 780" paricpate B e tepore B I ——
. aidasonkind - Manuat veriyhithod= Damonstiaton iy documens. " u onees.
vaidationMethod = Demanstrate cderveRedts |
equirements booozzzzzooo TR : ey
) 5SS gl
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Application — Custom Elements and Validation
Context Block

req [Package] 1- SUAS - SENG 550 PDR [ 1- SUAS - SENG 550 PDR (V alidation Test Cases and Context Block) ])

Profile Diagram 2 - Stereotypes |

2 - Stereotypes (Issue and Risk) ])

+Text : String [1]

+lssue Name : String [1]
+Issueld : String [1]
+lssueDate : date [1]

+Criteria : Criteria (Entrance/Exit) [1]
+Resolved : Boolean [1] = false
+ResolvedDate : date [1]

R E «enumeration»
Block Criteria (Entrance/Exit)
[Class] Entrance
attributes Exit
+isEncapsulated : Boolean [0..1]
T
«Metaclass»
Class
«profile»
Issr.le
«stereotype» A
Issue
[Class]
attributes

«Customization»
Issue

«Customization»

abbreviation = "Issue”
category = "Issue”
checkSpelling = "name"
customizationTarget = A\Issue
hideMetatype = true
inShortcutMenu =

O Issue Name

O Issueld

O IssueDate

O Criteria

O Resolved

O ResolvedDate

O Text

keyword = "issue"
possibleOwners =

E¥Model

EMPackage

propertiesDisplayedinCompartments = "CUSTOM_IMAGE"

representationText = "Issue”

attributes

«propertyGroup»+lssue Aftributes{columns ="name", properties ="...
«placeOnPaletteProperty»+lssue in Diagram Palette{place = "SysM...
"Sys...

«placeOnPaletteProperty»+Issue in Diagram Palette1{place =

«placeOnPaletteProperty»+lssue in Diagram Palette2{place
«placeOnPaletteProperty»+Issue in Diagram Palette3{place
«placeOnPaletteProperty»+Issue in Diagram Palette4{place
«placeOnPaletteProperty»+Issue in Diagram Palette5{place =
«placeOnPaletteProperty»+lssue in Diagram Palette6{place
«placeOnPaletteProperty»+Issue in Diagram Palette7{place
«placeOnPaletteProperty»+Issue in Diagram Palette8{place

"Sys...
"Sys...
"Sys...
"Regq...
"Sys...
"Sys...
"Sys...

«validationTestCase»
Validate Model for PDR

«validationTestCase» | _ _ _ _ _ _ _ _ _ _ >f
Model Test Strategy «allocate»
=

«validationTestCase»
Execute Model Parametric Diagrams

=
«allocate»
«block»
PDR Entrance Criteria
values

passFailPDRA : VerdictKind = fail
incrementalPdrA ssignmentUploaded : Boolean = false
incrementalPdrA ssignmentDated : Boolean = false

i larity - ion = Not Yet Assigned
passFailSS : V

«validationTestCase»
Develop Applicable Model Views
=5

systemSegmentsLogical : Boolean = false
systemSegmentsMatch : Boolean = fals_e

= =Not Yet Assigned
systemSegmentClarity : evaluation = Not Yet Assigned
assFailFD : VerdictKind = fail

functionalDecompLevels : Boolean =false
functionalDecompTraceability : Boolean = false
functionalDecompLogic : Boolean =false
functionalDecompClarity : evaluation = Not Yet Assigned

«validationTestCase»
Develop Automatic Report Generator

IDecompCe E =Not Yet Assigned
passFailPD : VerdictKind = fail

«validationTestCase» | — — — — —
Create Requirements Flow Down Matrix «allocate»

«validationTestCase»

physicalDe : Boolean =false

physicalClarity : evaluation = Not Y et Assigned
physicalDecompCompleteness : evaluation = Not Yet Assigned
passFailAct : VerdictKind = fail

>{swimlanes : Boolean = false

controlsObjFlow s : Boolean = false

logicalBehavior : Boolean = false

simActivity : Boolean = false

activityClarity : evaluation = Not Yet Assigned
activityCompleteness : evaluation = Not Yet Assigned
passFailBD : V erdictKind = fail
i Clarity :

r___

Inspect for Update to Incr PDR ig

«validationTestCase»
Inspect for Functional Decomposition

«validationTestCase» | _ _ _ _ _ _ _ >
Inspect Physical Decomposition «allocate»

