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Abstract

dTank 4.0 isaphysca world based ssimulation environment tha provides a highly usable
adversarial environment. dTank was ingired by Tank-Soa and ModSAF systems. The primary
applicationsof dTank are that it provides architecture and platform neutral test-bed for
adversarial real-time cognitive modds, andit also serves as atool for teaching cognttive
modding, and agent creation. This report focuses on how to use dTank, with sectionson
controls, map-making, andits I/0O, induding as an example away to provide Jess and Soar
agents access.
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1.0 Introduction to dTank 4.0

dTank was origindly ingired by Tank-Soar (ftp.eecs.umich.edu/~soar/tanksoar.html),
developad by Mazin As-Sanie at the University of Michigan. Tank-Soar provides an
environment for Soa modds to drive smulated tanksagang other modds. Aswith Tank-Soar,
thegod of dTank 4.0 (dTank from here on) isto provide atest-bed for adversarial real-time
cognitive modds. Similar in many ways to Al-based computer game opponents, dTank was
developd to take advantage of theflexibility of Java graphics and networking. Unlike Tank-
Soa, in addition, dTank provides an agent architecture-neutral interface to the game server, so
tha humansand artificial entities built onvirtudly any platform can interact within the same
environment over aLAN or theinternet. dTank isa physcal world based smulation
environment that provides a highly usable adversarial environment.

Because dTank is built usng Java@ development tool kit, it presents uniform capabilities
to modds, agents, and humansalike opeaating from diverse computer architectures.
Theoretically, it can beused for examining performance variability in situaion awareness
(Ritter, Kase, Bhandakar, Lewis, & Cohen, in press) and architectural comparisonsof
competitive agents. From an application perspective, dTank isintended to serve in three distinc
roles, teaching, cogniive modding, and agent creation.

1. As teaching tool. dTank providesasimple, well-doaumented environment for
experimenting with agent programming. A sample API for Jess and Soa agentsis
induded with thedTank distribution, and ingrucionsexist within this manud for
creating interfaces for other types of agents. dTank suppots protocol capture from
human players. Students can use dTank to study cognitive modding techniques
induding modd-to-datafitting, in additionto general Al applications

2. As a modeling tool. Dueto the protocol capture facility, aswell as dTank®
communication layer, dTank provides a goodenvironment for modding both individud
and team phenomena Any cognitive architecture that can be madeto suppot socket
communication can interact with dTank. The communication layer is general enough
tha virtudly any theory of multi-agent communication can betested. One could, for
example, study how a user works with asodal environment defined by a set of agents
with known characteristics, knowledge and behavior.

3. As a developmental test-bed for advanced Al applications. Theprimary reason for
the development of dTank wasto create atool to investigate the usability of distributed
Al (multi-agent) systems. In paticular, the ACS Lab isusngdTank to inform the
development of toolsthat hdp to explain thebehavior (both actud and intended) of
complex cognitive moddsto tha of themodder and human opponats of these modds.
This effort isaimed at improving the usability and usefulness of applied agent
technologies, as well asto provideimproved facilities for thevalidation of modd
behavior.

Therest of thisdoaument serves as a users guide tha explainsthe basics of thedTank
environment and provides some indtes on how to make modificationsfor research
investigaions
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1.1 Installing dTank
1.1.1 dTank system requirements

dTank requires Java Virtud Machine (JVM), verson 1.5.x or higha. We have tested it
onWindows, Linux, and Mac OSX. dTank will load onaMac running OSX tha hasthe VM,
butit runsvery dowly. If youundestand this problem, or can hdp fix this, we welcome your
input

Note: We reconmend Java version 1.5.11 on Wndows. Later versions (e.g. Java
1.6 ) are known to have graphical flickers (only on Wndows) at the tine of
this rel ease.

1.1.2 Installation instructions

Toingall dTank, visit the ACS webste hitp://acs.ist.psu.edu/dTank/ and follow the
download indructions Thedownload fileisintheform of ajar (e.g., dTank jar). Theeasiest way
torundTankisto doubk click onthejar file.

However, you may beinterested in making modificationson dTank environment to suite
your research needs In this case you may have to extract thedTank files fromthejar for making
such modifications Thee are aso several dependendes tha mug be noted. However, to runthe
basic dTank (withoutSoar or Jess), theonly requirement istha you have Javaindalled in your
machine Secondly, configuration and map files mus be available in therootdirectory that the
simulationis being runfrom. Theconfigurationfile is used for alocating values to smulation
paameters, where as themap file containsfeatures regarding the terrain. However, for ssimple
investigations the simulation can run usng inbult configuration and map files.

1.1.3 Battle Overview

To undestand thedTank ssmulation, onemusd first undestand the béatle that isbang
studied. In dTank, the batleis atime-limited action between two opposng batalions called the
Alliesandthe Axis. (They are called naiondities, hence Nat i onal i ty. AXI S and
Nat i onal i ty. ALLI ED). In each battle, thebatalion commande's are arbitrarily assigned to
either theallies or the axis. Based on this, the smulation decides which batalion starts on which
sideof thebatlefield (e.g., axisontheeast, alies onthewest).

Each tank has a commande tha decides thetactics for tha tank. Thecommande isa
codeobiject tha runsin its own thread or process. It receives information from thetank in the
real world (opeating condtion, location, wha can be seen from the turret) and sendscommands
to that tank.

Thebattalion configurationsare declared in the configuration file (read at startup) and
comprise the commande code thetype of tank beng commanded, and the number of tanks of
tha type There are no limits onthe number of tanksin a batle, nor which side gets which type
of tank. It is peafectly legd (if rather odd) for acommande to have three Tigers, two ShermanG,
aMatilda andaT-34.

At the dtart of thebatle, thetanksare lined up at opposte sides of thefield anda
commande is started for each. The smulation engneis then started. It moves thetanksand any
projectiles fired according to thelaws of physcs. It prevents tanksfrom moving off the
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batlefield or running over impenerable objects, and assignsdamage from hits as appropriate.
Tankstha have been destroyed remain onthefield, smoking. It is not necessarily obviousto
other tanksthat they have been destroyed.

If adisplay of thebatlefield is desired, awindowwill be created and updaed in a
separate thread in the server process. Individud commande's may also create thar own windows
and display anything they desire. Sample commande's are induded in dTank tha parse the
information messages from the tanks, implement smple tactics, and run displays. The
programmer does not have use this sample code athoughit isvery convenient. Details about
writing commande's are bd ow.

