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?./4!E!2:5A(/5F!

!

G*!H*C!I:*AJ!!
K(4!E%

!

! E1!G*(5!4'(!;C,!.+A.L5!<*6(!4*!.!:(A!+*9.43*:J!MN8+.3:1!

O*1!2!;C,!A3++!*:+L!<*6(!4*!4'(!+*9.43*:!3:!>/*:4!*>!34!3>!4'(!9(++!(N3545!.:0!35!(<84L!*/!3>!4'(/(!35!.!>+*A(/!3:!4'(!

9(++1!!

!

! #1!P:!A'39'!03/(943*:!0*(5!4'(!;C,!<*6(J!

2!;C,!.44(<845!4*!<*6(!>*/A./01!

!

! Q1!R'.4!0*(5!4'(!;C,!0*!3>!34!0*(5!:*4!<*6(J!

R'(:!.!;C,!9.::*4!<*6(S!34!4C/:5!TU!0(,/((5!4*!4'(!/3,'41!

!

! T1!R'.4!0*(5!.!;C,!+(.6(!;('3:0!A'(:!34!<*6(5J!

2!;C,!+(.6(5!.!>+*A(/!3:!345!*+0!9(++!A'(:!34!<*6(5!4*!.!:(A!9(++1!&'(!>+*A(/!35!4'(!5.<(!9*+*/!.5!4'(!;C,1!

!

! U1!R'.4!'.88(:5!A'(:!4'(!;C,!35!.4!.:!(0,(!*>!4'(!,/30J!=)*:530(/!A'(4'(/!4'(!;C,!35!>.93:,!4'(!(0,(!.5!A(++!.5!

A'(4'(/!4'(!;C,!35!>.93:,!5*<(!*4'(/!03/(943*:!A'(:!.:5A(/3:,!4'35!VC(543*:1@!!

P>!.!;C,!35!>.93:,!4'(!,/30!(0,(!.:0!34!35!4*+0!4*!.94S!34!A3++!4C/:!TU!0(,/((5!4*!4'(!/3,'41!R'(:!4*+0!4*!.94!.,.3:S!34!

A3++!4C/:!.:*4'(/!TU!0(,/((5!4*!4'(!/3,'41!

!

P>!.!;C,!35!>.93:,!4'(!,/30!(0,(!.:0!34!35!4*+0!4*!<*6(S!34!A3++!/(<*6(!345(+>!>/*<!4'(!,/30!.:0!.!>+*A(/!A3++!

/(8+.9(!4'(!;C,!3:!4'.4!+*9.43*:1!

!

! W1!R'.4!'.88(:5!A'(:!.!;C,!'.5!.!/*9X!3:!4'(!+*9.43*:!3<<(03.4(+L!3:!>/*:4!*>!34J!

&'(!;C,!4C/:5!TU!0(,/((5!4*!4'(!/3,'41!

!

! %1!G*(5!.!>+*A(/!<*6(J!

O*1!

!

! Y1!R'.4!;('.63*/!0*(5!.!>+*A(/!'.6(J!

2!>+*A(/!ZA3+45[!*6(/!43<(1!&'(!9*+*/!*>!.!>+*A(/!,(45!0./X(/!C:43+!34!4C/:5!.!0./X!,/.L1!!!

!

! \1!G*(5!.!/*9X!<*6(!*/!'.6(!.:L!*4'(/!;('.63*/J!

O*1!2!/*9X!54.L5!3:!345!+*9.43*:!.:0!0*(5!:*4!.88(./!4*!'.6(!.:L!*4'(/!;('.63*/5!A'(:!4'(!54(8!*/!/C:!;C44*:!35!

C5(01!

!

!E$1!).:!<*/(!4'.:!*:(!.94*/!=;C,S!>+*A(/S!/*9X@!;(!3:!4'(!5.<(!+*9.43*:!3:!4'(!,/30!.4!4'(!5.<(!43<(J!

O*1!2!+*9.43*:!3:!4'(!,/30!9.:!9*:4.3:!*:+L!*:(!.94*/!.4!.!43<(1!
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! E1!&(54!4'( setDirection <(4'*0!A34'!4'(!>*++*A3:,!3:8C45!.:0!9*<8+(4(!4'(!4.;+(S!,363:,!4'(!9*<8.55!
03/(943*:!(.9'!3:8C4!/(8/(5(:451!!

!

1).#)),! 2345",,%1+#)*$+36!

$! O*/4'!

TU! O*/4'M.54!

\$! M.54!

EQU! K*C4'M.54!

EY$! K*C4'!

##U! K*C4'R(54!

#%$! R(54!

QEU! O*/4'R(54!

QW$! O*/4'!

!

! #1!]*6(!.!;C,!4*!.!03>>(/(:4!+*9.43*:!C53:,!4'( moveTo <(4'*01!P:!A'39'!03/(943*:5!9.:!L*C!<*6(!34J!^*A!>./!
9.:!L*C!<*6(!34J!R'.4!'.88(:5!3>!L*C!4/L!4*!<*6(!4'(!;C,!*C4530(!4'(!,/30J!

2!;C,!9.:!;(!<*6(0!4*!.:L!6.+30!+*9.43*:!3:!4'(!,/30!C53:,!4'( moveTo <(4'*01!R'(:!<*63:,!4'(!;C,!C53:,!
4'( moveTo <(4'*0S!4'(!;C,!A3++!:*4!9'.:,(!345!*/3,3:.+!03/(943*:1!&'( setDirection <(4'*0!*/ turn 
<(4'*0!<C54!;(!C5(0!4*!9'.:,(!.!;C,_5!03/(943*:1!

!

244(<843:,!4*!<*6(!.!;C,!4*!.!+*9.43*:!*C4530(!*>!4'(!,/30!=.:!3:6.+30!+*9.43*:!>*/!4'(!,/30@!A3++!9.C5(!.: 
IllegalArgumentException 4*!;(!4'/*A:1!

!

! Q1!)'.:,(!4'(!9*+*/!*>!.!;C,S!.!>+*A(/S!.:0!.!/*9X1!!R'39'!<(4'*0!030!L*C!C5(J!!

&'( setColor <(4'*01!
!

! T1!]*6(!.!/*9X!*:!4*8!*>!.!;C,!.:0!4'(:!<*6(!4'(!/*9X!.,.3:1!R'.4!'.88(:(0!4*!4'(!;C,J!

R'(:!.!/*9X!35!<*6(0!Z*:!4*8[!*>!.!;C,S!4'(!;C,!035.88(./51!R'(:!4'(!/*9X!35!<*6(0!4*!.:*4'(/!+*9.43*:S!4'(!

;C,!35!:*!+*:,(/!4'(/(S!*/!.:LA'(/(!(+5(!3:!4'(!,/301!R'(:!.!:(A!.94*/!<*6(5!3:4*!.!,/30!+*9.43*:!*99C83(0!;L!

.:*4'(/!.94*/S!4'(!*+0!.94*/!35!/(<*6(0!>/*<!4'(!,/301!

!

!
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! E1!R'.4!35!4'(!/*+(!*>!4'(!3:54.:9(!6./3.;+( sideLengthJ!

&'( sideLength 3:54.:9(!6./3.;+(!0(>3:(5!4'(!:C<;(/!*>!54(85!. BoxBug <*6(5!*:!(.9'!530(!*>!345!;*N1!
!

! #1!R'.4!35!4'(!/*+(!*>!4'(!3:54.:9(!6./3.;+( stepsJ!

&'( steps 3:54.:9(!6./3.;+(!X((85!4/.9X!*>!'*A!<.:L!54(85!. BoxBug '.5!<*6(0!*:!4'(!9C//(:4!530(!*>!345!
;*N1!!!

!

! Q1!R'L!35!4'( turn <(4'*0!9.++(0!0-.1#!A'(: steps ;(9*<(5!(VC.+!4* sideLengthJ!

R'(:!. BoxBug 4/.6(+5 sideLength 54(85S!34!'.5!4*!4C/:!\$!0(,/((5!4*!4/.6(+!.+*:,!4'(!:(N4!530(!*>!345!
;*N1!&'(!turn!<(4'*0!*:+L!(N(9C4(5!.!TU!0(,/((!4C/:`!4'(/(>*/(!34!4.X(5!4A* turn <(4'*0!9.++5!4*!4C/:!\$!
0(,/((51!

!

! T1!R'L!9.:!4'( move <(4'*0!;(!9.++(0!3:!4'( BoxBug 9+.55!A'(:!4'(/(!35!:* move <(4'*0!3:!4'( 
BoxBug 9*0(J!

&'( BoxBug 9+.55!(N4(:05!4'( Bug 9+.55S!.:0!4'( Bug 9+.55!'.5!.!8C;+39 move <(4'*01!K3:9(!4'( 
BoxBug 9+.55!35!.!5C;9+.55!*>!4'( Bug 9+.55S!34!3:'(/345!4'( move <(4'*0!>/*<!4'( Bug 9+.551!

!

! U1!2>4(/!. BoxBug 35!9*:54/C94(0S!A3++!4'(!53a(!*>!345!5VC./(!8.44(/:!.+A.L5!;(!4'(!5.<(J!!R'L!*/!A'L!:*4J!!!

H(51!R'(:!. BoxBug 35!9*:54/C94(0S!4'(!530(!+(:,4'!35!0(4(/<3:(0!.:0!9.::*4!;(!9'.:,(0!;L!9+3(:4!9*0(1!
!

! W1!).:!4'(!8.4'!. BoxBug 4/.6(+5!(6(/!9'.:,(J!R'L!*/!A'L!:*4J!

H(51!P>!.:*4'(/ ActorS!+3X(!. Rock */ BugS 35!3:!>/*:4!*>!. BoxBug A'(:!34!4/3(5!4*!<*6(S!4'( BoxBug 
A3++!4C/:!.:0!54./4!.!:(A!;*N!8.4'1!

!

! %1!R'(:!A3++!4'(!6.+C(!*> steps ;(!a(/*J!

P:343.++LS!4'(!6.+C(!*> steps 35!5(4!4*!a(/*!A'(:!. BoxBug 35!9*:54/C94(01!2>4(/!4'.4S!4'(!6.+C(!*> steps 
A3++!;(!5(4!4*!a(/*!A'(: steps 35!(VC.+!4* sideLengthb<(.:3:,!4'( BoxBug '.5!9*<8+(4(0!*:(!530(!
*>!345!;*N!8.4'S!*/!A'(:!4'( BoxBug 9.::*4!<*6(!.:0!4C/:5!3:54(.0!4*!54./4!.!:(A!;*N!8.4'1!
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! E1!R/34(!.!9+.55 CircleBug 4'.4!35!30(:439.+!4* BoxBugS (N9(84!4'.4!3:!4'( act <(4'*0!4'( turn 
<(4'*0!35!9.++(0!*:9(!3:54(.0!*>!4A39(1!!^*A!35!345!;('.63*/!03>>(/(:4!>/*<!. BoxBugJ!

!
import info.gridworld.actor.Bug; 
public class CircleBug extends Bug 
{ 
  private int steps; 
  private int sideLength; 
 
  public CircleBug(int n) 
  { 
    sideLength = n; 
  } 
 
  public void act() 
  { 
    if (steps < sideLength && canMove()) 
    { 
      move(); 
      steps++; 
    } 
    else 
    { 
      turn(); 
      steps = 0; 
    } 
  } 
} 
!

&'(!8.4'!*>!. CircleBug 35!.:!*94.,*:S!3:54(.0!*>!.!5VC./(1!
!

!
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! #1!R/34(!.!9+.55 SpiralBug 4'.4!0/*85!>+*A(/5!3:!.!583/.+!8.44(/:1!^3:4F!P<34.4( BoxBugS ;C4!.0cC54!4'(!530(!
+(:,4'!A'(:!4'(!;C,!4C/:51!H*C!<.L!A.:4!4*!9'.:,(!4'(!A*/+0!4*!.: UnboundedGrid 4*!5((!4'(!583/.+!
8.44(/:!<*/(!9+(./+L1!

!
import info.gridworld.actor.Bug; 
public class SpiralBug extends Bug 
{ 
  private int sideLength; 
  private int steps; 
 
  public SpiralBug(int n) 
  { 
    sideLength = n; 
    steps = 0; 
  } 
 
  public void act() 
  { 
    if (steps < sideLength && canMove()) 
    { 
      move(); 
      steps++; 
    } 
    else 
    { 
      turn(); 
      turn(); 
      steps = 0; 
      //Each time a SpiralBug turns, increase the sideLength by one 
      sideLength++; 
    } 
  } 
} 
!

