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ABSTRACT

This paper describes an interesting game, Robot Gladiators, and the Java program that permits
students to program the strategy of individual robots. As such, the program is appropriate for a
first Javaclass or afirst classin Artificia Intelligence.

Robot Gladiators is a multiplayer game in which the goal is to have your robot survive against all
other robots. The other robots can represent other peopl€e's strategies or they can be "dumb”
robots supplied by the program. At the start of the game, each robot is placed randomly on a
rectangular playing field. Each robot can turn, move, get its current location, check its long-
range directional radar or its short-range proximity radar, or fireits cannon. The action of each
robot is controlled by an individual run() method. Each student programs his/her own robot and
then, by letting the game play for 100 trials, one can begin to judge the soundness of different
strategies.

The paper describes the main Java program that controls the actions of the robots. More
precisely, the main program referees the actions of the robots, which are requested from
individual threads associated to each robot. The ease of implementing multi-threaded
programming in Java makesit an ideal language to use [1]. In particular, the interplay of a
graphics thread, a game thread, and the individual robot threads will be explained. The program
also collects statistics over many games, making it possible to play a series of games. The Java
code will be made available to anyone who wantsit. In a Java class, this code can be used as an
example of amoderately sized Java project.

On the other hand, the Java code for each robot is very simple. Even non-Java students can
create their own robot code by merely imitating the class definition of the sample dumb robot.
Basicaly, the student devises a strategy and then implements that strategy by defining a new
subclass of the specified Robot class, which invokes the appropriate methods (move(), turn(),
fire(), etc.) from this superclass Robot. Without having to be concerned about the graphics and
threads, this program can be used in an introductory Al class or in a class where one wants a
good example of object-oriented programming without getting heavily involved in Java.

The paper presents a learning situation that is very open ended for the student. We have found
that students get very excited about Robot Gladiators and want to continue to implement



improved strategies when they see how their current strategies perform. We have run the
program with as many as six student robots and four dumb robots and have found that the
program'’s performance is good with up to ten robots at atime.

THE GAME OF ROBOT GLADIATORS

In Robot Gladiators, individual human programmers pre-program their robots to act on its own
in an environment with other robots. The goal of the game is to destroy all other robots. The
action occurs in arectangular arena of default size 400 by 200 pixels, but this size can easily be
adjusted by the user. In the arena, arobot appears as a circular disk of default radius 10 pixels. A
robot always faces a certain direction, denoted graphically by atriangular arrowhead. Figure 1
shows what Robot “a” looks like on the screen.

Figurel

Each robot is capable of the following actions:
* A robot may rotate itself. The default rotational speed is 22 degrees per second.

» A robot may move forward in the direction it isfacing. The default speed is 30 pixels
per second. A robot stops moving forward if it encounters an obstacle, such as awall
or another robot.

* A robot may fire one shot at atime. It takes 0.1 seconds to ready and fire the shot.
The shot appears on the screen as a small disk of radius 3 pixels and the shot travels
at 50 pixels per second. The robot may not fire again until the fired shot has
exploded, either by hitting another robot or by leaving the boundaries of the arena.

* A robot may inquire whether it is capable of firing a shot at the present time. Thereis
no time penalty for this action.

* A robot may use its proximity radar detector, which returns the number of robots
within 100 pixels. This action takes 0.1 seconds to execute.

* A robot may use its forward radar, which returns the number of robots within 30
degrees of its forward direction and within aradius of 200 pixels. This action takes
0.1 seconds to execute.

» A robot may obtain its present position and present heading. These actions do not
cost time.

* A robot may also obtain the dimensions of the arena. This action has no time cost.



A robot is destroyed if hit by any shot. The last robot to survive is declared the winner. At the
beginning of each battle, all robots are randomly placed in the arenain a non overlapping
fashion. Thereis abuilt-in delay of 5 seconds before robots may fire any shots at each other.

Clearly, the default values used above are constants and are merely suggested as starting values.
They may be altered by the user.

THE OUTLINE OF THE PROGRAM

We now describe the program that controls the robots. Throughout this paper, we will use Java,
but it is possible to use any object-oriented language which supports multi-threading. There are
two classes RobotM aster and Robot, which control the battle, and individual human
programmers write their own subclass of Robot to control their own robots. We shall refer to
these subclasses as the RobotGladiator classes.

The RobotMaster class isthe main class, which referees al the action of the robots and draws
the graphics. The game datais stored in various arrays, indexed by the robots, that store the
position and heading and status (such as alive, radar on, etc.) of each robot and their shots and
other control variables.

At the heart of the action are two threads, the graphics thread and the game thread. The graphics
thread merely draws the graphics literally according to the data arrays (at a default refresh rate of
20 frames per second). The game thread moves and updates the shots and detects whether any
robots have been hit and takes corresponding actions.

The Robot class defines methods for communicating with the RobotM aster object. These
methods are called by the individual RobotGladiator objects, and include such methods as
move(), turn(), fire(), etc. The details of these interactions are described in the next section.