1.2 Elements of the dTank simulation

When dTank isrun, it starts with a startup display. This display screen is used to generate
abatle, and allows the user to select awide number of characteristics tha hewishesto simulate
within thebatle. Thedisplay is shown in figure 1. The characteristics are described in the
following sections

£ dTank4.0 26 Nov 2006

Map: ’testﬂ]xﬂ].map

4

4

Dimensions: ’500m %X 500m

4

v

Redisplay Frequency: ’40ms

|
|
|
|
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|
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Simulation Frequency: |10ms \
|
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v

Battle Duraton: ’5008

’DumbCommander ’v‘ ‘Sherman ‘v1 ’1 ‘v‘ ’NoDisplay ’ V‘

Allieg: |DumbCommander Allied Sherman NoDisplay 1

< [ [»]

Axis:

Remove

Figure 1. The Startup screen for dTank.

1.2.1 Map

The maps specify the size and theterrain that will be presented in the scenario. Thebasic
version of dTank has four pre-defined maps Themapst est 10x10, test 20x20, test 50x50
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differ in thegeographical area of the batle, whilethemap EI _Al aneen containsfeatures such as
rocks and hills placed in a predetermined order.

Onecan easily cusomize amap to suit their needs A map can becreated in atext file,
with an extengion O mapO. To create amap, think of theterrain layout as atwo dimensond grid
ove rows and columns In asimplest case, the map with no features may looklike this.

[cNeoNoNe]
[cNeoNoNe]
[cNeoNoNe]
[cNeoNoNe]

However, theterrain may congst of variousfeatures at different locationson themap.
Thefeatures affect such thingsas whether or nota shdl explodes, how much it hinde's
movement or sight, etc. This description of themap isloaded from atext file of size
[ W dt hl nFeature, Hei ghtl nFeat ures], with aset of rows defining theterrain features.
Here@ a 4x4 map with three low hills and onehigh one

cocoo
cor o
T o
S oocoo

g

dTank currently con
given listed beow.

thefollowing features. These features with ther attributes are

GRASS (Not Navigable, Fully Transparent)

Low H Il (Low Navigability, Fully Transparent)
High Hi Il (Not Navigable, Not Transparent)
ROAD ( Navi gabl e, Fully Transparent)

WOODS (Low Navi gability, Low Transparency)
STONE (Not Navi gabl e, Not Transparent)

WETICO

1.2.2 Dimensions

Thedimensonsparameter specifiestheworld dimensdons The user can select among 6
possible dimensons 500 m X 500 m 1Km X 1Km 5 Km X 5 Km 10 Km X 10 Km and 20
Km X 20 Km Oncethedimendonis specified at start up, the smulation automatically adjudsthe
features of themap into this dimenson. For a more spread-out map, select a smaller dimengon.
When asmaller dimendon (e.g., 500m X 500m) is selected, tank movements appear more
rapid. In contrast, a highe dimenson (20 Km X 20 Km) denotes a more zoomed out world, and
movements appear to be dower.

1.2.3 Simulation Frequency

Simulation frequency is thefrequency with which theworld upddes in thesmulation. It
denotes thefrequency tha the simulator advances the battle time. In each frequency updae, all
world changes occurred in the duration is aggregated and ssimulation parameters are updded. For
example, asimulation frequency of 6 swill aggregate all changes from each of the 6 secondsinto
oneupdae at the end of the 6" second. This, in essence, gives areatime dday in themain
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simulation loopthat alows the set of tank commandersto run. In the current dTank version,
simulation frequency ranges from 10 msto 100ms.

1.2.4 Redisplay Frequency

While thesimulation frequency is responsble for controlling the ssimulation updaes, the
redisplay frequency controls theinterface. To be precise, theredisplay frequency controls the
frequency with which theworld isupdaed ontheinterface. Thisisindgendent of thesmulation
frequency. For adiscretized version of theworld, the user may want to select a highe redisplay
frequency, andfor a more continuousversion of the world, alower redisplay frequency is
recommended. Theredisplay frequency ranges from 40 msto 1000ms.

1.2.5 Battle Duration

The Battle Duration specifies total duration for which the simulation will run. This
duration can rangefrom500sto 10 min. At theend of thisinterval, smulation will shutdown
and all thedaafromthebatleisrecorded into theoutputfiles.

1.2.6 Commanders

Commandeas are in essence controllers for each tank. In thedTank world, each tank has a
Commande tha tellsit wha to do. The Commande is completely indgpendent of thesimulation
system and has very little information abouttheworld itself. In dTank, each Commande runsin
its own thread and communicates to the Server over a socket. All communicationsbetween
commandesisthroughsockets. This hgppensbased onthe paameter nessage_f requency Set
by thesimulation, and typically rangesfrom 1to 5s. In paticular, the commande has no
knowledgeof other events onthe battlefield. During the bétle, the commande has no
knowledgeof how many opposng tanksare present nor how many have been destroyed. The
only communication, thetankshave isthroughconfederate tanksis via radio messages tha are
sent to the server, then to thetank controller and findly to itsfellow tank controllers, and back to
thar commandas. Commande's are highly cusomizable, and creating anew commande is
fairly easy. Thelater sectionswill show how new commande's, containing user-defined
characteristics, can becreated in dTank.

1.3. Components of dTank’s Operation
1.3.1 Scanning the Environment

Once per Par anet er s. nessageFr equency, each tank will execute a scan of its
environment and send tha to its commande. A typical scan indudes only wha atankin the
turret (hach down) could see. Thingsthat atank can see are: other tanks rocks, hills, and
explogonsin an arc fromtheturret heading. Many real world congraints may bemaintained, in
tha sight may bereduced at distance by haze, and objects may bereported inaccurately. Upon
scanning, the commande codemay specify an appropriate respon®. Asanote, it would also be
reasonéble to redefine scanning to look only for tanksand projectiles. One may start up the
commande's by sending them the complete map layout and they would then keep tha asther
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permanent map. This would significantly reduce the computationd cog of the scan. Of course if
the computation cods are low enough,then it may not be worth the effort.

1.3.2 Tank Communications

Commandeas may send radio messages to the other tankson ther sde The commande
condrucs a message string, and then sendsthe message across the sodket to the controller for
tha tank. The controller then forwardsthe messageto the controllersfor all allied tanks Those
controllers then decide on whéa actionsare to be conduded with theincoming message A
typical radio message lookslike this:

<From Battal i onCrdrO0 To: Ti ger2
Set Radi oMessage: Fron] Bat t al i onCndr O] Fol | owEnenyAt | 324. 4| 224. 6>

Theparser for messagesis very smple (it splits the string into an array of strings
splitting on space). Thusthe abovemessage would be split into an array of strings { & r on,

OrTi ger 2Commander O, OToO, OTi ger 20, ORadi oMessageO, CEnenyAt | 324. 4| 224.6C . It
would then be parsed into a RadioMessage by the commande's.

