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This Presentation is all about:

VI.E.

Mission Engineering
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What is Mission Engineering?

Mission Engineering (ME) is an interdisciplinary process encompassing the entire
technical effort to analyze, design, and integrate current and emerging operational

needs and capabilities to achieve desired mission outcomes

ME is a top-down approach that delivers engineering results to identify enhanced
capabilities, technologies, system interdependencies, and architectures to guide
development, prototypes, experiments, and SoS to achieve reference missions
and close mission capability gaps

ME uses Systems and Systems of Systems (SoS’s) in an operational mission context
to inform stakeholders about building the right things, not just building things
right, by guiding capability maturation to address warfighter mission needs

Mission Engineering Guide.
Available online at https://ac.cto.mil/wp-content/uploads/2020/12/MEG-v40 20201130 _shm.pdf
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Mission Engineering Views in UAF
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Different Groupings and Patterns Revealed at Different Scales
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Mission Engineering Process
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A Long Time Ago in a Galaxy Far, Far, Away....

* The Battle of Hoth was a major battle fought in 3 ABY and was

considered a major victory for the Galactic Empire and the single
worst battlefield defeat suffered by the Rebel Alliance during the
Galactic Civil War

J The battle was an Imperial invasion led by Darth Vader, aimed at
destroying the Rebel Alliance's Echo Base hidden on the remote ice
world Hoth and capturing Luke Skywalker

1 The base's location was discovered when a Viper probe droid, deployed
by Darth Vader's Death Squadron, landed on the planet - prompting the
Rebels to begin an evacuation of Hoth

https://starwars.fandom.com/wiki/Star Wars: Episode V The Empire
Strikes Back#The Battle of Hoth

© 2024 SSI, Aerospace, RTX



https://starwars.fandom.com/wiki/Star_Wars:_Episode_V_The_Empire_Strikes_Back
https://starwars.fandom.com/wiki/Star_Wars:_Episode_V_The_Empire_Strikes_Back

Why the Battle of Hoth?

* The example used 1n this paper 1s the Battle of Hoth from the
second Star Wars movie, “The Empire Strikes Back™

d We are using this as an example because it is well known, contains a
rich source of systems, strategies, missions, and behavior as well as
illustrates joint operations

J As it is based on a movie, there are no issues of classified materials
or problems relating to the release of information

1 The actual model created to describe the complete mission would be
a large undertaking requiring several diagrams

1 For reasons of space and time, we have limited this to a set of
example diagrams to express the main concepts covered
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Mission Engineering Views in UAF
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Stakeholders Concerns Goals and Drivers
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Table of Concerns and Stakeholders

& Name Stakeholder Concern Enterprise Goal Drivers
1 BT Brigade Commander
2 BT Chief intelligence Operator
3 BT Company Commander
A# Controlling the Galaxy J_:é EG6 Prevent Rebel Escape 2% D1 Rebels Prevent Achievement of Empire Goals
4 8 Darth Sidius AP Establishing Dark Side Dominance E EG5 Deliver Luke Skywalker &% D4 Sympathy for the Rebel Cause
&% D5 Jedi Power Threatening the Dark Side
A Protecting Luke Skywalker E EG5 Deliver Luke Skywalker 2% D5 Jedi Power Threatening the Dark Side
5 £ Darth Vader - / ,
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6 ﬂT Division Commander
7 BT Emperor
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9 H Hoth Spy
10 ﬂT Intelligence Operative
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1 &r J ecjion Corasnder F# Prevent Rei-Je.I Res.urgence E;{ EG6 Prevent Rebel Escape 2% D1 Rebels Prevent Achievement of Empire Goals
A Ensure Decisive Victory J_% EG7 Destroy Rebel Defenses 2% D4 Sympathy for the Rebel Cause
J_% EG10 Identify Rebel base Defensive Capabilities &% D2 Rebels Cause Loss of Star Systems
12 BT Platoon Leader
13 ﬂT Section Leader
14 A sith Lord
15 F Sqd Ldr
16 BT Squad Driver
17 BT Squad Gunner
18 BT Squad Leader
19 &T Squad Roles
20 &T Squad Trooper
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Mission Types, Levels, and Context

Levels of Warfare Mission Type Context Characterization

Strategic

Operational
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Mission Modeling Profile Elements View

Profile Diagram Missicn Profile [ Mission Modeling Profile Elements ])

We took a minimalist approach:
only add what was necessary

Simple extensions to add some of

the concepts to be implemented
in UAF 1.3

Mission

Actual Mission

Mission Kind

Actual Mission Phase
Mission Thread

Mission Thread Action
Mission Task

Mission Engineering Thread

Extensions to the UAF diagrams.

Performance requirement is a
standard SysML construct
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R MissionThread
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MissionEngineeringThread
[Activity]
«Metaclassy «stereotypes _C.D
CallBehaviorAction OperationalActivityAction

[CallBehavicrAction]

T

«stereotypex»
MissionThreadAction
[CallBehavicrAction]
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ActualMission
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ActualMissionPhase
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Planetary Invasion Missions for the Evil Empire

Strategic Taxonomy [@ Planetary Invasion Missions ])

The Empire Mission structure shown
llustrates the complexity required to
model missions

Empire doctrine proscribes that every
military mission has two phases to it:
Planning and Execution

A Planetary Invasion Mission is
comprised of separate Scout, Landing,
and Attack Missions, each with their
own Planning and Execution Phases

These are all types of Invasion
Missions. Each of these have a defined
Mission Type

The Execution and Planning Phases
both inherit Mission Tempo and Phase

attributes

aMissions
Empire Mission Phase

MissionTempo : Mission Tempe Kind
MissionPhase : Phase Kind

i i

aMissions

Execution Phase ’

aMissions
Planning Phase

aMissionThreads /"
Mizzion . il . LV
© g @ Attack Primary Objective
Invasion Mission :

SN
? Fay T » I"B «Defines»
__ W
aMissions @ aMissions aMissions
Scout Mission Landing Mission Attack Mission

I I

aMissions
Planetary Invasion Mission

® I1 L
aMissionVignettes *_ aMissionVignettes *_

Ground Attack Air Attack

|

aMizsionScenarios *
Planetary Invasion
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Vignettes and Scenarios

Profile Diagram Mission Profile [ Mission Profile Scenario Vignette ])

astereotype» [ xstereotypex @)
Condition ActualCondition
[DataType] [InstanceSpecification]
wstereotype» W astereotype» «stereotype» +* «stereotypex» 3
MissionScenario MissionVignette ActualMissionScenario ActualMissionVignette
[DataType] [DataType] [InstanceSpecification] [InstanceSpecification]

Scenario — Description of the geographical location and time frame of the overall
conflict. It should include information such as threat and friendly politico-military contexts
and backgrounds, assumptions, constraints, limitations, strategic objectives, and other
planning considerations. (ME Guide)

Vignette — A narrow and specific ordered set of events, and behaviors and interactions
for a specific set of systems to include blue capabilities and red threats within the
operational environment. Vignettes can represent small, ideally self-contained parts of a
scenario (ME Guide)

For the UAF, the actuals are the ones that contain the specific information — Actual
Mission Scenario and Actual Mission Vignette

© 2024 SSI, Aerospace, RTX



Vignettes and Scenarios Linked to Mission Types & Mission Instances

Strategic Taxonomy [ @ Hoth Mission, Scenarie, and Vignettte ]J
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. . . agn ClEETE (2] Invasion
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aS exa m p I eS SEnviro = Snow and Ice , Sub-zero Temps
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Mission Modeling Profile Relationships

Profile Diagram Mission Profile [ Mission Modeling Profile Relationships ]J

Relationships were added to allow

I . «Metaclas.s:o «stereotype» «stereotype» «stereotype» o ——
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OpposableElement stereotype to all applicable
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~ ResourceRole
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Invasion Missions on the Planet Hoth