!
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&'(!>*++*A3:, SpiralBugRunner 9+.55!9.:!;(!C5(0!A34'!4'(!5C,,(54(0 UnboundedGrid1!
!
import info.gridworld.actor.Actor; 
import info.gridworld.grid.UnboundedGrid; 
import info.gridworld.actor.ActorWorld; 
import info.gridworld.grid.Location; 
 
public class SpiralBugRunner 
{ 
  public static void main(String[] args) 
  { 
    UnboundedGrid grid = new UnboundedGrid<Actor>(); 
    ActorWorld world = new ActorWorld(grid); 
    SpiralBug sp = new SpiralBug(3); 
    world.add(new Location(3,5),sp); 
    world.show(); 
  } 
} 
!
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! Q1!R/34(!.!9+.55 ZBug 4*!3<8+(<(:4!;C,5!4'.4!<*6(!3:!.!Zd[!8.44(/:S!54./43:,!3:!4'(!4*8!+(>4!9*/:(/1!2>4(/!
9*<8+(43:,!*:(!Zd[!8.44(/:S!. ZBug 5'*C+0!54*8!<*63:,1!P:!.:L!54(8S!3>!. ZBug 9.:_4!<*6(!.:0!35!543++!
.44(<843:,!4*!9*<8+(4(!345!Zd[!8.44(/:S!4'( ZBug 0*(5!:*4!<*6(!.:0!5'*C+0!:*4!4C/:!4*!54./4!.!:(A!530(1!
KC88+L!4'(!+(:,4'!*>!4'(!Zd[!.5!.!8./.<(4(/!3:!4'(!9*:54/C94*/1!&'(!>*++*A3:,!3<.,(!5'*A5!.!Zd[!8.44(/:!*>!

+(:,4'!T1!^3:4F!O*439(!4'.4!. ZBug :((05!4*!;(!>.93:,!(.54!;(>*/(!;(,3::3:,!345!Zd[!8.44(/:1!

!

!
!
 
import info.gridworld.actor.Bug; 
import info.gridworld.grid.Location; 
 
/** 
 * A ZBug traces out a Z pattern of a given size. 
 */ 
 
public class ZBug extends Bug 
{ 
  private int segmentLength; // the number of flowers in each segment 
  private int steps; // the number of steps in the current side 
  private int segment; // which segment of the Z the ZBug is on 
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\

  /** 
   * Constructs a Zbug that traces a Z pattern in which each segment 
   * of the Z has the given length 
   * When the Z is drawn, the ZBug stops. 
   * @param length the segment length 
   */ 
  public ZBug(int length) 
  { 
    setDirection(Location.EAST); 
    steps = 0; 
    segment = 1; 
    segmentLength = length; 
  } 
 
  public void act() 
  { 
    if (segment <= 3 && steps < segmentLength) 
    { 
      if (canMove()) 
      { 
        move(); 
        steps++; 
      } 
    } 
    else if (segment == 1) 
    { 
      setDirection(Location.SOUTHWEST); 
      steps = 0; 
      segment++; 
    } 
    else if (segment == 2) 
    { 
      setDirection(Location.EAST); 
      steps = 0; 
      segment++; 
    } 
  } 
} 
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T1! R/34(!.!9+.55 DancingBug 4'.4!Z0.:9(5[!;L!<.X3:,!03>>(/(:4!4C/:5!;(>*/(!(.9'!<*6(1!&'( DancingBug 
9*:54/C94*/!'.5!.:!3:4(,(/!.//.L!.5!8./.<(4(/1!&'(!3:4(,(/!(:4/3(5!3:!4'(!.//.L!/(8/(5(:4!'*A!<.:L!43<(5!4'(!

;C,!4C/:5!;(>*/(!34!<*6(51!e*/!(N.<8+(S!.:!.//.L!(:4/L!*>!U!/(8/(5(:45!.!4C/:!*>!##U!0(,/((5!=/(9.++!*:(!4C/:!35!

TU!0(,/((5@1!R'(:!.!0.:93:,!;C,!.945S!34!5'*C+0!4C/:!4'(!:C<;(/!*>!43<(5!,36(:!;L!4'(!9C//(:4!.//.L!(:4/LS!

4'(:!.94!+3X(!. Bug1 !P:!4'(!:(N4!<*6(S!34!5'*C+0!C5(!4'(!:(N4!(:4/L!3:!4'(!.//.L1!2>4(/!9.//L3:,!*C4!4'(!+.54!
4C/:!3:!4'(!.//.LS!34!5'*C+0!54./4!.,.3:!A34'!4'(!3:343.+!.//.L!6.+C(!5*!4'.4!4'(!0.:93:,!;C,!9*:43:C.++L!/(8(.45!

4'(!5.<(!4C/:3:,!8.44(/:1!

&'( DancingBugRunner 9+.55!5'*C+0!9/(.4(!.:!.//.L!.:0!8.55!34!.5!.!8./.<(4(/!4*!4'( DancingBug    
9*:54/C94*/1 

!
import info.gridworld.actor.Bug; 
public class DancingBug extends Bug 
{ 
  private int[] turnList; 
  private int currentStep; 
   
  public DancingBug(int[] turns) 
  { 
    turnList = turns; 
    currentStep = 0; 
  } 
 
  public void turn(int times) 
  { 
    for(int j = 1; j <= times; j++) 
    { 
      turn(); 
    } 
  } 
  
  public void act() 
  { 
    if(currentStep == turnList.length) 
    currentStep = 0; 
    turn (turnList[currentStep]); 
    currentStep++; 
    super.act();  
  } 
} 
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EE

import info.gridworld.actor.ActorWorld; 
import info.gridworld.grid.Location; 
import java.awt.Color; 
public class DancingBugRunner 
{ 
  public static void main(String[] args) 
  { 
    ActorWorld world = new ActorWorld(); 
    int[] turns = {2,2,1,3}; 
    DancingBug ballerina = new DancingBug(turns); 
    ballerina.setColor(Color.ORANGE); 
    world.add(new Location(9, 9), ballerina); 
    world.show(); 
  } 
} 
 
 
! U1!K4C0L!4'(!9*0(!>*/!4'( BoxBugRunner 9+.551!KC<<./3a(!4'(!54(85!L*C!A*C+0!C5(!4*!.00!.:*4'(/ BoxBug 

.94*/!4*!4'(!,/301!

E1! )/(.4(!. BoxBug *;c(94!A34'!4'(!0(53/(0!530(!+(:,4'!
BoxBug anotherOne = new BoxBug(2);!

2.!200!4'(!:(A BoxBug 4*!4'(!A*/0!.4!.!/.:0*<!*/!58(93>39!+*9.43*:!
world.add(anotherOne); 
*/ 
world.add(new Location(1,1), anotherOne); 

!



!"#$%8%

%

%

"!#$$%!&'(!)*++(,(!-*./01!2++!/3,'45!/(5(/6(01!73534!.89(:4/.+19*++(,(;*./019*<!=>*/!2?!8/*>(553*:.+5@!

!.:0!AAA19*++(,(;*./019*<B.854C0(:45!=>*/!2?!54C0(:45!.:0!8./(:45@1!

!

E#

G*!H*C!I:*AJ!!
K(4!Q%

!

255C<(!4'(!>*++*A3:,!54.4(<(:45!4*!.:5A(/!4'(!>*++*A3:,!VC(543*:51!

!

Location loc1 = new Location(4,3); 
Location loc2 = new Location(3,4); 
!

! E1!^*A!A*C+0!L*C!.99(55!4'(!/*A!6.+C(!>*/ loc1J!

loc1.getRow() 
 
! #1!R'.4!35!4'(!6.+C(!*> b .>4(/!4'(!>*++*A3:,!54.4(<(:4!35!(N(9C4(0J!

boolean b = loc1.equals(loc2); 
false 

!

! Q1!R'.4!35!4'(!6.+C(!*> loc3 .>4(/!4'(!>*++*A3:,!54.4(<(:4!35!(N(94C(0J!

Location loc3 = loc2.getAdjacentLocation(Location.SOUTH); 
(4,4) 

!

! T1!R'.4!35!4'(!6.+C(!*> dir .>4(/!4'(!>*++*A3:,!54.4(<(:4!35!(N(9C4(0J!

int dir = loc1.getDirectionToward(new Location(6,5)); 
EQU!=0(,/((5@bK*C4'(.54!

!

! U1!^*A!0*(5!4'( getAdjacentLocation <(4'*0!X:*A!A'39'!.0c.9(:4!+*9.43*:!4*!/(4C/:J!

&'(!8./.<(4(/!3:!4'( getAdjacentLocation <(4'*0!3:039.4(5!4'(!03/(943*:!*>!4'(!.0c.9(:4!:(3,';*/!4*!>3:01!P4!
/(4C/:5!4'(!.0c.9(:4!+*9.43*:!3:!4'(!9*<8.55!03/(943*:!4'.4!35!9+*5(54!4*!4'(!03/(943*:!,36(:!3:!4'(!8./.<(4(/!+3541!

!

!

G*!H*C!I:*AJ!!
K(4!T%

!

! E1!^*A!9.:!L*C!*;4.3:!.!9*C:4!*>!4'(!*;c(945!3:!.!,/30J!^*A!9.:!L*C!*;4.3:!.!9*C:4!*>!4'(!(<84L!+*9.43*:5!3:!.!;*C:0(0!

,/30J!!!

!

255C<(!4'.4!gr!35!.!/(>(/(:9(!4*!. Grid *;c(941! !

!

gr.getOccupiedLocations().size() A3++!>3:0!4'(!:C<;(/!*>!*99C83(0!+*9.43*:5!3:!.:L!4L8(!*>!,/301!
!

gr.getNumRows()*gr.getNumCols() - gr.getOccupiedLocations().size() A3++!>3:0!4'(!
:C<;(/!*>!(<84L!+*9.43*:5!3:!. BoundedGrid *;c(941!
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"!#$$%!&'(!)*++(,(!-*./01!2++!/3,'45!/(5(/6(01!73534!.89(:4/.+19*++(,(;*./019*<!=>*/!2?!8/*>(553*:.+5@!

!.:0!AAA19*++(,(;*./019*<B.854C0(:45!=>*/!2?!54C0(:45!.:0!8./(:45@1!

!

EQ

! #1!^*A!9.:!L*C!9'(9X!3>!+*9.43*:!=E$SE$@!35!3:!4'(!,/30J!!

gr.isValid(new Location(10,10))!
&'(!Grid!<(4'*0 isValid /(4C/:5!4/C(!3>!.:0!*:+L!3>!4'(!,36(:!+*9.43*:!35!.!6.+30!+*9.43*:!3:!4'(!,/301!

!

! Q1!Grid 9*:4.3:5!<(4'*0!0(9+./.43*:5S!;C4!:*!9*0(!35!5C88+3(0!3:!4'(!<(4'*051!!R'LJ!!R'(/(!9.:!L*C!>3:0!4'(!
3<8+(<(:4.43*:5!*>!4'(5(!<(4'*05J!

Grid 35!.:!3:4(/>.9(1!P:!f.6.S!.:!3:4(/>.9(!58(93>3(5!A'39'!<(4'*05!.:*4'(/!9+.55!<C54!3<8+(<(:41!H*C!9.:!>3:0!4'(!
3<8+(<(:4.43*:5!*>!4'(!<(4'*05!3:!4'( AbstractGrid .:0!4'( BoundedGrid .:0 UnboundedGrid 
9+.55(51!K3:9(!4'( AbstractGrid *:+L!3<8+(<(:45!5*<(!*>!4'(!/(VC3/(0!<(4'*05!*>!4'( Grid 3:4(/>.9(S!34!35!
0(9+./(0!.: abstract 9+.551!&'( BoundedGrid .:0 UnboundedGrid (N4(:0!4'( AbstractGrid 9+.55!
.:0!3<8+(<(:4!4'(!/(54!*>!4'(!<(4'*05!/(VC3/(0!;L!4'( Grid 3:4(/>.9(1!

!

! T1!2++!<(4'*05!4'.4!/(4C/:!<C+438+(!*;c(945!/(4C/:!4'(<!3:!.: ArrayList1!!G*!L*C!4'3:X!34!A*C+0!;(!.!;(44(/!0(53,:!4*!
/(4C/:!4'(!*;c(945!3:!.:!.//.LJ!MN8+.3:!L*C/!.:5A(/1! !

25!.!C5(/!*>!4'( Grid 9+.55(5S!8(/'.851!299(553:,!(+(<(:45!A34'!4'(!gh!:*4.43*:!35!5*<(A'.4!(.53(/!4'.:!C53:,!
03>>(/(:4!<(4'*0!9.++51!e*/!(N.<8+(F!

!

 locs[j]!!!6(/5C5!!!+ocs.get(j)!
!

P:!4(/<5!*>!3<8+(<(:43:,!4'(!<(4'*05S!.: ArrayList 0*(5!:*4!/(VC3/(!4'(!C5(/!4*!53a(!4'(!+354!;(>*/(!>3++3:,!341!2:!
.//.L!0*(51!K3:9(!4'( BoundedGrid 0*(5!:*4!X((8!4/.9X!*>!4'(!:C<;(/!*>!*;c(945!3:!4'(!,/30S!L*C!A*C+0!'.6(!4*!
>3/54!9*C:4!4'(!:C<;(/!*>!*99C83(0!+*9.43*:5!4*!53a(!4'(!.//.LS!.:0!4'(:!,*!;.9X!4'/*C,'!4'(!,/30!4*!>3:0!.:0!54*/(!(.9'!

*>!4'(!+*9.43*:51!P>!4'( Grid X(84!4/.9X!*>!4'(!:C<;(/!*>!*99C83(0!+*9.43*:5S!>3++3:,!.:!.//.L!A*C+0!;(!cC54!.5!(.5L!.5!
>3++3:,!.: ArrayList1!
!

!

G*!H*C!I:*AJ!!
K(4!U%

!

! E1!O.<(!4'/((!8/*8(/43(5!*>!(6(/L!.94*/1!

2:!.94*/!'.5!.!9*+*/S!.!03/(943*:S!.:0!.!+*9.43*:1!P4!.+5*!'.5!.!/(>(/(:9(!4*!345!,/301!

