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Background
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In the Joint Capabilities Integration and Development System (JCIDS) domain we rely on
ISO/IEC/IEEE 15288, the JCIDS Manual and the Defense Acquisition Guidebook, which
establisha common framework and a common process which defines acquisition
requirements and evaluation criteria for future defense programs.

Our challengeis to stake out a path to assist our Product Manager’s (and DoD’s) move
toward the “Digital Enterprise.”

This presentation sharessome of the lessons learned in the organization wide roll-out of
MBSE across a Program Executive Office (PEO), describes some of the extensionsto the
UAFML standard that are necessaryto supporta PM in the pursuit of a successful program
and shares a PMs perspectivein the application of Mission Engineering to support his/her
program.

S
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Background

Typical PEO Organization
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Background

Mulitiple Product Offices and Projects
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Background

Systems by Lifecycle Phase
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MBSE is a challenge to
e roll out to the entire
enterprise — a phased
approach is needed.

Contracts and
resources keep us from
moving faster

-+ Project 23
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Lesson Learned

Product Offices Cannot
Unilaterally Achieve MBCM Stage 3/4
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Product Office Domain
PMO Domain
B PEO /and higher Domain

Capability Area Capability Name Stage 0 [Stage 1 |Stage 2 [Stage 3 |Stage 4
INCOSE MOdeI"Based MBSE Use Strategy
R - Common DE and MBSE Terminology
Capabilities Matrix 1. Wororcel cultre Modelng Roles and Resporsiifes
Modeling Development Skills
il . Modeling Use skills
a n d U se r s G u Id e Modeling-related Training/KSA development

SE Agreement Process

SE Organizational Project-Enabling Processes
SE Technical Management Processes

Model Configuraion Management

Model Data Management

SE Technical Processes

Modeling Stakeholder Requirements
Model-Based Verification and Validation
SE-driven Model Plan
Tl il = d s 3_Proaram/ Proiect Processes Methodoloav_IMadel Rased Reviews: Management Proaram Reviews /MPR(s) |
Capability Area Capability Name Stage 0 [Stage 1|Stage 2 |Stage 3 |Stage 4
5. Information Technology Infrastructure Modeling Tool Access

Model Based Tool Licensing & Access

P e i Collaboration capabilities

g i ) : Model Management

Distributed Database/Tool interoperability
Model Based Data/Tool Independences
Inter-Database/Tool Data Item Associations

Version 1.0, January 2020

2. SE Processes/ Methodology

Joe Hale,

NASA/MSFC, retired i

glvm@comc:tr:et 6. Modeling Tool Construction Modeling Methods
Model Languages

Al Hoheb, ——

The Aerospace Corporation, Model Librarigs

albert.c.hoheb@aero.org User Interface (Ul), Viewpoint/Views, and visualization
Simulation Capability

<<<€ Modeling Process Quality
&& MBSE Institutional Adoption (e.g., agency, service, center, business
7. Model Use MBSE Technical Innovation Process

Enabling Technologies
Intellectual Property (IP)

Tool Govemnance
VI VL. 1 U1 (AR AVIRV AN | B- ANy Ao VARRRE RN} 6

8. Modeling Policy




Lesson Learned

Product Manager Challenges
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bdd Packace] [ 5 sm.m.«un»ujj
Operational Assessments
Milestone A o
Capability Based T&E
Concept and Technology
- Development Demo
Total Life Cycle System Management |
Abreviated Process Demo
IMTA] |ncrement 1 “Use and
A-CDD - DD CDD Update Learn”
Feedback
bdd [Package] Affordable Operational Effectiveness | Affordable Operational Effectivenes Demo
«block»
Capabilities
Demo ™® Increment 2
| xblock» l Achjeves = ;ybs':g::. | - =55 Und
2 ate
Functions [ Performance P
«blocks Spiral Development
Priorities Demo
. «block»
L Achieves M Technical
block Effectiveness . -
L R;":g"’:ty I > «block» ICD Initial Capabilities Document Demo r—o Increment N
- Proviges-ie— System CDD Capabilities Development Document
| «blocks | Domability A-CDD Abbreviated CDD CDD Update
Maintainabili —
- xblocks Creates b =block»
| «block» | Production Eff:zts‘ntfa:’ess
Supportability = «block»
«block» 1 Defvers: - Process
l xblock» | Operation Efficiency o
Producability ook Arhieves Affordable
s Operational
Maintenance Effectiveness
= «xblock»
«blockx» Total Ownership
Logistics Cost/Costas
an Independent
Variable
«block» «block» «block» Supports &
System Training System Supply Support
Documentation (Including «block»
Spares) System Product
I : { 1 Support Package
«block» «block»
Sustainment Testand
Planning Support
Equipment . . . . .
Source: DOD Guideto Designing and Assessing Supportability
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Lessons Learned

