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Outline

* Objective —
— To assert the viability of the game loop architecture as a means of modeling
mission threads
— Elements of proof
» Added value
» Achievable

» Avenue of relevance
— Mechanism of exploitation/assimilation/socialization
— Preferably a key role within a current strategy, initiative or movement

e Presentation
— Alignment with the Systems 2020 Initiative
— Mission Threads - Mission Thread Models
» Brief (localized) description
» Their role in the mission systems engineering process (the analyst’s perspective)
— The Game Loop Architecture
» Mission centric vs. system centric approach
 Components
» Game loops
— Demonstration
» “Swarm Raid” mission thread from CGX program
» Detailing the game loop
« DEMO
— Transition from wireframe to system design
— Summary and Recommendations



Applicability to the SE Division
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Executive Summary

+ Significant opportunities exist to develop and deploy technologies to
strengthen the Department’s ability to conduct rapid capability fielding

— However, non-technical challenges (e.g. cultural, budgetary, contracting,

& etc) must be simultaneously addressed
-.-fi — Greatest leverage in the “front end” of the life cycle
E — Concept Engineering: Rapidly elucidating the need, exploring solutions,

developing CONOPs, and deriving requirements for materiel solutions
« Virtual environments and rapid physical prototyping are linchpin technologies
» Opportunities exist to increase design, test, and production efficiencies

— - Examples include physics-based M&S to reduce testing and model-based
engineering and manufacturing approaches

» A concept engineering center should be implemented immediately that
leverages the substantial existing capabilities across the Department

+ A strategic R&D roadmap should be developed and implemented to
mature and transition emerging tools and promising innovative ideas

* A set of potential pilots is recommended to demonstrate the application
of today's toolset to relevant rapid capability challenges

Recommendations

Rapid Capability Toolbox Study Final Report , March 2010
(Cited as Key Study in Systems 2010)




Mission Threads (Quick Look)

« Analytical Context
— The basis and the principle catalyst of analysis

e Scenario Based Context Provides:

— A roadmap for mutually insightful discussions between operators
and designers

— The basis for assessing the mission system causation chain
performances attributes=>capabilities=>effects=»0bjectives
* Mission Threads (as a type of scenario based context)
— Qualitative, sequential representation of a mission scenario
— A rapid means of framing the mission from end to end

— Typically have prescribed branching decisions to ensure a
productive trajectory

— ldeal infusion point for “what ifs”

— Well suited to requirements definition and design guidance

— Useful as precursors of test and analysis plans

— Current efforts to enhance quantitative attributes

— Agqility and rapidity of development do not transfer to M&S



Analytic Life Cycle

Analytical Phases i
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Vague

“Greatest leverage in the
‘front’ end of the life cycle”

Supporting M&S |
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<Perfunctory | Rigorous Fra:ntic Ad Hoc:

Premise 1. There is nothing to model '
Premise 2. Pre design models are “throwaways”



Mission Threads In the Analytlc Life Cycle

Analytical Phases
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Dynamics of Mission Thread Modeling

ans—

Mission Threads > Test/Analysis Pl
3

1 V _ 1 Mission threads establish
Scenario Based Contexts the trajectory for the
development of M&S
CONOPs - Requirements Data 2 Usage and capability of the
Ac!ors Test Articles M&S co-evolve
Storyline V Supplements 3 Evolution of mission thread
Behavioral Models M&S parallels the needs of
testing and analysis
Mission Thread M&S =
2 Requwements Design Guidance & Design
Allocation/ : Assessment
Performance Leveling .
Assessment Verification
Intended Use
— - >
Progression
Performance/ Enterprise/
Capability Physics
Driven : Driven
Emulation Model Maturation > Simulation
Determlnls_tlc Provides objectives and requirements for early model Dynaml_c
Branching . ) Branching
Pre design models are wireframes for later M&S
Free Play




Mission Thread Modeling

e Payoffs

Requirements bridge between analytical needs and M&S
capabilities

Scoping mechanism for self contained, piecewise analysis of a
complex mission space

Continuity of analysis, design and test cases

Provides a basis for confidence based on an understanding what
the M&S is doing

e Making it Work

Experience suggests incremental development starting with a
wire frame of essential features using place holders if needed

