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Context and goals

About EA Tank Wars competition

Develop an Al for a tank that lives in a 2D world
Simulation environment written in C++
Manage:

Resources of the tank (health, fuel)

Map out the world

Find the enemy tank

Destroy the enemy tank
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Context and goals

Computer games nowadays

Computer games sales have experienced a huge growth in
the past few years

Demand for higher realism in computer games leads to
development of better Als

Necessity for reusability

Al specification should be done at a higher level of
abstraction: not coded, but modeled!

Models define reactions to game events, so event-based
formalisms seem to be the most appropriate
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Modelling the “game characters”

Abstraction

Front radar

Range 40 meters

}— 5 meters —|
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Modelling the “game characters”

Abstraction: Tank structure (state)

Radar

radarData

range

1
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Context and goals

Optimal formalism(s) to model detailed
behavior?

Time-sliced Vs. Event-based approach (more abstract)

Individual objects’ behavior:
State/event based
Autonomous/reactive behavior
Notion of time
Modularity
Well known

Availability of simulators/code generators
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Modelling the “game characters”

Abstraction: Tank behavior (high-level)

Sensors
Analyzers
~
_______ |
Memorizers g <
T e T o
o Strategic deciders = I
o | &
5 Tactical deciders o
it
Executors 1 o
_______ = =
_ =
Coordinators
Actuators
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Modelling the “game characters”

Sensors - Generating important game events
e

MonitorTank

[fuelLevel < 10%] / fuelLow

FuelTank

fuelLevel <<behavior>>

[fuelLevel = 100%] / fuelFull
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Modelling the “game characters”

Sensors - Generating important game events

Announcements 3

AnnouncingEnemyAndObstacles

[enemyPresent()] / enemySighted(getEnemyPos())

Radar m
-radarData myData
-range myRange H NoEnemy ) (EnemySighted]
-direction myDirection
-position myPosition K_J

+boolean enemyPresent() [~ T behaviors — > [not enemyPresent()] / enemyLost
+position getEnemyPos() | = 20 2 @|————— — — — - ]
+boolean enemyInFront() [obstaclePresent()] / wallSighted

+distance enemyDistance() r—\
+boolean obstaclePresent()
+position[] getObstacles() Checking ) [ Waiting J

N

after(1)

!
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Modelling the “game characters”

Analyzers - Correlating sensor events

InRangeDetector
Radar & [turretRadar.enemylnFront() &&
x turretRadar.enemyDistance <= turretRange| / readyToShoot
1| turretRadar
InRangeDetector = — — — — >
<<behavior>>
1] turret
Turret
after(1)
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Modelling the “game characters”

Memorizers - Modelling memory

EnemyTracker

-position enemyPosition

<<behavior>>

+boolean enemyMoved()

2

Radar

+position getEnemyPos()
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TrackEnemy | (" EnemyPosKnown A
enemySighted (" enemySighted )
L enemyLost y i
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Modelling the “game characters”

Memorizers - Modelling memory

ObstacleMap | = . UpdateMap
—position[] Obstacles <<behavior>>
+updateMap() wallSighted / updateMap
-
Radar

+position[] getObstacles()
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Modelling the “game characters”

Strategic deciders — High-level goals

not fuelTank.fuel Low]

PilotStrategy
( EnoughFuel
damageHigh/f Ea 4
( NormalOperation h
[repairTracker.| [not repairTracker.
[in enemyTracker.enemyPosKnown && repairPosKnown] repairPosKnown]|

[not fuelTracker.fuelPosKnown]

repaired [repairTracker.
repairPosKnown]

®

\ I fuelFull
fuelLow [fuelTracker.fuelPosKnown] m u
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Modelling the “game characters”

Tactical deciders - Planning how to achieve goal
N

AttackStrategy

attack /
newDestination(enemyTracker.
getEnemyPos()); aimAt(...)