Because aradio message mug first be sent by acommande (as above andthen relayed
to all theother commande's, theradio messageitself mug contain all required information.
Hence, in the message bdow, which iswhat is sent from thetank to thecommande, the only
way to know who sent theradio message (Bat t al i onCndr 0) isto indudethe sende in theradio
messageitsalf.

<From Ti ger0 To: TankCommander 3 Ti ne: 72400
Recei veRadi oMessage: Fron] Bat t al i onCdr 0| Fol | owEnenyAt | 324. 4| 224. 6>

Not e: Because the radi o nessages are strictly for commander -t o-conmander
communi cations, the format of those messages is |left conpletely up to the
programer writing the commander code. As part of the sanple code for dTank
commanders, the above format and two entries (From and Fol | onEnenyAt) are
supported as part of the class Radi oMessage. The programer witing
commanders is wel cone to add new entries.

1.3.3 The Physical World

All themajor real world consderationsare possible to simulate: shdls sow down asthey
travel and lose pendration power; 88 mm shdlsfroma Tiger are much more potent than 75mm
shdlsfrom a She'man; nondestrucive hits on atank may damage armor, destroy theradio, or
give the crew headaches, making them less accurate in following indructions gravity andwind
may besimulated. Turrets rotate at real speeds (24 degrees/sec on a Sherman), turnstake longe
at speed than at rest, and tankshave aredlistic size (3m x 6m). Thetank size meanstha onthe
display atank( bitmap may overlap afeature or another tank when passing close by.

The current definition of wind resistance is ssimplistic - ashdl loses 20% of its speed
every secondof flight (Thisisdoneby thePr oj ect i | eMbver ). Theprobability of hitting a tank
isaso simpligtic- if theshdl passes within Par anet er s. hi t Radi us (typically 5-10m) of atank,
it isconsdered a hit. Once hit, the damageto thetank is decided on by taking theimpact energy

1C
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(mass x speed”™2) and armor thickness (different for front, sides, and rear) into account along
with theamountof previousdamage Thisis defined in the DanageCont rol | er. Youmay wish
to build anew subdass of DanageCont r ol | er redefinehow damageis assessed.

1.3.4 Operation Modes

There are two modes of opeaation. Realistic modedoes lots of fancy stuff concerning
visibility, and allows tanksto pass close to each other. Magic modeis for making the display
behave as a person would expect in avideo game. In paticular, tanks occupy an entire feature-
sized squae, so the bitmapsof different tanksnever overlap. Themodeis set in the configuration
fileandis used to choo® between usng Real i sti cAFVMover and Magi cAFVMover and ditto for
Real i sticProjectil eMover andMagi cProj ectil eMover. Thus for magic mode
Par amet er s. col | i si onRadi us iSSet tof eat ur eSi ze to prevent bitmapsfrom overlapping.

1.3.5 Startup

When the program starts up, it first readsthe configuration file (optiond name on
command linedef aul t. confi g) tha specifiesthemap fileto use, severa optiond paameters
(deep quantum for display loopand simulation loap, secondsper cycle, Realistic or Magic
mode etc.), and the details for the combatants (batalion commande' @ name, type of
commande, typeof AFV, numbe). It then createsthe map, buildsa batlefield, and starts the
Server thread, the Simulation thread, and the display thread.

1.3.6 The Adversaries

Thetwo sidesin abattle are called Battalionsand determined by the name of ther
batalion commandea. If more than two batalionsare listed in theconfigurationfile, then a series
of par wise matchingsare created so tha each batalionwill fight each other batalion. For
example, this configuration file says there will bethree batalions(Jane, Jan and John), hence
three batles.

Conbattant: Jane JanesCommander Tiger Display 1
Combattant: Julie SmartCommander Sherman NoDi splay 5
Combat tant: John Smart Comrander Shernman NoDi splay 5
Combat tant: John Smart Comrander Matil da NoDi splay 5

The server then cycles throughthe batles, oneby-ong running the batle
(Battle.runBattle()) toconduson (Paraneters. battl eDuration) andwritingoutthe
results. Battl e. runBat t | e() createsthecombaants and starts up each Commande. The
Commanda may runin the same process as the server or may spavn anew process. In either
case, it conneststo theserver viaport 3500 and starts a thread to communicate with the server
viaaSocket Communi cat or . (If aCommande isin the same process asthe server, it may
shortcut the socket system by requesting abi r ect Conmuni cat or , which jus passes the message
stringsdirectly.)

Itis pefectly legd to start thecommande process indgoendently. (It probably is not
useful to do so except when testing or running from aremote machine) If thecommande is
written in Java, it may runin theserver process. To spavn a new process automatically, you

11



Users Manual to dTank 4.0

need to write a RemoteCommander class that will just spavn the new process. Thisishowyou
run commandas written in different languayes. Here(@ a remote commande setup to runa
SmartCommande in a separate process.

Conbat ant: Renpt eSmart Conmander John Matilda 5

In RemoteCommande:

/1 Send this to a shell pronpt:

[l [usr/bin/java al cs.dTank. commander. Smart Cormander Jon Sher man
Di spl ay

public static void start RenoteProcess(...) {

Runtine r

= Runtine. get Runti ne();
Process p = r.exec(new String[]{programNane, commander Type,
battal i onConmander, afvType, nunber, withbDi splay, argO0,
argl...});
}

1.3.7 Time, Distance, and Headings

All time ismeasured in millisecondsfrom the start of thebattle. These are battle times,
notreal times. Real timeis used only in thedisplay system and only for such thingsas deciding
how longto display each bitmap in an exploson.

All measurements are in meters or meters/second. All headingsare in degrees from North
(top of the map), with East being 90.0. They are always nomalized (0.0 < heading < 3600).
There areinterfaces to trandate speedsto KPH and all communicationswith commandeasis
donein KPH.

12
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1.4 The dTank Display

The Simulation display congsts of two main pats. The Game pand and the menu pand.
Thegame pand displays the map, thetank® bearing, thetank turret@ bearing, and the current
postion of thetank onthemap. Themenu pand displays the Battle information.