!

! #1!R'(:!.:!.94*/!35!9*:54/C94(0S!A'.4!35!345!03/(943*:!.:0!9*+*/J!

2:!.94*/_5!3:343.+!9*+*/!35!;+C(!.:0!345!3:343.+!03/(943*:!35 North1!!
!

! Q1!R'L!0*!L*C!4'3:X!4'.4!4'( Actor 9+.55!A.5!9/(.4(0!.5!.!9+.55!3:54(.0!*>!.:!3:4(/>.9(J! !

2:!.94*/!'.5!;*4'!54.4(!.:0!;('.63*/1!2:!3:4(/>.9(!0*(5!:*4!.++*A!4'(!8/*,/.<<(/!4*!0(9+./(!3:54.:9(!6./3.;+(5!*/!

3<8+(<(:4!<(4'*051!
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!

ET

!

! T1!=.@!).:!.:!.94*/!8C4!345(+>!3:4*!.!,/30!4A39(!A34'*C4!/(<*63:,!345(+>J!=;@!).:!.:!.94*/!/(<*6(!345(+>!>/*<!.!,/30!4A39(J!!

=9@!).:!.:!.94*/!;(!8+.9(0!3:4*!.!,/30S!/(<*6(!345(+>S!.:0!4'(:!8C4!345(+>!;.9XJ!&/L!34!*C41!R'.4!'.88(:5J!

=.@!O*b3>!4'(!.94*/!35!.+/(.0L!3:!4'(!,/30S!34!<.L!:*4!8C4!345(+>!3:!4'(!,/30!.,.3:1!&'35!6(/53*:!*> BugRunner.java 
A3++!9*<83+(S!;C4!A'(:!34!/C:5!34!A3++!4'/*A!.: IllegalStateException. 
!
public class BugRunner 
{ 
  public static void main(String[] args) 
  { 
    ActorWorld world = new ActorWorld(); 
    Bug b = new Bug(); 
    world.add(b); 
    b.putSelfInGrid(b.getGrid(),b.getLocation()); 
    world.add(new Rock()); 
    world.show(); 
  } 
} 
!

=;@!O*b3>!4'(!.94*/!'.5!.+/(.0L!;((:!/(<*6(0!>/*<!4'(!,/30!=.:0!35!9C//(:4+L!*C4!*>!4'(!,/30@S!34!9.::*4!;(!/(<*6(0!

.,.3:1!&'35!6(/53*:!*> BugRunner.java A3++!9*<83+(S!;C4!A'(:!34!/C:5!34!A3++!4'/*A!.: 
IllegalStateException1!
!
public class BugRunner 
{ 
  public static void main(String[] args) 
  { 
    ActorWorld world = new ActorWorld(); 
    Bug b = new Bug(); 
    world.add(b); 
    world.add(new Rock()); 
    world.show(); 
    b.removeSelfFromGrid(); 
    b.removeSelfFromGrid(); 
  } 
} 
!

!
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EU

=9@!H(5b.:!.94*/!9.:!;(!8+.9(0!3:!4'(!,/30S!/(<*6(!345(+>S!.:0!4'(:!8C4!345(+>!;.9X!3:!4'(!,/301!&/L!4'35 
ActorRunner.java1!!P4!A3++!9*<83+(!.:0!/C:!A34'*C4!(//*/1!

!
public class ActorRunner 
{ 
  public static void main(String[] args) 
  { 
    ActorWorld world = new ActorWorld(); 
    Actor a = new Actor(); 
    world.add(a);     
    Grid g = a.getGrid();  //must remember the grid for placement back in 
                           //the grid      
    world.add(new Rock()); 
    world.show(); 
    a.removeSelfFromGrid(); 
    a.putSelfInGrid(g,new Location(5,5)); //must specify a location here  
  } 
} 
 
! U1!^*A!9.:!.:!.94*/!4C/:!\$!0(,/((5!4*!4'(!/3,'4J!

!

&*!4C/:!.:!.94*/!\$!0(,/((5!4*!4'(!/3,'4S!C5(!4'( setDirection <(4'*0!.5!>*++*A5!3:!.: Actor 9+.55F 
!
setDirection(getDirection() + Location.RIGHT) 
or 
setDirection(getDirection() + 90); 
!

&*!4C/:!*C/!;C,!3: BugRunner.javaS !4/L!4'35!9*0(F!
!

public class BugRunner 
{ 
  public static void main(String[] args) 
  { 
    ActorWorld world = new ActorWorld(); 
    Bug b = new Bug(); 
    world.add(b); 
    world.add(new Rock()); 
    world.show(); 
    b.setDirection(getDirection() + Location.RIGHT); 
  } 
} 
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EW

G*!H*C!I:*AJ!!
K(4!W%

!

! E1!R'39'!54.4(<(:4=5@!3:!4'( canMove <(4'*0!(:5C/(5!4'.4!.!;C,!0*(5!:*4!4/L!4*!<*6(!*C4!*>!345!,/30J!

if(!gr.isValid(next)) 
  return false; 

&'35!54.4(<(:4!<.X(5!5C/(!4'.4!4'(!:(N4!+*9.43*:!35!.!6.+30!+*9.43*:!3:!4'(!,/301!

!

! #1!R'39'!54.4(<(:4=5@!3:!4'( canMove <(4'*0!0(4(/<3:(5!4'.4!.!;C,!A3++!:*4!A.+X!3:4*!.!/*9XJ!

Actor neighbor = gr.get(next); 
return (neighbor == null) || (neighbor instanceof Flower); 

&'(5(!4A*!54.4(<(:45!A*/X!4*,(4'(/!4*!<.X(!5C/(!4'.4!.!;C,!A3++!*:+L!4/.6(+!4*!4'(!:(N4!+*9.43*:!3>!34!35!C:*99C83(0!*/!

*99C83(0!;L!.!>+*A(/1!!!

!

! Q1!R'39'!<(4'*05!*>!4'( Grid 3:4(/>.9(!./(!3:6*X(0!;L!4'( canMove <(4'*0!.:0!A'LJ!

isValid .:0 get1 &'(5(!<(4'*05!./(!9.++(0!4*!(:5C/(!4'.4!4'(!:(N4!+*9.43*:!35!.!6.+30!+*9.43*:!3:!4'(!,/30!.:0!4*!
+**X!.4!4'(!*;c(94!3:!4'.4!+*9.43*:!4*!(:5C/(!4'.4!34!35!(<84L!*/!9*:4.3:5!.:!.94*/!4'.4!9.:!;(!/(8+.9(0!;L!4'(!;C,1!

!

! T1!R'39'!<(4'*0!*>!4'( Location 9+.55!35!3:6*X(0!;L!4'( canMove <(4'*0!.:0!A'LJ!

getAdjacentLocation1!!&'35!<(4'*0!35!9.++(0!;L!4'(!;C,!A34'!4'(!;C,_5!9C//(:4!03/(943*:!4*!>3:0!345!:(N4!
8*553;+(!+*9.43*:1!

!

! U1!R'39'!<(4'*05!3:'(/34(0!>/*<!4'( Actor 9+.55!./(!3:6*X(0!;L!4'( canMove <(4'*0J!

getLocationS !getDirectionS !getGrid!
!

! W1!R'.4!'.88(:5!3:!4'( move <(4'*0!A'(:!4'(!+*9.43*:!3<<(03.4(+L!3:!>/*:4!*>!4'(!;C,!35!*C4!*>!4'(!,/30J!

&'(!;C,!A3++!/(<*6(!345(+>!>/*<!4'(!,/301!

!

! %1!P5!4'(!6./3.;+( loc :((0(0!3:!4'( move <(4'*0S!*/!9*C+0!34!;(!.6*30(0!;L!9.++3:, getLocation() <C+38+(!
43<(5J!

H(5S!4'(!6./3.;+( loc 35!:((0(01!&'(!6./3.;+( loc 54*/(5!4'(!;C,_5!+*9.43*:!;(>*/(!34!<*6(51!P4!35!C5(0!4*!3:5(/4!.!
>+*A(/!3:!4'(!;C,_5!*+0!+*9.43*:!.>4(/!4'(!;C,!'.5!<*6(0!4*!345!:(A!+*9.43*:1!

!

! Y1!R'L!0*!L*C!4'3:X!4'(!>+*A(/5!4'.4!./(!0/*88(0!;L!.!;C,!'.6(!4'(!5.<(!9*+*/!.5!4'(!;C,J!

=2:5A(/5!<.L!6./L1@!P:343.++L!=;(>*/(!4'(!>+*A(/!A3+45@S!34!35!(.53(/!4*!5((!A'39'!;C,!0/*88(0!A'.4!>+*A(/5!;(9.C5(!4'(!

9*+*/!*>!4'(!;C,!.:0!345!>+*A(/5!./(!4'(!5.<(1!!!
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E%

!

! \1!R'(:!.!;C,!/(<*6(5!345(+>!>/*<!4'(!,/30S!A3++!34!8+.9(!.!>+*A(/!3:4*!345!8/(63*C5!+*9.43*:J!

P>!L*C!cC54!9.++!4'( removeSelfFromGrid <(4'*0S!:*1!&'35!<(4'*0!35!3:'(/34(0!>/*<!4'( Actor 9+.551!294*/5!
0*!:*4!8C4!.!>+*A(/!3:!4'(3/!*+0!+*9.43*:1!

!

R'(:!4'( removeSelfFromGrid 35!9.++(0!3:!4'( Bug move <(4'*0S!L(51!2!>+*A(/!A3++!;(!8+.9(0!3:!.!;C,_5!
6.9.4(0!+*9.43*:1!&'(!>*++*A3:,!+3:(5!>/*<!4'( move <(4'*0!5'*A!4'(5(!.943*:51!

!
    if (gr.isValid(next)) 
      moveTo(next); 
    else 
      removeSelfFromGrid(); 
    Flower flower = new Flower(getColor()); 
    flower.putSelfInGrid(gr,loc); 
!

!E$1!R'39'!54.4(<(:4=5@!3:!4'( move <(4'*0!8+.9(5!4'(!>+*A(/!3:4*!4'(!,/30!.4!4'(!;C,_5!8/(63*C5!+*9.43*:J!

Flower flower = new Flower(getColor()); 
flower.putSelfInGrid(gr, loc);  //loc is the old location of the bug 

!

!EE1!P>!.!;C,!:((05!4*!4C/:!EY$!0(,/((5S!'*A!<.:L!43<(5!5'*C+0!34!9.++!4'( turn <(4'*0J!

e*C/!43<(5b(.9'!4C/:!35!.!TU!0(,/((!4C/:1!

!
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"!#$$%!&'(!)*++(,(!-*./01!2++!/3,'45!/(5(/6(01!73534!.89(:4/.+19*++(,(;*./019*<!=>*/!2?!8/*>(553*:.+5@!

!.:0!AAA19*++(,(;*./019*<B.854C0(:45!=>*/!2?!54C0(:45!.:0!8./(:45@1!

!

EY

?./4!Q!9#3:5%;*$+<+$=%!

!

! E1!K8(93>LbR'(:!8C443:,!54C0(:45!3:4*!,/*C85S!*:(!54C0(:4!9*C+0!;(!.553,:(0!4*!4'(!/*+(!*>!4'(!9+3(:41!&'(!*4'(/!

54C0(:45!9*C+0!.5X!4'35!9+3(:4!4'(!VC(543*:5!5C,,(54(0!3:!4'35!.943634L!=.:0!*4'(/!8(/43:(:4!VC(543*:5@!.:0!+(4!4'(!9+3(:4!

0(930(!A'.4!.!fC<8(/!A3++!0*1!=2:5A(/5!<.L!6./L1@!

=.@! i:(!9'*39(!9*C+0!;(!4*!4C/:1!

=;@! i:(!9'*39(!9*C+0!;(!4*!4C/:1!

=9@! i:(!9'*39(!9*C+0!;(!4*!4C/:1!

=0@! &C/:S!/(<*6(!4'(!.94*/!>/*<!4'(!,/30!./(!.!>(A!(N.<8+(5!

=(@! &C/:S!/(<*6(!4'(!cC<8(/!>/*<!4'(!,/30!./(!.!>(A!(N.<8+(5!

=>@! R'.4!3>!4'(!+*9.43*:!3:!>/*:4!*>!4'( Jumper 35!*99C83(0J!).:!. Jumper cC<8!*6(/!*:+L!/*9X5!.:0!
>+*A(/5J!K4C0(:45!<.L!4'3:X!*>!*4'(/!VC(543*:5!.5!A(++1!

!

! #1!G(53,:!=2:5A(/5!<.L!6./L1@!

=.@! &'(/(!35!.!:.4C/.+!4(:0(:9L!4*!(N4(:0 Bug1 !&'(!0(59/3843*:!*> Jumper 54.4(5!34!35!.:!.94*/S!5*!34!5'*C+0!
(N4(:0 Actor1!

=;@! &'( Bug 9+.55!35!.!,**0!4(<8+.4(!>*/!4'( Jumper1 &'(!<(4'*05 canMove .:0 move 9.:!;(!C5(0!4*!
'(+8!9*0( canJump .:0 Jump1!

=9@! P4!0(8(:05b3>!4'(!54C0(:45!A.:4!4*!0(>.C+4!4'(!9*+*/!*>!4'( Jumper 4*!.!9*+*/!4'.4!35!03>>(/(:4!>/*<!4'(!
0(>.C+4!.94*/!.:0B*/!8/*630(!.!A.L!>*/!C5(/5!4*!9*:54/C94!. Jumper A34'!.!9*+*/S!L(51!