Strategic Taxonomy [ @ Hoth Invasion Missions ]J

The Hoth Invasion is an

instance of the Planetary
Invasion Mission

This Actual Mission is made
up of the Planning and

Execution Phase as well as
the Landing Mission, Attack
Mission, and Scout mission

These Missions each have
Planning and Execution
Phases

The Execution phases all
have Mission Engineering
Threads mapped to them

The Hoth AMEP Execution
Phase has defined goals as
well as Operational and
Resource Architecture

cActuziMissions
Hoth Invasion : Planetary Invasion Mission

AM = Hoth AM

invasion Execution Phase = Hoth EP
invasion Planning Phase = Hoth PP
LM = Hoth LM

Scenario = Hoth Planetary Invasion
SM = Hoth SM

aMissionEnginseringThraads
Execute Hoth Planetary Invasion

gy

|
| p «Definess

aActualMissionPhases

Hoth PP : Planning Phase

I

cActuzlMissionPhases 0
Hoth EP : Execution Phase

ActuziMissions
Hoth LM : Landing Mission

10

cActuziMissions
Hoth AM : Attack Mission

invasion Execution Phase = Hoth LMEP
invasion Planning Phase = Hoth LMPP

cActuziMissionPhases 0
Hoth LMPP : Planning Phase
MissionPhase = Planning Phase

aActualMissionPhases

Hoth LMEP : Execution Phase
MissionPhase = Execution Phase

7~

invasion Execution Phase = Hoth AMEP
invasion Planning Phase = Hoth AMPP
Vignette1 = Hoth Air Attack

Vignette2 = Hoth Ground Attack

aActuziMissions
Hoth SM : Scout Mission

invasion Execution Phase = Hoth SMEP
invasion Planning Phase = Hoth SMPP

|/5 «Defines»
aMissionEngineeringThreads QY

Deploy Attack Force

cActuziMissionFPhases 0
Hoth AMPP : Planning Phase

MissionPhase = Planning Phase

cActuzlMissionPhaszes
Hoth AMEP : Execution Phase

Goal =

¢ Destroy Rebel Defenses

< Deliver Luke Skywalker

¢ Prevent Rebel Escape
Operational Architecture Of Strategic Phase = fiPlanetary
Invasion Mission Architecture
Phases Capability = (C)Planetary Attack
Resource Architecture Of Strategic Phase = ##Hoth Attack
Mission Arch

MissionPhase = Execution Phase
N

cActuziMissionFPhases o
Hoth SMPP : Planning Phase

MissionPhase = Planning Phase

ActuziMizsionPhaszes
Hoth SMEP : Execution Phase

Goal =
Eldentify Rebel Base Location

¢ |dentify Rebel base Defensive Capabilities
Phases Capability = (C)Planetary Intelligence

MissionPhase = Execution Phase

7

»p «Definess!

MissonEnginesringThiesds 40
Scout Hoth Surface

- I
+p «Definesy

aMissionEngineeringThraads _{S/\‘
Destroy Key Rebel Hoth Defenses
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Hoth Battle Execution Phase — Specific Mission Goals

Prior to planning the Mission
Thread and Mission Engineering
Thread, the Goals of the Mission

are defined

These are to Destroy Rebel
Defenses, Prevent Rebel Escape,
and Capture Luke Skywalker

The constraint imposed by
Capturing Luke Skywalker alive
and unharmed is one of the
causes that lead to Attack Mission
failure

The Empire normally executes
their missions with extreme
violence. This constraint,
prevented this hence the “Conflicts
With” relationship

Objectives or sub-goals are also
defined for each goal using the
containment relationship

Strategic Structure | @g Hoth Attack Mission Goals ]J

«Conflicts With»

Capturing Luke
Skywalker alive
limits the means to
destroy Rebel
Defenses.

/
/

aEnterprizeGozls 2
Deliver Luke Skywalker

ld="5"

Text = "No one shall harm

cActuzlMizzionPhazes

Hoth AMEP : Execution Phase o

Goal=
¢ Destroy Rebel Defenses
¢ Deliver Luke Skywalker
< Prevent Rebel Escape

MissionPhase = Execution Phase

«EnterpriseGoals
Destroy Rebel Defenses

ld="8"

Text = "All Rebel defenses shall

«EnterpriseGoals
Prevent Rebel Escape

ld="6"

Text = "All Rebel personnel

Luke Skywalker and he shall be destroyed in order to allow for shall either be captured or
be taken alive and delivered successful capture of Rebel killed"
to Darth Vader" base, equipment, and personnel" o )
7]
aEnterpriseObjectives 5 «EnterpriseObjectives 5 «EnterpriseObjectives 5 aEnterpriseObjectives aEnterpriseObjectives 5 «EnterpriseObjectives
Locate Luke Capture Luke Destroy Base Destroy Base Destroy Escape Capture or Kill
Skywalker Skywalker Force Shield Weapons Craft Rebel Leaders
ld="5.1" d="5.2" ld="8.1" Id="8.2" ld="6.1" ld="6.2"
Text="" Text="" Text="" Text="" Text="" Text=""
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The Planetary Attack
capability hierarchy is
shown on the left

This includes Ground
Attack, Close Air Attack,
etc.

Planetary Intelligence is
shown on the right

Linking the mission to the
highest-level capability
reduces the coupling of the
two structures

These capabilities along
with the associated metrics
will form the basis for trade-
off analysis of the candidate
architectures and systems

Capability Map to Mission Phases

Strategic Taxonomy | @ Capability Map to Actual Missions ])

«Capabilitys ©
Planetary Attack

oFhasess

'

«Capabilitys ©
Ground Attack

«Capabilitys
Close Air Attack

cActuzlMizzionPhazes

Hoth AMEP : Execution Phase

MissionPhase = Execution Phase

«Capabilitys
Space Bombardment

«Capabilitys
Planetary Maneuver

«Capabilitys
Enemy Force Capture

«Capabilitys
Command & Control

cActualMizzionPhaszss

Hoth SMEP : Execution Phase "

eFhazess

MissionPhase = Execution Phase

ww:

7 Planetary Intelligence

i
«Capabilitys
Intelligence Analysis
«Capabilitys
Signal Intelligence — [

cCWty;
Human Intelligence

Mty >
Electronic Scouting
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Strategic Actual Enterprise Phase Taxonomy Table

Automatically generated table showing details of the Actual Missions and Phases

Operational Architecture

Resource Architecture Of

* b [RES ST Of Strategic Phase Strategic Phase A .
. %) Execute Hoth Invasion é Execution Phase & MissfonTempo = RapidAand Forceful
& MissionPhase = Execution Phase
® Attack Mission ® invasion Planning Phase = Hoth AMPP
2 4% Hoth AM & in'vasion Execution Phase = Hoth AMEP
53 Vignettel = Hoth Air Attack
F Vignette2 = Hoth Ground Attack
@ Execution Phase J_:é EG7 Destroy Rebel Defense §§5 Planetary Invasion Missi| 8 Hoth Attack Mission Ar¢ © Planetary Attack ® MissionPhase = Execution Phase
3 'f_'."‘j: Hoth AMEP E EG5 Deliver Luke Skywalker
[E £G6 Prevent Rebel Escape
4 (=) Hoth AMPP @ Planning Phase ® MissionPhase = Planning Phase
‘m' Hoth Attack Mission @ Attack Mission
6 ! Hoth EP &) Execution Phase
® Planetary Invasion Mission & LM = Hoth LM
® AM = Hoth AM
7 Ml Hoth Invasion © ?M =_H°th SM_
&® invasion Planning Phase = Hoth PP
& invasion Execution Phase = Hoth EP
E Scenario = Hoth Planetary Invasion
8 {1 Hoth Landing Mission | Landing Mission
9 4% Hoth LM @ Landing Mission & ?nvas?on Execu.tion Phase = Hoth LMEP
® invasion Planning Phase = Hoth LMPP
10 (=} Hoth LMEP @ Execution Phase & MissionPhase = Execution Phase
1 ‘.’ Hoth LMPP & Planning Phase ® MissionPhase = Planning Phase
12 " Hoth PP @ Planning Phase
13 ‘m Hoth Screen Mission @ Scout Mission
14 @ Hoth SM @ Scout Mission & invas?on Plannirnug Phase = Hoth SMPP
® invasion Execution Phase = Hoth SMEP
15 ) Hoth SMEP @ Execution Phase J_:é EGY Identify Rebel Base Lo¢ © Planetary Intelligence | & MissionPhase = Execution Phase
’ [ £G10 Identify Rebel base D
16 (» Hoth SMPP ® Planning Phase