Thedisplay runsin a separate thread in the server process, but has no interaction with the
simulation system at al. Thedisplay server runsasathread and deepsfor
Par anet er s. di spl ayFr equency between each refresh. Thedisplay system is strictly for the
human observer, andthe simulationitself has no bearing withoutit. In each refresh, however, the
Server Di spl ayLoop thread grabsalock ontheBat t | ef i el d@list of tanksand flying
projectiles, maps each oneonto the display, and updates theinformation labds. Keystrokes and
mou<e clicks in the control pand are forwarded to the commande, which may peform user-
defined actionsusng them.

Figure 2 shows thedisplay of thedTank smulation. Thesimulation starts with an initial
postion selected for each tank in the batle. Thetanks move based on ther initialization
parameters and the strategy created by the developer. Asthesimulation progress, a score-card is
maintained by the smulation tha tracks thetotal number of tanksin each side the number of
tanksdamaged, and the number of tanksdestroyed in theenauing batle. A Messagebox listsa
chronological order of eventsin thesimulation.

2 dTank 4.0 - 26 Nov 2006

S Displ
Battle Tanks A

Total f Damaged / Destroyed
Alied 3 [ 0 / O
Axis: 3 /1 1 0

Battle Score Card Dimensions: 500.0 x 500.0 m

showing the current score Simulation frequency (ms): 40.0

between the Allied and
Axisteam.

Time: 302.870

Message box showing
eventsin the battle Messages:

Sherman2 hit and damaged tread
Sherman2 hit and crew dingy.
Sherman2 hit and damaged 0.4

Tank Fire between teams

Pause/Resume H Step ‘

13
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Figure 2. dTank Simulation Interface.

1.4.1 Plan-View Display Controls

Thecontrols of dTank are notcomplex. However, it isimportant to note tha all tank
movement commands as well asfiring, are mutudly exclusve. In other words you cannot
movein two directionsat once, or fire while movingin any direction. Also, while shieldscan be
up while you move, you cannotfire with shieldson. However, aiming thetank@ turret barel
can beperformed at any paint, during the execution of akeyboad command or not

Controls are not opeationd for atank untl it completely enters the game (becomes
opagug. Figure 3liststhecontrols and thar in-game effects tha can beincorporated inddea
commande.

Control(s) In-game Effect(s)
1| [€] turnscounter-clockwise; [-] turns
< clockwise; [1] ismoveforward. [|]

[.- Il \l-o ” makes thetank cannotgoin reverse.

[X] activates the shieldsfor a short period
of time. Youdo nat need to hold down this
— button. Shieldscog energy.
[Spacebar] fires ashotfromthetank.
JJ Holding down the spacebar allows multi-
firing. If yourtarget is moving, spread-fire
by re-aiming the barrel while multi-firing.

L eft-clicking the mouse turnstheturret
towardsthedirection clicked.

Figure 3 Controls for the Plan-View Display

1.4.2 Logging player and agent behavior

To create adetailed log file of your dTank sessions (humen, Jess or Soar interface), you
will smply need to add or modify alinein your clientsOConfig.txt file. Make sure your
Config.txt containsthefollowing:

LOGGE NG 1

14
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Thiswill cause the server to log all communicationsbetween the client and server to a
file named after theagentid. Thefilewill belocated in the directory in which dTank was started
onthe server machine (see Table 1 for example log format). If you are usng your own API to the
dTank server youwill need to send commandsto the server that will cause the server to start and
stoplogging. These commandsare:

start Loggi ng|
st opLoggi ng|

Thelogging commandscan be sent at any point during game play. To log entire sessions
simply send the startLogging command immediately after agent connection.

Table 1. Portion of an example log file, including time (in ms), sender, and message.

1083247478749 SERVER ACK: nok: | 245:

1083247478968 CLI ENT rotate| 1|1248

1083247478968 SERVER ACK: ok: | 248:

1083247478968 SERVER | NPUT: bl ocked: | bye
1083247479015 CLI ENT rotate| 1| 1250

1083247479015 SERVER ACK: nok: | 250:

1083247479109 SERVER ACTI ON: 2Dhunman: noveFor war d: | bye
1083247479171 SERVER VI SUAL: St one: X| 6: Y| 0: Stone: X| 1
Y| 2: St one: X| 2: Y| 4: St one: X| 5: Y| 8: Tank: | D] 2Dhuman: Col or
|grey: X| 8:Y|6:Oient|3: TurretRot|5.5566920060369425:
Shi el dStat | no: novi ng|true:rotating|fal se:| bye
1083247479437 CLIENT rotateTurret]|5.9614307724
1083247479765 SERVER | NPUT: cl ear: | bye

1083247479796 SERVER

EVENT: turret Rot:5.910121179565796: | bye

1083247480015 CLI ENT rotateTurret]|5.9614307724

1.5 Simple modifications to dTank

Oneof theimportant characteristics of dTank isthat it provides an easy to use set of
routines for the user to extend the simulation to suite one® study. One can easily extend the
interface and create new Terrains and at the same time, onecan also extend commande's by
creating cusgomized codeand writing candidae strategies into them. In this section, we provide
you with an overview of modifying such elements as the Terrain, Armored vehicles, and
Commandes.

1.5.1 Terrain

Thefirst step to creatinganew Terrain typeis by adding anew condant in
TerrainTypejava, and then addingit to theinitiation sequence.

Here® atypical example:
public static Terrai nType ROAD = new Terrai nType(" ROAD",
"Road. JPEG', "R");

public static void initializeAll(displayFeatureSize) {
ROAD.initialize(displayFeatureSize);
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GRASS. initialize(displayFeatureSize);
}

Deciding how the new terrain behaves can bedonein an ad-hocmanne. Itis
recommended tha the user begin by adding methods (e.g., isSoggy() to Ter r ai nType and
caling them only fromtheMver . For examplein class Magi cAFVMbver onecould add:

public void nove(doubl e seconds) {
afv. turn(seconds);
Map map = Battl efiel d. get Map();
Terrai nType terrain = map.get(afv.getX(), afv.getY());
doubl e maxSpeed = afv. get MaxSpeed() ;
doubl e desiredSpeed = afv. get DesiredSpeedvPS() ;
double p = terrain.isSoggy() ? 0.5 : 1.0;
mexSpeed = maxSpeed * p
doubl e newSpeed = (desiredSpeed> maxSpeed) ? maxSpeed
. desi redSpeed;
af v. set SpeedMPS( newSpeed) ;
}

1.5.2 Armored Vehicle

Extending Armored Vehicles (refered as AFV here) are dso fairly straightforward. If all
theuser needsis anew armored vehicle (or aplatoon) that has the same types of capabilities of
existing ones, this can be doneby smply adding anew condant to AFV Types,javaand do the
initializationsin TerrainType In theexample bdow, a Matildais created with following
characteristics.