=0@! actb!. Jumper .945!03>>(/(:4+L!4'.:!.: Actor.!
=(@! canJumpS jumpb!53<3+./!4*!4'(!Bug_5 canMove .:0 move <(4'*051!2003:,!. turn <(4'*0!A*C+0!

.+5*!;(!'(+8>C+1!

=>@! ?+.9(!4'( Jumper!
•! i:!4'(!(0,(!*>!4'(!,/30S!>.93:,!4'(!(0,(!

•! i:(!>/*<!4'(!(0,(!*>!4'(!,/30S!>.93:,!4'(!(0,(!

•! KC//*C:0(0!;L!/*9X5!

•! KC//*C:0(0!;L!>+*A(/5!

•! KC//*C:0(0!;L Actors!
•! Place!.!/*9XS!>+*A(/S!*/!.:!.94*/!3:!4'(!+*9.43*:!4A*!3:!>/*:4!*>!4'( Jumper!!

!
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 3. 

import info.gridworld.actor.Actor; 
import info.gridworld.actor.Flower; 
import info.gridworld.actor.Rock; 
import info.gridworld.grid.Grid; 
import info.gridworld.grid.Location; 
 
import java.awt.Color; 
 
/** 
 * A <code>Jumper</code> is an actor that will jump over Rocks and Flowers  
 * and turn.  
 */ 
public class Jumper extends Actor 
{ 
  /** 
   * Constructs a pink Jumper. 
   */ 
  public Jumper() 
  { 
    setColor(Color.PINK); 
  } 
 
  /** 
   * Constructs a Jumper of a given color. 
   * @param JumperColor the color for this Jumper 
   */ 
  public Jumper(Color JumperColor) 
  { 
    setColor(JumperColor); 
  } 
 
  public void act() 
  { 
    if (canJump()) 
      jump(); 
    else 
      turn(); 
  } 
 
  /** 
   * Turns the Jumper 45 degrees to the right without changing its  
   * location. 
   */ 
  public void turn() 
  { 
    setDirection(getDirection() + Location.HALF_RIGHT); 
  } 
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  /** 
   * Moves the Jumper forward two locations. 
   * The location two in front must be valid or the Jumper will remove  
   * itself from the grid. 
   */ 
  public void jump() 
  { 
    Grid<Actor> gr = getGrid(); 
    if (gr == null) 
      return; 
    Location loc = getLocation(); 
    Location next = loc.getAdjacentLocation(getDirection()); 
    Location twoAway = next.getAdjacentLocation(getDirection()); 
    if (gr.isValid(twoAway)) 
      moveTo(twoAway); 
    else 
      removeSelfFromGrid(); 
  } 
 
  /** 
   * Tests whether this Jumper can move forward into a location two in  
   * front that is empty or contains a flower. 
   * The location one in front must be empty or contain a Rock or a  
   * Flower. 
   * @return true if this Jumper can move. 
   */ 
  public boolean canJump() 
  { 
    Grid<Actor> gr = getGrid(); 
    if (gr == null) 
      return false; 
    Location loc = getLocation(); 
    Location next = loc.getAdjacentLocation(getDirection()); 
    if (!gr.isValid(next)) 
      return false; 
    Actor neighbor = gr.get(next); 
    if (!((neighbor == null) || (neighbor instanceof Flower)  
                             || (neighbor instanceof Rock))) 
      return false; 
 
    Location twoAway = next.getAdjacentLocation(getDirection());  
    if (!gr.isValid(twoAway)) 
      return false;   
     
    neighbor = gr.get(twoAway); 
    return (neighbor == null) || (neighbor instanceof Flower);       
  } 
} 
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&'( JumperRunner 9+.55!35!8/*630(0!;(+*A1!R'(:!L*C!/C:!4'35!9+.55S!9+39X!*:!4'(!,/30!4*!.00!*4'(/!.94*/51!
 
import info.gridworld.actor.ActorWorld; 
 
import info.gridworld.actor.Bug; 
import info.gridworld.actor.Rock; 
import info.gridworld.actor.Flower; 
/** 
 * This class runs a world that contains a jumper, a bug, a flower, and a  
 * rock added at random locations.  
 */ 
public class JumperRunner 
{ 
  public static void main(String[] args) 
  { 
    ActorWorld world = new ActorWorld(); 
    world.add(new Jumper()); 
    world.add(new Rock()); 
    world.add(new Bug()); 
    world.add(new Flower()); 
    world.show(); 
  } 
} 
!

!
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! E1!R'.4!<(4'*05!./(!3<8+(<(:4(0!3:!CritterJ!

actS !getActorsS !processActorsS !getMoveLocationsS !selectMoveLocationS !makeMove!
!

! #1!R'.4!./(!4'(!>36(!;.539!.943*:5!9*<<*:!4*!.++!9/344(/5!A'(:!4'(L!.94J!

getActorsS !processActorsS !getMoveLocationsS !selectMoveLocationS !makeMove!
!

! Q1!K'*C+0!5C;9+.55(5!*> Critter *6(//30(!4'( getActors <(4'*0J!MN8+.3:1!!

H(5b3>!4'(!:(A!9/344(/!5C;9+.55!5(+(945!345!.94*/5!>/*<!03>>(/(:4!+*9.43*:5!4'.: Critter 9+.55!0*(5S!34!A3++!:((0!4*!
*6(//30(!4'35!<(4'*01!!!

!

! T1!G(59/3;(!4'/((!A.L5!4'.4!.!9/344(/!9*C+0!8/*9(55!.94*/51!

2:5A(/5!<.L!6./L1!P4!9*C+0!(.4!.++!*>!4'(!.94*/5!3:!345!+354S!34!9*C+0!<.X(!4'(<!.++!9'.:,(!9*+*/5S!*/!34!9*C+0!.5X!4'(<!

.++!4*!<*6(1!

!

! U1!R'.4!4'/((!<(4'*05!<C54!;(!3:6*X(0!4*!<.X(!.!9/344(/!<*6(J!MN8+.3:!(.9'!*>!4'(5(!<(4'*051!

getMoveLocationsS !selectMoveLocationS !makeMove!
!

]*63:,!.!9/344(/!35!.!4'/((j54(8!8/*9(551!e3/54S!4'( act <(4'*0!9.++5!4'( getMoveLocations <(4'*01!e*/!.!
;.539!9/344(/S!4'35!<(4'*0!/(4C/:5!.!+354!*>!.++!4'(!(<84L!.0c.9(:4!+*9.43*:5!./*C:0!4'(!9/344(/1!2>4(/!/(9(363:,!4'(!+354!*>!

8*553;+(!(<84L!+*9.43*:5S!4'( selectMoveLocation /.:0*<+L!9'**5(5!*:(!*>!4'(!+*9.43*:5!.:0!/(4C/:5!4'.4!
+*9.43*:1!P>!4'(/(!./(!:*!(<84L!+*9.43*:5!4*!9'**5(!>/*<S selectMoveLocation /(4C/:5!4'(!9C//(:4!+*9.43*:!*>!
4'(!9/344(/1!&'(!/(4C/:(0!+*9.43*:!35!4'(:!8.55(0!4*!4'( makeMove <(4'*0S!.:0!4'(!9/344(/!35!<*6(0!4*!4'(!:(A!
+*9.43*:1!

!

! W1!R'L!35!4'(/(!:* Critter 9*:54/C94*/J!

!

Critter (N4(:05 Actor1 !&'(!Actor!9+.55!'.5!.!0(>.C+4!9*:54/C94*/1!P>!L*C!0*!:*4!9/(.4(!.!9*:54/C94*/!3:!.!
9+.55S!f.6.!A3++!A/34(!.!0(>.C+4!9*:54/C94*/!>*/!L*C1!&'( Critter 0(>.C+4!9*:54/C94*/!4'.4!f.6.!8/*630(5!A3++!9.++ 
super()S A'39'!9.++5!4'( Actor 0(>.C+4!9*:54/C94*/1!&'( Actor 0(>.C+4!9*:54/C94*/!A3++!<.X(!.!;+C(!9/344(/!
4'.4!>.9(5!:*/4'1!!

!

!
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!

! E1!R'L!0*(5 act 9.C5(!. ChameleonCritter 4*!.94!03>>(/(:4+L!>/*<!. Critter (6(:!4'*C,' 
ChameleonCritter 0*(5!:*4!*6(//30( actJ!

&'( act <(4'*0!9.++5 getActorsS processActorsS getMoveLocationsS selectMoveLocationS!
.:0 makeMove1 !&'( ChameleonCritter 9+.55!*6(//30(5!4'( processActors .:0 makeMove 
<(4'*051!&'(/(>*/(S!9.++3:, act >*/!. ChameleonCritter A3++!8/*0C9(!03>>(/(:4!;('.63*/!4'.:!9.++3:, act 
>*/!. Critter1!!!

!

2!9/344(/!8/*9(55(5!345!.94*/5!;L!/(<*63:,!.:L!:(3,';*/!4'.4!35!:*4!. Rock */!. Critter1 !2 
ChameleonCritter 8/*9(55(5!345!.94*/5!;L!/.:0*<+L!9'**53:,!*:(!*>!345!:(3,';*/5S!,(443:,!4'(!:(3,';*/_5!9*+*/S!
.:0!4'(:!9'.:,3:,!345!*A:!9*+*/!4*!4'.4!*>!345!:(3,';*/1!R'(:!. ChameleonCritter 9.++5 makeMoveS 34!>3/54!
>.9(5!4'(!03/(943*:!*>!345!:(N4!+*9.43*:!.:0!4'(:!<*6(51!2 Critter 0*(5!:*4!9'.:,(!345!03/(943*:!A'(:!34!<*6(51!

!

! #1!R'L!0*(5!4'( makeMove <(4'*0!*> ChameleonCritter 9.++ super.makeMoveJ!

&'( makeMove <(4'*0!*>!4'( ChameleonCritter >3/54!9'.:,(5!4'(!03/(943*:!*>!4'(!9/344(/!4*!>.9(!345!:(A!
+*9.43*:1!&'(:!34!9.++5 super.makeMove *>!4'( Critter 9+.55!4*!.94C.++L!<*6(!4*!4'(!:(A!+*9.43*:1!2>4(/!34!
9'.:,(5!345!03/(943*:S!34!;('.6(5!+3X( =makeMove +3X(@!. Critter1!

!

! Q1!^*A!A*C+0!L*C!<.X(!4'( ChameleonCritter 0/*8!>+*A(/5!3:!345!*+0!+*9.43*:!A'(:!34!<*6(5J!

]*03>L!4'( makeMove <(4'*0!4*!0/*8!>+*A(/5!3:!4'(!*+0!+*9.43*:1!2!6./3.;+(!35!:((0(0!4*!X((8!4/.9X!*>!4'( 
ChameleonCritter_5 9C//(:4!+*9.43*:1!2>4(/!4'(!9/344(/!<*6(5S!8C4!.!>+*A(/!3:!345!*+0!+*9.43*:!*:+L!3>!4'(!9/344(/!
.94C.++L!<*6(0!4*!.!:(A!+*9.43*:1!K((!4'(!<*03>3(0 makeMove <(4'*0!;(+*A1!

!
public void makeMove(Location loc) 
{ 
  Location oldLoc = getLocation(); 
  setDirection(getLocation().getDirectionToward(loc)); 
  super.makeMove(loc); 
  if(!oldLoc.equals(loc)) //don't replace yourself if you did not move 
  {         
    Flower flo = new Flower(getColor()); 
    flo.putSelfInGrid(getGrid(), oldLoc); 
  } 
} 
! !
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! T1!R'L!0*(5:_4 ChameleonCritter *6(//30(!4'( getActors <(4'*0J!

-(9.C5(!34!8/*9(55(5!4'(!5.<(!+354!*>!.94*/5!4'.4!345!;.5(!9+.55 Critter 0*(51!K3:9( ChameleonCritter 0*(5!
:*4!0(>3:(!.!:(A!;('.63*/!>*/ getActorsS 34!0*(5!:*4!:((0!4*!*6(//30(!4'35!<(4'*01!

!

! U1!R'39'!9+.55!9*:4.3:5!4'( getLocation <(4'*0J!

&'( Actor 9+.55!9*:4.3:5!4'( getLocation <(4'*01!2++ Actor 5C;9+.55(5!3:'(/34!4'35!<(4'*01!
!

! W1!^*A!9.:!. Critter .99(55!345!*A:!,/30J!

2!9/344(/!9.:!.99(55!345!,/30!;L!9.++3:,!4'( getGrid <(4'*0!4'.4!34!3:'(/345!>/*<!4'( Actor 9+.551!
!

%

G*!H*C!I:*AJ!!
K(4!\%

!

! E1!R'L!0*(5:_4 CrabCritter *6(//30(!4'( processActors <(4'*0J!

2 CrabCritter 8/*9(55(5!345!.94*/5!;L!(.43:,!.++!*>!4'(!:(3,';*/5!/(4C/:(0!A'(: getActors 35!9.++(01!&'35!35!
4'(!5.<(!;('.63*/!4'.4!34!3:'(/345!>/*<!345!;.5(!9+.55 Critter1 !&'(/(!35!:*!:((0!4*!*6(//30(!4'35!<(4'*01!