Center of Gravity
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bdd [Standards] Standards [ [ Modeling ds 1)
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Lessons Learned

The “Model-Based” Acquisition Toolbox
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Force-on-Force Simulations/
Few-on-Few Experiments (uv)

MBSE Models should be informed by and inform other
tools
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Lessons Learned

Simplified System Engineering Schema for JCIDS
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*Process, State and Interaction diagrams can be of type Operational, Services, Resources or Project
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Extensions

Requirements from the CDD
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KPP Performance attributes of a system considered critical or essential to the
development of an effective military capability. Failure of a system to meet a
validated KPP threshold value triggers a review by the validation authority and
evaluation of operational risk and/or military utility of the associated system(s).

KSA Performance attributes of a system considered important to
achieving a balanced solution/approach to a system, but not critical
enough to be designated a KPP.

APA Performance attributes of a system not important enough to be
considered KPPs or KSAs, but still appropriate including in the CDD.

Source: 2021 JCIDS Manual

S
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Extensions

Requirement Meta-data

Profile Diagram Model[ Model ])

xstereotypes =)

extendedRequirement
[Class]

astereotype» =]

JCIDS Requirement
[Class]

«stereotypes
KPP

-source : String
-risk : RiskKind = Medium
-verifyMethod : VerificationkethodKind = Test

System SubSystem Requirement
[Class]

«stereotype» =}

=

-Verify by Analysis : -extVerifyKind
-Verify by Demenstration : -extVerifyKind
-Verify by Inspection : -extVerifyKind
-Verify by Test : -extVerifyKind
SafetyRelevance : -extSafetyKind
-SafetySignificant : -extSignificantKind
-SafetyCriticalMatrix : -extSHCIKind
-Level of Rigor : -extRigerKind
-lARelevance : -extlAKind

-TMRR : -extCompletenessKind

-FVT : -extCompletenessKind
-Engineering Demo : -extCompletenessKind
-EMD Blk1 : -extCompletenessKind
-EMD Blk2 : -extCompletenessKind
-PCA : —extAnalysisKind

-FCA : -extAnalysisKind

-Venue1 : -extCompletenessKind
-Venue2 : -extCompletenessKind
-Venue3 : -extCompletenessKind
-Venued : -extCompletenessKind
-VenueS : -extCompletenessKind
-Venueb : -extCompletenessKind
-Venue7 : -extCompletenessKind
-Comment : String

-Tag1 : String

-Tag2 : String

-Tag3 : String

-Priority : -extBlockKind
-Doors_ID : String
-DOORS_HTS_Number : String
Rationale : String
Verification_Text : String
GenericRegKind : -extRegKind
ReguirementBin : -extRegClass
-PrimaryReqTag : -extReqType
-SecondaryRegTag : -extRegType
-jParagraphiD : String
-SuccessCriteria : String

[Class]

[Class]

«wstereotypes |sa] |
kl— | KSA

| «stereotypex» [Fry] |
— APA

-Data Requirements : String [Class]
-ConditionsAndConstraints : String
-Notes : String
«stereotype»
Document Text Artifact
[Class]
\
\

reguirement

for anything not a ]

«enumeration»
-extReqClass

FunctionalReguirement
Non-functionalRequirement

«enumeration»
-extReqType

ASENReguirement
AWPNReguirement
ASoSRequirement
IBCSRequirement
SYSRequirement
DirectedRegquirement
BusinessRequirement
ConstraintReguirement
LegalRequirement
PerformanceRequirement
PhysicalRequirement
ReliabiltyRequirement
SupportabilityRequirement
UsabilityReguirement
InterfaceRegquirement

«stereotvpes
ReqChange
[Clazs]

-changeType : -extReqChangeType
-changeStatus : -extRegChangeStatus
-proposedText : String