& MissionPhase = Planning Phase

17

' Plan Hoth Invasion Mis

® Planning Phase
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Hoth Battle — Attack Strategy

Key Strategic Relationships for Hoth Attack Mission Execution Phase

* Drivers, Challenges, strtedlc Motation ([ Stotegcotvation Hoh Atack 1 ] e _ _ _ _ _ _ _  creseniedsys
Opportunities, Goals I — i
and Risks are all —
shown here CHombsidnses | 7 =

o

« The Operational and e
Resource elements are | e i
linked to the T fissonPhase - Executon Prass
Capabilities to

demonstrate how they
will be realized

- Several elements are - A
linked to the Actual O P R

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
&

Mission Phase showing ] -
when they will be | e
deployed
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Strategy for the Scouting Phase of the Mission
Key Strategic Relationships Relating to the Goal of Delivering Luke

Strategic Motivation [ Strategic Motivation Dark Side Consolidation ])

The complete set of elements for a — :
single goal are shown here (T T T T TaEioke@Bys |Luke s.q,,,,a.ke,,.;m,,eA

Darth Vader has the concern of

«PresentedBy» S g

protecting his son, tracing to the

goal of delivering him alive

Luke’s vulnerability enables the «MotivatedBy»

goal which is motivated by the
challenge to tip the balance of the | ~ [ldmeeses®y L 2P0 <EnterpriseGoal
force e .:.:-:-:D Luke Skywalker

E

| almpactedBys a '
' ' | r—--— - - -~ Text = "No one shall harm t
Jedi power threatening the Dark 5 B ek anche hal |- "~ <Concems 3
Side is presented by this challenge R PSgence ~ Joe taken alive and delivered Protecting Luke Skywalker
i /b a »
and motivated by the goal, P - Phgess |FEHEIENIN Vader — 7
impacted by the human ! Darth Vader : Sith Lord
. . It . T T cActualMissionPhases - {stakeholderC = Protecti
|nt?|l|gence cap_ablllty, realized by Smm 8 jire Spy 8 Hoth AMEP : Execution Phase - e
spies and the Sith Lords MissionPhase = Execution Phase o)
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Operational Performer Types (ie, the Actors)

Operational Taxonomy | @ Operational Taxonomy ]J

Defines the Operational Architecture
hierarchy of the context in which the Empire
(Blue Force) and Rebel Forces (Red Forces)
will engage

The previously defined Force Designator
stereotypes are shown via colors and labels

The Empire forces are those which will be
deployed as part of their attack strategy.
These are the abstract elements, from which
Resources will be chosen to implement them

The Rebel Forces are less clear. They have
been discovered by reconnaissance
systems. Additional attributes such as
provenance, confidence level, etc. can be
added as shown later

The Rebel Forces were able to escape as
the Empire underestimated the strength of
the ground forces cannon which destroyed
one of their spaceships

© 2024 ¢
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«Opposes»

a«OperationzlPerformers )

«OpposableElemeants
Rebel Shield

«Opposes»

Opposes
« ﬂ) >C »9

«OperationalPerformers

=)

«OpposablzElements
Rebel Air Defense Forces

FD

[[] Red Force
[ Blue Force
[] white Force
[ Unknown

«Oppgﬁes»
— - — 3
I

a«OperationalPerformers
«OpposableElemeants

Rebel Escape Transport

oo

«OperationzlPerformers &
«OpposableElements

Rebel Forces

|«0pposes»
| — >

aOperationzlPerformers
«OpposableElements
Rebel Ground Defense Forces

&

I

«OperationalPerformers
«OpposableElements
Rebel Command

=)

«OperationalPerformers
«OpposzableElements
Empire Ground Attack Forces

=)

«OperationalPerformers b

T

oan

Fo

> [,
Planetary Invasion Mission Architecture

«OpposableElzments
Empire Scout Forces

|
|
|
|
|
T
|
A
|
|
|
|
|

«OperationalPerformers
«CpposableElements
Empire Air Transport Forces

«OperationalPerformers &5
«OpposableElzmen

Wﬂfﬂﬂ?’" &5

«OpposableElemen
Empire Forces

=)

ta
Empire Space Forces

|
|
|
|
|
|
|
|
1\
|
|
T
|
|
|
|
|
|
|
I
|

«OperationalPerformers &

«OpposableElzments
Empire Command

L - — — —

«OperationalPerformers

«OppozableElements =)

Empire Air Attack Forces




Attack Mission Architecture with Red and Blue Forces

IBD version of the
Operational
Architecture

An abstract/solution
independent
expression of the
proposed battle

Interactions include
Information
Exchanges
between troops and
commanders,
weapons fire,
sustained damage,
scan data, etc.

Red/Blue
designations are
included, in this
case for the
Operational Roles

Operational Internal Connectivity [ @ Attack Mission Architecture ]/l

«OperationziRoles @,
_ «OpposableElements
«OperationaiRoles éb RF : Rebel Forces
«mﬁm E- Wovement, |
EF : Empire Forces Blaster Fire = [E4 Evacuate,
perationalRoles @ IE2 Fir
=1 OPORD <OperationalRoles I «OpposableElements <bie
=7 Attack’ «OpposableElements & RADF : Rebel Air Defense Forces <
—p——————| EAAF : Empire Air Attack Forces Blaster Fire
. «OperationzIRole; 4
<OperationaiRoles| & «OpposableElements & 4 Evacuate
«OpposableElemen B}
EATF : Empire Air Transport Forces laster Fire B T 'ransport
E12 Scan Dat Hegvy Blaster Fire
- - 12 Scan Data «OperationalRole:
I=1 OPORD| WRdbt. & e E cOpggsabIeElemer:h &
«OpposableElemen E ector Scan .
‘ B e Scout Forces RGDF : Rebel Ground Defense Forces
E12
-1 OPDRD : 12 Scan Data
A 51 0PORD, “OperationalRoles & Long Range Fire E2 Fire,
E7 Att «OpposabieElements P IE11 Sector Scan IE4 Evacuate
ESF : Empire Space Forces Cannon Fire]
Blaster Fire Hegvy Blagter Fire
I£14 Visual Signature
10 Blttle Dgmage jAssessment |
«OperationalRoles
B ks & IE6 Damage Report
=9 Schut Regort EGAF : Empire Ground Attack Forces EG Damaae Repott
R - OperationalRoks v - ge Rep
I:_IQOPORD. | «OpposableElements @j
e Cannon Fire RS:Rebel Shield [~ P EE Pamage Repg
I=11| Battle Dam3ge Assessment : [ Y
WR“”b §5 I=10 Battle Damage Assessment mm\sa&f&, C?’
«OpposableElemen i _—
EC : Empire Command IR -ommand

FD
[[] Red Force
[] Blue Force
[J white Force
[ Unknown
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Operational Performers to Capabilities Mapping Matrix

Automatically generated
table

Traceability between the

required Capabilities and the

proposed Operational
Performers. The Scout
Forces and Air Transport
Forces are not included in
the Attack context

