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Abstract S5/

* As a means of exploring how to identify potential capability gaps
within its air, land, and seas forces, the U.S. Department of Defense
developed the Mission Engineering Guide to help define key terms
and relationships between mission-related elements.

* This paper shows how UAF can be extended to leverage the concepts
in the Mission Engineering Guide and use them to model missions
and the resources used to execute them, while referencing a widely
known Star Wars battle as an example.



What is Mission Engineering? S55S/

* Mission Engineering (ME) as the deliberate planning, analyzing, organizing, and
integrating of current and emerging operational and system capabilities to achieve
desired warfighting mission effects.

 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 SoS 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.
Avallable online at https://ac.cto.mil/wp-content/uploads/2020/12/MEG-v40 20201130 shm.pdf
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Mission Engineering Terms S5/

e Mission: The task, together with the purpose, that clearly indicates the
action to be taken and the reason thereby. More simply, a mission is a duty
assigned to an individual or unit.

e Mission Thread (MT): An end-to-end sequence of tasks, activities, and
events to execute a mission.

e Mission Engineering Thread (MET): Mission threads that include technical
details of the capabilities and systems required and utilized to execute the
tasks and activities for a mission.
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Mission Engineering Views in UAF
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Mission Engineering and the UAF (1) 55/

« Strategic Capability and Enterprise Concepts:

* Defines the “why” and “what” and “when” before the “how”.
 For ME, these are used to define the mission goals, purpose, timescales, structure, architecture, quantitative

metrics, and temporal and physical mission structures.
 Operational Logical Architecture:
« Defines the enterprise architecture in a solution in-dependent form including behavior and structure.

 These views define all aspects of the MT.

* Security:
» |dentifying risk, its mitigation, and integrating security into the architecture.
» Mission risks and mitigation can be defined and quantified to increase mission success.

- Standards:
« Definition of and compliance with standards in the architecture. Standards correspond to guidance, rules
of engagement, doctrine, etc.

« For specific elements of doctrine, the standard can be imported into the model, defined as types of requirements,
and linked to model elements.



Mission Engineering and the UAF (2) 55/

* Resources/Systems:

« Systems, software, technologies, etc that will implement the solution by implementing the operational or
logical elements.
 These views and elements form the MET that implements the ME.

 UAF also provides temporal concepts to show how the systems evolve over time as well as variations and trade off
analysis between candidate solution architectures.

* Personnel/ Human Factors:

* How people and systems interact, and their expected knowledge & skills.
 These are the organizational structures, configurations, equipment, behavior, etc. pertaining to the MET.

* Built-in Traceability:

» Between Multiple Views as well as Between Layers and Across Layers
* These demonstrate that capability and mission goals have been met.

© 2023 SSI



Mission Engineering Process
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SR 71 Mission Profile Diagram
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Mission Modeling Profile View

Profile Diagram Wission Profile [ Mizzion Modeling Profile ]J

astereotypes F@
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 We took a minimalist approach:
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[Claz=]

+DC créﬂiu r ;E.tring
+0C date . String

astereotypes 75

[InstanceSpecification]
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i & » B e
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« Extensions to the UAF diagrams.

Maore info on Ref Doctrine
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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.

 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

© 2023 SSI


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

Why the Battle of Hoth? SS/

* The example used in this paper is 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.

 As itis 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.



Empire Planetary Invasion Missions

Strategic Taxonomy [@ Planetary Invasion Missions ]J

 The Empire Mission structure shown illustrate
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.

 The Execution and Planning Phases both inhi
Mission Tempo and Phase attributes.

ahMizsions

Empire Mizsion Phase

T‘

ablizsions

Execution Phase

-]

aMissions @ ‘

Planning Phase

=

ahlissions
fnvasion Mission

ay aMizsionThresds E’:{-
T ‘ ‘ Attack Primary Objective
'

a F'rE-:eas.!-f:aptaT-:n.!«:tLall nititatives
£

ablizsions ahlizsions allizsions @
Scout Mission Landing Mission Attack Mission
- Y l

aklizsions

Planetary Invasion Mission ‘
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Hoth Invasion Missions

Strategic Taxonomy [@ Hoth Invasion Mis=ions ]’J

* The Hoth Invasion is an instance

sActuslMissions
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The scenario & vignette
elements are types of
condition which means that
they can define single
conditions as well as sets of
conditions.

The scenario defines the
conditions for the mission
and the vignette for the
mission phase.

The actual scenarios and
vignettes do the same for the
actual mission and mission
phase.