The RobotMaster object generates a window with the arena, along with various Graphics User
Interface controls and displays. The records of each robot are displayed, such as rank in the
current battle, average rank, number of wins, and number killsin al battles so far. The GUI
controls include:

* achoice menu to select the number of additional dumb robots
» achoice menu to select the number of trials

* adtart button to start a series of trials,

* an abort button to abort the current trial

* an abort button to abort al trials

» apause and resume button that toggles

» asound on and sound off button that toggles

» agame speed up or slow down scroll bar

» and agraphics refresh rate scroll bar.



Also, since each trial is limited to afixed time (the default is 10 minutes),
the amount of time remaining in the current trial is also displayed. Figure 2 shows a screen shot
of the program in action.
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In Figure 2, note that Robot C, in the lower right corner, has just fired a shot (at nothing). Robot
C aso hasits proximity detector on, asisindicated by the gray circle around Robot C. Note that
Robot B would be detected by this proximity detection. Further, note that robot D, in the center
of the arena, has its forward radar on, asis indicated by the lighter cone emanating from Robot
D. Robot A would be detected by this radar. Appropriate sounds are played when either kind of
detection occurs.

THE INTERACTION BETWEEN THE RobotMaster AND Robot CLASSES

At the beginning of a battle, an array of Robot objectsis created, one for each contestant using
the corresponding subclasses. A parallel array of Thread objectsis also created using each of
these Robot objects as targets.

Each thread is then started, which corresponds to the run() method in each RobotGladiator class
being called.



As an example, here is the Robot method fire().

public class Robot inplenents Runnabl e

{
bool ean fire()
{
return Robot Master.fire(this); //Pass Robot object itself
}
}

publ i c cl ass Robot Master extends Appl et inplenments Runnabl e
{
static Robot[] robot (jects;
static double[] x, vy, dir, shotX shotY, shotDr;
static bool ean[] shot(n;
static int nunber ™ Robots, robotRadi us, shotRadi us;
static doubl e FI REDELAY=100, ganmeSpeedFact or =1,

static int getlndex™ Robot (Robot r)
{
int i;
for(i=0;i<nunberd Robot s; i ++)
{
if(robotCbject[i]==r)return i;
}

return -1; //and or report error!!

}

public static bool ean fire(Robot r)
{
try{Thread. sl eep( (i nt) ( Fl REDELAY*gameSpeedFact or) ; }
catch(InterruptedException e){} //Put Robot to sleep
int n = getlndex(Ck Robot (r);
I f(shotOn[n])
{
return fal se; /1 You al ready have an active shot.
}
el se
{ /lplace new shot just in front of robot
shotX[n] = x[n] +

(robot Radi us+shot Radi us) *Mat h. cos(di r[ n] *3. 14159/ 180) ;
shotY[n] =y[n] +



(robot Radi us+shot Radi us) *Mat h. si n(di r[ n] *3. 14159/ 180) ;
shotDr[n] =dir[n]; //shot's direction sane as robot's.

shotOn[n] = true; //shot is active
fired = true; [/turn control variable on;
return true;

}
}

When the fire() method of Robot is called, the static method fire() of RobotMaster is called with
the Robot object itself as the argument. A static method is used so that the Robot object need not
have access to the RobotM aster object itself. This ssimplifies the programming slightly. The
main ideais that by passing itself as an argument, the Robot object allows

the RobotM aster object to determine which RobotGladiator is calling the method, and hence can
update all appropriate variables. Notice that the RobotGladiator is put to sleep for an appropriate
amount of time (FIREDELAY is the constant 100 milliseconds, and gameSpeedFactor can be
adjusted by the game speed scrollbar to speed up or low down the game). The control boolean
variable "fired" is used in the game thread to play the corresponding sound.

We now give afull list of the Robot methods. These are the methods that are available to the
human programmer of arobot.

bool ean nove(doubl e di st ance)

/I moves the robot forward by distance pixels;

[lreturns true if successful, false if obstacl e encountered,
[/ default speed is 30 pixels per second.

voi d turn(doubl e degrees)
[/turns robot by specified degrees, positive or negative;
[/ default angular velocity is 22 degrees per second.

bool ean fire()
/[lattenpts to fire a shot; returns true if successful;
//takes 0.1 second to conplete this action.

int proximty()
[/returns the nunber of robots within proximty (100 pi xel s);
//takes 0.1 second to conplete this action.

int radar()

[/returns the nunber of robots within forward radar

[/ (within 30 degrees left and right, and within 200 pixel s);
//takes 0.1 second to conplete this action.

bool ean fireAbl e()
[lreturns true if capable of firing. (no time charged)



doubl e get X()
[/returns x-coordinate of robot. (no time charged)

doubl e get Y()
[/returns y-coordinate of robot. (no-time charged)

doubl e getD rection()
//returns heading of robot in degrees. (no tine charged)

doubl e getWdt h()
[/returns arena w dth, maxi mum x-coordinate. (no time charged)

doubl e get Hei ght ()
[/returns arena height, naxi numy-coordinate. (no tine
char ged)

doubl e get Score()
[/returns robot's current average rank from previous battl es.
/1 (no tinme charged)

For an advanced class of students with good math skills, the above mentioned basic methods
should suffice.