«walidationTestCase» | N
Inspect for Activity Diagrams «allocate»

«validationTestCase» o
Inspect for IBDs that Correspond to Interfaces

«validationTestCase» | _ _ _ _ _ _ _ _ >
Inspect for System Segments «allocate»
=

v

=Not Yet Assigned
ibdComprehensive : Boolean =false
interfaceSpecifications : Boolean =false
interfaceCompleteness : evaluation = Not Yet Assigned
interfaceLogic : Boolean = false
assFailRFD : V erdictKine ail
allocationMatrix : Boolean =false
satisfactionMatrix : Boolean =false
feasibleBuild : Boolean = false
systemsAnnotated : Boolean =false
matrixCompleteness : evaluation = Not Yet Assigned
matrixClarity : evaluation = Not Yet Assigned
passFailPAR : VerdictKind = fail
parametricsFunctional : Boolean = false
parametrics Clarity : evaluation = Not Yet Assigned

i g ion = Not Yet Assigned

passFailRisk : V erdictKind = fail
riskAssessed : Boolean =false
riskUpdated : Boolean = false
riskTableComplete : Boolean =false
riskClarity : evaluation = Not Yet Assigned
riskCompleteness : evaluation = Not Yet Assigned
riskLevel : String

passFailTestCase : VerdictKind = fail
testCasesComprehensive : Boolean =false
testCasesExecutable : Boolean =false

testCaseClarity : evaluation = Not Yet Assigned
testCaseCompleteness : evaluation = Not Yet Assigned
passFailRG : VerdictKind = fail

reportGeneration : Boolean =false

passFailwV : VerdictKind = fail

modelView s : Boolean =false

passFailAR : VerdictKind = fail

«validationTestCase» & R ‘,: nsistel ',
e — — — — — — — = = = = 3 intramodelView Consistency : consistency
igbetermme Hisk i unctional : Boolean =false

Ea:dw areSoftw areDecisions : Boolean =false

=Not Yet Assigned

S
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Application — Activity Diagram for Validation
Test Cases —
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Application — Instantiated Context Block

«validationTestCases
Validate Model for PDR

1
«allocate»

«blocks
PDR Entrance Criteria

values
passFailPDRA : VerdictKind = fail
incrementalPdrAssignmentUploaded : Boolean = false
incrementalPdrAssignmentDated : Boolean = false

incrementalPdrAssignmentCompleteness : evaluation = Not Yet Assigned

incrementalPdrAssignmentClarty  evaluation = Not et Assigned
passFailSs : VerdictKind

systemSegmentsLogical : Boolean = faise
systemSegmentsMatch : Boolean = faise
systemSegmentCompleteness : evaluation = Not Yet Assigned
systemSegmentClarity : evaluation = Not Yet Assigned
passFaiD : Verdictkind = fai

functionalDecompLevels : Boolean = false
functionalDecompTraceabilty : Boolean = false
functionalDecompLogic : Boolean = faise
functionalDecompClarity : evaluation = Not Yet Assigned
functionalDecompCompleteness : evaluation = Not Vet Assigned
passFaiPD : VerdictKind = fai

physicalDecompStructure : Boolean = false

physicalClarity : evaluation = Not Yet Assigned
physicalDecompCompleteness : evaluation = Not Yet Assigned
passFailAct : VerdictKind = fail

swimlanes : Boolean = fals
controlsObjFlows : Boolean = faise

logicalBehavior : Boolean = false

simActivity : Boolean = false

activityClarity : evaluation = Not Yet Assigned
activityCompleteness : evaluation = Not Vet Assigned
passFailBD : VerdictKind = fail

interfaceClary - S o e

= false
interfaceSpecifications Socian  false
interfaceCompleteness : evaluation = Not Yet Assigned
interfaceLogic : Boolean =

passFaiRFD : VerdictKind = fail

alocationMatrix : Boolean = faise

satisfactionMatrix : Boolean = false

feasibleBuid : Boolean = faise

systemsAnnotated : Boolean = faise

: evaluation = Not Yet Assigned
matrixClarity : evaluation = Not Yet Assigned
passFaiPAR : VerdictKind = fai