As they are actuals, the
define the precise conditions

Mission Scenario and Vignette

Strategic Taxonomy [@ Hoth Mission, Scenario, and Vignetite ]J

Planetary Invasion Mission

aMicsions @

Attack Mission
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Vignette
eazurements-VLoc : Location
eazurement»-VCond : Condition
Meazurement»-VEnwviro : Environment

|

aMission5ocenarios *

Planetary Invasion

gActualMissionSocenanios
Hoth Planetary Invasion : Planetary

Invasion

*

SCond = Life Supportable Planet

SLoc = Hoth
SPol = Mon-Empire Controlled
STime = Mear

SEnviro = Snow and lce , Sub-zero Temps

aMissionVignettes *_
Ground Attack

sActualMizsions
Hoth Invasion : Planetary Invasion Mission

[ Scenario = Hoth Planetary Invasion

wActuslfissions

Hoth AM : Attack Mission

Vignette = Hoth F}ttack:

eActuslMissionPhases

Hoth AMPP : Planning Phase '

sActusiMizsionPhases

Hoth AMEP : Execution Phase

eActusiMissionVignettes *_
Hoth Attack : Ground Attack

VW Cond = Hostile Territory
VEnviro = Mountains, Plains
VLoc = Rebel Base and Surrounding Area
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Hoth Execution Phase Actual 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 what causes the
Mission to fall.

The Empire normally executes their
missions with extreme violence.
This constraint, prevented this.

Strategic Structure [@ Hoth Actual Mission Goals | |

afctuslllizsionFPhases

Hoth AMEP : Execution Phase

MissionPhase = Execution Phase

eEnterpriseGosls eEnterpriseGosls
Capture Luke Skywalker Destroy Rebel Defenses
|d=H5II |d=HEII

Text = "All Rebel defenses
={shall be destroyed in order
to allow for successful
capture of Rebel base,
equipment, and personnel’

Text = "Mo one shall harm
Luke Skywalker and he shall | *OPRosess
be taken alive and delivered
to Darth Vader”

aEnterpriseGoals E
Prevent Rebel Escape

|d="g"

Text = "All Rebel personnel
shall either be captured or
killed"




Capability Map to Actual Missions

 The Planetary Attack capability
hierarchy is shown on the left.

 This includes Ground Attack,
Close Air Attack, etc.

* 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.

Strategic Taxonomy [@ Capability Map to Actual Missions ] |

7
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Planetary Attack [~ <Exhi

Ground Attack

«Capabiltys @

Close Air Attack

(Capablm')’) ( c— )

7

bitss

aActusiMissionPhases
Hoth AMEP : Execution Phase

{goal = Destroy Rebel Defenses, Capture Luke
Skywsalker, Prevent Rebel Escape,
operationalArchitectureOfEnterprisePhase = Planstary
Invasion Mission Architecture,
resourceArchitectureOfEnterpreePhase = Hoth

Attack Mission Arch}

)

«Capabilitys

Space Bombardment

7\
|\C )

MissionPhase = Execution Phase

-

«Capabilitys ()
Planetary Maneuver

|

«Capabilitys

'Enemy Force Capture

(C )

«Capabilitys

Command & Control

o\
|\C )
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Strategic Actual Enterprise Phase Taxonomy Table

« Automatically generated table showing details of the Actual Missions and Phases.

: wme | e | s | ottt | Remmebtece O | g i | o |
. B Es ectiie Hoth fivasion &) Execution Phase & MissionTempo = Rapid and Forceful
= & MissionPhase = Execution Phase
& Attack Mission ‘ & invasion Planning Phase = Hoth AMPP

2 M’ Hoth AM . . !
&) invasion Execution Phase = Hoth AMEP

&) Execution Phase _F EG4 Destroy Rebel Defense| #8 Planetary Invasion Mission | ¢ Hoth Attack Mission Arch ‘ZT:C:," Planetary Attack | MissionPhase = Execution Phase
3 ' Hoth AMEP ¥ £65 Capture Luke Skywalke
F EGE Prevent Rebel Escape
- ' Hoth AMPP ® Planning Phase ‘ & MissionPhase = Planning Phase
5 M’ Hoth Attack Mission @ Attack Mission
6 ' Hoth EP @ Execution Phase
® Planetary Invasion Mission & LM = Hoth LM
© AM = Hoth AM
7 " Hoth Invasion & SM = Hoth SM
& invasion Planning Phase = Hoth PP
& invasion Execution Phase = Hoth EP
8 M Hoth Landing Mission ® Landing Mission
9 @ Hoth LM @ Landing Mission ‘ &) invasion Execution Phase = Hoth LMEP
& invasion Planning Phase = Hoth LMPP
10 +" Hoth LMEP @ Execution Phase ‘ &) MissionPhase = Execution Phase
[ 11 " Hoth LMPP ® Planning Phase & MissionPhase = Planning Phase
12 » Hoth PP @ Planning Phase
13 M’ Hoth Screen Mission @ Scout Mission
» 1  Hoth SM @ Scout Mission . O] fnvasion Plannir.19 Phase = Hoth SMPP
& invasion Execution Phase = Hoth SMEP
15 " Hoth SMEP &) Execution Phase | &) MissionPhase = Execution Phase
16 " Hoth SMPP © Planning Phase € MissionPhase = Planning Phase

17 ) Plan Hoth Invasion Mis & Planning Phase
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Weapon Resources Taxonomy

* Defines the interactions that will
take place at both the
Operational and Resource
levels.