40 mMm gun with a 600 m's nuzzle velocity

90 rounds capacity

78 mmfront turret arnor

No gyro-stabilizer

Can travel at 25 kph on-road (half that off-road, 1/4 in reverse)
Carries 211 liters of fuel and has a range of 80km

This can be generated usngthefollowing code

public static final AFVType MATILDA = new AFVType("Matil da"
40.0, 600.0, 90, 78.0, false, 25.0, 211.0, 80.0);

public static void initializeAll(displayFeatureSize) {
MATI LDA. i nitialize(di spl ayFeat ureSi ze);
SHERMAN. i nitialize(di spl ayFeatureSi ze);

}

In addition, if the user prefers to add some unique features that not included in the
standard set of features, one will have to add new methods, and possibly add new instance
variables and constructors. For example, if the user wishes to include the turret swivel rate for
each tank, one could add a new variable swivelRate to AFVType and have the AFVMover look
at it.
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These features are also extendible to a number of units that can be simulated into a battle.

For example, the method used above can be also used to create a foot soldier that may walk
along beside tanks. Consider for example the following example of a foot soldier by assigning
capabilities corresponding to an soldier.

10 mm gun with a 400 m's nuzzle velocity

15 rounds capacity

8 mMmfront turret body arnor

No gyro-stabilizer

Can travel at 5 kph on-road (half that off-road, 1/4 in reverse)
Carries 2 liter equivalent of fuel and has a range of 100 km

This can be generated usngthefollowing code

public static final AFVIype SOLDI ER = new AFVType("Sol dier ",
10.0, 400.0, 15, 8, false, 5.0, 2.0, 100);

public static void initializeAll(displayFeatureSize) {
SCOLDI ER. i niti alize(displ ayFeatureSi ze);
}

Note that each time, anew armored vehicleis created, onemay aso want to display it in

thesmulation usng bitmaps

1.5.3 Commander

Oneof themod widdy extended featuresin dTank is probably the Commande. Users

interested in generating ther own commande's have to follow afairly easy set of procedures.
Theuser whoiswriting the codeto command atank or afull batalionis nat required to worry
aboutthe dedails of creating new tanksor terrain types. Theonly issuethat the user mug think of
is thelogic with which the commande opaates with respect to thesimulation. To write APIG
for Soa and Jess commande's, follow indructionsin section 2 and 3. For creating Java
commande condud thefollowing steps

A

CopythebunbConmander . j ava (Or Smar t Conmander . j ava)
Rename the commande to JoeCommander (could beany name).
ChangetheFile Name to JoeConmander . j ava
Rename the Congructurs and Class Names to JoeConmander .
Modify ther unConmander () methodin the JoeCormander class.
a. Thisiswhereyourlogic for the commande goes.
b. Addnew variables and indantiate them create a user-defined structure for your
commande.
Make sure that thenew commande isin the Commande folder, and extended fromthe
fromtheCcommander Class.
Recompile and run dTank.

1.5.4. Damage Controller
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Thisiswhere damage after a hit is determined andthe AFV@ conditionis set. A single
damage controller is created for the entire server. Thebasic algorithm looksat theshel®
momentum and figures out how thick thearmor musg beto fully survive. Thearmor may be
weakened, theradio may be destroyed, etc. A sideimpact may take outthetread. Youget to
definethis anyway youwant. ThePr oj ect i | eMover is called when the shdl passes within
Par anet er s. hi t Radi us Of thetarget. When this occurs, themover decides if there hasbeen a
hit and thedamageCont r ol | er decides what the damageis. Note tha a damaged tank will
continueto inform its commande of its statusandwhat it can see. If acommand comesin tha
cannotbecarried out, the controller jud failsto doit. If destroyed, the commande gets onelast
messagetelling it that the AFV has been destroyed. Thecommandea @ thread then exits.

1.5.5. InformationMessage, CommandMessage

An | nf or mat i onMessage isthemessagetha the AFvCont r ol | er sendsto the
commande. When it is determined tha it is messagetime, the AFvMover doesavisud scan of
the environment and sendsthis alongwith the AFV & current status (location, heading, etc.). The
message stringsare parsed viaa set of Par ser classes. The parsed messageis now turned into an
object of typel nf or mat i onMessage tha has utilize call methodssuch as
get Tur r et Headi ng() to retrieve correspondng information.

ConmandMessages are sSimilar, only they carry commandssuch as Set Throttl e: 1. 0.
They are parsed and passed to the AFvVCont r ol | er . Thecontrollers make calls such as
get Throttl e() and set theappropriate variablesin the AFV asthecontroller seesfit. The
Magi cCont rol | er will set thespeed immediately. TheReal i sticControl | er will setthe
throttle and let the Mover increase the speed bit-by-bit.

A nonJava commandea would have to implement the parsing within itself. This should
befairly smple.

If youwish to implement a new message element, youwill have to write anew parser for
it andindudeit in theinitialization sequence. Here(@ atypical parser tha takes onetoken from
the message and sets the throttle speed to Doubl e. par seDoubl e( t oken) :

public class SetThrottl eParser extends CommandParser {
Set Throttl eParser() {
super("Set Throttle", 1);
}

public void parse(String[] tokens, int i, CommandMessage nessage)

message. set Throttl e(tokens[i]);

}
}

and the initialization in ConmandParser.java:

public static void initialize() {
initialize(new Set Throttl eParser());
initialize(new Set Headi ngParser());

}
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Theactud commande's should never see the message strings It will receive message
objects and extract information from them via callslike get Speed() . In the sample Java
commandeas, incoming informationwill placed directly into theAFvModel tha thecommande
maintains The commande will then look at the status of the AFV when and as it seesfit.

1.5.6. Unit Tests

There are sets of unit tests that do amodestly reasonable job of covering themajor
funaiondity of dTank. Mog certainly they should berun after every changeto the codebase
before check in. Mog of thetests can berunasaset fromAl | Tests. mai n(). A few create
threads and don®currently have proper shutdown methodsand mus berun by hand. They are
induded in Al | Test s S0 you can find them, butthey won®actudly run as they are commented
out

Testing and running remote commande's requires tha thehod environment be set up jusgt
so. For UNIX and Windows, this meanstheright PATH and CLASSPATH.