!

! #1!G(59/3;(!4'(!8/*9(55!. CrabCritter C5(5!4*!>3:0!.:0!(.4!*4'(/!.94*/51!G*(5!34!.+A.L5!(.4!.++!:(3,';*/3:,!.94*/5J!!
MN8+.3:1!

&'( CrabCritter_5 getActors <(4'*0!*:+L!+**X5!>*/!:(3,';*/5!4'.4!./(!3<<(03.4(+L!3:!>/*:4!*>!4'(!9/.;!
9/344(/!.:0!4*!345!/3,'4j>/*:4!.:0!+(>4j>/*:4!+*9.43*:51!2:L!:(3,';*/5!>*C:0!3:!4'(5(!+*9.43*:5!A3++!;(!Z(.4(:[!A'(:!4'( 
processActors <(4'*0!35!9.++(01!294*/5!3:!4'(!*4'(/!:(3,';*/3:,!+*9.43*:5!A3++!:*4!;(!0354C/;(01!

!

! Q1!R'L!35!4'( getLocationsInDirections <(4'*0!C5(0!3: CrabCritterJ!

&'(!8./.<(4(/!>*/!4'35!<(4'*0!;/3:,5!3:!.:!.//.L!*>!03/(943*:51!e*/!4'(!9/.;!9/344(/S!4'35!.//.L!9*:4.3:5!4'(!03/(943*:5!*>!

4'(!8*553;+(!:(3,';*/5!4'.4!4'35!9/.;!9.:!(.41!&'(!<(4'*0 getLocationsInDirections C5(5!4'35!.//.L!4*!
0(4(/<3:(!.:0!/(4C/:!6.+30!.0c.9(:4!+*9.43*:5!*>!4'35!9/344(/!3:!4'(!03/(943*:5!,36(:!;L!4'(!.//.L!8./.<(4(/1!

!

! T1!P>!. CrabCritter '.5!+*9.43*:!=QST@!.:0!>.9(5!5*C4'S!A'.4!./(!4'(!8*553;+(!+*9.43*:5!>*/!.94*/5!4'.4!./(!/(4C/:(0!;L!
.!9.++!4*!4'( getActors <(4'*0J!

!

=TSQ@S!=TST@S!.:0!=TSU@!

!
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! U1!R'.4!./(!4'(!53<3+./343(5!.:0!03>>(/(:9(5!;(4A((:!4'(!<*6(<(:45!*>!. CrabCritter .:0!. CritterJ!

K3<3+./343(5F!R'(:!9/344(/5!.:0!9/.;!9/344(/5!<*6(S!4'(L!0*!:*4!4C/:!3:!4'(!03/(943*:!4'.4!4'(L!./(!<*63:,1!&'(L!;*4'!

/.:0*<+L!9'**5(!4'(3/!:(N4!+*9.43*:!>/*<!4'(3/!+354!*>!8*553;+(!<*6(!+*9.43*:51!

!

G3>>(/(:9(5F!2!9/.;!9/344(/!A3++!*:+L!<*6(!4*!345!+(>4!*/!345!/3,'41!2!9/344(/_5!8*553;+(!<*6(!+*9.43*:5!./(!.:L!*>!345!(3,'4!

.0c.9(:4!:(3,';*/3:,!+*9.43*:51!R'(:!.!9/.;!9/344(/!9.::*4!<*6(S!34!A3++!/.:0*<+L!4C/:!/3,'4!*/!+(>41!R'(:!.!9/344(/!

9.::*4!<*6(S!34!0*(5!:*4!4C/:1!

!

! W1!^*A!0*(5!. CrabCritter 0(4(/<3:(!A'(:!34!4C/:5!3:54(.0!*>!<*63:,J!

P>!4'(!8./.<(4(/ loc 3: makeMove 35!(VC.+!4*!4'(!9/.;!9/344(/_5!9C//(:4!+*9.43*:S!34!4C/:5!3:54(.0!*>!<*63:,1!
!

! %1!R'L!0*:_4!4'( CrabCritter *;c(945!(.4!(.9'!*4'(/J!

2!9/.;!9/344(/!3:'(/345!4'( processActors <(4'*0!>/*<!4'( Critter 9+.551!&'35!<(4'*0!*:+L!/(<*6(5!.94*/5!
4'.4!./(!:*4!/*9X5!.:0!:*4!9/344(/51!K3:9(!. CrabCritter 35!. CritterS!.!9/.;!9/344(/!A3++!:*4!(.4!.:L!*4'(/!
9/344(/1!

!

!

!
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!"#$%>%'()#*+,),%%

! E1!]*03>L!4'( processActors <(4'*0!3: ChameleonCritter 5*!4'.4!3>!4'(!+354!*>!.94*/5!4*!8/*9(55!35!(<84LS!
4'(!9*+*/!*>!4'( ChameleonCritter A3++!0./X(:!=+3X(!.!>+*A(/@1!

200!4'(!>*++*A3:,!54.439!9*:54.:4!4*!4'(!ChameleonCritter!9+.55!=+3X(!4'(!Flower!9+.55@1!
!
private static final double DARKENING_FACTOR = 0.05; 
     
//k5(!4'(!9*0(!>*C:0!3:!4'(!e+*A(/!9+.55!4*!0./X(:!.!ChameleonCritter!A'(:!34!'.5!:*!:(3,';*/51!
//&'35!9*0(!'.5!;((:!8C4!3:!.!<(4'*0S!darken1!
 
/** 
 * Randomly selects a neighbor and changes this critter's color to be the 
 * same as that neighbor's. If there are no neighbors, no action is taken. 
 */ 
public void processActors(ArrayList<Actor> actors) 
{ 
  int n = actors.size(); 
  if (n == 0) 
  { 
    darken(); 
    return; 
  } 
             
  int r = (int) (Math.random() * n); 
  Actor other = actors.get(r); 
  setColor(other.getColor()); 
} 
  
/** 
 * Darkens this critter's color by DARKENING_FACTOR. 
 */     
private void darken() 
{ 
  Color c = getColor(); 
  int red = (int) (c.getRed() * (1 - DARKENING_FACTOR)); 
  int green = (int) (c.getGreen() * (1 - DARKENING_FACTOR)); 
  int blue = (int) (c.getBlue() * (1 - DARKENING_FACTOR)); 
 
  setColor(new Color(red, green, blue));    
}  
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#%

P:!4'(!>*++*A3:,!(N(/935(5S!L*C/!>3/54!54(8!5'*C+0!;(!4*!0(930(!A'39'!*>!4'(!>36(!<(4'*05bgetActorsS 
processActorsS getMoveLocationsS selectMoveLocationS .:0 makeMoveb5'*C+0!;(!9'.:,(0!4*!,(4!
4'(!0(53/(0!/(5C+41!

!

! #1!)/(.4(!.!9+.55!9.++(0 ChameleonKid 4'.4!(N4(:05 ChameleonCritter .5!<*03>3(0!3:!(N(/935(!E1!2 
ChameleonKid 9'.:,(5!345!9*+*/!4*!4'(!9*+*/!*>!*:(!*>!4'(!.94*/5!3<<(03.4(+L!3:!>/*:4!*/!;('3:01!P>!4'(/(!35!:*!
.94*/!3:!(34'(/!*>!4'(5(!+*9.43*:5S!4'(:!4'( ChameleonKid 0./X(:5!+3X(!4'(!<*03>3(0 ChameleonCritter1!

i6(//30(!4'( getActors <(4'*0!4*!*:+L!/(4C/:!.94*/5!4'.4!./(!3:!>/*:4!.:0!;('3:0!4'( 
ChameleonCritterKid1 &'35!5*+C43*:!C5(5!4'( getLocationsInDirections <(4'*0!>*C:0!3: 
CrabCritter 4*!>3:0!4'(!.94*/5!3:!4'(!/(VC3/(0!03/(943*:5!.:0!C5(5!4'( CrabCritter_5 6(/53*:!*> 
getActors1!

!
import info.gridworld.actor.Actor; 
import info.gridworld.actor.Critter; 
import info.gridworld.actor.Flower; 
import info.gridworld.grid.Location; 
import info.gridworld.grid.Grid; 
 
import java.util.ArrayList; 
 
/** 
 * A <code>ChameleonKid</code> takes on the color of neighboring actors  
 * that are in front or behind as it moves through the grid. <br /> 
 */ 
public class ChameleonKid extends ChameleonCritter 
{ 
  /** 
   * Gets the actors for processing. The actors must be contained in the  
   * same grid as this critter. Implemented to return the actors that  
   * occupy neighboring grid locations in front or behind this critter.  
   * @return a list of actors that are neighbors of this critter 
   */ 
  public ArrayList<Actor> getActors() 
  { 
    ArrayList<Actor> actors = new ArrayList<Actor>(); 
    int[] dirs = 
    { Location.AHEAD, Location.HALF_CIRCLE }; 
    for (Location loc : getLocationsInDirections(dirs)) 
    { 
      Actor a = getGrid().get(loc); 
      if (a != null) 
        actors.add(a); 
    } 
 
    return actors; 
  } 
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  /** 
   * Finds the valid adjacent locations of this critter in different 
   * directions. 
   * @param directions - an array of directions (which are relative to the 
   * current direction) 
   * @return a set of valid locations that are neighbors of the current 
   * location in the given directions 
   */ 
  public ArrayList<Location> getLocationsInDirections(int[] directions) 
  { 
    ArrayList<Location> locs = new ArrayList<Location>(); 
    Grid gr = getGrid(); 
    Location loc = getLocation(); 
     
    for (int d : directions) 
    { 
      Location neighborLoc = loc.getAdjacentLocation(getDirection() + d); 
      if (gr.isValid(neighborLoc)) 
        locs.add(neighborLoc); 
    } 
    return locs; 
  } 
} 
!



!"#$%>%

%

%

"!#$$%!&'(!)*++(,(!-*./01!2++!/3,'45!/(5(/6(01!73534!.89(:4/.+19*++(,(;*./019*<!=>*/!2?!8/*>(553*:.+5@!

!.:0!AAA19*++(,(;*./019*<B.854C0(:45!=>*/!2?!54C0(:45!.:0!8./(:45@1!

!

#\

! Q1!)/(.4(!.!9+.55!9.++(0 RockHound 4'.4!(N4(:05 Critter1 2 RockHound ,(45!4'(!.94*/5!4*!;(!8/*9(55(0!3:!4'(!
5.<(!A.L!.5!. Critter1 P4!/(<*6(5!.:L!/*9X5!3:!4'.4!+354!>/*<!4'(!,/301!2 RockHound <*6(5!+3X(!. 
Critter1!

!

i6(//30( processActors 4*!/(<*6(!.++!/*9X5!>/*<!4'(!+354!*>!:(3,';*/3:,!+*9.43*:51!
!
import info.gridworld.actor.Actor; 
import info.gridworld.actor.Rock; 
import info.gridworld.actor.Critter; 
import info.gridworld.grid.Location; 
 
import java.util.ArrayList; 
 
public class RockHound extends Critter 
{ 
  /** 
   * Processes the actors. Implemented to "eat" (i.e. remove) all rocks  
   * <br /> 
   * Precondition: All objects in <code>actors</code> are contained in the 
   * same grid as this critter. 
   * @param actors the actors to be processed 
   */ 
  public void processActors(ArrayList<Actor> actors) 
  { 
    for (Actor a : actors) 
    { 
      if (a instanceof Rock) 
        a.removeSelfFromGrid(); 
    } 
  } 
} 
!
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! T1!)/(.4(!.!9+.55 BlusterCritter 4'.4!(N4(:05 Critter1 !2 BlusterCritter +**X5!.4!.++!*>!4'(!:(3,';*/5!
A34'3:!4A*!54(85!*>!345!9C//(:4!+*9.43*:1!=e*/!. BlusterCritter :*4!:(./!.:!(0,(S!4'35!3:9+C0(5!#T!+*9.43*:5@1!P4!
9*C:45!4'(!:C<;(/!*>!9/344(/5!3:!4'*5(!+*9.43*:51!P>!4'(/(!./(!>(A(/!4'.:!1$9/344(/5S!4'( BlusterCritter_5 9*+*/!
,(45!;/3,'4(/!=9*+*/!6.+C(5!3:9/(.5(@1!P>!4'(/(!./(!1$*/!<*/(!9/344(/5S!4'( BlusterCritter_5 9*+*/!0./X(:5!=9*+*/!
6.+C(5!0(9/(.5(@1!^(/(S!1$35!.!6.+C(!4'.4!3:039.4(5!4'(!9*C/.,(!*>!4'(!9/344(/1!P4!5'*C+0!;(!5(4!3:!4'(!9*:54/C94*/1!

!

!

i6(//30(!4'( getActors .:0 processActors <(4'*05!4*!9/(.4(!4'(!:(A!;('.63*/!/(VC3/(0!*>!4'( 
BlusterCritter1 )/(.4(!4A*!:(A!<(4'*05!4*!+3,'4(:!.:0!0./X(:!4'(!9*+*/!*>!4'( BlusterCritter1 &*!
0./X(:!. BlusterCritterS 5C;4/.94!*:(!>/*<!4'(!/(0S!,/((:S!.:0!;+C(!9*<8*:(:45!.5!+*:,!.5!4'(L!./(!,/(.4(/!
4'.:!$!=*/!C5(!4'(!5.<(!8/*9(55!.5!4'( Flower 9+.55!4*!0./X(:!4'(!9/344(/@1!&*!+3,'4(:!. BlusterCritterS .00!
*:(!4*!4'(!/(0S!,/((:S!.:0!;+C(!9*<8*:(:45!.5!+*:,!.5!4'(L!./(!+(55!4'.:!#UU1!