« Blaster weapons are directed
energy weapons, so the
transmitted elements are types
of energy, a natural resource.

Resources Taxonomy | E‘] Weapon Resources Taxonomy ] I
— /

«NaturalResources @
Energy

|

aNaturalResources @ eNaturalResources @ eNaturalResources @
Blaster Fire Cannon Fire Long Range Fire
A A A
aNaturalResources (o
Light Blaster Fire NaturaResouroes
R Turbo Laser Fire

Heavy Blaster Fire
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e |nitial data model of the
information interactions at the
Operational level.

 These should be expanded to
include attributes and other
elements.

Logical Data Model

Logical Data Model [@ Logical Data Model | |

alnformationElemsants [I|
Attack

zinformationElemeants

Battle Damage Assessment

(]

alnformationElemants E|
Damage Report

alnformationElementa E|
Evacuate

alnformationElementa E|
Fire

alnformationElemsants [i|
Movement

ainformationElements [I|
Objective Reached

alnformationElemsants [I|
QPORD

alnformationElemsants [I|
Scan Data

alnformationElementa [I|
Sector Scan

alnformationElemants [I|
Status

alnformationElemsants [I|
scout Report

alnformationElements [I|
Visual Signature
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Operational Taxonomy

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

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.
should be added.

The addition of Friendly, Enemy, and Neutral
stereotypes are 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.

Operational Taxonomy [@é‘l Operational Taxonomy ]J

«OperationalPerformers O
Rebel Shield

«OperationziPerformers
Rebel Air Defense Forces

«OperationsiPerformers &5 L

Rebel Escape Transport «OperstionaiPerformers O |
Rebel Forces
«OperationalPerformers P
Rebel Ground Defense Forces
«OperationaiPerformers O
Rebel Command
«OperationalArchitectures ROl

Planetary Invasion Mission Architecture

«OperationalPeriormers 5L
Empire Ground Attack Forces

«OperationaiPaerformerns 5
Empire Scout Forces

«OperationaiPerformers )

(==’ «OperationaiPerformers O
Empire Air Transport Forces Empire Forces

'

«OperationzPerformers 4
Empire Space Forces

«OperationalPerformers 5
Empire Command

«OperationzFerformen R
Empire Air Attack Forces
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Attack Mission Architecture with Red and Blue Forces

1 Operational Internal Connectivity [ [fhz Attack Mission Architecturs | ]
° :
IBD version of the s / e =
aRed Forces - -
' - Force Designation
T ke RF : Rebel F
Operat|0na| e Forcer éb orces A [ e Force
i EF : Empire F ' ' -
ArChIteCtU re -  oromn: mpire Forces Blaster Fire <OperationalRoles {%’ E'.raFci;Jeate, Green Force
—h—Aﬁaﬂk e ey & > RADF : Reb 1? FSH;E‘ F 4+— Il Red Furce
- .
« An abstract/solution Qe Pas e e Sonere
White Force
' - aDperationzlRole
|ndependent wlperationzificles & _ B e Evacuate
aBlue Forces Elaster Fire 4‘_
eXpl'eSSIOI’] Of the EATF : Empire Air Transport Forces ) RET : Rebel Escape Transport
. Scan Data OperationalRole
proposed battle. oroRn|  OpemnaRom o —* * Red Forces &
C Sector scan .
I EScF : Empire Scout Forces S can Dath RGDF : Rebel Ground Defense Forces
[ . T
°
Interactions include el - Long Range fre e
. ! aBlus Forces Evacuate
|nf0 rmatlon 2 ESF : Empire Space Forces Y v Sector Scan
Exchanges betweer 4
annaon Fire,
trOOpS and Battle{ Damape Asgessment Blaster Fire
v aDperationalRoles C%'
d aBlue Forces Damabe Report
CO m man eI’S, EGAF : Empire Ground Attack Forces
f' ch”t Report v Damgge Repoft
Wea OnS |re QPORD, aOperationalRoles ¥
p ! Aftack L e & Damage Repgrt
Sustalned damage Battle Damdge Assessment Cannon Aire RS : Rebel Shield Damahge eport v
)
" aDperationalRole
scan data, etc. Rz |y Pt Denage Asscsanen == |
EC : Empire Command RC : Rebel Command




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 =H...... S A T 4 G
2 Exhibits _g Elf‘_‘] At:'tack:Cap:ablfrt:»es
)
. Exhibits (Implied) - IR B e B
: o - : > = -
0 vl B 72 HE i B - O B -
6| iR | W E|R O
5 z U 8 % & 0 &
5 % [opd & 52| mE
) - |1 4 - C
D € (Gl (g W )
o « E 5 3 @ & E
= o 2 9 5 .5 8 5
A O w 06 a a w O
d ] L) L) (L) L) L) L) L)
= ] Empire Operational Taxonomy 7 Sl Sl SR S S S
.. c, Empire Air Attack Forcess S 5 A
5 Empire Air Transport Forces
... 5, Empire Command 1 M /
... &5, Empire Forces .2 A3 A A A A
.. &5, Empire Ground Attack Forces - ) LA
... & Empire Scout Forces
.. &5 Empire Space Forces 3 3 il s A