Simulation must be modular, agile, expandable and readily
evolvable

Host structure must support large scale composability of an
eclectic assortment of component models

Must be functional at the front end of a project

The Game Loop Architecture >




Two Approaches to Mission System Modeling

Mission Centric
Model the war and
put the system in it

Blue Red
Enterprise Enterprise
System Adjudication
of — Omniscient
Interest .
Omnipotent
Environmental Environmental
Entities Effects

Simulation can run prior to system design
(using place holder if required)

Consistent with the charter of the suggested
“Concept Engineering Center”

Mitigates ripple effect induced by changes to
the representation of the system of interest

Localizes branching decisions to adjudication

Context for Game Loops




Game Loop Architecture

 Players
— Mutually incompatible objectives
— Capabilities that can influence the end point of the “game”
— Represented by quasi autonomous objects

 Rule Set and Adjudication Mechanism
— Rule Set can be combination of convention and “physics” based
— Centralized adjudication component
» Fields adjudication requests from players
* Promulgates results to effected players
 Venue
— Common Operational Environment
— Optional “game board”

e Game Driver

— Consistent with quasi autonomous objects

— Centralized — Event Queue enforces temporal causality)
(event drive with time driven and agent based tendencies)

— Decentralized — Individual Game Loop Legend

Problem Domain
Core Architecture




Basic Game Loop Model

The basic game loop model can be applied any game
Sport, Card, Board, Wargame, Combat ...
One loop per player (players of similar type can share the loop implementation)
Situations are based on a shared Common Operation Environment (COE)
Can be implemented as an OODA loop

Perception may be omniscient
or limited / distorted Determination of
: updated state
Compare perceived ASSESsS Update ST
state and trend to Situation Situation
near term. anq g | Determination of
term objectives Game Loop T aggregated effects
Select/Modify — EXECUtE — .
|dentify changes Strategy Strategy ACtivAl gnd_
that are beneficial vectored application
and feasible Identify desired effects and of power

formulate/select means of
realizing them

D Assigned to Player/Entity
L] Assigned to Adjudicator



The Modified Game Loop

In simulations of mission systems the speed of the reaction,

adaptation process has tactical significance.

The game loop can be implemented as a kinematic loop
synchronized with the “game clock” and an adaptation
influence loop operating a pace driven by the scenario.

Kinematic
Loop

Inter-player
synchronization

Determination of
updated state
parameters

Determination of
aggregated effects

Adaptation-
Influence Perception may be omniscient
Loop or limited / distorted
Cc;rr;paredpfrci:\{[ed ASSESS Update \/
state and trend to Situation Situation
near term and long
term objectives ll Game Loop 1‘
- Select/Modify Execute
Identify changes Strategy Strategy
that are beneficial

and feasible

Identify desired effects and
formulate/select means of
realizing them

Activation and
vectored application
of power




Demonstration
Swarm Raid Mission Thread from CGX

This scenario pits CGX against 15 small, agile, missile capable surface craft in 3 groups of 5

There is a vibrant fishing industry and a shipping lane off shore that will provide cover for the
attack. This demonstration is tuned to finding exploitable indicators of a pending attack.

The same scenario can be used to explore and assess all options in the detect to
engagement sequence.

Each entity (CGX, small boat, merchant, fishing boat, ) executes its own game
loop.

The attack profile consists of 6 phases for each of the groups. Each group has a
designated leader that will decided when to proceed to the next phase based on achieving
the objectives of the current phase and meeting the prerequisites of the next

Attack Boat Game Loop

Game Loop for attack boats

. Game Loop for Leader
Monitor status of Check for close CPAs P

attack plan( time Monitor position-and
position cover) velocity relative to station \\
Calculate vectorgram of | Assess Update Execute kinematic
solutions to the relative | Situation Situation model
motion problem
. { Game Loop I \
Select/Modify Execute Calculate engine and
Determine readiness Strategy Strategy rudder orders
to activate next Select course and speed for Promulgate current
phase of attack uickest stationing subject phase to group
q g J
to collision avoidance




Swarm Raid Mission Phases

Transit Loiter Dash
Formation Ambient Stream
~_ P ° Target
v, s ;
Get to specified point Zero out Slack Time Close Distance to Tgt

Initial condition - None Initial condition - None Initial condition — Time & posit
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o o ° Target ° Target
o T PIM ' Cover Ship
(o] ! o) 1
i Oooo i OOO (@]
1 1 (@]
Get to specified point : Form Up — Mask Intent : Attack

Initial condition — At launch
range (time opt.)

