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Air Combat Constructive Simulation

UNCLASSIFIED: App

= QOperational Analysis in support of:
— TTPs & CONOPS evaluation and assessment
— Acquisitions
— System upgrades

=  Monte-Carlo Simulation

= Statistical Measures of Effectiveness
— Lethality, Survivability, Exchange Ratios etc

= \ery large parameter space
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History
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How the questions have changed

1980s - TECHNOLOGY 1990s - CREW 2000s - INTEGRATION 2010s - EFFECTS

Major Research Papers Timeline 2000 Pa »asimeon
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Five Generations of Air Combat Simulations

PACAUS - =
SWARMM .

ARTEMUS

AR COMBAT ENVIRONMENT

BattleModel
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PACAUS

SWARMM

dGAME

BattleModel

ARTEMIS

Within Visual Range (WVR) Air Combat Constructive Simulation.
FORTRAN 77.
100,000+ LOC.

Beyond Visual Range (BVR) Air Combat Constructive Simulation.
FORTRAN 77 + dMARS Intelligent BDI Agents (AAll).
Split between physical models and reasoning models.

Distributed, component based architecture with intelligent wrapping.
Designed for automated integration of legacy components.
dMARS, C++, CORBA.

Object oriented simulation framework written in C++ (and dMARS).
Designed for integrating legacy components for AEW&C acquisition.
Brought about changes in software engineering culture.

BattleModel variant for future air combat analysis (F-35A JSF).
Hybrid object and agent oriented architecture C++ and JACK (Java).
First introduction of team oriented agent programming constructs.



_ UNCLASSIFIED: Approved for Public Release

Fighter Computational Modelling

(si\/]

- Science and Technology for Safeguarding Australia



_ UNCLASSIFIED: Approved for Public Release

Computational Models of Fighter Systems
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N

Built on Foundation of 20 Year R&D Program

DSTO Analysts
Air Combat
Domain Knowledge

Software Engineering of
Air Combat Simulation
Technology

Research into Autonomous & Intelligent
Agents and Artificial Intelligence for
modelling fighter pilot decision making
extending back over 20 years.
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Modelling Tactics and Situational Awareness
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Observe (situation awareness)
Orient (situation assessment)
Decide (course of action)

Act (tactics)

Beliefs
Desires
Intentions = plans

AYGCIILEGLUTE!

© Ax
O sorrware =
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Beliefs, Desires and Intentions (BDI) Model

Internal mental attitudes of a rational BDI agent (or
an agent’s mental state)

Beliefs: what the pilot believes about the world,
itself and other agents (informational)

Desires: What the agents what to achieve
(motivational)

Intentions: how the agents tries to achieves its
desires (deliberational)
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Rational Agency and BDI

= Folk Psychology — Daniel Dennet
= Rational Agency — Michael Bratman
* Formal Logical Framework — Rao and Georgeff

= Specific BDI Programming Languages
— PRS, dMARS, JACK, Co-JACK, JAM, GORITE etc.

™ Autonomous
Decision-Making
Software

JACK ™
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Integration
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Example: Air Combat Analytical Capability
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Analyst Workflow

" The goalis to support the analyst across the entire
air combat study workflow...
. >Zé*l?‘“ lr_ b :“E_ _"""*';:'""_ =1
Scenario Simulation Analysis Reporting
Setup Execution

i+ i+ i+ DSTO  Science and Technology for Safeguarding Australia



Sample Chart: Engagement Outcome Map

Engagement Outcome Map
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Future Challenges in Modelling & Simulation
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