© 2023 SSI




Planetary Invasion Processes — Mission Threads and Tasks Decomposition %/

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

* |tis 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

aMissionThreads r/\;
Execute Planetary Invasion

'

alissionThreads /™ oMissionThreads / ¥ oMissionThreads 7y oMissionThresds /™
Scout Planet Weaken Planetary Defenses Attack Primary Objective ) Deploy Attack Force
eMissionTasks [ oMlissionTasks g oMissionTasks g aMissionTasks g oMissionTasks g eMissionTasks g 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
\ \ e - o - — -
= o g Destro aﬁ:;o:Tasgb'ective @ Mane:lt:?i:g:ective g Maneuv;’:izbiz:\:;;n Zone @
Report Findings Bombard Planet w/HE Canons y Iy J g
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Empire Operational Processes

¢ 'lI)'hedEr?plredforceS ?ref :L]Orse \ghlcl:(h WI” Operational Processes [E] Empire Operational Processes ]J
€ depioyeda as part or their attac
strategy. These are the abstract -
. ' eriormen %
elements, from which Resources will s
be chosen to implement them. f
«OperationalPerformers 0, «OperationalActivitys r/:; «OperationalActivitys £
. Empire Air Attack F - i

« Each has a set of Operational Activities ——— EREW Nl Transports ENowons

that they can perform.

«OperationalPerformen & «OperationalActivitys r/‘u «OperationalActivitys r/\;

 |fMBSE is already established in an Empire Ground Attack Forces Fire Weapons “| |Capture Enemy Leaders

organization, these would be part of a —— - e

' » &H «OparationalActivitys /5] | «Operstionsléctivitys /™

Ilbrary and reused. Empire Scout Forces Identify Enemy Defensive Capabilities ~ | [Locate Enemy Base :
* For a new installation, these would o ——— T 7 T TV T

form the basis of the library to be {Empire Space Forces Transport Ground and Air Units ~ | |Bombard Enemy Defenses

populated as further missions are

deﬁned. «OperationslPerformers & «OperationalActivitys F/\J «OperationalActivitys ;'\/J

JEmpire Command Command Deployment % Command Attack
 These activities are referenced by the S _ - -
C » oo «OperationalActivitys 4
Mission Tasks. Empire Air Transport Forces Transport Troops and Equipment
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Strategic Traceability SS9/

Legend =- [ Attack Capabilt...

« Traceability table showing the Actual e ﬁ _X H
Missions, Mission Threads, Mission Tasks % Maps To Capability (Implied) 173343

and operational activities that exhibit the 22213
required capabilities. S e

v Exscute Hoth Invasion Mission : Execution Phass

G
Pla
P Pla

(C
(c
ml(c)
C
C

N

- {3 Hoth AMEP : Execution Phase 1
» Hoth AMPP : Planning Phase

 The scope has been focused on the Wi

»  Hoth LMEP : Execution Phas=s

Planetary Attack capability and its owned ) et 150 | P ohac

»© Hoth PP : Planning Phase

Ca pabilities Hoth SMEP : Exscution Phase

- i Hoth SMPP : Planning Phase

\

»  Plan Hoth Invasion Mission : Planning Phase

= E] Planstary Invasion Operational Processes [Operationa (3 3 4 9 3 3
Attack Primary Objective B 7 A A A A
Bombard Plan=st w/HE Canons 2 . P
Capture Rebel Leaders 2 Db

Deploy Attack Force
Destroy Defense Forces =
Destroy Planstary Space Force B
Destroy Primary Objective -

« This helps to validate the Mission thread
against the required capabilities.

 Metrics could be added to determine the
required and provided measures for trade-off
analysis.

Disembark Troops and Equipment
~ Execute Planetary Invasion AP R P B RS R R
Launch Scout Units

Load Troops and Equipment
Man=suver to Landing Zone
Mansuver to Objective 2 5 2]
Report Findings

QY Scout Defense Capabilities
r/:f Scout Planst
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Rebel Operational Processes