-rationale : Siring

-approvedBy ; String

-approvedDate : String

printanyspecand any documentdirectly from the model

And print the verification matrix at the same time

12
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Extensions

Number (almost) Everything
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bdd [Model) Model[ [ Model u

Activities (verb-noun)

WBS

Execute ?);;rational ’<> Do Systeri\ai:unction S C wactivity» B . : : :
Activity A 553.256.1 51 Assign identifier to diagrams for easy
Perform Activity 1 Exi l Jte .
A1.2 <\/ $3.2 @ e Operational retﬂeval
Execute Operational Do System Function T 5‘583‘312":3";2 Activity A
Activity B 2.5..
ity Perform Activity 2
m_ . .
BN < ST ——  Sortby name or identifier
Execute Operational Do System Function U «activitys 145
Activity C $53.2.5.6.3 Structure
s Perform Activity 3 .. .
/N S3.4
e s | R P Transfer Achylty IDs to activity type
Activity E $53.2.5.6.4 dlagrams using a macro
Perform Activity 4
i < 1 Systoin Fancti w@
: stem Function —
Execu:ac?i‘;'):yn;tlonal Y S«Saqctzuvsﬂsé»s * Al.1 Execute Operational Activity @
Perform Actmty 5 =m \
0V-5b Operational Activity Model [ @ Execute Operational Activity AU
i e # | |dentifier Name Cpemterabcivityhcions 13 A
4.5, 4.5, A11 < A1l 7
Block 1 Block 2 Execute i Execute i
o = 1 {1.4.5:1 E Block 1 A i s
«blocks «blocks
1453 1454 2 1 '4'5‘2 Q BIOCk 2 OperationalActivityActions () «OperationalActivityActions ()
Block 3 Block 4 : & : =
= = 31453 E Block 3 Executel(\):»graﬁonal Exeeuu?)‘lp:rational
Activity C ) Activity E
dwes)  [@s] 41454 2 Block 4
A0, .20 ««OperationalActivityActions JE]
sooks| |secks| | 5 1455 2 Block 5 e
Activity F
6 1456 & Block 6

Any Warfighter - Anywhere - All The Time

MBSE for the JCIDS Domain
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Extensions

Printing in Word and PowerPoint
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Verify by = Verify by | Verify by Safety

# ‘ ~Id | Doors_ ID‘ Name Text ‘ Primary Req Tag Requirement Bin Inspection| Analysis Test Relevance
The system shall support
1 SS.1 KR_325 [ Buy Groceries acquisition of groceries FunctionalRequirement X

The system shall integrate
2 SS.2 KR_23675 | EKitchen Integration with all kitchen appliances |InterfaceRequirement FunctionalRequirement X Critical
and doodads
The system shall be able
3 SS.3 KR_2343 @ Food Measurement to measure exact amount  PerformanceRequirement Non-functionalRequirement X
of food preparation stuff
The system shall cook a
4 SS.4 KR_5093 @ Cooking Performanc full meal from start to finish PerformanceRequirement FunctionalRequirement X
within 20 minutes

Food prepared by the

system <hall fit on a - - bdd [Pa‘ckage] Example PPT Deck[ Exﬂ‘mple PPT Det;li
5 SS.5 KR_327 [ Table Places standard plate and glass UsabilityRequiremer
IAW MilStd 44499
e . Model of the Model
6 SS6 KR 326 | [@Dining Efficiency at;tgﬂzroper Sliapeiie syl A
g down methods of 2 = = =
dining @ @ e @ [@
Enga;; Seq_ Tes‘tIZSeqR Syst;r.:\ SVi Emevl\'lg;aer:ziigen Gcreate WEARAIert
\ ~ e ~ \System (Nc.»mmal)K N
= ) = - o e =
_ . . e e B BT BT BT BT
Meaningful unique name for every requirement
Avoid special characters e.g. " in the name Teble Packagel Exarle PP Dsck| 5, Exarle P 0ok ]
# |ldentifier Name Target Diagram
Make sure you include meta-data L il M Madelof thie Mogel
) 2 2 = Slide 2 @i 1.1 Engage Seq
&Print the spec and the VCRM from the model 33 = Slide 3 B 1.2 Test Seq
E 55 @ Slide 5 & Wireless Emergency Alert System (Nominal)
= . . 6 6 = Slide 6 i Create WEA Alert
«Save the Velocity template with the model