All required capabilities have

been exhibited

Legend B
/" Exhibits g | 5B Atiack Copables v, | Bl
D S| |||l bl i|i|I|E11]]gal]
. Exhibits (Implied) > P 5 5 o5 B o> ] o g
£ P s B2 i i > 8 E 20 2 g g
2 vy £ mi ¥ I3 E Q2 5 CF oY
o U O U v m e 2 6 3 BT E
vt g O v ¥ ¥ ®m m x Q9 2 g o o
S ZaviazZL2LTAT 0SS
v =gfTz2ouLgEgcC >t
S I 8§, EECBEC GRS
S v EE 5020 3 Ls8="1T
> 852255 Tf852L255
W) |U(VIW|SIA(EIWIREILSE W
L VOVWLVLWLVLUIVVLOLVY
= E] Empire Operational Taxonomy 2 2 2 26 4 2
- &% Empire Air Attack Forces . / A/
& Empire Air Transport Forces
. & Empire Command 212 / R
.. & Empire Forces | PR I
. & Empire Ground Attack Forces |4 4 AN
. & Empire Scout Forces
L. 2 Empire Space Forces 3 3 AP
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Planetary Invasion Processes — Mission Threads & Tasks Decomposition

« This is the functional hierarchy of the Execute Planetary Invasion Mission Thread

« ltis broken into Mission Threads of Scout Planet, Weaken Planetary Defenses, Attack
Primary Objective and Deploy Attack Force

« Each of these are further decomposed into Mission Tasks

Operational Processes [@ Planetary Invasion Processes Horizontal ]J

oMissionThreads /N
Execute Planetary Invasion

oissionThreads /N oMissionThreads /N oMissionThreads /N dlissionThreads /N
Scout Planet Weaken Planetary Defenses Attack Primary Objective Deploy Attack Force
P 1 J’T f ] [ )
elissionTasks olissionTasks oHlissionTasks g oMissionTasko oMissionTasks oMissionTasks oMissionTasks g’
Launch Scout Units Scout Defense Capabilities Destroy Planetary Space Force Capture Rebel Leaders Destroy Defense Forces Disembark Troops and Equipment Load Troops and Equipment
Nsorack sk MissionTazks ’ aMizzionTazks [ aMissionTasks
a » L4 ] o X - . . .
Report Findings Bombard Planet wiHE Canons Destroy Primary Objective Maneuver to Objective Maneuver to Landing Zone
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Linking Mission Tasks to Mission Objectives

Not only is it beneficial
to show how your
structural elements
support your
Goals/Objectives (via
Capabilities), but it
also helps to show
how your Mission
Threads/Tasks support
them

Can also be done for
Mission Engineering
Threads and
Functions

Operational Processes | @ Planetary Invasion Processes Traced to Objectives ]J

aMissionThreads /N
Execute Planetary Invasion

.

aEnterpriseGozls 3
Destroy Rebel Defenses

ld="8"

— usatisfyy Text = "All Rebel defenses
aMissionThreads N = = — = = — - = i
RSk Primary Objective N shall be destroyed in order
eEnterpriseObjectives [ lto allow for successful
MszonTzsks W&g:go e capture of Rebel base,
Maneuver to Objective equipment, and personnel
. ld="8.2"
MissionTzsks wsalisfy» |Text="" T)
Destroy Defense Forces aEnterprizeObjectives 3
. Destroy Base
aMizzionTazks o usatisfyy Force Shield
Destroy Primary Objective ld="8.1"
— — Text="" «EnterpriseGoals
aMissionTasks wsatisfyr [N i K'\Ille' 0 Prevent Rebel Escape
Capture Rebel Leaders | — — — Regbt:lrfez:!e:'s =6
— =" — ¢ Text = "All Rebel personnel
e L 92” EntepriszObectves [§1 | ool sither be ca:tured or
Destroy Fleeing Ships Text= Destroy Escape ~ |- .
: Craft killed"
| «satisfy» Id="6.1"
______________ Text=""
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The Empire’s Operational Actors and Behaviors

Operational Processes | téj Empire Operational Processes ]J

The Empire forces are those which
will be deployed as part of their
attack strategy. These are the
abstract elements, from which
Resources will be chosen to
implement them

These are designated as Blue
Force

Each has a set of Operational
Activities that they can perform

If MBSE is already established in
an organization, these would be
part of a library and reused

For a new installation, these would
form the basis of the library to be

populated as further missions are
defined

These activities are referenced by
the Mission Tasks

«OperationalPerformers &
«Blue Forces

Empire Forces

'

«OperationzlPerformers
«Blue Forces
Empire Air Attack Forces

os)

«OperationalPerformers
«Blue Forces
Empire Ground Attack Forces

&b

—

«OperationalPerformers &
«Blue Forces

Empire Scout Forces

«OperationzlPerformers &
«Blue Forces

Empire Space Forces

«OperationalPerformers @
«Blue Forces

Empire Command

{ ormers
«Blue Forces
Empire Air Transport Forces

os)

«OperationalActivitys /™ «OperationalActivitys '</\

Escort Air Transports Fire Weapons
«Operationalactivitys <>- «Operationaldctivitys /™
Fire Weapons Capture Enemy Leaders
«OperationalActivitys <> «OperationalActivitys /™
Identify Enemy Defensive Capabilities Locate Enemy Base
«OperationalActivitys (/\ «OperationalActivitys /N

Transport Ground and Air Units Bombard Enemy Defenses

«OperationalActivitys /| | «OperationalActivitys /N
Command Deployment Command Attack

«OperationalActivitys O
Transport Troops and Equipment
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Rebel Force’s Operational Actors and Behaviors

Operational Processes | @ Rebel Operaticnal Processes ]J

Once again, these
are the Rebel Force
elements that have
been discovered as
well as their
perceived
functionality

The Operational
Performers have
been designated as
Red Force

«OperationalActivitys <>
Evaluate Battle Damage

«OperationalActivitys /N
Command Ground Forces

«OperationalActivitys O
Command Air Forces

«OperationalActivitys /™
d Ve
Coordinate Forces

h ormers
«Red Forces =
Rebel Forces
i
¥ ormers &5 «OperationalActivitys /™ «OperationalActivitys /N
H w
T Provide Cannon Fire Destroy Attacking Ground Forces

Rebel Ground Defense Forces

|_{«OperationalPerformers O «OperationalActivitys /™
«Red Forces B
Repel Heavy Artillery
Rebel Shield
«OperationalActivitys /"
Provide Short Range Fires
< ormers O «OperationalActivitys /N
-
«Red Forces Evacuate Troops and Equipment

Rebel Escape Transport

| { ormers = «OperationalActivitys /" «OperationalActivitys /N
_‘Red Forces Destroy Attacking Air Forces Destroy Attacking Ground Forces

Rebel Air Defense Forces

«OperationalPerformers C) «OperationalActivitys /™ «OperationalActivitys /™
S R/

gied Forces Command Evacuation Command Fires
Rebel Command
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“Destroy Defense Forces” Mission Thread

Operational Process Flow ( : Destroy Objective ) [ @ Destroy Defense Forces ]J

This is an abbreviated view
of the Mission Thread.
Details have been excluded
to ensure that the diagram
is legible

Note the interactions
between the rebel and
Empire Forces

The Ground Attack Forces
Fire Weapons and the
Rebel Forces Incur
Damage and Emit a Visual
Signature. The Signature is
detected and analyzed by
the Assess Damage and
Scan for Rebel Defense
Forces activities

Counter attacks as well as
other Rebel offensive
activities should also be
defined

«OperationalArchitecture»
Planetary Invasion Mission Architecture

«OperationalRolex»
«Blue Force»

EF : Empire Forces

«OperationalRolex»
«Red Force»

RF : Rebel Forces

«OperationalRolex»
«Blue Force»

EC : Empire Command

«OperationalRolex»
«Blue Force»

EGAF : Empire Ground Attack Forces

«OperationalRolex»
«Red Force»

RGDF : Rebel Ground Defense Forces

Mvnyﬁ\chm o
Supervise Attack Y

‘«OperationalActivityActions OD — IE10 Battle Damage Assessment
Commence Attack IE2 Hire