1.5.7. The Configuration File

Youmay specify the corfiguration file onthe command line or smply accept the default
(Def aul t. confi g). Here@ atypical file:

Batt| eNanme: Tobr uk

Repeat: 1

Batt| eDurati on: 500

Physi cal Di nensi ons: 2000.0 2000.0

Mapfil e: testMaps/enptyl0x10. map

#Mapfile: testMaps/test50x50. map

#Mapfil e: testMaps/enpty50x50. map

#Mapfile: testMaps/battleA 20x20. map

Si mul ati onFr equency: 40

Di spl ayFrequency: 40

SecondsPer Si nul ati onCycle: 0.4

Mbde: Realistic

DamageControl | er: Sinpl eDamageControl | er

#Mode: Magic

#lLogMessages:

LogMessages: /tnp/Default.|og

ResultsFile: /tnp/Default.results

#Conbattant: Test ACormander Mary Tiger nobDisplay 1
#Conbat t ant: Renot eSnmar t Commander Marge Sherman noDi splay 2
#Conbat tant: Smart Cormander Joe Sherman noDi splay 2
#Conbat tant: Smart Cormander Jane Ti ger noDi splay 2
Conbat t ant: HumanCormmander Jane Tiger display 1
#Conbat t ant: HumanCommander Jane Tiger display O
#Conbattant: RenoteSnmart Conmander Jan Sherman display 2 arg0 argl
Conbattant: Smart Commander John PKW.IV noDisplay 2
#Conbat tant: Smart Conmander John Ti ger noDisplay 1
#Conbat t ant: JoesConmander John Sherman noDi splay 1

Theentries are;
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Note: Any line starting with O#Oisignored.

BattleName isjud the name printed outin theresultsfile.

Repeat isthenumber of times the set of specified battles are repeated.

BattleDuration isthenumbe of batle secondsa batle lasts. At the conduson, the
results are output and everything isreset for the next battle.

Physca Dimensons isthenumber of meters of thebatlefield. (Mug besquae.)

Mapfile isthetext file that containsthe map.

SimulationFequency is the dight misnomer meaning the number of millisecondsof real
time between ssimulation cycles.

DisplayFrequencey isthenumber of millisecondsbetween redisplays.

Second$PerSimulationCycle isthenumber of batle secondsthat elapse between each cycle of
thesimulation system.

Mode is either Realistic or Magic and determines which movers will be
used.

DamageController isthe damage controller to beused.

LogMessages with no argument logsto the conle. With an argument, logsto
that file.

ResultsFile isthefileto write theresultsinto.

Combatant declares tha a given batalion commande shdl have the specified

tankswith the specified commande's. When a batle is begun,the
tail of thislinewill be passed directly to the specified commande,
exactly asthe commande expects when run from the command
line

Thus theline (all arguments required):

Conbattant: Smart Conmander Jan Tiger display 2

will beequivaent to:

% j ava acsl . dTank. commander . Smart Conmander Axi s Tiger display 2

The selection of Jan as being Allied or Axis is made when the configuration fileisread
andthe batle paring are set up. Here, only the batalion commande name (Jan) isused. All
other references are as either Allied or Axis.

If youwish to run thecommande's from the command line (as above, indudingaline
tha declares a battalion with zero AFV@ will start a batle with no AFVs ononeside You can
then start the AFVsfromthe command line as youwish.

If youdecideto changetheformat of the configuration, make sure to keep the passing of
thearguments are identical between the configuration file and the command line

1.5.8. Typical Results File

Thededailsfor each tank bdow are actudly onasinglelongline They are shown with
the continudion of thelineindented.
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========== Starting dTank4.0 version: 26 Nov 2006 ==========
========== Starting Battle 'Default’ Combattants: Axis: Joe vs.
Allied: Nary —=—=========

Test ACommander Mary Ti ger NoDisplay 1

Smar t Conmander Joe Shernman NoDi splay 1

Allies: Total : 1 Damaged: 0 Destroyed: O

Axis: Total:1 Danmaged: O Destroyed: 0

Axi s: Sherman0 AFV_is: Operational Damage: 0.0 Radi o: Operati onal
Tread: Operational Shells_Fired: 0 Successful _Shots:0

Al lied: Tigerl AFV_is: Operational Damage: 0.0 Radi o: Operati onal
Tread: Operational Shells_Fired: 0 Successful _Shots:0

========== Starting Battle 'Default’ Combattants: Axis: Jane vs.
Allied: Nary —=—=========

Test ACommander Mary Tiger NoDisplay 1

HumanCommander Jane Tiger NoDisplay 1

Allies: Total : 1 Damaged: 0 Destroyed: O

Axis: Total:1 Danmaged: O Destroyed: 0

Axis: Tiger2 AFV_is:Operational Damage: 0.0 Radi o: Operati onal

Tread: Operational Shells_Fired:0 Successful _Shots:0

Al lied: Ti ger3 AFV_i s: Operati onal Damage: 0. 0 Radi o: Oper ati onal
Tread: Operational Shells_Fired:0 Successful _Shots:0

========== Starting Battle 'Default’ Combattants: Axis: Jane vs.
Allied: Joe ===========

Smar t Conmmander Joe Sherman NoDi splay 1

HumanCommander Jane Tiger NoDi splay 1

Allies: Total : 1 Damaged: 0 Destroyed: O

Axis: Total:1 Damaged: O Destroyed: 0 Axis: Tiger4 AFV_is: Operational
Damage: 0. 0 Radi o: Operati onal Tread: Operational Shells_Fired: 0
Successful _Shots: 0

Al lied: Sherman5 AFV_i s: Operational Damage: 0.0 Radi o: Oper ati onal
Tread: Operational Shells_Fired: 0 Successful _Shots:0

—========= Battl|le over ==========

1.6 Creating a communication channel to the server

For an agent to join thedTank server, it needsto do thefollowing steps

1. Connett to thedTank server socket and send thefollowing message "agent j oi n"

2. Server respondswith thefollowing "j oi n| <<i nt >>", where <<i nt >> isaport nunber
ontheserver hos

3. Clostheconnection to the server socket and open a new connection to the part numbe
specified in thejoin message  Before connecting, pause for hdf a secondor so to allow
time for the server to create anew listener-socket. Your agent is now connected and you
will receive an initialization string over the socket.

1.6.1 Commands to the Server
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Commandsare sent by theclient to the server, so it can updde the state of theworld.