Initial condition - None Initial condition — Target &

cover assigned

Terminal condition - Posit Terminal condition - Time or posit Terminal condition - None



Swarm Raid Scenario Setup

Sea Lane

\

FD \'\

CGX © —
FT

SD CL

Hostile

AL ) Port

FT Formation Transit
RT Random Transit

Symbols in the Simulation . .
y AL Ambient Loiter

Background Shipping _
Selected Cover Ship CL  Covered Loiter
Attack Element SD
Fishing Boat

O CGX FD  Firing Dash

Stream Dash






Hosting the System of Interest
(Closing the Game Loop — integration with the host)

Placeholders are useful for “closing the game loop” providing a complete but
rudimentary set of capabilities player must play have to participate in the game

A player must be able to field sensor inputs from the

adjudication component
In response to adjudication request for active sensors
Initiated by the adjudicator for passive sensors

y 4
Assess
A player must haye a Situation
means of assessing the
perceived trajectory of \
the game relative to a Situational
. . . Select/Modify Ituationa
strategic objective St awareness
rategy
Analytical Posture
y Readiness
Assessment
A playfa_r must have Point
the ability to select a Execute
. Strategy
course of action -

A player must have Adjud

the ability to activate : -
influence

Measure of

Mission Success

End State

Environment

\1

Situational

awareness
Combat

potential \

Change of state

icated
[Combat Power Emulator} Stochastic Effects @|

or modify a course of
action Integrated b
Combat Power

A player must have the ability to update its status

prescribe data to the adjudication component factors
(not shown on this diagram)

Direct
Indirect
Unintended

Composite Operational

Environment

4

(position, velocity, resources ...) and forward _
Environmental

(deterministic)

N

Red
directed
effects

b

/

\

I

I

I

I
I
I
I
I

/



Hosting the System of Interest
(Interim Hosting)

Placeholders can be modified incrementally to incorporate prototypes or
equivalent representations of proposed system elements

Measure of
Mission Success
" End State
Resource Sensors AsseSS
Manlager Suite ..............::;;‘.‘7 Situation
Track | e \ o o
pargger [ o | ] SelzcttodiN p e
Strate '
MRSl IS 9y Analvtical Posture Environment Combat
Cand D " nalytica Readiness potential \
Assessment 1
¥ Point
“““ \ Execute I
TEWA Engagement |........: »| Strategy
Control ¥ I
I 7 \I/ Change of state |
Y Y '
Engagement Weapon ) Adjudicated Direct
Support Delivery Stochastic Eifects Unintended |
influence "— I
% Integrated b Composite Operational I
Combat Power Environment '

7 N/

Environmental Red ’
factors directed

(deterministic) effects



Hosting the System of Interest

(Functional Hosting)

When the system is sufficiently mature and complete to satisfies the basic game loop
requirements the original wireframe can be retired and the system refined incrementally

1
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I
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Sensors
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Posture Environment Combat
Readiness potential \
\
\ I
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Summary and Recommendations

e Summary

Mission threads are effective and affordable analysis drivers in
support of mission system engineering

Their utility as simulation drivers is an appealing but elusive goal

Mission threads and mission modeling are inline with the
“Systems 2020” initiative

The game loop architecture is well suited to the needs and the
objectives of mission thread modeling and simulation

e Opinion

The entrepreneurial culture of NDIA is a potential boon to the
“Concept Engineering Center” recommend by the “Rapid
Capability Toolbox Study”

Mission threads and mission thread modeling are critical
enablers of the objectives identified for the Concept Engineering
Center

e Recommendation

To assemble a nucleolus of expertise pursuant to concept
engineering under the auspices of the SE division of NDIA

— To scrutinize and socialize the techniques of game loop driven

simulations under the auspices of the M&S committee
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