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

Operational Processes | @ Rebel Operational Processes ]J

«OperationzlActivitys

A

rd
[

/
Evaluate Battle Damage &

x4

«OperationslActivitys
Command Ground Forces

N
R/

«OperationalActivitys /™

Command Air Forces

«OperationalActivitys r/v\;
Coordinate Forces

«OperationzlPerformerns &
Rebel Forces
[
«OperationziPerformen @] «OperationalActivitys {:; «OperationalActivitys F/\;
Rebel Ground Defense Forces Provide Cannon Fire Destroy Attacking Ground Forces
| J«OperationalPerformers O «OperationalActivitys /™
Rebel Shield Repel Heavy Artillery
«OperationalActivitys r/?;-
Provide Short Range Fires
«OperstionaiPerformers O «Operationalactivitys e
Rebel Escape Transport Evacuate Troops and Equipment
) «OperationalPerformers 5 «OperationalActivitys r_/\; «OperationalActivitys r/>
< ‘ W K W
Rebel Air Defense Forces Destroy Attacking Air Forces Destroy Attacking Ground Forces
| |sOperstionaiPerformers 0 «OperationalActivitys r{\A‘J «OperationalActivitys ;’\/4
Rebel Command Command Evacuation Command Fires
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Destroy Defense Forces Mission Thread Activity Diagram

[ ] This iS an abbreViated for Of the Operational Process Flow ( : Attack }I@ Destroy Defense Forces ]J
Mission Thread. Details have

been eXCIUded to ensure that the «Operaticn:::I::aryInvaSion bl 5}5 «OperaticnalRolex» c;

dlagram IS |eg|b|e EC :«s:'le;iart:::aﬁror:»and Cﬁ: | EGAF:Em;i?:eé::T:cllRZIthk Forces 6% RGDF:RebZ?.Zer.::zzaxftzse Forces ~
* Note the interactions between ° - 1 ————————————————————— S N R .

the rebel and Empire Forces. | T ) PR :

! . = ' T T {5 Vinsal signature
. s > e ) o + —

L] J < E12 Visual Signature

The Ground Attack Forces Fire o ) |

Weapons and the Rebel Forces ’ ———

Incur Damage and Emit a Visual S + — ")

Signature. The Signature is l - [mm#p?m =

| o

deteCted and analyzed by the cowaﬁmmmy\l:‘ctbm 0 )} input £10 Battle Damage Assessment :

Assess Damage and Scan for L : N

Rebel Defense Forces activities. | [ - L &=,

DpeatonalativtyAct e ([ves]
« Counter attacks as well as other - N I
: . l - . | Inform Col:\"r:"n:i:m OD
Rebel offensive activities should | C )
|

also be defined. e

«OperationalParameter»

out : Attack
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Logical Data Model Usage

3 I < Name ] Participates In Activity | Info Exchange Exchange Source | Exchange Target I

« Summary table showing S Commst ek

1 i) Attack £ Commence Attack

the Information |G Dasiioy Defene Forcis

/N
% Assess Damage
e

1 — Scan for Rebel Def F
Elements and their 2 | mssessa R LT

N

| Operational Exchange:flow for Attack[ (|55 Empire Command |55 Empire Air Attack Force:

2 Operational Exchange:flow for Attack[C &5 Empire Space Forces

2 Operational Exchange:flow for Attack[ O &5 Empire Ground Attack F
34 Operational Exchange:flow for Battle D¢ <55 Empire Ground Attack F|c55 Empire Command

5 Operational Exchange:flow for Battle Di <& Empire Space Forces 5 Empire Ground Attack F

I 36 Operational Exchange:flow for Battle D: <55 Empire Air Attack Force:
‘B, OE42 Operational Exchange:flow for Battle D:

relationSh i pS . ‘fl» OE27 Operational Exchange:flow for Damage|c5 Rebel Shield % Rebel Command

‘B, OE2E Operational Exchange:flow for Damage| <55 Rebel Ground Defense F| 55 Empire Ground Attack F
3 (i) Damage Report ‘B, OE22 Operational Exchange:flow for Damage| <55 Rebel Escape Transport
‘B, OE30 Operational Exchange:flow for Damage <55 Rebel Air Defense Force:

* They do nOt a” appear ‘A, :r:w | Operational Exchange:flow for Damage| <55 Empire Ground Attack F

2 Operational Exchange:flow for Evacuate[|<55 Rebel Command 5 Rebel Escape Transport
L] " n
On aCtIVIty d Iag ramS 4 (i) Evacuate E24 Operational Exchange:flow for Evacuate 5 Rebel Ground Defense F
] JE25 Operational Exchange:flow for Evacuate |55 Rebel Air Defense Force:

. d . t' th t th % Fire Weapons ‘B, OEG Operational Exchange:flow for Fire[ Oper| 55 Rebel Command &5 Rebel Ground Defense F
I n ICa I ng a e 5 (i) Fire £ Scan for Rebel Defense Forces 1 & Operational Exchange:flow for Fire[ Ope|&5 Empire Ground Attack F| &5 Rebel Air Defense Force:
: =10 Operational Exchange:flow for Fire[ Ope &> Empire Ground Attack F

behaVioral mOdel iS not _ 6 (i) Movement _ ‘ﬁ» '.;‘E‘ Operational Exchange:flow for Movemet &5 Rebel Command c?: Rebel Air Defense Force:)