AttackPlanner | ———— = >

<<behavior>>

explore

MovementAimingAndShooting

enemyPosChanged /
newDestination(enemyTracker.getEnemyPos()); aimAt(...)

readyToShoot / shoot

after(timeToReload)
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Modelling the “game characters”

Tactical deciders - Planning how to achieve goal

PathFinder

Pathfinder newDestination(p) / calculatePath(p)

_positi . - >
POS}E%OHQIW?P?NS <<behavior>> obsrfm/ calculatePath(dovs
-position destination

+setDestination() D
+calculatePath(position) . 5| Idle )~ newWaypoint

+boolean moreWaypoints()

[morgWaypoints()]

1 / pewWaypoint
\
Map waypoint [not moreWaypoints()]
Reached / destinationReached
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Modelling the “game characters”

Executors — Mapping decisions to actuator
commands

Steering SteeringStrategy | - N
-position destWaypoint —— = — — —> after(1) Forward
+boolean wpAhead () sepenavior= newWaypoint Backward
+boolean wpReached()
+boolean wpLeft() [wpAhead()] [wpBehind()]
+boolean wpBehind() / forward / backward
+boolean wpRight() \
Right
[wpLeft()] . [wpRight()]
/ turnLeft / turnRight
[wpReached()] \
/ waypointReached

o S

* = [not wpLeft() and not wpRight()] / stopTurn
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Modelling the “game characters”

Coordinators - Resolving actuator interactions

Motor TurretTankMovementCoordinator
M [reachTurnLeft() >
1| mylotor [facingEnemy()] / reachTurnRight()] /
TurretTank turretStopTurn turretTurnRight
MovementCoordinator
+boolean facingDest() ——— — — = [ Turning [ Turning
. <<behavior>> s
+time reachTurnLeft() Left Right
+time reachTurnRight()
1| myTurret [reachTurnLeft() > [facingEnemy()] /
reachTurnRight()] / turretStopTurn
Turret turretTurnLeft
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Modelling the “game characters”

Actuators - Influencing the game state

MotorControl |

MotorControl

<<behavior>>

stopTurn

turnLeft

forward

turnRight

stopTurn

backward

stop
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Modelling the “game characters”

Putting it all together: (a)synchronous
communication

\ Radar | > Tank & { WeaponDetectionSystem
L{ Turret ’—? L{ FuelTank |
Sensors 1\
Analyzers | InRangeDetector | [ ObstacleDetector |  [WaypointDetector |
: ]

Memorizers EnemyTracker | | FuelStationMap | | RepairStationMap | | ObstacleMap |
Strategic deciders PilotStrategy

| AttackPlanner | [ RefuelPlanner | | RepairPlanner | | Pathfinder |
Tactical deciders

| EscapePlanner | | ExplorePlanner |
|

Executors | Steering ‘ | TurretSteering |
Coordinators | TurretTankMovementCoordinator |
Actuators | MotorControl | | TurretControl |

Statecharts modelling of Tank Wars




Modelling the “game characters”

Event sequence in case of attack

newWaypoint(w) _|
>

Strategic Tactical
Memorizer deciders deciders Executors Coordinators Actuators
| :ObstMap | | :PilotStrategy | | :AttackPlan | | :Pathfinder | | :Steering | | :TurretSteer | |:TurTaMovCoord| | :MotorCtrl | | :TurretCtrl |
attack | | | | |

| | | |
newDestination(p) | | | |

>t
| | |
| |
A |
| |

v v o 1

| | left
| |

turnTo(angle)

turretStop

| |
| |
| turretRight |
| |
| |
I |
| |
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Mapping to an execution platform

Time-slicing Vs. Continuous time

In Tank Wars simulation, new state of the environment is
sent to the Al component every 5oms

Continuous time is most general and most appropriate at
this level of abstraction because:

Modelling freedom: modeller not unnecessarily constrained by
implementation issues, can focus on the logic of the model

Symbolic analysis: analyze model using timed logic

Simulation accuracy: due to real numbers
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Mapping to an execution platform

Time-slicing to Event-driven

I 2 .

setPosition(p)

setDirection(d) _‘ I

|_I_‘ setRadarData(d)

setLevel(])
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Summary

Summary

Appropriate level of abstraction:
Events
Layers
Data: filtering

Appropriate formalism(s):
State/event-based
Autonomous/reactive behavior
Notion of time
Modularity
Well known
Availability of simulators/code generators
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