For students at a more elementary level, one could also make more
high-level methods available in the Robot class. These might include:

voi d turnTo(doubl e direction)
//turns robot to specified heading by cal cul ating
[l appropriate nunber of degrees and calling turn();

voi d turnTowar ds(doubl e x, doubl e y)
[/turns robot towards the point (x,y) by calcul ating
//the heading towards (x,y) and then calling turnTo().

nmoveTo( doubl e x, doubl e y)

/I moves robot to specified coordinates by calling turnTo(x,y)
//followed by finding the distance to (x,y) and calling
nmove().

bool ean firelfAble()
[/fires a shot if able by using fireAble() and then fire().

bool ean snoozeTil Fire()
[/waits (by sleeping) until able to fire, then fires.

These additional methods are also good for students in a one-time lab experience, such asat a
colloquium. They make it possible to quickly implement Robot strategies.



One annoying situation that can arise is when a student's RobotGladiator

has an infinite loop in which it never goes to sleep. This can cause the entire battle to slow down
significantly. The best thing to do in this situation is to abort all trials and inspect the code of
each RobotGladiator. One could also overcome this problem by requiring all RobotGladiators to
perform actions periodically. This could be monitored and if arobot didn’t perform any actions
in agiven period, it would be declared “rusted” and would be destroyed. If this monitoring were
done, one would also need to provide a sleep() method that the monitor recognized as a legal
action.

THE MAIN RobotMaster CLASS IN JAVA PSEUDO-CODE

The complete Java code is too lengthy to include here, but will be made
available to anyone who wants it. Here are some of the more important
methods for the main RobotM aster class, written in Java pseudo-code.

public class Robot Master extends Appl et inplenents Runnabl e
{

[/ Define all constants, arrays, variables.

public void init()
{

CGeate GQJ environnent, initialize all vari abl es.

}

publ i ¢ bool ean action(Event e, (bject arg) //For Java 1.0
{

Take correspondi ng acti on when certain buttons are pressed.

}

void startBattl e()

{
Create a graphics thread and a gane thread,;
Create all the robots; randomy place the robots;
start all threads.

}

voi d run@ aphi csThread()
{
Draw all robots and shots literally according to data
arrays,;
Sl eep some mlliseconds. Repeat forever.
}

voi d runGaneThr ead()
{

Move and update all active shots. Detect any hits and take
appropriate actions. Check sound control variables and pl ay



appropriate sounds. Sleep sonme mlliseconds. Repeat until 1
or O robots are left and no active shots renain.

}

Al the nethods called by the Robot class...

}

SOME RobotGladiator STRATEGIES

The following are some elementary strategies that our students have programmed for their
robots.

e "Random": Just randomly move, turn, and fire.

* "The Corner Strategy": Go to the nearest corner, and turn back and forth and randomly
fire within the 90 degree arc.

* "The Roaming Lighthouse": Go to some location, and turn in a circle until the forward
radar detects something, in which case stop and fire. Go to a different random location
after aperiod of time.

* "Spininthe Middle": Go to the center of the arena, spin and fire randomly.

To illustrate the possibilities and make the student's task easier, we supply the students with the
code for a"Dumb" robot. Hereisthe code:

publ i c cl ass Robot Dunb ext ends Robot
{
public void run() //This will be called ONCE for EACH gane in
//the set of trials.

{
doubl e r;
whi | e(true)
{

r=Mat h. randon() ;
if (r<.25) //25%of the tinme fire, possibly at nothing

{
if (fireAble()) fire();
}
else if(r<.5) //25%of the tinme nove forward
[/randomy from1l to 20 pixels
{

}
else if(r<.8) //30%of the tinme turn

//randomy from-50 to 50 degrees
{

nove( Mat h. randon() *20+1) ;



t ur n( Mat h. randon{( ) *100- 50) ;
}

else if (r<.9) //10%of the tine turn on
//proximty detector, ignoring results
{

proximty();

else //10%of the tine turn on radar, ignoring results

{

}
}

radar () ;

}
}
Dumb is not avery good robot, but it illustrates the correct syntax of the main methods that are
available for programming robot strategies. In fact, students can create their own robot by
simply modifying the code for the Dumb robot. This makes it possible to use RobotGladiators
with students who are not proficient Java programmers or in short presentation, such as a
colloguium.
FURTHER IDEAS

Students will suggest and, if they are capable, they can program additional methods for the
robots. For example, one could allow the radar beam to be adjusted via a method such as

set Radar Angl e(d oubl e radar Angl e)

One could also alow a defensive method that detects radar, such as
bool ean radar Det ect ed()

CONCLUSIONS

In an elementary class, this game allows a student to program a fun robot game while learning
the concepts of classes and methods.

This game is also suitable as a one-time demonstration.

In an advanced programming class, the students would have to write their own high-level
methods.

In an Artificial Intelligence class, the robots should have a more sophisticated search and destroy
(and possibly duck) algorithm, and they should also learn from previous battles by using the
getScore() method to assess their current strategies.
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