parametricsFunctional : Boolean = false
parametricsClarity : evaluation = Not Yet Assigned
parametricsCompleteness : evaluation = Not Vet Assigned
passFaiRisk : Verdictind = fail

riskTagged : Boolean = false

riskAssessed : Boolean = false

riskSortable : Boolean = faise

riskCompleteness : evaluation = Not Yet Assigned
riskClarty : evaluation = Not Yet Assigned
passFailestCase

testCasesComprehensive : Boolean = e
testCasesExecutable : Boolean = fals

(estCaseClarty - evaluation = Not Yel Assigned
testCaseCompleteness : evaluation = Not Yet Assigned
passFaiRG : Verdictkind = fai

overallModelConsistency : consistency
intramodelView Consistency : consistency
physicallatchFunctional : Boolean = faise
hardwareSoftwareDecisions : Boolean = false

act [validationTestCase] Validate Model for PDR[ Validate Model for PDR (Consolidated) ]J

o>

("walidationTestCase»

«validationTestCase»

Inspect for Update
to Incremental

PDR Assignment

«validationTestCase»
Inspect for
System Segments

«validationTestCase»
Inspect for
Functional
Decom position

%

J

«validationTestCase»

Inspect Physical
Decomposition -

«validationTestCase»
Inspect for
Activity Diagrams

«validationTestCase»
Inspect for IBDs
that Correspond
to Interfaces

AN
T
i
«validationTestCase» «validationTestCase» «validationTestCase»
Inspect L Inspect Model Inspect Applicable
Requirements Param etric Model Views
Flow Down Matrix Diagrams

th

th

Determine Risk

a1

("walidationTestCase»

Inspect Model
Test Strategy

«alidationTestCase»

Inspect Autom atic
Report Generator

el

(

(" Evaluate Overall
> Model Intra-view
Consistency

(" Evaluate Overal
Model Inter-view
Consistency

Evaluate Overall
Model Clarity

\2
( Evaluate Overall
Model
Completeness
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Criteria

Element Type: | Issue

Scope (optional):| Al Issues

“ocks
pdr entrance criteria12 : PDR Entrance Criteria

activityClarity = B+

activityCompleteness = B+

allocationMatrix = true

controlsObjFlows = true

feasibleBuild = true

functionalDecompClarity = B+

functionalDecompCompleteness = B+

functionalDecompLevels

functionalDecompLogic

DecompT

< hardwareSoftwareDecisions = false
# Name Issue IdL \\\ﬁ}%& ﬁe Issue Date | Criteria Resolved RES;:‘:d . |ibdComprehensive = false
o 2 i i larity = B+
PDR Entrance " * \ance Criteria -G t =
1 A\ Criteria Not 1/20/23  Entrance 8 true 1/25/23 The Ptg(‘&:ra:@ incrementalPdrAssignmentDated = true
(\ ((\ Not Satisfied & < =
Satisfied \Q Q P @ Jploaded = true
Funcion Functional S (\\<° interfaceClarity = B+
2 A @ 0 2 Decomposition 1/20/23 Exit B true 1/25/23 F\J;étlona\ Decom !nteﬂacecon]pleteness =B
%ﬁn ion Consistenc interfaceLogic = false
G Q} s B Y interfaceSpecifications = false
3 ng‘ m 3 ystem Segments 1 053 xit [ false TBD  One system segm, |Intr: ie i B
egments Incomplete logicalBehavior = true
IPDRA Does Not . matrixClarity = B+
Have Instructor _ The IPDRA s upda | matrixCompleteness = B+
4 A\ 1PDRA 4 Feedback 1/20/23  Exit [ false TBD feedback from the | modelViews = false
Incorporated functional decomg 0 _.sistency =
N N parametricsClarity = B+
vsical th'ca‘ Hierarchy on of th parametricsCompleteness = B+
s 4, Physica s Subsystem Missing | 000 B e 1725723 APOTton of the P parametricsFunctional = true
Hierarchy Element Name and the documentatior | passFailAct = pass
Documentation passFailAR = fail
o Activity Missing an an activity in the n passhailk DI
6 A\ Activity Diagram|g Executable Activity 1/20/23  Exit [ false TBD activity in paad B = e
Diagram, logic and object '2 passFaillPDRA = pass
A k& N — — 0% | passFailMV = fail
7 A\ 18D 18§ Missing Flows 1/20/23 it [ false 8D 1BDs are méw&-g'sé passFailPAR = pass
cquirements O(\ Q\ equirements Flow The (ﬁ\:}e \S passFailPD = pass
8 F.;‘N Do (\&) Down Missing the 1/20/23  Exit B true 1/25/23 ‘Rl %sswa passFailRFD = pass
\\ r\u Allocation Matrix \é 8Q passFailRG = fail
Non functions! N ot param: | esaralt s
y . N =
9 g\@arar@i}«cs 9 Parametrics 1/20/23  Exit [ false Ge((ﬁfa 2 lyith the attached « | physicalClarity = B+
f's\ \OQ - Q@‘ phys?calDecompCcmpIeteness =B+
47 @ Containment Tree P The testing portio) | PYSicalDecompstructure = true
\0 A Test Use Cases 10 Missing Test Use 1/20/23 Exit (] fa[s(;o TBD h 9 ‘p ks f physicalMatchFunctional = false
O\ Cases owever, itlacks fi | raportGeneration = false
# ' : ; riskAssessed = true
11 A Diagram Views 11 Diagram Views Not |, 553 kit Clfalse  TBD NG comaimmentt | il orority = B+
Consolidated diagram views. . _
dsh riskCompleteness = B+
. Sizing Spreadsheet L riskSortable = false
[ N and Calculations ~ 1/20/23  Bxit Cltase 78D e SENg calculat | o ged = false