Mog commandsto the server should incorporate uniquecommand | D@ so that
acknowledgament ( ACK) fundiondity works properly. Where necessary, the command ID will
benoted by "<id>" in thefollowing syntax descriptions

MOVE
Thetank moves forward onecell when this command is acknowledged by the server

Format: noveForward| | <i d>

TURN

Turnsthetank 90 degrees clockwise or counter-clockwise.

Format: rot at e| <<i nt >>| <i d>

For this command, <<int>> may be 1 for clockwise or O for counter-clockwise.

ATTACK
Thetank firesin thedirection faced by theturret upon successful acknowledgament of

the command by the server.

types.

Format: at t ack| | <i d>

ROTATE TURRET
Rotates thetank'sturret to an angle specified in radians where O isnorth.
Format: rotateTurret|<<doubl e>>|

0 PI

1 PI
Figure 4. Radian measures.

SCAN
Theagent requests a scan for detailed stats on a specified tank withinits visud field.
Format: scan| <<string ?tank-id>>|<id>

RADIO
The agent communicates to othe tanksin thedTank world. There are three message

1. Broadcast messages can beused to pog the messageto all other tanksin thedTank
world,

2. Unicast messages are agent-to-agent communicationswhere there is only one
recipient
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3. Team messages are sent to all agents on the same team as the sende.

Format: RADI O <<string broadcast|teanr>| <<string>>,
Format: RADI Q uni cast | <r eci pi ent -i d>| <<stri ng>>

SET TEAM

Theagent announesits team allegiance. This command can be sent to the server at any
point in thegame, butis generally most useful at startup.

Format: set Team <<stri ng>>

SET NAME

Theagent announesits name. Thisisan optiond field used to identify different tanks
rather than by ID number. This command can be sent to the server at any point in the game, but
isgenerally mos useful at startup.

Format: set Nane| <<stri ng>>

START LOGGING

Thistellsthe server to start alogfor thisclient. This can beused to create alogfor
humansor agents.

Format: start Loggi ng|

STOP LOGGING

Thistells the server to stop loggng this client® actions
Format: st opLoggi ng|

1.6.2 Messages from the Server

During game-play, agents will receive un-requested messages from dTank aboutthe
actionsof visible players and game status

1.6.3 Initialization

Thefollowinginitialization string is received when the agent conneets to thedTank
server for thefirst time.

Format:
Initial Settings: Name| <<string>>: Col or| <<string>>: Heal t h| <<i nt>>'W
eapon| <<i nt >>:
Shi el ds| <<i nt >>: X| <<i nt >>: Y| <<i nt >>: Ori ent | <<i nt >>: Turr et Rot | <<do
ubl e>>

1.6.4 Server updates
During game-play, your agent will recelve variousmessage types from thedTank server.

STATUS
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Periodically (aboutevery 2 second9 each agent will receive a status string tha informsiit
of its current attributes

Format:
STATUS: Heal t h| <<i nt >>: Weapon| <<i nt >>: Shi el ds| <<i nt >>: X| <<i nt >>! Y]
<<int>> Oient|<<int>>: TurretRot| <<doubl e>>: Shi el dsSt at | <<stri ng
up| down>>

VISUAL

Aboutevery 2 secondseach agent is sent a string containing information for all objects
tha your agent can currently see. Thiswill indude al objectsin a100degree angle centered on
theagent'sturret orientation. Agents cannotsee objects tha are obscured by other tanksor
stones.

Format:
VI SUAL: { Tank: | D] <<st ri ng>>: X| <<i nt >>: Y| <<i nt >>: Col or | <<stri ng>>:
Shi el dsSt at | <<string>>: Oi ent| <<i nt >>: Turr et Rot | <<doubl e>>:}*{ St o
ne: X| <<i nt>>: Y| <<int>>:}*

Please note tha the ®0indicates there can be more than oneof them in thestring sent.
Two stones, for example, can berecorded in onemessage

Example: Two stonesin view.
VI SUAL: St one: X| 5: Y| 5: St one: X| 2: Y| 2:
Exanple 2: 1 tank in vew
VI SUAL: Tankl D t hi sTank: X| 3: Y] 4: Col or| Cyan: Shi el dStat | Up: Ori ent | 3:
TurretRot| 3. 14:

SCAN

If an agent successfully request a scan of another tank in thegame, the server will senda
scan message. This gives important and more detailed information aboutrival tankstha cannot
be discovered with thevisud message

Format:
SCAN: <<string ?tank-id>>: Heal t h| <<i nt >>: Weapon| <<i nt >>: Shi el ds| <<i nt >>

RADIO
If another agent sendsa messageto your agent, you will receive aradio string.
Format: RADI O <<string ?tank-id>>:<<string ?nmessage>>

ACK

Theserver will acknowledgeall commandssent to dTank as either acceptable (ok) or nat
acceptable (nok). To usethisfundiondity, your agent interface mug send command idswith
every command string as described in the output section.

Format: ACK: <<string ?i d>>:<<string ok|nok>>

INPUT

When your agent's environmental status changes (possible to move, not possible to move,
reloading cannon)your agent will be notified. Agents may not moveforward or turn while
moves are notpossible. Likewise, agents may notfire ther cannonwhile reloading.

Format: | NPUT: {<<string bl ocked|cl ear>>}|{rel oadi ng| <<string yes|no>>}
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EVENT

When your agent is hit, killed, or movesits turret to a new orientation, an event message
will be sent.

Format: EVENT: <<string hit|di ed>>

ACTION
When tanksthat your agent can see engagein some action, your agent will benotified
with an action message

Format:
ACTI ON: <<string ?tank-id>>:{noveForward|}| {raised-
shi el ds}| {| owered-shields}|{rotate| <<string cl ock]c-
clock>>}| {rotateTurret|<<doubl e>>}| {fired| <<doubl e>>}
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2.0 The dTank/Soar API
{I nputfrom Mark}

26



Users Manual to dTank 4.0

3.0 The dTank/ Jess API

ThedTank/Jess APl isaJavalibrary that makesit possible to write intelligent tanksfor
dTank usng Jess. Jessis arule-based engine and scripting environment. Jess engblesthe
development of software systems with reasoning capabilities developed usng knowledge
supplied in theform of declarativerules. In contrast to other agents such as Soar, Jessislight
weight Also, because of its powerful scripting languaye, Jess provides easy and direct accessto
amajority of Java API®. Hooking Jess agentsto dTank is relatively simple. In mogt cases, it is
as smple as assigning the class pah to the Jess executable file. Once theclass pah is set, dTank
can be connected to the Jess reasoning engine usng standard import statements. The Jess engine
uses the Rete algorithm (Forgy, 1982) and all references to Jess are throughthe set of Rete
interfaces provided by Jess.