!
import info.gridworld.actor.Actor; 
import info.gridworld.actor.Rock; 
import info.gridworld.actor.Critter; 
 
import info.gridworld.grid.Location; 
 
import java.util.ArrayList; 
import java.awt.Color; 
 
public class BlusterCritter extends Critter 
{ 
 
  private int courageFactor;  
  
  public BlusterCritter(int c) 
  { 
    super(); 
    courageFactor = c; 
  } 
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  /** 
   * Gets the actors for processing. The actors must be contained in the  
   * same grid as this critter. Implemented to return the actors that  
   * occupy neighboring grid locations within two steps of this critter 
   * @return a list of actors that are neighbors of this critter 
   */ 
  public ArrayList<Actor> getActors() 
  { 
    ArrayList<Actor> actors = new ArrayList<Actor>(); 
         
    Location loc = getLocation(); 
    for(int r = loc.getRow() - 2; r <= loc.getRow() + 2; r++ ) 
      for(int c = loc.getCol() - 2; c <= loc.getCol() + 2; c++) 
      { 
        Location tempLoc = new Location(r,c); 
        if(getGrid().isValid(tempLoc)) 
        { 
          Actor a = getGrid().get(tempLoc); 
          if(a != null && a != this) 
            actors.add(a); 
        } 
      } 
    return actors;     
  } 
 
  /** 
   * Processes the actors. Implemented to count all the actors within 
   * 2 locations of this critter.  If there are fewer than courageFactor 
   * critters in these locations, this BlusterCritter lightens, otherwise 
   * it darkens. 
   * Precondition: All objects in <code>actors</code> are contained in the 
   * same grid as this critter. 
   * @param actors the actors to be processed 
   */ 
  public void processActors(ArrayList<Actor> actors) 
  { 
    int count = 0; 
    for(Actor a: actors) 
    if(a instanceof Critter) 
      count++; 
    if(count < courageFactor) 
      lighten(); 
    else 
      darken(); 
  } 
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  /** 
   * Darkens this critter's color by subtracting 1 from red, green, and  
   * blue components if they are greater than 0. To darken the color  
   * faster, subtract a slightly larger value. 
   */ 
  private void darken() 
  { 
    Color c = getColor(); 
    int red = c.getRed(); 
    int green = c.getGreen(); 
    int blue = c.getBlue(); 
 
    if(red > 0) red--; 
    if(green > 0) green--; 
    if(blue > 0) blue--; 
 
    setColor(new Color(red, green, blue));    
        
 
    // this segment of code uses same logic as the flower class to darken  
    // an object's color  
    // to use this technique add DARKENING_FACTOR as a class instance  
    // variable; then replace the active code for darken with the  
    // following five lines of code 
 
    // private static final double DARKENING_FACTOR = 0.05; 
 
    // Color c = getColor(); 
    // int red = (int) (c.getRed() * (1 - DARKENING_FACTOR)); 
    // int green = (int) (c.getGreen() * (1 - DARKENING_FACTOR)); 
    // int blue = (int) (c.getBlue() * (1 - DARKENING_FACTOR)); 
 
    // setColor(new Color(red, green, blue));    
  } 
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  /** 
   * Lightens this critter's color by adding 1 to the red, green, and blue 
   * components if they are less than 255. To lighten the color faster,  
   * add a slightly larger value. 
   */ 
  private void lighten() 
  { 
    Color c = getColor(); 
    int red = c.getRed(); 
    int green = c.getGreen(); 
    int blue = c.getBlue(); 
 
    if(red < 255) red++; 
    if(green < 255) green++; 
    if(blue < 255) blue++; 
 
    setColor(new Color(red, green, blue));    
  }  
} 
 
 
! U1!)/(.4(!.!9+.55 QuickCrab 4'.4!(N4(:05 CrabCritter1 2 QuickCrab 8/*9(55(5!.94*/5!4'(!5.<(!A.L!. 

CrabCritter does1 2 QuickCrab <*6(5!4*!*:(!*>!4'(!4A*!+*9.43*:5S!/.:0*<+L!5(+(94(0S!4'.4!./(!4A*!58.9(5!
4*!345!/3,'4!*/!+(>4S!3>!4'.4!+*9.43*:!.:0!4'(!3:4(/6(:3:,!+*9.43*:!./(!;*4'!(<84L1!i4'(/A35(S!. QuickCrab <*6(5!+3X(!
. CrabCritter1!

!

&'35!5*+C43*:!*6(//30(5!4'( getMoveLocations <(4'*01!P:!4'35!5*+C43*:S!.:!.00343*:.+!<(4'*0!A.5!9/(.4(0!4*!>3:0!
,**0!+*9.43*:5!4A*!58.9(5!.A.L!.:0!.00!4'(<!4*!4'( ArrayList 4'.4 getMoveLocations /(4C/:51!
!
import info.gridworld.actor.Actor; 
import info.gridworld.actor.Critter; 
import info.gridworld.grid.Grid; 
import info.gridworld.grid.Location; 
 
import java.awt.Color; 
import java.util.ArrayList; 
 
/** 
 * A <code>QuickCrab</code> looks at a limited set of neighbors when it  
 * eats and moves.<br /> 
 */ 
public class QuickCrab extends CrabCritter 
{ 
 
  public QuickCrab() 
  { 
    setColor(Color.CYAN); 
  }  
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  /** 
   * @return list of empty locations  
   * two locations to the right and two locations to the left 
   */ 
  public ArrayList<Location> getMoveLocations() 
  { 
    ArrayList<Location> locs = new ArrayList<Location>(); 
    Grid g = getGrid();  
  
    addIfGoodTwoAwayMove(locs,getDirection() + Location.LEFT); 
    addIfGoodTwoAwayMove(locs,getDirection() + Location.RIGHT); 
  
    if (locs.size() == 0) 
    return super.getMoveLocations(); 
     
    return locs; 
  } 
     
  /** 
   * Adds a valid and empty two away location in direction dir to the       
   * ArrayList locs. 
   * To be a valid two away location, the location that is one away in  
   * direction dir must also be valid and empty. 
   */ 
 
  private void addIfGoodTwoAwayMove(ArrayList<Location> locs,int dir) 
  { 
    Grid g = getGrid(); 
    Location loc = getLocation(); 
  
    Location temp = loc.getAdjacentLocation(dir); 
  
    if(g.isValid(temp) && g.get(temp) == null) 
    { 
      Location loc2 = temp.getAdjacentLocation(dir); 
      if(g.isValid(loc2) && g.get(loc2)== null) 
        locs.add(loc2); 
    } 
  }   
   
} 
!
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! W1!)/(.4(!.!9+.55 KingCrab 4'.4!(N4(:05 CrabCritter1 2 KingCrab ,(45!4'(!.94*/5!4*!;(!8/*9(55(0!3:!4'(!
5.<(!A.L!. CrabCritter 0*(51!2 KingCrab 9.C5(5!(.9'!.94*/!4'.4!34!8/*9(55(5!4*!<*6(!*:(!+*9.43*:!>C/4'(/!
.A.L!>/*<!4'( KingCrab1 P>!4'(!.94*/!9.::*4!<*6(!.A.LS!4'( KingCrab /(<*6(5!34!>/*<!4'(!,/301!R'(:!4'(! 
KingCrab '.5!9*<8+(4(0!8/*9(553:,!4'(!.94*/5S!34!<*6(5!+3X(!. CrabCritter1!

!

&'35!5*+C43*:!*6(//30(5!4'( processActors <(4'*01!&'35!5*+C43*:!.+5*!3:9+C0(5!4A*!:(A!<(4'*05S 
distanceFrom .:0 moveOneMoreAwayS !4*!<*6(!.:!.94*/!.A.L!>/*<!4'( KingCrab1!
!

!
import info.gridworld.actor.Actor; 
import info.gridworld.actor.Critter; 
import info.gridworld.grid.Grid; 
import info.gridworld.grid.Location; 
 
import java.awt.Color; 
import java.util.ArrayList; 
 
/** 
 * A <code>KingCrab</code> looks at a limited set of neighbors when it  
 * eats and moves.<br /> 
 */ 
public class KingCrab extends CrabCritter 
{ 
  public KingCrab() 
  { 
    setColor(Color.PINK); 
  } 
     
  /** 
   * Computes the rounded integer distance between two given locations. 
   */ 
  public int distanceFrom(Location loc1, Location loc2) 
  { 
    int x1 = loc1.getRow(); 
    int y1 = loc1.getCol(); 
    int x2 = loc2.getRow(); 
    int y2 = loc2.getCol(); 
    double dist = Math.sqrt((x1 - x2)*(x1 - x2) + (y1 - y2)*(y1 - y2)) + .5; 
    return (int)Math.floor(dist); 
  }  
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  /* 
   * This method moves the Actor to a location that is one location  
   * further away from this KingCrab and returns true.  If there is no  
   * location that is one location further away, the method returns false. 
   */ 
  private boolean moveOneMoreAway(Actor a) 
  { 
    ArrayList<Location> locs =  
      getGrid().getEmptyAdjacentLocations(a.getLocation()); 
    
    for(Location loc:locs) 
    { 
      if(distanceFrom(getLocation(), loc) > 1) 
      { 
        a.moveTo(loc); 
        return true; 
      } 
    } 
     
    return false; 
  } 
   
  /* 
   * Each actor in the list actors is told to move one location further  
   * away from this KingCrab.  If that is not possible, the actor is  
   * removed from the grid. 
   */ 
  public void processActors(ArrayList<Actor> actors) 
  { 
    for (Actor a : actors) 
    { 
      if (!moveOneMoreAway(a)) 
      { 
        a.removeSelfFromGrid(); 
      } 
    } 
  } 
} 
!

!
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!

! E1!R'(/(!35!4'( isValid <(4'*0!58(93>3(0J!R'39'!9+.55(5!8/*630(!.:!3<8+(<(:4.43*:!*>!4'35!<(4'*0J!

&'( isValid <(4'*0!35!58(93>3(0!3:!4'( Grid!3:4(/>.9(1!&'( BoundedGrid .:0 UnboundedGrid 
9+.55(5!3<8+(<(:4!4'35!<(4'*01!

!

! #1!R'39' AbstractGrid <(4'*05!9.++!4'( isValid <(4'*0J!R'L!0*:_4!4'(!*4'(/!<(4'*05!:((0!4*!9.++!34J!

](4'*0 getValidAdjacentLocations 9.++5!4'( isValid!<(4'*01 &'(!<(4'*05!
getEmptyAdjacentLocations .:0 getOccupiedAdjacentLocations 0*!:*4!03/(94+L!9.++!
isValid1 !P:54(.0S!4'(L!;*4'!9.++ getValidAdjacentLocationsS A'39'!9.++5 isValid1 ](4'*0!
getNeighbors 0*(5!:*4!03/(94+L!9.++ isValid1 !P4!9.++5 getOccupiedAdjacentLocationsS 
A'39'!9.++5 getValidAdjacentLocations A'39'!9.++5 isValid1!!

!

! Q1!R'39'!<(4'*05!*>!4'( Grid 3:4(/>.9(!./(!9.++(0!3:!4'( getNeighbors <(4'*0J!R'39'!9+.55(5!8/*630(!
3<8+(<(:4.43*:5!*>!4'(5(!<(4'*05J!

](4'*0 getNeighbors 9.++5!4'( Grid <(4'*05 get .:0 getOccupiedAdjacentLocations1 
&'(!AbstractGrid 9+.55!3<8+(<(:45!4'( getOccupiedAdjacentLocations <(4'*01!&'( get 
<(4'*0!35!3<8+(<(:4(0!3:!4'( BoundedGrid .:0 UnboundedGrid 9+.55(51!

!

! T1!R'L!<C54!4'( get <(4'*0S!A'39'!/(4C/:5!.:!*;c(94!*>!4L8( ES !;(!C5(0!3:!4'(!
getEmptyAdjacentLocations <(4'*0!A'(:!4'35!<(4'*0!/(4C/:5!+*9.43*:5S!:*4!*;c(945!*>!4L8( EJ!

&'( get <(4'*0!/(4C/:5!.!/(>(/(:9(!4*!4'(!*;c(94!54*/(0!3:!4'(!,/30!.4!4'(!,36(:!+*9.43*:!*/ null 3>!:*!
*;c(94!(N35451!&'( getEmptyAdjacentLocations 9.++5!4'( get <(4'*0!.:0!4(545!4'(!/(5C+4!4*!5((!3>!34!
35 null1 P> null 35!/(4C/:(0S!4'.4!+*9.43*:!35!Z(<84L[!.:0!35!.00(0!4*!4'(!+3541!).++3:,!4'( get <(4'*0!35!
4'(!*:+L!A.L!4*!4(54!A'(4'(/!*/!:*4!.!,36(:!+*9.43*:!35!(<84L!*/!*99C83(01!

!

! U1!R'.4!A*C+0!;(!4'(!(>>(94!*>!/(8+.93:,!4'(!9*:54.:4 Location.HALF_RIGHT A34' Location.RIGHT 
3:!4'(!4A*!8+.9(5!A'(/(!34!*99C/5!3:!4'( getValidAdjacentLocations <(4'*0J!