. 12
= Documentation o
Missing
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not annotated.

satisfactionMatrix = true
simActivity = true

swimlanes = true
systemsAnnotated = true
systemSegmentClarity = B+
systemSegmentCompleteness = B+
systemSegmentsLogical = true
systemSegmentsMatch = true
testCaseClarity = B+
testCaseCompleteness = B+
testCasesComprehensive = false
testCasesExecutable = false

B+
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Application — Validation Results

= Successes: -

[=]
pdr entrance criteria12 : PDR Entrance Criteria
activityClarity = B+

= Use case to perform academic model-based PDR

= 12 translated Model Requirements (and derivations)
satisfied through Validation Test Cases Sl

= Activity Diagrams executed and populated Criteria

incrementalPdrAssignmentUploaded = true
interfaceClarity = B+

scoresheet with “measures of closeness”

= Issues and entrance/exit criteria captured in the custom e

matrixCompleteness = B+
modelViews = false

- overallModelConsistency = Excellent
I SS u e ta b I e parametricsClarity = B+
parametricsCompleteness = B+
parametricsFunctional = true
passFailAct = pass
passFailAl fail
passFailFD = pass
passFaillBD = pass

L] - passFaillPDRA = pass
[ a I u re S passFaillIV = fail e Scope (cptonl:| Al sues st -
[ ] i = Q%@ Y Resolved
Date

passFailPD = pass

passFailPAR = pass Name. Issue Id Issue Date | Criteria | Resolved \OQ Text

Validation Determination: FULLY VALID
= Model VALID for executing a model-based PDR

The Osprey model can be valldated but in |ts current form, would not pass a PDR

passFailRFD = pass

passFailRG = fail

passFailRisk = pass

passFailSS = pass
physicalClarity = B+
physicalDecompCompleteness = B+
physicalDecompStructure = true
physicalMatchFunctional = false
reportGeneration = false
riskAssessed = true

riskClarity = B+
riskCompleteness = B+
riskSortable = false

riskTagged = false
satisfactionMatrix = true
simActivity = true

swimlanes = true
systemsAnnotated = true
systemSegmentClarity = B+
systemSegmentCompleteness = B+
systemSegmentsLogical = true
systemSegmentsMatch = true
testCaseClarity = B+
testCaseCompleteness = B+
testCasesComprehensive = false
testCasesExecutable = false

it
ntrance o
PR e % pivnce creri

bereranot 15"
Satisfied g(\" 5 ot satstiea

Funconsl
g“‘"‘?; St oo
Conistency
Eeiim , systemsegments
BSeqments ncomplete

1PDRA Does Not

b 1oRA e Have Instructor

Feedback
Incorporated
Physical Hierarchy

j, Physical . Subsystem Missing

" Hierarchy Element Name and

Documentation
‘Activity Missing an

 Actvity Diagram g Execulable Activity

Disgram,
i 18D 7 s@\%mng Flows
o 5 Gequrements o
| feauer 05 0% Down Missing the

“(‘\\ Allocation Matrix

Non-functionsl

;@m@\g 5 perametrics

@ Containment Tree

B TestUse Cases 10 Mising Test Use

Cases

R Diagra Views Not

b Diagram Views 11 290 el

Siding Spreadsheet

12 and Calaultions
wissing

, Sicing
© bocumentation

&2
" 3o of the parametri diagrams do not produce a data output n accordance
r\'b Withthe sttached documentation