Uponinitializing Jess in the dTank environment, acommon working memory is
generated between the dTank environment and the Jess agent; from this point onwardsall
communicationsbetween thetwo is throughthis working memory. Jess interfaces suppot
standadized storing and tranamission between the agent and environment. Thisis peformed
throughthe use of templates that represent facts in the environment. Fact templates can be
defined either in the Jess agent or thedTank code A sample definition of thetank templatein
dTank storing facts assodated with thetank is:

rete. executeCommand(" (deftenplate tank (slot nane)
(slot nationality)(slot distance)(slot speed))")

Each time thedTank environment is scanned, all environmental features are tranamitted
back to the common working memory and stored as facts in corresponding templates. The
following codedemondrates the storage of the environment facts in the common working
memory.

String assertFact = "(assert
(tank " + "
(name " + tanknane + ")" + "
(nationality \"" + nationality + "\")" + "
(distance " + dist + ") " + "
(speed " + speed + ")"
rete. executeCommand(" (assertFact)");

Each addition of afact trigge's the Rete algorithm, which attempts to match rules with
thenew fact(s). Based on the matched rules, actions are specified for the Jess commande.
Writing rulesin Jessis based on a Lisp-like natation. For example, a strategy that fireson Axis
tankstraveling at a speed greater than 50 mph may bewritten like this:

(defrule tankRul e

(tank (name ?nm (nationality OAxi sO

(di stance ?dist)(speed ?spd& (> ?spd 50)))
=> (fire))

Similar rules can be created for any of the commander actionsmentioned earlier, such as
turning, forward movement, chasing, and rotating. Because of Jess(3 compaibility with Java,
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Jess commandscan be executed both from the Jess module or the main Java code Themagjor
advantage of employing the Jess engineis the ease with which reasoning rules and aknowledge
base of facts can be stored in a separate module withouthaving to recompile the central dTank
program.

3.1 Installation

Ingallingtheinterface isfairly easy. Create adirectory named dTankJess (any other
names are also fine) and copy thedTank jar file (you do notneed to extract the contents of thejar
file) into this directory.

Place thefollowingfilesinto this directory:
The Jess file.
The Jess APl Package.

3.1.1 The Jess file

The Jessfile, with an extendon QclpOcontainsdeclarative rules tha will beloaded into
thedTank program once the smulation begins Two important thingsmug bekept in mind while
usngtheJessfile.

File Naming. Care should betaken in namingthejessfile. It is possible tha thedTank
environment is looking for a paticular file name when theloading begins Before placingthefile
into therootfolder, conalt thelatest dTank manud (this document) for appropriate name of the
file. At thetime of thiswriting, the file was named QlessTank.clpO

File Syntax. dTank works with the Jess agent based on a common working memory. This
working memory provides a methodto store and retrieve facts usng templates. To avoid errors,
thedaaformat utilized in Jess mug correspondwith tha of thedTank program. Agan, the user
mug conault thelatest dTank manud to obtain al required inputand output formats so that an
undestanding is maintained between the two.

There are many ways to create templatesin theclip file. One could use the Java API
available in Jess and the template could bewritten as:

Deftenplate d = new Deftenpl ate("tank”, " Data base of tanks",
rete);

d. addSl ot ("nanme", Funcall.nNIL, "STRING');

d. addSl ot ("nationality", Funcall.nIL, "STRING');

d. addSl ot ("di stance", Funcall.nNrr, "FLOAT");

d. addSl ot ("speed”, Funcall.nr1z, "FLOAT");

rete. addDeftenpl ate(d);

In contrast, thetemplate could also bewritten in the native Jess languaye, as:

deftenpl ate tank (slot nane)(slot nationality)(slot
di st ance) (sl ot speed))
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3.1.2 The Jess API Package

Jess can belicensed for commercia purposes, andis available at no cos for academic
use. To obtain Jess, contact Craig Smith at casmith@sandia.gov for prices and commercial
licendngterms, or for aresearch based academic license. A trial download is also available at
http://herzberg.ca.sandia.gov/jess/. Upondownloading, an executable packagecalled Jess. j ar
of approximately 410KB in size will beavailable.

3.1.3 The Jess/dTank file structure

Therootfolder for running Jess/ dTank mug looklike this.

dTankJess\
Jess. Jar
dTank. j ar

JessTank.clip

To run Jess/ dTank, open the command prompt and go to the dTankJess\ folder and type
the command:

java bcp Jess.jar;dTank.jar dTank

Thebest way to see how Jess/dTank works is to observe facts beng created and rules
being matched. To see this, turn onthe(wat ch al I') commandin either thejessfile or the
dTank code If clip file is used, this command shoud bewritten asthefirst lineof codetheclip
file. A sample outputis shown here. In this output, each time the Jess tank spots an enemy tank,
it is stored in theworking memory. Thisruleisfired at each scan if an enemy tank is spotted. In
thefollowingtrace, thethree tanks spotted and their attributes are printed outin the command
prompt.

Jess File: Working Menory initialized
MAI N: : t ankRul e: +1+1+t
MAIN::dist_if_|low +1+1+1+t
==> f-0 (MAIN::tank (name "tank0") (nationality "Axis")
(di stance 204.8) (speed 250.64))
==> Activation: MAIN :tankRule : f-0
facts added new tank
FIRE 1 MAIN::tankRule f-0
Jess File: New Tank Added
==> f-1 (MAIN::tank (nane "tank1l") (nationality "Axis")
(di stance 200.0) (speed 250.6))
==> Activation: MAIN :tankRule : f-1
facts added new tank
FIRE 1 MAIN::tankRule f-1
Jess File: New Tank Added
==> f-2 (MAIN::tank (nane "tank2") (nationality "Axis")
(di stance 371.7) (speed 255.6))
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Appendix 1. Design Diagram

Al. Design Diagrams

Users Manual to dTank 4.0

The UML diagrams shown in this section provides an overview from a proggammer®
perspective; these show the mgjor classes involved in dTank and howthey are connected to each

other.

Al.1 UML diagram for Battle Component of dTank
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A1.2 UML diagram for Control Panel Component of dTank
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A1.3 UML diagram for Communication component of dTank
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