- A\ 4

_ ««OperationalActivityActions eg
Scan for Rebel [E14 Visual Si§
Defense Forces
[]

‘«OperationalActivityActions GD
Assess Damage IE14 Visual Sigrjatlre

nature

‘«OperationalActivityActions
Emit Visual Signature Y —<

—— = = e — — —

<0 ivityActy (]
Incur Damage &

Fm-:wﬂtym: OCJ]] output
Fire Weapons

mmﬂhmvnthon eD
Inform Command

«OperationalActivityActions GD
Command Destroy
Objective

IE13 Objective Reached

|-
Lall
Heavy Blaster Fire
T4
Battle Damage Assessment
| Reach
Primary
| [No] Objective?
—_ T = — < >— —
| [ rS |
€s]
A\ A\ | |[Y ]
«OperationalActivityActions () |
Maneuver to Primary © | — —/
Objective |

‘Toutput l_ _ 9<§>

«OperationalParameter»

out : Destroy Objective




Hoth Scout Mission Goals

The Scout Mission
involves finding the
Rebel base and
determining its
defensive
capabilities

Like the Attack
Mission, the Scout
Mission also has its
own Goals, and
Objectives that
support the Goals

Effect definitions are
also shown

Strategic Structure | @ Hoth Scout Mission Goals ]J

cActualMissionPhases

Hoth SMEP : Execution Phase

Goal =

¢|dentify Rebel Base Location
¢ |dentify Rebel base Defensive Capabilities

MissionPhase = Execution Phase

«EnterpriseGoals «EnterpriseGoals
Identify Rebel Base Identify Rebel base
- Location L Defensive Capabilities
Est'o ld="16"
Text="" Text=""
57 P P
«EnterpriseObjectives B «EnterpriseObjectives _E)( «EnterpriseObjectives «EnterpriseObjectives l:o( «EnterpriseObjectives B
Electronic Intelligence Human Intelligence Intelligence Analysis Drones Long Range
Resources Established Operatives Established and and Processing Deployed on Scanners
and Tasked Tasked Resources Tasked Planet Deployed
Id="15.1" Id="15.2" Id="15.3" ld="16.1" Id="16.2"
Text="" Text="" Text="" Text="" Text=""
aEffects &‘& aEffects aEffects aEffects A aEffects A
Intelligence Exploited HUMINT Data Gathered Target Area Searched SIGINT Data Analyzed Intelligence Generated
Id="E11" Id="E9" Id="E3" Id="E4" Id="E10"
Text="" Text="" Text="" Text="" Text=""

© 2024 SSI, Aerospace, RTX




Planetary Intelligence Capabilities

It | S important tO Strategic Taxonomy [@StrategicTaxonomyIntelligence Capabilities ]J
understand how your th“”"""‘ymme“;ge A
Architecture (Operational VY ?
and Resource) provides
the needed Capabilities e o e .
for the mission Intelligence Analysis Signal Intelligence Electronic Scouting Human Intelligence

4 R U U 0
I n the exam ple Shown |aExhibits> |aExP'ibitS> |aEx?‘.ibit5: |aExf'ibilS> |aEx?‘.ibit5:
here, the elements of the | | | | |

I «CapabilityConfigurations «Systems «Systems «Persons [ «Fosts T
EileeS(S) gg%et ngg:gencgjrree for Intelligence Analy::s Systems me:‘r:lyszig:\al Viper Probe Droid Sith Lord Empire Spy
i ]
traced to the Capabilities dopesn O
they provide Darth Vader : Sith Lord
{stakeholderConcern = Protecting
T Luke Skywalker, Establishing
HH oPosts aSystems ¥ B
'ﬁ‘/lny _Capablllty th?h t . Intelligence Operative ﬁ Al Intelligence Analysis R £ Cranance)
ISSION requires that IS

not Exhibited by at least e b
one Resource element EEUscRgence Operator

would suggest a high risk
of Mission failure
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Effects, Goals and Outcomes for Hoth Scout Mission

Strategic Motivation [@ Strategic Motivation ])

Shows how the
Goals, Obijectives,
Effects and Outcomes
are all linked

Capabilities desire
Actual Effects and
Outcomes, and Actual
Resources achieve
them

These Actual Effects
and Outcomes satisfy
the Goals and
Objectives and are
shown in a sequence

The final Goal of
|dentify Rebel Base
Location is finally
satisfied

«Systems «Systems oPosts u oPersons T «CapabilityConfigurations
Viper Probe Droid Empire Signal Analyzer Empire Spy Sith Lord Intelligence Analysis Systems
I T
aExhibitss «Exhibitsa \ / laEXf‘ibilS:
| | «Exhibitss \ / «Exhibitss |
\ A 3 12 \r
«Capabilitys «Capabilitys «Capabilitys «Capabilitys «Capabilitys
Electronic Scouting Signal Intelligence Human Intelligence Intelligence Analysis Planetary Intelligence
Desires = (@ Hoth Planet STC Desires = /4 Hoth SD Desires = /4 HHD Gathered Desires = /4 Hoth IS Desires = (@)Base Located

aEffects £ «Desirpss aEffects T | aEffects [| «Depiress aEffects A Effects £ |
Target Area SIGINT Data | HUMINT Data ] Intelligence ' Intelligence |
Searched | Analyzed | Gathered Generated | Exploited
Id="E3" | Id="E4" «Desiress [ld="E9" ] Id="E10" «Degress Id="E11" oDesitess
Text="" | Text="" Text="" | Text="" | Text="" |
' 1
W |
eActualEffects 5 | «Sequences eActualOutcomes Q | \ ! |
West Hoth STC: Hoth Planet STC «Sequences | cActuzlEffects Ao '
Target Area «Sequences : Target Area - = HHD Gathered : HUMINT Data _‘S’:‘_’“*L’*’ | '
Searched - = Searched | | Gathered
| satered v v i
N , \ e «Sequences eActualOutcomes
| eActualEffects o | eActualEffects 5 eAchievess l ‘A::::;:fb Lr - Base Located : @
East Hoth STC " | Hoth SD: SIGINT " | — Intelligence
e T e cActualPosts «Sequences Intelligence - - — p
| % | Data Analyzed ke P | 45T | Generated | Ex Iomled
| — | Empire Spy | — |
. Fl _ satisfy cAchievess “A"'.Er“’ «satislly»
e 'l'E” cAchievess ¢ f ? | | |
= tisfy»
| = satls aActuzlResources ~ | |«88
| [ AemsResouces o . x;“;::e_sé’“'*.' @ usatisfy» HOTH 1AS : Intelligence
Drone 2: Viper ' Eh a0 i LNOTE ' Analysis Systems l |
| Probe Droid Signal Analyzer
| e | | | |
\ \ W W
sActuzlResources Gﬁ «EnterpriseObjectives B «EnterpriseObjectives B «EnterpriseObjectives «EnterpriseGoals
Drone 1: Viper Electronic Intelligence Human Intelligence Intelligence Analysis Identify Rebel Base
Probe Droid Resources E stablished Operatives Established and Processing Location
R IiCondition = Hoth} and Tasked and Tasked Resources Tasked 1d="15"
Id="15.1" ld="15.2" lg="15.3" Text=""
Text="" Text="" Text=""
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Personnel Taxonomy & Structure

] . Personnel Taxonomy [ Empire Forces Personnel Taxonomy ])
Details the command hierarchy of T o
the generic/standard organizations ) EBon Commander
and pOStS | «Commands
le'z:/ﬁon:@ aCon'n'ar,-::_ Iy «Posta 3

These posts and organizations are owision [ Ssron Cammande
reused in subsequent e A e fzatf
. Subsequent peem | pems=ene  Organizations

lagrams/slides showing different \
configurations | |

Oraant \L/l_ = @ «Commands «Posts &T
. . iaad < - — — — = 7 7 Brigade Commander
Instead of showing composition, a by
Commands relationship is shown. _y __ i
This keeps its elements loosely ‘c"'o”m""’.,?"n,“" e - - = PR Commandor -
coupled r——
[} [} \V )
These can then be inherited from s ], _ o _ _ SR
and reused in other structures [<Gommands
without overly constraining them T e e &
Squad