&'(!:C<;(/!*>!8*553;+(!6.+30!.0c.9(:4!+*9.43*:5!A*C+0!0(9/(.5(!>/*<!(3,'4!4*!>*C/1!&'(!6.+30!.0c.9(:4!+*9.43*:5!

A*C+0!;(!4'*5(!4'.4!./(!:*/4'S!5*C4'S!(.54S!.:0!A(54!*>!4'(!,36(:!+*9.43*:1!!

!
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G*!H*C!I:*AJ!!
K(4!EE%

%

! E1!R'.4!(:5C/(5!4'.4!.!,/30!'.5!.4!+(.54!*:(!6.+30!+*9.43*:J!

&'(!9*:54/C94*/!>*/!4'( BoundedGrid A3++!4'/*A!.: IllegalArgumentException 3>!4'(!:C<;(/!*>!
/*A5!lm!$!*/!4'(!:C<;(/!*>!9*+5!lm!$1!

!

! #1!^*A!35!4'(!:C<;(/!*>!9*+C<:5!3:!4'(!,/30!0(4(/<3:(0!;L!4'( getNumCols <(4'*0J!R'.4!.55C<843*:!.;*C4!
4'(!,/30!<.X(5!4'35!8*553;+(J!

occupantArray[0].length 
getNumCols /(4C/:5!4'(!:C<;(/!*>!9*+C<:5!3:!/*A!$!*>!4'(!occupantArray1 &'(!9*:54/C94*/!(:5C/(5!
4'.4!(.9' BoundedGrid *;c(94!'.5!.4!+(.54!*:(!/*A!.:0!*:(!9*+C<:1!!!

!

! Q1!R'.4!./(!4'(!/(VC3/(<(:45!>*/!. Location 4*!;(!6.+30!3:!. BoundedGridJ!

2!+*9.43*:_5!/*A!6.+C(!'.5!4*!;(!,/(.4(/!4'.:!*/!(VC.+!4*!$!.:0!+(55!4'.:!4'(!:C<;(/!*>!/*A5!3:!4'(! 
BoundedGrid1 2!+*9.43*:_5!9*+C<:!6.+C(!'.5!4*!;(!,/(.4(/!4'.:!*/!(VC.+!4*!$!.:0!+(55!4'.:!4'(!:C<;(/!*>!
9*+C<:5!3:!4'( BoundedGrid1!

!

@6%$A)%6)($%B3:#%C:),$+36,D%E)$%!"F%6:4G)#%3B%#3H,D%#"F%6:4G)#%3B%*3E:46,D%"6I%$"F%6:4G)#%3B%3**:5+)I%

E3*"$+36,J%

! T1!R'.4!4L8(!35!/(4C/:(0!;L!4'( getOccupiedLocations <(4'*0J!R'.4!35!4'(!43<(!9*<8+(N34L!=-3,ji'@!
>*/!4'35!<(4'*0J!

2: ArrayList<Location> 35!/(4C/:(0!;L!4'( getOccupiedLocations <(4'*01!

i=/!n!9@b(.9'!+*9.43*:!3:!4'( BoundedGrid <C54!;(!63534(0!4*!5((!3>!34!35!*99C83(0!*/!:*41!i99C83(0!
+*9.43*:5!./(!.00(0!4*!4'(!(:0!*>!4'( ArrayList!=i=E@@1!

!

! U1!R'.4!4L8(!35!/(4C/:(0!;L!4'( get <(4'*0J!R'.4!8./.<(4(/!35!:((0(0J!R'.4!35!4'(!43<(!9*<8+(N34L!=-3,ji'@!
>*/!4'35!<(4'*0J!

&'(!4L8(!/(4C/:(0!>*/!4'( get <(4'*0!35 ES A'39'!35!A'.4(6(/!4L8(!35!54*/(0!3:!4'( occupantArray1!

&'( get <(4'*0!/(VC3/(5!. Location *;c(941!

299(553:,!.!4A*j03<(:53*:.+!.//.L!,36(:!.:0!/*A!.:0!9*+C<:!6.+C(!35!i=E@1!

!

! W1!R'.4!9*:0343*:5!<.L!9.C5(!.:!(N9(843*:!4*!;(!4'/*A:!;L!4'( put <(4'*0J!R'.4!35!4'(!43<(!9*<8+(N34L!=-3,j
i'@!>*/!4'35!<(4'*0J!

P>!4'(!+*9.43*:!A'(/(!.:!*;c(94!35!4*!;(!.00(0!35!:*4!3:!4'(!,/30!=3:6.+30!+*9.43*:@S!.: 
IllegalArgumentException A3++!;(!4'/*A:1!

P>!4'(!*;c(94!5(:4!4*!4'( put <(4'*0!35 :C++S !. NullPointerException A3++!;(!4'/*A:1!

&'(!43<(!9*<8+(N34L!>*/!4'( put <(4'*0!35!i=E@1!
!
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Q\

! %1!R'.4!4L8(!35!/(4C/:(0!;L!4'( remove <(4'*0J!R'.4!'.88(:5!A'(:!.:!.44(<84!35!<.0(!4*!/(<*6(!.:!34(<!
>/*<!.:!(<84L!+*9.43*:J!R'.4!35!4'(!43<(!9*<8+(N34L!=-3,ji'@!>*/!4'35!<(4'*0J!

&'(!,(:(/39!4L8( EF A'.4(6(/!4L8(!35!.94C.++L!54*/(0!3:!4'( BoundedGrid *;c(941!

P>!.:!.44(<84!35!<.0(!4*!/(<*6(!.:!34(<!>/*<!.:!(<84L!+*9.43*:S null 35!54*/(0!3:!4'(!+*9.43*:!.:0 null 35!
/(4C/:(01!P4!35!:*4!.:!(//*/!4*!9.++!4'( Grid 9+.55_5!remove!<(4'*0!*:!.!+*9.43*:!4'.4!35!(<84L1!
&'(!43<(!9*<8+(N34L!>*/!4'(!remove!<(4'*0!35!i=E@1!

!

! Y1!-.5(0!*:!4'(!.:5A(/5!4*!VC(543*:5!TS!US!WS!.:0!%S!A*C+0!L*C!9*:530(/!4'35!.:!(>>393(:4!3<8+(<(:4.43*:J!fC543>L!

L*C/!.:5A(/1!

i6(/.++S!L(51!&'(!*:+L!<(4'*0!4'.4!35!3:(>>393(:4!35!4'( getOccupiedLocations <(4'*0S!i=/!n!9@1!!&'(!
*4'(/!<(4'*05!=putS getS .:0 remove@!./(!i=E@1!

2 BoundedGrid 54*/(5!<*/(!4'.:!cC54!345!*99C8.:451!P4!.+5*!54*/(5 null 6.+C(5!3:!4'(!C:*99C83(0!
+*9.43*:51!2!;*C:0(0!,/30!4'.4!*:+L!54*/(0!4'(!*99C8.:45S!A'3+(!543++!*>>(/3:,!i=E@!.99(55!4*!4'(!*99C8.:45S!

A*C+0!;(!.!;(44(/!3<8+(<(:4.43*:1!2 HashMap 9*C+0!3<8+(<(:4!4'( BoundedGrid 4'35!A.L1!!!
!

!

G*!H*C!I:*AJ!!
K(4!E#%

!

! E1!R'39'!<(4'*0!<C54!4'(!Location!9+.55!3<8+(<(:4!5*!4'.4!.:!3:54.:9(!*> HashMap 9.:!;(!C5(0!>*/!4'(!
<.8J!R'.4!A*C+0!;(!/(VC3/(0!*>!4'( Location 9+.55!3>!. TreeMap A(/(!C5(0!3:54(.0J!G*(5 Location 
5.435>L!4'(5(!/(VC3/(<(:45J!

&'( Location 9+.55!<C54!3<8+(<(:4!4'( hashCode .:0!4'( equals <(4'*051!&'( hashCode 
<(4'*0!<C54!/(4C/:!4'(!5.<(!6.+C(!>*/!4A*!+*9.43*:5!4'.4!4(54!4/C(!A'(:!4'( equals <(4'*0!35!9.++(01!

&'( Location 9+.55!3<8+(<(:45!4'( Comparable 3:4(/>.9(1!&'(/(>*/(S!4'( compareTo <(4'*0!<C54!
;(!3<8+(<(:4(0!>*/!4'( Location 9+.55!4*!;(!.!:*:.;54/.94!9+.551!&'( compareTo <(4'*0!5'*C+0!/(4C/:!
$!>*/!4A*!+*9.43*:5!4'.4!4(54!4/C(!A'(:!4'( equals <(4'*0!35!9.++(01!&'( TreeMap /(VC3/(5!X(L5!*>!4'(!
<.8!4*!;( Comparable1!

&'( Location 9+.55!5.435>3(5!.++!*>!4'(5(!/(VC3/(<(:451!
!

! #1!R'L!./(!4'(!9'(9X5!>*/ null 3:9+C0(0!3:!4'( getS !putS !.:0 remove <(4'*05J!R'L!./(!:*!5C9'!
9'(9X5!3:9+C0(0!3:!4'(!9*//(58*:03:,!<(4'*05!>*/!4'( BoundedGridJ!

&'( UnboundedGrid C5(5!. HashMap .5!345!0.4.!54/C94C/(!4*!'*+0!4'(!34(<5!3:!4'(!,/301!2++!:*:j:C++!
+*9.43*:5!./(!6.+30!3:!4'( UnBoundedGrid1 !&'( isValid <(4'*0!>*/!4'( UnBoundedGrid .+A.L5!
/(4C/:5 true` !34!0*(5!:*4!9'(9X!>*/ null +*9.43*:51!P:!. Map *;c(94S !null 35!.!+(,.+!6.+C(!>*/!.!X(L1!
P:!.: UnboundedGrid *;c(94S !null 35!:*4!.!6.+30!+*9.43*:1!&'(/(>*/(S!4'( UnboundedGrid <(4'*05 
getS !putS !.:0 remove <C54!9'(9X!4'(!+*9.43*:!8./.<(4(/!.:0!4'/*A!. NullPointerException 
A'(:!4'(!8./.<(4(/!35 null1!

&'( isValid <(4'*0!35!9.++(0!;(>*/(!C53:,!.!+*9.43*:!4*!.99(55!4'( occupantArray 3:!4'( 
BoundedGrid1 !P>!4'(!+*9.43*:!8./.<(4(/!35 null 3:!4'( isValid <(4'*0S!.:!.44(<84!4*!.99(55 
loc.getRow()!A3++!9.C5(!. NullPointerException 4*!;(!4'/*A:1!

P>!9*0(!35!A/344(:!4'.4!0*(5!:*4!9.++!4'( isValid <(4'*0!;(>*/(!9.++3:,!4'( getS putS !.:0 remove 
<(4'*05S!.44(<843:,!4*!.99(55 loc.getRow()!3:!4'(5(!<(4'*05!A3++!.+5*!9.C5(!. 
NullPointerException 4*!;(!4'/*A:1!

!
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! Q1!R'.4!35!4'(!.6(/.,(!43<(j9*<8+(N34L!=-3,ji'@!>*/!4'(!4'/((!<(4'*05F getS !putS !.:0 removeJ !R'.4!
A*C+0!34!;(!3>!. TreeMap A(/(!C5(0!3:54(.0!*>!. HashMapJ!

&'(!.6(/.,(!43<(!9*<8+(N34L!>*/!4'( getS !putS !.:0 remove 35!i=E@1!

P>!. TreeMap A(/(!C5(0!3:54(.0!*>!. HashMapS !4'(!.6(/.,(!43<(!9*<8+(N34L!A*C+0!;(!i=+*,!:@S!A'(/(!:!
35!4'(!:C<;(/!*>!*99C83(0!+*9.43*:5!3:!4'(!,/301!

!

! T1!^*A!A*C+0!4'(!;('.63*/!*>!4'35!9+.55!03>>(/S!.530(!>/*<!43<(!9*<8+(N34LS!3>!. TreeMap A(/(!C5(0!3:54(.0!*>!
.! HashMapJ!

]*54!*>!4'(!43<(S!4'( getOccupiedLocations <(4'*0!A3++!/(4C/:!4'(!*99C8.:45!3:!.!03>>(/(:4!*/0(/1!!
I(L5!=+*9.43*:5@!3:!. HashMap ./(!8+.9(0!3:!.!'.5'!4.;+(!;.5(0!*:!.:!3:0(N!4'.4!35!9.+9C+.4(0!;L!C53:,!4'(!
X(L5_ hashCode .:0!4'(!53a(!*>!4'(!4.;+(1!&'(!*/0(/!3:!A'39'!.!X(L!35!63534(0!A'(:!4'( keySet 35!
4/.6(/5(0!0(8(:05!*:!A'(/(!34!35!+*9.4(0!3:!4'(!'.5'!4.;+(1!

2 TreeMap 54*/(5!345!X(L5!3:!.!;.+.:9(0!;3:./L!5(./9'!4/((!.:0!4/.6(/5(5!4'35!4/((!A34'!.:!3:*/0(/!4/.6(/5.+1!!
&'(!X(L5!3:!4'( keySet =Location5@ !A3++!;(!63534(0!3:!.59(:03:,!*/0(/!=/*A!<.c*/!*/0(/@!.5!0(>3:(0!;L!
Location_5 compareTo <(4'*01!!