MBSE for the JCIDS Domain 14
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Extensions

A Small Quibble from My Testers
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- Not so good referencing up from
the resource exchange

t-F1 Resource Layer Produci R COMMS | C2| o 4 Sendi Sendi EreminT [Frse
¢~ Relations # | 2 o identifier Activity ;un”;i';‘f Excﬁzouﬁem Info FormatType © /| © or Eihe'l'(‘f‘ C|e: nge Rssolljl:ge égﬁ:fo':‘g g;eT'“f Receiving Resour
2 Resource Association[Test Configy = Waveform]  SA » .
i Resource Association[Test Configu BDE publishes and 4 Publish Order |[® Order @ : Plans © Brigade |© CP e < Battalion |¢ CP | . . _
& Resource Association[Test Configy 1 [step1 disseminates OPORD 18 - Plans WAN c2 @ C2 System @ C2 System
“n. Step 1 Resource Exchange:flow fo ~
b Step 2 Resource Exchangeiow fo 2 |step2 BN Forwards Order % Forward Order |[8] Order ®| :P\ans WAN o2 < Battalion | CP & 2 System < Battery |< CP & C2 System
‘B> Step 3 Resource Exchange:flow forg] 181 : Plans
< . BTRY Sends Spot Report & ) : o] © o] o]
. Step 4 Resource Exchange:flow for] 3 lstep 3 ends Spot Repo §* Send Spot Rep (@) Sensing Report |l : Sensings JON SA Battery CP & 2 System Battalion CcP & C2 System
£-F1 Battalion @l : Sensings
2 Relations o BN Forwards Spot Report |8 Forward Spot F (£ Sensing Report |l : Sensings < Battalion |< CP e < Brigade |G CP . . .
aﬁj‘ Battalion ementP 4 [ - Sensings JDN SA @ C2 System @ C2 System
Resources Internal Connectivity [ Test Configuration ]J
Resources Structure [@ Resources Structure ]J =
sRezourceRoles % Conforms to
Brigade @ [ son
aCapabilityConfigurations -
Test Configuration “ResourceRoles w, & wan
ﬁ%j— : Sensor IF c2system
: Plans IF
«Capability Configurations (cfj"-‘ ««CapabilityConfigurations 6‘-‘
Battalion Battery Brigade A
Sensing Report
- n [ aCapabilityConfigurations 5. —
aCapabilityConfigurations i C2 System (&) = r————— P\’ L «ResourceRaoles P\»@
C2 System battalion i Order battery
. .
Lk : Plans IF
Order ﬁ
«ResourceRolzs % - Plans IF «ResourceRolzs %
C2 System C2 System
p y g J Sensor IF : Sensor IF
drilling down p
Sensing Report
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Digital Engineering Maturity

(Electronic Systems Development)

Semiconductors High

!

Chips/Modules

|

Boards

!

Integrated Assemblies

|

Subsystems

|

Systems

|

Missions

DE Maturity

Low

Above graphicsuggests that the

Mission Engineering

DE Challenge for DoD

MONTE PORTER ASSOCIATES LLC

“The DE challenge for DoD is attaining
knowledge-based integration of data sufficient to
answer lifecycle questions, including:

e How do the currently fielded systems or those
under development support near-term missions?

e What is the performance and cost impact of
replacing a subsystemin a legacy system?

e How do design decisions today impact system
sustainment and operations availability?”

largest opportunity to mature the

overall DE processis in the area of
mission engineering

From the Emerging Technologies Institute

Recommendations for the Department of Defense

Mr. James A. Faist, ETI Brief Series November, 2021
I
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Mission Engineering

Mission Engineering Supports a Robust
Requirement Development Process
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Requirements Model Requirements High Level Requirements (KPP/KSA...etc)
CDD/A-CDD/ONS/JUONS
o - - — e o e o e e e o = e = o = =
( Key mission engineering } Drivers, Challenges, Opportunities, Risks, 1
| layers Strategic Layer Capabilities, Goals, MOEs, Outcomes ...etc. |
Layers of Conceptual
I Models ¥ |
I‘ Operational Layer | Problem Context, Mission Threads ’I
- e s s e e s e - e S S D D D B D B B B B B EEe Eae EEe Eae e -