\‘7\
=
12123 The p%\m.@@mna were not adequately met o ransition inta the PDR
\>“ S9e
vzsres rindions! s he

One system segment has an incomplete description in the documentation
The IPDRA i updated with knowlege since the last review however, key.

feedback from the instructor as not included: system segment clariy,
functional decomp consistency with the physical decamp.

A portion of the physical hierarchy is missing a logical element name as wel as
the documentation xpaing th ssbsste.

B
A actviy inthe ,,O‘QM,{ N executabl actiy disgram toshowthe
logic and object g belyech a crtcal subsystem

1805 are mgg'g gr..gw informatin descriptons fo the nformation lows.

s T (dmrr‘@ﬁ flow down package of the containment tree is missing an

tals")%um/a\k matrix

The testing portion of the model contains a draft test plan and lest activties,
however, it lacks fully dressed test use cases.

The containment tree does not have a consolidated package for presentable
diagram views.

The sizing calculations supporting information is not attached and a reason s
not annotated.




Additional Use Case Demonstrations &
m Use Case 1: Osprey Mark IV - Academic PDR with Criteria and Issue Element ". N N,
m Use Case 2: Osprey Mark IV - DoD PDR with Automated Risk Analysis ek 'ﬁ

m Use Case 3: Skywalker X-8 - Simulated Operations Scenario with Born-Digital Model Requirements

m Use Case 4: Tarot 960 Hexframe Pixhawk 2 Autopilot - Simulated Sustainment Scenario

m A full analysis is contained in the AFIT School of Engineering and Management thesis titled

“Validation of Digital System Models” which can be found at https://scholar.afit.edu/ or

https://discover.dtic.mil/
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Conclusions and Future Work
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Results — Observations &

1. SiD versus SiS interact in a continuous cycle ™ Yo,

‘y

m SiD can integrate models into ASoT at inception
m SiS require additional translation and development to convert document-based to model-based
m Both rely on models and ASoT

2. Perspective differences:

m Model developers versus model users
m Students versus instructors, developers versus reviewers

m All roles use model requirements in a different way
m Rubric versus evaluation, design choices versus evaluation criteria

3. Criteria for validation must be established early

m Contractors will want and need
m Early application increases effectiveness
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Conclusions N
’ NS

1. MBSE Model Validation Framework with SysML Profile and Customizations

=/

2. Newly Proposed MBSE Model Validation Definition

m Definition 4: MBSE model validation is the structured process of demonstrating that a model

is a suitable representation of a real system-in-sustainment or a conceptual system-in-

development that satisfies model requirements derived from the intended use case(s).
3. Use cases bridge academic and real-world implementation of validation profile
m Proof-of-concept on academic RA with academic and simulated real-world use cases

4. A validated need for validation of MBSE digital system models

req [Package] Model Validation Process [ 1 - Model Validation Process ])

«modelRequirement»

Determines Rec:v::i):jeer:lent Validated By «validationTestCase»
-———->—1 >{Model Validation Test Case
Model Use Case _ _ _ \ld="0.0" Lo _ _ attributes
«refiney |Text ="The «validatey [+Manual or Automated Methods
model shall
have....[or do]..."
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Future Work

1. Increase capability of automated methods

m Size of future models will likely make manual and inspection methods difficult or impossible

m Efficiency gains through opaque actions (Jython, Javascript), Alf, adaption of verification
suite to validation suite

2. Demonstrate on a real system, like the F-16 fuel subsystem structure
m Validation of a model prior to OT&E can generate substantial cost and schedule savings for
a program
3. Prototype on SiS modification, ACAT lll, or rapid acquisition program

m Integration of model-based, digital validation practices from the inception of a born-digital
program

m Cradle-to-grave validation is key

4. Pursue application areas in AFOTEC and MAJCOM T&E

m Cost savings to programs
m Manpower savings to T&E efforts
m Scheduling savings for MRTFB
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Questions
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