Competencies, equipment, and *‘ll | | |
executed functions can also be Fan A Fan g [ Fe Q[T o
S h OWH Squad Leader Squad Trooper Squad Gunner Squad Driver

© 2024 SSI, Aerospace, RTX



AT-AT PLT Org Taxonomy

Similar structure to the previous [ TeremeTeren UG ATATATowTooom) ) o, o [
slide for the AT-AT platoon i i
reusing the previously defined — ATAT PLT Org ALAT PLT Loader &
structure T

AT-AT Sectlpz:l’ A Leader T AT-Am:\ Org A’lm @ [
Specific Posts and | - o]
Organizations are inherited S -
from the standard/generic ones e ] o ATATSousa3
defined earlier Co e — e, &
Elements are inherited to take AraTsaas -
advantage of equipment and Systems | L
competencies, etc. and ensure e |
uniformity to Empire structures oo ] wsmmaon

8 l 1 1

These will be combined with Stormirooper )|  |ATAT Sqund Lar 0| |XTAT sauad cunner | [ATAT Squadorver &
equipment to form capability | ! | |
configurations B B BweC| [
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Heavy Mechanized Platoon Structure

Heavy Mechanized Platoon Resources Structure {6 Heavy Mecharized PT Sucture | ,
Struc’z/ure combines the systems “Hemy echanzea i org s v @mﬂZ@ﬂ@ |
on the left with the organizations Systems ATATPTOG B
(e)gr’:iheer right, which were defined — — =
«Systems «Organizations
These can be deployed into battle i, _—
and the functionality of the B °F ATAT Squmz
capability configurations as well . T
as the organizations can be A .
combined and documented ‘;;'-’Kfs‘;“;:‘"; © . |
ATATE -4 B a « %
AT‘-?'I'SEIL'-S Oc AMs L

«Systems «Organizations @
AT-ATE14-6 AT-AT Squad 6
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Mission Engineering Thread (System Functlons)

The Mission Engineering
Thread detailing the various
steps of Execute Hoth
Planetary Invasion

The functions could either
be part of the Mission
Engineering Thread, or be
Functions performed by the
Resources, now that we
have identified some of
these Resources

© 2024 SSI, Aerospace, RTX

Resources Processes [m Re

—— ngThread
Execute Hoth Planetary Invasion

—)I Scout Hoth Surface

«Functions

Deploy Scout Droids

«Functions

Explore Hoth Surface

"]
,@/l

«Functions
Identify Rebel Structures/Forces

e
=

«Functions
Report Findings

e

MissionEngi ingTh o
Deploy Attack Force

«<Functions

«Functions
Load Personnel On Transports

«Functions

Launch Transports "l

«Functions @
Maneuver to Landing Zone
«Functions o
- ~o
Disembark Troops
........ 2
Unload Equipmen
Missi i ingThread @
Destroy Key Rebel Hoth Defenses

«Functions
Coordinate Air, Ground, Space Forces

e
-§/|

«Functions
Maneuver to Shield Generators

@

«Functions
Protect Empire Ground Forces

Y

«Funci

Attack Rebel Defense Positions

tions

2

«Functions
Destroy Shield Generators

/\.l

«Functions

Bombard Rebel Base B

«Functions

«Functions

=

Capture Rebel Leaders il




Mapping the Mission Thread to the Missions Engineering Thread

Resources Processes [ &5 Resources Processes Map to Operational Activities ])

MissionEngineeringThreads 2 I aImplementss aMissionThreads )

Diagrammatic mapping between the
Operational and Resource behaviors of all MHSSSH@FD — o
types

Scout Hoth Surface

These include the Mission Threads, Mission Threa
Tasks and Operational Activities as well as the

e clmejements>_ | Weaken pii‘é":;“o;f eeeee Oj‘: .
Mission Engineering Threads and Functions = .

. eMissionTasks
Destroy Planetary Space Force

Weaken Planetary Defenses does NOT have an ] s omm-g Bl —
implementation, which is why the rebels were . - “Joso Tonpe g Eqvpmens
able to shoot the Spacecraft out of the sky

aMissionTasks g'

A Implementss | — —
,\s/|>___“_9_’___ Maneuver to Landing Zone

Mﬁssﬂ@m Th ads

fQ

This mapping is essential to ensure a fully
implemented battle plan

eMissionEnginesringThraads @
Destroy Key Rebel Hoth Defenses

_)iCoordnateA Ground, Space Fo!
] ] ] ] .~ e rs/SN N 3lmneuver:::)sbj’ective g|‘_
Other relationships could also be helpful within —— p— )
each domain. For example: :

— Offensive Actions and Defensive responses from
both sides

— Offensive and defensive systems
— Etc.

<Functions 2 «Implementss
~ _— - - - - = = =T - = = —
Capture Rebel Leaders

.(S)‘ _ _ _ _ smpementss aMissionTasks g’
Prevent Rebel Escape Destroy Fleeing Ships
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Resources Traceabillity

Traceability table
generated to map the
Operational behaviors
to the Resource
behaviors

Structural tables can
also be generated

This matrix could be
used to spot holes In
the defensive or

offensive capabilities

Legend
/" Implements

o

I
[T

g Bombard Planet w/HE ¢

netary Invasnon Operatlonal Proces

O Destroy Main Objective
g Destroy Planetary Spar
,<>‘ Inform Command -
,()‘ Maneuver to Primary C--
,<>‘ Scan for Rebel Defense-
,()‘ Wealken Planetary Defr-

¢ Command Destroy Objr
-()‘ Commence Attack -

E&] Hoth Attack Processes

: @ Attack Rebel Defense Positions
Bombard Rebel Base
Capture Rebel Leaders
Coordinate Air, Ground, Space Forces
Deploy Attack Force
Deploy Scout Droids
Destroy Key Rebel Hoth Defenses
Destroy Shield Generators
Disembark Troops
Execute Hoth Planetary Invasion
Explore Hoth Surface
~ Idenhfy Rebel Structures/Forces
.S,\‘ Invade Rebel Base

Séééééééééi

- ~/5> Launch Transports

- @ Load Equipment on Transports
,\$/>‘ Load Personnel On Transports

,(%)‘ Maneuver to Landing Zone

,(9/\‘ Maneuver to Shield Generators

@ Prevent Rebel Escape

9 Protect Empire Ground Forces

..5/ Report Findings

Scout Hoth Surface

-
75 Unload Equipment

[ S T = T = T = T S S = O SO = = -

[

- .(,\‘ Attack Primary ObjectiV[:F

w g Capture Rebel Leaders

N N

] g’ Scout Defense Capabili-

] g Load Troops and Equip--
N g Maneuver to Landing Z-
= g Maneuver to Objective--

= Q Execute Planetary Invé-
= g Launch Scout Units

(0 .(/\‘ Deploy Attack Force -
- g Destroy Fleeing Ships -

- g Destroy Primary Object :
] g Disembark Troops and -

Ny g Destroy Defense Force

NN
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= Name Implements All Specifying Elements

e Deploy Attack Force \2? Hoth LMEP : Strategy::Strategic Taxonomy::Strategic Taxono