Capability Configurations, Components and
Service Functions/Services needed to support the
ource Layers mission thread, requirements

¥

Design Specifics

Layers of “Platform —
Independent” Models

Physical Implementation, Design, Engineering
and Physics based models,
requirements

Platform Specific Models |

MBSE for the JCIDS Domain 18
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Mission Engineering

A Better Flow Would
Look Like This

— MONTE PORTER ASSOCIATES LLC
o o - - - — — — - - — — — —— — — — — — — — —
Key mission engineering i Drivers, Challenges, Opportunities, Risks, \
layers Strategic Layer Capabilities, Goals, MOEs, Outcomes ...etc. I
I Layers of Conceptual
[ Models ‘ I
|\ Operational Layer Problem Context, Mission Threads ’I
- e s s s e e e e e e -

High Level Requirements (KPP/KSA...etc)
CDD/A-CDD/ONS/JUONS

Requirements Model I Requirements

¥

Capability Configurations, Components and
Service Functions/Services needed to support the
ource Layers mission thread, requirements

.

Design Specifics

Layers of “Platform —
Independent” Models

Physical Implementation, Design, Engineering
and Physics based models,
requirements

MBSE for the JCIDS Domain 19
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Mission Engineering

Mission Characterization
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M&S Models

TN
Best done in campaign/force on force models - Can be done tabletop

In lower level engineering models it is important to maintain context (Simulation System Representation)

f P . \ Q S
Scenario = Overall campaign Campaign I 2
/ opgr_atlonal context, [ Vignettes = Subset of a scenario to focus the ), Analysis = @x
conditions, & objectives scope, details, and “Mission objective” to '\ ol 8§
A_* Conflict Setting match the scope of the problem statement b= >
| (cieohpoli_ltjcal ?et-up Combat Utility m 8
. . . .
o S?rgtelgic ;a‘i:sirgrr\n © 4 Set-Up R 4 Mission ) Force Effectiveness o g
Objective(s) *Fragment of Theater Scenario Assumptions & £ c
*Setting, Objgctive(s) & Constraints % .%
. Misslon Areas Commander s Intent «Sjze of force p) P
+ Agrouping of like *Baseline forces; Threats/Intel; * Resupply 5 5
é Campaign Operations and Qrder of battle 0 Pre.positioning e c <
0 + Mission Areas allow *Baseline framework of * Environment, Day/ €w o ew - '
T i ional tasks ight. Weather HWIL/SWIL / 193
= categorization and c[))ggﬁ?g?%lue and red gt ! )
bl . . y
g configuration control CONOPS: ROE System Performance ; =
'5 *Clutter (e.g. Neutrals) / i 8
al * Multi-Service Force Contested o
Deployment (MSFD) - y € ) ‘=
i.e., Family of Scenarios s — — N\ s
« The Joint Staff . Mission Objective / Measures b
orchestrates the building * Desired End State . . 3
of MSFD scenarios * Define Vignette Success / Best Value Engineering
B .t s v ectones s Simalaton Puvsics
X rvices, Agencies . - K <
2 Combatant Commanders. \ J and Design i’“ili’lﬂilﬂlll'll'
\, J Tools
ROE = Rules of Engagement = / /)
MOS = Measures of Success g Y, ‘
QK S easies of St ctveness Many vignettes can be derived from a single Scenario
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Q

Addresses the mission, the operational environment and the operational -

assumptions/constraints
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MBSE System Models

Authoritative System Representation

Capabilities A%
Goals \
(UAF) 4

Sl

CDD, CONOPS, Use Cases
Mission Threads
What if Analysis

Operational
Test Design 4
(UAF)

Traceability

Logical Structure
System Functions
Performance Spec
MonteCarlo /
Parametrics ,
Test Support #
(UAF)

Increasing Level of Detail and

<Rigor

Design Solution
Connectionto
Engineering
Physics Models
(SysML/UM

Mission Engineering

Mission Architecture

MONTE PORTER ASSOCIATES LLC

Mission Architecture - conceptual modeling of
concepts, approaches, and systems of systems that
enables details of the process flow, timing, interactions,
data, capabilities, and performance to be examined in
relation to the other processes, entities, and systems
that contribute to achieving the mission objective.