- [@) Objective Reached r;i Inform Command o ‘A, OE12 Operational Exchange:flow for Objectiv| <S5 Empire Ground Attack F| 55 Empire Command
yet Com plete _ |~ Command Destroy Objective o
- ‘B, OE17 Operational Exchange:flow for OPORD[| <55 Empire Command |55 Empire Space Forces
‘B, OE12 Operational Exchange:flow for OPORD[|c55 Rebel Command |55 Empire Scout Forces
‘B, OE19 Operational Exchange:flow for OPORD[ &5 Empire Air Transport Fol
8 (i) oPORD “f1, OE20 Operational Exchange:flow for OPORD[ &5 Empire Air Attack Force:

3 Operational Exchange:flow for OPORD][ &5 Empire Ground Attack F
Operational Exchange:flow for OPORD[C 5 Rebel Air Defense Force:
4 Operational Exchange:flow for OPORD[C &5 Rebel Escape Transport

E30 Operational Exchange:flow for Scan Dal &5 Rebel Ground Defense F| 55 Empire Scout Forces

9 (i) Scan Data ? : % 5
40 Operational Exchange:flow for Scan Dal &5 Rebel Shield _
10 (i) Scout Report 2 Operational Exchange:flow for Scout Re 55 Empire Scout Forces &> Empire Command
3 7 Operational Exchange:flow for Sector Si &5 Empire Scout Forces |5 Rebel Ground Defense F
1 [i] Sector Scan - X o -
:2 Operational Exchange:flow for Sector S &5 Rebel Shield
12 (i) Status _ _
£ Emit Visual Signature ! 41 Operational Exchange:flow for Visual Si|c5% Rebel Ground Defense F|<55 Empire Ground Attack F
13 (i) visual Signature r/\; Scan for Rebel Defense Forces ‘R, OE42 Operational Exchange:flow for Visual Si

N
. Assess Damage
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Personnel Taxonomy & Structure

« Details the command hierarchy of the
main organizations and posts.

 These posts and organizations are
reused in subsequent diagrams/slides
showing different configurations.

* Instead of showing composition a
commands relationship is shown. This
keeps its elements loosely coupled.

* These can then be inherited from and
reused in other structures without overly
constraining them.

» Competencies, equipment, and executed
functions can also be shown.

Personnel Taxonomy [ Personnel Taxonomy ])

«Organizations %’
Legion

m~ -
|c\.,c-n'rr=r:>

«Organizations &B’

gLommands

«Posta I;Q:r
- L
Legion Commander
aPosts '.O.f

“|Division Commander

Air Brigade

«Organizations

Division |
«Commands
ol |. <Organizations Eg
I |Armored Brigade

L.

«Organizations &‘87
Brigade

Commands |

\
«Organizations g‘g’
Company
\

gommands

W
«Organizations Mo |
Platoon
| «Commands
\/
aOrganizationa @
Squad

'\
TeCommands

ommands

I e e e e e e —

“|Brigade Commander

o)
f
J

«Posts

aPosta IQIT

Company Commander

aPosta Pir

Platoon Leader

«FPosts
Squad Roles

ar

i

||

«Posta
Squad Leader

)

I

«FPosts /
| —

Squad Trooper

Squad Gunner

«Posta 'A'IT «Posta

Squad Driver

o
A
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AT-AT PLT Org Taxonomy

' ' . Personnel Taxonomy [AT-ATPLTOrgTaxoncmy ]J ]| <Commands o o
» Similar structure to the previous Paoon 1 " |atoomeader

slide for the AT-AT platoon . T =

reusing the previously defined
structure. | SR

Fosta a «Organizati ol AT-AT Squad 1
AT-AT Section A Leader AT-AT Section A Org

» Posts are inherited as are ! - . =

Section Leader

organizations. i T

AT-AT Se:::::: B Leader af 4“1“\“’ AT-AT Squad 3
. . L‘ gie) ,& zati &E 3 «Organizations gﬂr
* Elements are inherited to take e o

«Organizations é@:

advantage of equipment and |
competencies, etc. and ensure .

uniformity to Empire structures. LT

* These will be combined with S T N
e q u | pm e nt to form C a p a bl | |ty AT-AT Squj:d Ldr — | |AT-AT Squa]: Gunner | [AT-AT Sqlad Driver Storm]:ooper i
Conﬁg u rations - Squa(:o::ader 'g Squa:;:ot‘:::nner 'B'T Squ;zogt:iver '8: Squa:ip:'i:oper B’T
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Heavy Mechanized PLT Structure

° Heavy MeChanlzed Platoon Resources Structure [@Heavy Mechanized PLT Structure ]J
Structure combines the systems B
. . . avy aniz rg quip
on the left with the organizations - —
on the right. ‘ ‘;:?'A‘“}’;".;m” o ATATPLTOG [~
. «Systems o «Organizations T
* These can be deployed into ol BEEE ek a0
battle and the functionality of the e e il
. . . AT-ATE14-2 = AT-AT Squad 1
capability configurations as well =
as the organizations can be ararenss [ | ATATSqueaz "
combined and documented. T T AT Sz D
AT-AT Section B
¥ «Organizations ol
A ® AT-AT Section B Org <
AT-ATE14-4 [ ]
«Systema ) A';?Ao':n:;t::; 4 %i 5=
AT-ATE14-5 5
| B °
B s © “T e —
AT-AT Squad 6 ‘\&‘j =
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Resources Processes