[
1 & Deploy Attack F
Resource Function Table B Deply Stk Force & Depioy sk Fre
2 .(S/\' Deploy Scout Droids @' Launch Scout Units @' Launch Scout Units
<>' Attack Primary Objective AP Ensure Decisive Victory

w

@ Destroy Key Rebel Hoth Defenses

R EG6 Prevent Rebel Escape
Resource Functions to
Operational Activities, o

&% O1 Base Vulnerability
<~ Attack Primary Objective
Bg Establishing Dark Side Dominance

e © Planetary Attack
° r I I I fr m E EGS5 Deliver Luke Skywalker
I &8 02 Win Over Rebel Sympathizers
F® Controlling the Galaxy
\2? Hoth AMEP : Strategy::Strategic Taxonomy::Strategic Taxong
ngugn
Capabilities, Goals B vttt
3 ] a .<S>' Execute Hoth Planetary Invasion .<>‘ Execute Planetary Invasion » Hoth EP : Strategy::Strategic Taxonomy::Strategic Taxonomy

y<> Execute Planetary Invasion

d th I t = Explore Hoth Surface Q’ Scout Defense Capabilities g’ Scout Defense Capabilities

a n O e r e e l I le n S 6 - Identify Rebel Structures/Forces Q’ Scout Defense Capabilities g’ Scout Defense Capabilities

7 75 Report Findings ' Report Findings ' Report Findings

,<>' Scout Planet g? Ensure Decisive Victory

§ Loss of Position/Life

.()‘ Scout Planet

.(S/\' Scout Hoth Surface _E;( EGY Identify Rebel Base Location

_E;{ EG10 Identify Rebel base Defensive Capabilities

w

w

Hoth SMEP : Strategy::Strategic Taxonomy::Strategic Taxono
© Planetary Intelligence

9 78 Load Equipment on Transports 4’ Load Troops and Equipment M Load Troops and Equipment
10 .<S>' Load Personnel On Transports @' Load Troops and Equipment E‘ Load Troops and Equipment
11 .<S>' Launch Transports E‘ Maneuver to Landing Zone E‘ Maneuver to Landing Zone
12 78 Maneuver to Landing Zone §' Maneuver to Landing Zone Q’ Maneuver to Landing Zone
13 .(S/\' Disembark Troops @' Disembark Troops and Equipment @' Disembark Troops and Equipment
14 .(S/\' Unload Equipment @' Disembark Troops and Equipment @' Disembark Troops and Equipment
15 .(S)‘ Coordinate Air, Ground, Space Forces
M to Objecti Planetary M ve
16 @ Maneuver to Shield Generators g aneuver to Ubjective g R 1ane o . aréebu. :tr'
vianeuver to yjective
17 @ Protect Empire Ground Forces
g Destroy Defense Forces g Destroy Defense Forces
G d Attack
18 .(S)‘ Attack Rebel Defense Positions % Clrcun . A. :tc i
ose Air Attac
_FO{ EO4 Destroy Base Weapons
Q' Destroy Primary Objective _E){ EO3 Destroy Base Force Shield
G d Attack
19 = Destroy Shield Generators %’D Drctun :,ac Object
estroy Primary Objective
© Close Air Attack
E’ Capture Rebel Leaders @' Capture Rebel Leaders
20 .@) Bombard Rebel Base © Enemy Force Capture
_E)( EO6 Capture or Kill Rebel Leaders
Q‘ Capture Rebel Leaders g Capture Rebel Leaders
21 75 Invade Rebel Base (©) Enemy Force Capture
_E,( EO6 Capture or Kill Rebel Leaders
E’ Capture Rebel Leaders @' Capture Rebel Leaders
22 @ Capture Rebel Leaders © Enemy Force Capture
J_:o{ EO6 Capture or Kill Rebel Leaders

Destroy Fleeing Ships g Destroy Fleeing Ships
2 EO5 Destr

& Prevent @&OQA:@SL AerOSPaCE, R

]
w

ape Craft




Hoth Attack Mission Structure

Finally, the Structure of the
Resource Architecture using
the previously defined
Organizations and
Capability Configurations is
created

The Intelligence Info shows
information regarding the
Rebel Forces

Given the multiplicity of the
resources (8 Fighter
Squadrons, 8 Light
Mechanized Platoons, etc.)
as well as all the posts and
equipment in each one, this
represents a massive scale

This is shown on the
following slide

Resources Structure [@ Hoth Attack Mission Structure ]J

«FieldedCapabilitys
Current : Rebel Org &
Equip

©F

INTEL = Hoth Rebel
Forces Intel

eResourceArchitectures «CapabilityConfigurations ©
Hoth Attack Mission Arch = Rebel Org & Equip
3 measurements

«Measurements-Inteligence Info.Provenance [INTEL] : String

«CapabilityConfigurations «Measurements-Intelligence Info.Confidence [INTEL] : IntelConfidence
Empire Org & Equipment «Measurements-Inteligence Info.InteMype [INTEL! : InteMype

1
«CapabilityConfigurations

—{Interplanetary Assault Group Org & Equipment

eMeasurementSets CE:I
Intelligence Info

,,,,,,,,,

«CapabilityConfigurations Y
2 |Fighter Sqdn Org & Equipment

«Measurement» Provenance String
«Measurements-Confidence : IntelConfidence
«Measurements-IntelType : InteType

«CapabilityConfigurations ©
8 Light Mechanized PLT Org & Equipment

«CapabilityConfigurations ©"
4 Heavy Mechanized PLT Org & Equip

«CapabilityConfigurations ©°
3 Infantry Assault PLT Org & Stucture

«enumeration» «enumeration»
IntelConfidence IntelType
enumerapon bierals n bierals
High HUHINT
Medium SIGINT
Low IMINT
MASINT
OSINT
Other
Unknown

«CapabilityConfigurations ©
4 Planetary Transport Co Org & Equipment

«CapabilityConfigurations

Interplanetary Scout Bde Org & Equipment o

cActuzlMeazurementSats %
Hoth Rebel Forces Intel
tIntelligence Info
{appliesFor = INTEL}

Confidence = Medium
IntelType = Other
Provenance = "Exploratory
Probe Droid Data"
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Hoth Attack Mission Architecture

This diagram illustrates the
complexity of the structures defined
so far

Showing the detailed interactions
would quickly lead to quite complex
diagrams

It would also be difficult to show
interactions between lower-level
elements as they are within deep
structures

Strategies will need to be devised
on the best way to model this

This may involve defining the lower
levels together to form the Mission
Engineering Threads

Interplanetary A

e

Heavy Mechanized PLT

Mechanized PLT Ora & Equip [4]

Fessmeser
CAV Scout PLT Org : AT-AT PLT Ora [1]

e
CAV Scout Sec B Org : AT-AT Section B Org

&

e
CAV Scout Sec Org : AT-AT Section A Org.

&

o

e =
CAV Scout Sauad 4 Org : AT-AT Squad ¢

oo &
AT-AT sauad Scout: Stormirooper (8
e &
CAV Scout Sauad Lar | ATAT Sauad Lar (1]
oo 7
Orver: ATAT Squsa brver (1]
oo
Gunner : AT-AT Squad Gunner [1] A

]

e &
CAV Scout Squad 1 Org s AT-AT Squad 1

e &
AT-AT Sauad Scout  Stormirooper (]
e B
CAV Scout Squad Lar - AT AT Sauad Lar 1]
e
Driver : AT-AT Squad Driver [1] =
)
Gunner : AT-AT Squad Gunner [1] A