Enables organized information sharing across the
acquisition community.

Mission Thread - sub-element of mission architectures
which comprises the documentation of end-to-end
tasks or activities needed to accomplish a mission
within a scenario or vignette.

Scenario

Multiple mission

Vignette

threads may be linked over
time to execute missions with
in a scenario or vignette

Mission Thread

MBSE for the JCIDS Domain



Mission Engineering

MBSE Compliments M&S in the Digital Environment

MONTE PORTER ASSOCIATES LLC

M&S Models

MBSE System Models

(Authoritative System Representation)

(Simulation System Representation)

) =
) Q g
Capabilities \ Y Campaign gA 2
Goals o\ Analysis N —
(UAF) ) °
& __Th >N = 3
CDD, CONOPS, Use Cases E meets - ) 9
Mission Threads o Combat Utility o >
What i Analysis o = Force Effectiveness 4 = %
Operational — - ®© o : 8, ‘N %2} ©
Test Design 4 OPIRATION,,, il e Operational Thread )/ EORE 8 g
(UAF) ¢ HobELs s — S o
) [ achieves £ -
Logical Structure % Few on Few 5
System Functions - HWIL/SWIL =
Performance Spec = System Performance . | 8
MonteCarlo / k) s
am o
Parametrics 3 Dig ital Thread =
TestSupport o g
(UAF) Pl £ o
supports /(/)
: : Engineering
Design Solution m“"ﬂl’ﬂu BE ! ,
Connectionto :‘;Ei: L-Elg Si 'L‘UDl ation EN::“"HI!!H
Engineering anT e|5|gn AINEERING
Physics Models 4 ool
(SysML/UML)Z
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Use the right tool to “think through” question being asked



Mission Engineering

Operational Model Process

TS MONTE PORTER ASSOCIATES LLC

/Projects Process Flow ( cutput : Mission Threads ) [@ Develop operational reference model ]J

28 March2023

®

Info needed to support
steps or decisions

: Mission Tasks

“1: Decisions and logic

5

DV 1 126 : Mission Threads
Message Develop mission threads «ResourceParameters (D)
Library <> | for the system from a out output : Mission Threads
f users perspective

| T
All mission

_____________ ! threads A _.[NO_]
covered? <|> @

N
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Mission Engineering

UAFML Supports Test and Acquisition

MONTE PORTER ASSOCIATES LLC

JCIDS/Acquisition Test /Experimentation

Vision
Stakeholder Requirements «artifacts 3 Capability (O) Vision
Capabilities ICD/CDD/ONS/JUONS Stakeholder needs

Experiment Test Goals
MOEs

Operational Goals
Drivers, Challenges, Opportunities, Risks,
Capabilities, Goals, MOEs, Outcomes ...etc.
Program Goals/Constraints

MOEs

|KPP = Driver O‘

‘ e X [Challenge 3 ‘
Risk

Mitigation £33 |0pportunlty @|

Strategic Layer (UAF)

Experiment/Test Use Cases
Mission Threads
Context Diagrams

wartifacts ™

CDD, CONOPS, Use Cases CONOPS

Mission Threads
What if Analysis
Operational Test Design

Logical Structure
System Functions
Performance Spec
MonteCarlo /
Parametrics

B2 &=l =) 1S )

Structure SV1 Connectivity  Function m System Interaction
Libr hread(s) States(s) Scenarios

Test Structure
Test Connectivity
Data Collection/Reduction

SV2
Rs-Pm If Pr-Sr Sc-Sr
Test Support = = %
(UAF) | ggj/l @ 1= E|
wartifact» i Parametrics DataModel Personnel  Security Requirements

Requirement Spec

Logical Layer (UAF Resources and Services)

Physical Implementation
SW Components + HWComponents + FWComponents+ Mechanical Components

Design Solution
Connectionto

Engineering
Physics Models + Networks + Facilifies ...
(UMyaRl Design Layer (UML/SysML)
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Recommendations

T MONTE PORTER ASSOCIATES LLC

UAFML is going the right direction — need to encourage folk
to use UAFML .and. SysML — not an either/or proposition

Currently able to access all SysML functionality in UAFML —
as we go to SysML 2.0 keep that capability

Need to consider requirement metadata

Consider the need to “drill up”

MBSE for the JCIDS Domain
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