Resources Processes [ & Resources Processes ]J
* The Mission Engineering e =
Thread detailing the various - ]

<Functions /q\l

*| Deploy Scout Droids R

steps of Execute Hoth —

> Explore Hoth Surface

Planetary Invasion. e

«Functions S |

| Report Findings =

» The functions could either fo

Load Equipment on Transports g

be part of the Mission e

«Functions S
-

Engineering Thread, or be | —

| Maneuver to Landing Zone i |

functions performed by the |
resources, now that we R

aMissionEnginesringThreads _{g\j
Assault Rebel Hoth Defenses =

have identified some of =]

"|Coordinate Air, Ground, Space Forces

«Functions ':c,)
ese ‘| Maneuver to Shield Generators
| ]
«Functions S
=

1 Protect Empire Ground Forces

<Functions :&;"
Attack Rebel Defense Positions

«Functions K/G:,:J
"|Destroy Shield Generators

aFunctions -S>
Bombard Rebel Base

«Functions K/S>
"|Invade Rebel Base
«<Functions =
“|Capture Rebel Leaders
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Resource to Operational Process Map

Diagrammatic mapping between the Operational
and Resource behaviors of all types.

These include the Mission Threads, Mission Tasks
and Operational Activities as well as the Mission
Engineering Threads and Functions.

Weaken Planetary Defenses does NOT have an
implementation, which is why the rebels were able
to shoot the Spacecraft out of the sky.

This mapping is essential to ensure a fully
implemented battle plan.

Other relationships could also be helpful within
each domain. For example:

« Offensive Actions and Defensive responses from
both sides

« Offensive and defensive systems
 Efc.

Resources Processes [ @ Resource to Operational Process Map ]J

MissionEl ingThread: N
aMissionEngineeringThreads "5/|

Execute Hoth Planetary Invasion

S

«Functions 2
Deploy Scout Droids

sFunctions @
Explore Hoth Surface

—————————————————— eMissionThreads >
Execute Planetary Invasion =

/\4|
&

eMissionTasks

Functions

o
“|identify Rebel StructuresiForces =

ZS)

7~
~
Weaken Planetary Defenses &

«Functions eS8
Load Equipment on Transports ¥

aMissionTasks

= g‘ .
Bombard Planet w/HE Canons

«Functions
"|Load Personnel on Transports

- Oockions B3| elmplementss
> =T =y
Launch Transports

«Functions

«Functions
by ~o~
Disembark Troops

Maneuver to Landing Zone
T

|
,@l _ |
Limplem I eMissionTasks '
= | | Destroy Planetary Space Force
= — —
| |
lsz=m sssme soass sMissionThreads )
I Vg
| Deploy Attack Force
— | cipplementss MissionTasks =
= | | Load Troops and Equipment
|

Maneuver to Landing Zone

eMissionTasks > il

aMissionTasks '
Disembark Troops and Equipment S

aMissionEngineeringThreads

= cImplementss E
&S ’» ———————————— ﬂ

eMissionThreads ,{\/A
Attack Primary Objective

aFunctiona ’/g}
Bombard Rebel Base

Assault Rebel Hoth Defenses
< «Functions 7 = aMissionTasks =
Coordinate Air, Ground, Space Forces i | Maneuver to Objective
Functions 23 _ _ _ _ _smpledhen aMissionTasks =i
Maneuver to Shield Generators I = Destroy Defense Forces
eFunctions :g\; I aMissionTasks g‘
Protect Empire Ground Forces | | |Destroy Primary Objective
«Functiona :S}‘ ______ |"’_D~"’_-"l=_=| | eMissionTasks g
Attack Rebel Defense Positions | Capture Rebel Leaders
’ /f\
: «Functions o . _ _ _ _ _ dmpementss |
Destroy Shield Genera tors
|
Implem ]
|
|

aFunctions Sy
>
Capture Rebel Leaders
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Resources Traceability

Legend = E} Planstary Invasion Operational Processes [Operational Proc... ... -

» Traceability table generated to g
map the Operational behaviors to
the resource behaviors.