Ty & esseaRo & ez & Resowon &
‘CAV Scout Squad 5 0rg | AT-AT Sauad 5 CAV Scout Squad 6 Org : AT-AT Squad 5 CAV Scout Squad 2 Org : AT-AT Squad 2 CAV Scout Squad 3 Org : AT-AT Saquad 3
ez ResoeaRo ) Resouoon ) ResowaRon: A
AT-AT Sauad Scout : Stormirooper (5] AT-AT Sauad Scout : Stormirooper (5] AT-AT Sauad Scout : Stormirooper (3] AT-AT Sauad Scout: Stormirooper (6]
|| | | [ — || [
oo ® B [ o
e o o o ———————————
e T It ) T T T T T T T T T T T T T T R T T T T T T - - -
CAV Scout Section: AT-AT Section A | CAV Scout Section B AT-AT section 8 >
[ ;
R L L — e T T - - T - - - - - - ---—-—& oo —— - P T T~~~ wGwmm— — "~ " T g
Brodiey M2a4 -2: AT-AT E14 -2 @l | Braa : o i : o) |
: 3t ATATEv - ] ey M2AS -3 AT-ATE18 -3 ) Bradiey M2A4-4: AT-AT E14- 4 i |
1
,,,,,,,,,,,,,,, | I . ‘:
“AUX Systems : AUX systems | s, s i B =415 Systame : AUX Sretems o ek B LT i
L cav Sauad 2 R amaen | I 11| cAV scout Squad 4 0rg : AT-AT Sauad s 1 o
q ! ! [ 1 i o
oo | [ e ig ' o I 1
ez 2 g Y Comms | | 5 A | il
1| AT-AT sauad Scout : Stormtrooper 0 | | | CAV Scout squad3 0rg | I Uy [ATAT Sausd Scout: tormirooper a1 Lot L
i 0 i
I " — ! i i ! L
i 1 (i1 e ) I 0 (R I
7 s A ATAT Squad Scout : Stormirooper (8] i e 7 ] 0l
CAV Scout Squad Lar : AT-AT Squad Lar (1] & I [ ! i 1! | cav scout squad Lar : AT-AT saquad Lar (1] Ll i
i 0 i
| [ ! | I 1l o
i h [ e 3] | 0 (0 I
f R ) CAV Scout Squad Ldr: AT-AT Saued Lar [1] 1 [ e ) N ! i
| [priver :ATAT Squad priver 11 I [ i 111 [orversATAT Squsd orver 1 il U 5
I [ | ! i U il
| i b Ressueaoe | K L R
| R 2 i | | [priver:ATAT Squad brver 1 | [0 Ressearoe x i Ressueao ) 1
| | sunner : AT-AT squad Gunner 11 | 1 i1 11| [sunner: AT-AT sauad Gunner 11 I 1| [unner: ATAT Squad cunner () L
I I | ! [ - I
] [ i |
,,,,,,,,,,,,,,, b I I e ) ! | il R R |
i || | Sunner: ATAT saued unner 1 I { [ o
R i I | it
ATATEM 2 = ! 1
I |
——————————————— a | |
P iR -
AV Scout sauad 2 Ora :AT-AT Sausaz 6 e al |

|

I
oo 2 |

AT-AT Squad Scout : Stormtrooper (8] |
|

oo 3] !

CAV Scout Squad Lar : AT-AT Squad Lar [1] |
|

o 1

7 A |

|

= !

A |

|

AT-AT Squad Scout : Stormtrooper [8] A

Driver : AT-AT Squad Driver [1] A
Gunner : AT-AT Squad Gunner [1] A

wows : weapons &

|
I

I

|

|

Fesouion 2!

CAV Scout Squad Lar: AT-AT Saquad Lar 11 & | |
|

|

|

|

|

|

|

CAV Scout 5quad 10rg : AT-AT Squad 1

AT-AT Squad Scout : Stormtrooper [8] A
CAV Scout Squad Ldr : AT-AT Squad Ldr [1] A
Driver :ATAT Sqund Driver 1

Gunner : AT-AT Squad Gunner [1]

A
A

CAV Scout 5quad 6 Org : AT-AT Squad 5

|
I
Rescuon ) |

AT-AT Squad Scout : Stormtrooper (5] |
|

Fesowon 3] !

CAV Scout Squad Lar : AT-AT Squad Lar [1] |
|

|

|

|

|

|

|

Driver : AT-AT Squad Driver [1] A

Gunner : AT-AT Squad Gunner [1] A

Torg & Stucture (8]

ScoutPLT [2 ¢
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AT-AT Systems and Measures
y UAF Misslon Level
Resources Taxonomy [@ArcticAT-ATTaxonomy ]J M@d@” @f &h@ AT:AT

The figure shows two

variations of the reused R Redetnes Koy
model: the left where the Properties Propertes.
SysM L. parts are | S o IR o — = O
maintained, and the right — A ResouroeRon o

. S g ploxys» CMS : Comms
Where they are red eflned tO ipc : Interplanetary Comms ? Sub-sonic RF - Sub-Sonic RF e 0
UAF elements — : ’:9‘0 » . fl:l ipc : Interplanetary Radio

- ) Lomms - igpwave : Microwave Rf «ResourceRoles
Note that for readability not ;] pe : Planctary Radio ~

*:Weapons
a” elements ar? S.h Own c2hlc : Class Il Heavy Laser Cannon [2] W;:?‘::It::::ns 8
Because UAF limits FP:Firepower - 10000.0 ResouwoeRoRs
. . . c2hic : Hvy Laser Cannon [2]
|nte raCt|OnS and con neCthn mrbc : Med Repeating Blaster Cannon [2] ~FP : Firepower = 10000.0
to UAF-UAF elements, it S —
orts need to be redefined — mrbe : Blaster Cannon [2]

p SySML AT:?I‘SE‘M -3 o “FP : Firepower = 2500.0
SysML can show both UAF

and SysML connections Model of |aares-s —

AT-ATE14-4

Al=-AT Systems = . C
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Measuring Mission Success Using UAF Parametrics

The example parametric diagram
makes use of both UAF and SysML
measurements/ value properties

These include:
— Measures of Performance (MOP)
— Measures of Success (MOS)
— Measures of Suitability (MOSu)
— Measure of Effectiveness (MOE)

The measurements are:

— Max Range = MOP

— Fuel Burn Rate = MOP

— Max Weapon Load Out = MOSu

— Cost Per Kill = MOE

— CostE -> Probability of Success = MOS

— Attrition = MOE

— The objective function calculates

probability of success

Note that the diagram simply
illustrates the concept and is not a
detailed example

Resources Parametric | ﬁg'j AT-ATE14-2 ])

«objectiveFunction» «ResourceRoles @
HOF : constraint tAT-ATE14-2
HothObjectiveFunction e .
p2 p2 AE : AttritionEquation p1  «equals «Measurement»
D wequaly L “m??”
Attrition
aMeasurements IE]
«constraints o1 «equald - ‘":p’
D p3_ 3 MRA : MaxRangeAnalysis E e —_r
«equals m :
aWeasurements
[— P2 gequals ey (=
FuelBurnRate
(] p4  peap| «constraints " o1 «equab e
ﬂ 1 xequals CE : Capacity Equation amosUs [l
p1 ps {pcap=Lim(x}<sum(y)} MaxWeaponLoadOut
( - - «Measurement»
xequpls e mana pS «constraints p1 xequab —
UCE : UnitCostEquation CostPerKill
eMeasurements ™ ; :

amosus

ProbabilityOfSuccess
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Conclusions and Future Work (1)

This model was built as a proof of concept for UAF support for Mission Engineering

The current UAF metamodel and future extensions (UAF 1.3/2.0) will address most
Mission Engineering concepts

Standardization of MBSE concepts in a profile is beneficial
— Reduces learning curve, miscommunication, confusion, efc.
Examples of model-based standardizations
— UML was created to standardize SW engineering
— SysML to extend UML for systems engineering
— UPDM/UAF to extend SysML/UML for DoDAF/MODAF/NAF
— RAAML for safety and security in SysML model evaluation
SysML provides many Mission Engineering concepts but needs extensions
The approach taken in this presentation provides these extensions
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Conclusions and Future Work (2)

We will continue to build the model and examine the issues of resource architecture complexity,
scale, and detall

We need to build behavioral models at both the detailed and high levels.
— Reuse will be an essential part of this effort — libraries, patterns, GRAs, etc.
Add state machines and sequence diagrams

We are socializing the model so that people can build on this to ensure that the UAF Mission
Engineering extensions are fit for purpose

We will release these profile extensions to bridge the gap until the next UAF
release

— Next expected version will be UAF 1.3 specifically to support Mission
Engineering

— This version will also include a NEW ME Guide for UAF
Finally, we encourage any and all comments to help us achieve our goals
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