 Structural tables can also be
generated. =, R

,,/C;\,‘ Assault Rebel Hoth Defanses
,ﬁ:“ Attack Rebel Defense Positions

* This matrix could be used to spot S

,,/§j‘ Capture Rebel Leaders

h | I th d f l ,,/Q:“ Coordinate Air, Ground, Space Forces
oles in the defensive or Tam o

' 1'e ,,/f.\,“ Deploy Scout Droids
offensive capabilities. i Sl
,./Q:f‘ Disembark Troops
,faf" Execute Hoth Planetary Invasion
é\j‘ Explors Hoth Surface
,./é,:j‘ Identify Rebel Structures/Forces
,.f‘"«:f‘ Invade Rebel Base
,.’af‘ Launch Transports
,.L/S\/‘ Load Equipment on Transports
,@j‘ Load Personnel on Transports

Wealen Planetary Defensas -

QT Bombard Planet w/HE Canons -
gT Destroy Planetary Space Force

/N
R/

N g’ Scout Defense Capabilities -

" ,/\/‘ Scout Planet

N g' Load Troops and Equipment ...
N QT Maneuver to Landing Zone.
" g' Maneuver to Objective .
R | A Report Findings-e

- r/v\j Execute Planetary Invasion .
- gT Launch Scout Units .

(i ,/\>‘ Deploy Attack Force. .
e g‘ Destroy Defense Forcas .
. g‘ Destroy Primary Objective .
N QT Disembark Troops and Equipment

o (=1 Attack Primary Objective
w g‘ Capture Rebel Leaders -

[
Ny
\J

Ve

N

N

NN
\

N

,,gf‘ Mzansuver to Landing Zone

[ S o S R S S S = S S S S S =
NN

N

,./S\f‘ Maneuver to Shield Generators
,é\j‘ Protect Empire Ground Forces
,./§j‘ Report Findings

,./C.\f‘ Scout Hoth Surface 1 A
,{@; Unload Equipment 1 A
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Hoth Attack Mission Structure

. Resources Structure [ f52] Hoth Attack Migsion Structure ]
* Finally, the Structure of the Resource B /
Architecture using the previously defined B e ™ L 9 0z ©
Organlzatlons and Capablllty Conflguratlons III -J.-:n:-ssu:n:—m-:-u:tn-lntellﬁg&nce InﬂfuPrtu':enanc& [Ir._'EI__j.: String |NTEL:E_|.t|I$|-,ERebE|
is created. FE— Sicssurcments-nislience fo.eType (NTEL): nelype Forces il
Empirlz{)rg& E:uipment &
« The Intelligence Info element defines the " _ deseaereSss @ |y nonerforces ot
. «CapabilityConfigurations © Intelligence Info - Intellinence Info
source, confidence and provenance of the ISRy st Growp Ovy & Equipment e e ol = NTEL
data surrounding actual rebel forces. e st eeilindat ettt N ettt
gz |Fighter Sqdn Org & Equipment Provenance = "Exploratory
. TN Probe Droid Data"
¢ G|Ven the mU|t|pl|C|ty Of the resources (8 «CapabiityConfigurations : menumergtiunn gEnumerations M—
Fighter Squadrons, 8 Light Mechanized o g Mechanaed LT orgaEqupment | e ieTe
High CDHINT
Platoons, etc.) as well as all the posts and T T T edum ELNT
: : : ¢ |Heavy Mechanized PLT Org & Equip © “ ol
equipment in each one, this represents a |
massive scale. et Cartgon JASSHT
5 |Infantry Assault PLT Org & Stucture gﬁ}lgg
v ' ' Unknown
» This is shown on the following slide. e 3
¢ |Planetary Transport Co Org & Equipment
aCapabiliyConfigurations ©
Interplanetary Scout Bde Org & Equipment

© 2023 SSI



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.

* |t 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.




Actual Resources Structure

« Simple example showing the

implementation Of the Empire Actual Resources Structure [Actual Resources Structure ]J
PGI’SOHS, Organlzatlons, and s — — - F—
Posts. General - Empire Assault Forces Sith Lord - Empire Forces AT-AT PLT Org
° The Actual Persons represent aActualPerzons . er Dar;l:lc\t::’(::rsfrgith i’j cActualOrganzations &{u—
dentifiable people who fi —— wtmie || LM
Speciﬁc posts Assault Forces St PLT Org
' |c llsPosts lc llzPozts
« This could be used to ensure - | G
fuII stlafflng Ievgls or simply to . "
identify the main P 8 il
. . nterplanetary st Legion &
organizations and personnel. Assualt Group Commander : Legion
Cmdr : Brigade Commander
Commander
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Actual Posts Filled

* Automatically generated table = E
showing the actual posts and Legend T
the actual persons who fill them 7 Fills Post 8 ¢ =
a "

A 2

.a q

£ 8 >

e

-

¢ 21

I “ 9

R

o] o

[3 [ Actual Empire Orgs & People 30 b3
tl Darth Vader : Sith Lord - Empire Forces N/

h General Veers : General - Empire Assault Forces N /
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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



Conclusions and Future Work (2) SS/

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

 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.
« Additional model elements to be added to the model
« Effects and Outcomes
« MOS, MOE, MOP, MOX, etc.
« Other existing elements such as Drivers, Opportunities, Challenges, and Risks.

» Add state machines and sequence diagrams.

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

 We will create an unofficial version of these profile extensions to bridge the gap until the
next release.

* Finally, we encourage any and all comments to help us achieve our goals.
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