!

! U1!)*C+0!.!<.8!3<8+(<(:4.43*:!;(!C5(0!>*/!.!;*C:0(0!,/30J!R'.4!.06.:4.,(S!3>!.:LS!A*C+0!4'(!4A*j03<(:53*:.+!

.//.L!3<8+(<(:4.43*:!4'.4!35!C5(0!;L!4'( BoundedGrid 9+.55!'.6(!*6(/!.!<.8!3<8+(<(:4.43*:J!

H(5S!.!<.8!9*C+0!;(!C5(0!4*!3<8+(<(:4!.!;*C:0(0!,/301!

P>!. HashMap A(/(!C5(0!4*!3<8+(<(:4!4'(!;*C:0(0!,/30S!4'(!.6(/.,(!43<(!9*<8+(N34L!>*/ 
getOccupiedLocations A*C+0!;(!i=:@S!A'(/(!:!35!4'(!:C<;(/!*>!34(<5!3:!4'(!,/301!!
!

P>!4'(!;*C:0(0!,/30!A(/(!.+<*54!>C++S!4'(!<.8!3<8+(<(:4.43*:!A*C+0!C5(!<*/(!<(<*/LS!;(9.C5(!4'(!<.8!54*/(5!

4'(!34(<!.:0!345!+*9.43*:1!2!4A*j03<(:53*:.+!.//.L!*:+L!54*/(5!4'(!34(<51!&'(!+*9.43*:5!./(!8/*0C9(0!;L!

9*<;3:3:,!4'(!/*A!.:0!9*+C<:!3:039(5!>*/!(.9'!34(<1!

!
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! E1!KC88*5(!4'.4!.!8/*,/.<!/(VC3/(5!.!6(/L!+./,(!;*C:0(0!,/30!4'.4!9*:4.3:5!6(/L!>(A!*;c(945!.:0!4'.4!4'(!8/*,/.<!

>/(VC(:4+L!9.++5!4'( getOccupiedLocations <(4'*0!=.5S!>*/!(N.<8+(S ActorWorld@1 )/(.4(!.!9+.55 
SparseBoundedGrid 4'.4!C5(5!.!Z58./5(!.//.L[!3<8+(<(:4.43*:1!H*C/!5*+C43*:!:((0!:*4!;(!.!,(:(/39!9+.55`!
L*C!<.L!53<8+L!54*/(!*99C8.:45!*>!4L8( Object1 !!

! ! &'(!58./5(!.//.L!35!.:!.//.L!*>!+3:X(0!+35451!M.9'!+3:X(0!+354!(:4/L!'*+05!;*4'!.!,/30!*99C8.:4!.:0!.!9*+C<:!

3:0(N1!M.9'!(:4/L!3:!4'(!.//.L!35!.!+3:X(0!+354!*/!35 null 3>!4'.4!/*A!35!(<84L1!

H*C!<.L!9'**5(!4*!3<8+(<(:4!4'(!+3:X(0!+354!3:!*:(!*>!4A*!A.L51H*C!9.:!C5(!/.A!+354!:*0(51!

!

public class SparseGridNode 
{ 
 private Object occupant; 
 private int col; 
 private SparseGridNode next; 
 . . . 
} 
!

i/!L*C!9.:!C5(!. LinkedList<OccupantInCol> A34'!.!'(+8(/!9+.551!
!

public class OccupantInCol 
{ 
 private Object occupant; 
 private int col; 
 . . . 
} 
!!

e*/!.!,/30!A34'!($/*A5!.:0!1$9*+C<:5S!4'(!58./5(!.//.L!'.5!+(:,4'!(1!M.9'!*>!4'(!+3:X(0!+3545!'.5!<.N3<C<!

+(:,4'!11!

!

P<8+(<(:4!4'(!<(4'*05!58(93>3(0!;L!4'( Grid 3:4(/>.9(!C53:,!4'35!0.4.!54/C94C/(1!R'L!35!4'35!.!<*/(!43<(j
(>>393(:4!3<8+(<(:4.43*:!4'.: BoundedGridJ!

!

e*/!.!8/*,/.<!4'.4!/(VC3/(5!.!6(/L!+./,(!;*C:0(0!,/30!.:0!>/(VC(:4+L!9.++5!4'( getOccupiedLocations 
<(4'*0S!4'(!43<(!9*<8+(N34L!>*/!4'35!3<8+(<(:4.43*:!35!i=/!o!:@S!A'(/(!/!35!4'(!:C<;(/!*>!/*A5!.:0!:!35!4'(!

:C<;(/!*>!34(<5!3:!4'(!,/301!&'(!43<(!9*<8+(N34L!>*/!4'( BoundedGrid 3<8+(<(:4.43*:!>*/!4'35!<(4'*0!35!
i=/!n!9@S!A'(/(!/!35!4'(!:C<;(/!*>!/*A5!.:0!9!35!4'(!:C<;(/!*>!9*+C<:51!

!

!
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&'( World '.5!.!8C;+39 addGridClass <(4'*01!K3:9(!4'( ActorWorld 35!. WorldS !L*C!9.:!9.++!4'35!
<(4'*0!3:!.!/C::(/1!^(/(!35!4'(!9*0(!4*!.00!.!:(A!,/30!4*!4'(!pkP1!

!
import info.gridworld.actor.Actor; 
import info.gridworld.actor.ActorWorld; 
import info.gridworld.grid.Location; 
import info.gridworld.actor.Critter; 
import info.gridworld.actor.Rock; 
import info.gridworld.actor.Flower; 
 
/** 
 * This class runs a world with additional grid choices.> 
 */ 
public class SparseGridRunner 
{ 
  public static void main(String[] args) 
  { 
    ActorWorld world = new ActorWorld(); 
    world.addGridClass("SparseBoundedGrid"); 
    world.addGridClass("SparseBoundedGrid2"); 
    world.addGridClass("SparseBoundedGrid3"); 
    world.addGridClass("UnboundedGrid2");!
    world.add(new Location(2, 2), new Critter()); 
    world.show(); 
  } 
} 
!

R'(:!L*C!(N(9C4(!.!/C::(/!9+.55!.:0!9'**5(!4'(!R*/+0!<(:Cjq5(4!,/30S!4'(!:(A!,/30!4L8(!A3++!;(!.6.3+.;+(!>*/!L*C!

4*!9'**5(1!
 



!"#$%?%

%

%

"!#$$%!&'(!)*++(,(!-*./01!2++!/3,'45!/(5(/6(01!73534!.89(:4/.+19*++(,(;*./019*<!=>*/!2?!8/*>(553*:.+5@!

!.:0!AAA19*++(,(;*./019*<B.854C0(:45!=>*/!2?!54C0(:45!.:0!8./(:45@1!

!

TQ

SparseGridNode.java 
 
public class SparseGridNode 
{ 
  private Object occupant; 
  private int col; 
  private SparseGridNode next; 
  
  
  public SparseGridNode(Object occ, int colNum, 
                        SparseGridNode initNext) 
  { 
    occupant = occ; 
    col = colNum; 
    next = initNext; 
  } 
  
  public Object getOccupant() 
  { 
    return occupant; 
  } 
  
  public int getColumn() 
  { 
    return col; 
  } 
  
  public SparseGridNode getNext() 
  { 
    return next;  
  } 
  
  public void setOccupant(Object occ) 
  { 
    occupant = occ; 
  } 
  
  public void setNext(SparseGridNode newNext) 
  { 
    next = newNext; 
  } 
} 
!
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SparseBoundedGrid.java - SparseGridNode linked list of SparseGridNode version 
 
import info.gridworld.grid.Grid; 
import info.gridworld.grid.AbstractGrid; 
import info.gridworld.grid.Location; 
 
import java.util.ArrayList; 
 
/** 
 * A <code>BoundedGrid</code> is a rectangular grid with a finite  
 * number of rows and columns. <br /> 
 * The implementation of this class is testable on the AP CS AB exam. 
 */ 
public class SparseBoundedGrid<E> extends AbstractGrid<E> 
{ 
  private SparseGridNode[] occupantArray; // the array storing the 
                                          // grid elements 
  private int numCols; 
  private int numRows; 
  /** 
   * Constructs an empty bounded grid with the given dimensions. 
   * (Precondition: <code>rows > 0</code> and <code>cols > 0</code>.) 
   * @param rows number of rows in BoundedGrid 
   * @param cols number of columns in BoundedGrid 
   */ 
  public SparseBoundedGrid(int rows, int cols) 
  { 
    if (rows <= 0) 
      throw new IllegalArgumentException("rows <= 0"); 
    if (cols <= 0) 
      throw new IllegalArgumentException("cols <= 0"); 
    numCols = cols; 
    numRows = rows; 
    occupantArray = new SparseGridNode[rows]; 
  } 
 
  public int getNumRows() 
  { 
    return numRows; 
  } 
 
  public int getNumCols() 
  { 
    return numCols; 
  } 
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  public boolean isValid(Location loc) 
  { 
    return 0 <= loc.getRow() && loc.getRow() < getNumRows() 
                        && 0 <= loc.getCol()  
                        && loc.getCol() < getNumCols(); 
  } 
 
  public ArrayList<Location> getOccupiedLocations() 
  { 
    ArrayList<Location> theLocations = new ArrayList<Location>(); 
 
    // Look at all grid locations. 
    for (int r = 0; r < getNumRows(); r++) 
    { 
  
      SparseGridNode p = occupantArray[r]; //get the row linked list 
      while(p != null) //traverse the row 
      { 
        Location loc = new Location(r, p.getColumn()); 
        theLocations.add(loc); 
        p = p.getNext(); 
      } 
    } 
    return theLocations; 
  } 
 
  public E get(Location loc) 
  { 
    if (!isValid(loc)) 
      throw new IllegalArgumentException("Location " + loc 
                                              + " is not valid"); 
                     
    SparseGridNode p = occupantArray[loc.getRow()]; //get the row 
    while(p != null) //traverse to find the item at location loc 
    { 
      if(loc.getCol() == p.getColumn()) 
        return (E)p.getOccupant(); //must cast to E 
      p = p.getNext(); 
    } 
        
    return null; 
  } 
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  public E put(Location loc, E obj) 
  { 
    if (!isValid(loc)) 
      throw new IllegalArgumentException("Location " + loc 
                                              + " is not valid"); 
    if (obj == null) 
      throw new NullPointerException("obj == null"); 
 
    // Remove the old occupant from the grid. 
    E oldOccupant = remove(loc); 
                 
    //The following steps add the object to the grid. 
                 
    //Get the row for the new occupant 
    SparseGridNode p = occupantArray[loc.getRow()]; 
         
    //put the new occupant on the front of the list 
    occupantArray[loc.getRow()] = new SparseGridNode(obj,  
                                                     loc.getCol(), p); 
  
    return oldOccupant; 
  } 
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  public E remove(Location loc)  
  { 
    if (!isValid(loc)) 
      throw new IllegalArgumentException("Location " + loc  
                                                  + " is not valid"); 
         
    // Remove the object from the grid. 
    E obj = get(loc); 
         
    if (obj == null) return null; //if not found, return null 
  
    SparseGridNode p = occupantArray[loc.getRow()]; 
  
    if(p != null) 
    { 
      if(p.getColumn() == loc.getCol()) //check the first node 
        occupantArray[loc.getRow()] = p.getNext(); 
      else 
      { 
         //q searches for the occupant in the loc.getCol() 
         //p stays behind to remove the occupant, if found   
         SparseGridNode q = p.getNext(); 
         while(q!= null && q.getColumn() != loc.getCol()) 
         { 
           p = p.getNext(); 
           q = q.getNext(); 
         } 
      
         //if found, remove the occupant at loc.getCol() 
         if(q != null) 
           p.setNext(q.getNext()); 
      } 
    } 
    return obj; 
  } 
} 
!
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OccupantInCol.java - For LinkedList version 
 
public class OccupantInCol 
{ 
  private Object occupant; 
  private int col; 
  
  public OccupantInCol(Object occ, int colNum) 
  { 
    occupant = occ; 
    col = colNum; 
  } 
  
  public Object getOccupant() 
  { 
    return occupant; 
  } 
  
  public int getColNum() 
  { 
    return col; 
  } 
  
  public void setOccupant(Object occ) 
  { 
    occupant = occ; 
  } 
  
} 
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SparseBoundedGrid2.java - LinkedList version 
 
import info.gridworld.grid.Grid; 
import info.gridworld.grid.AbstractGrid; 
import info.gridworld.grid.Location; 
 
import java.util.LinkedList; 
import java.util.ArrayList; 
import java.util.Iterator; 
 
/** 
 * A <code>BoundedGrid</code> is a rectangular grid with a finite  
 * number of rows and columns. <br /> 
 * The implementation of this class is testable on the AP CS AB exam. 
 */ 
public class SparseBoundedGrid2<E> extends AbstractGrid<E> 
{ 
  private ArrayList<LinkedList> occupantArray; // the array storing  
                                               // the grid elements 
  private int numCols; 
  private int numRows; 
  /** 
   * Constructs an empty bounded grid with the given dimensions. 
   * (Precondition: <code>rows > 0</code> and <code>cols > 0</code>.) 
   * @param rows number of rows in BoundedGrid 
   * @param cols number of columns in BoundedGrid 
   */ 
  public SparseBoundedGrid2(int rows, int cols) 
  { 
    if (rows <= 0) 
      throw new IllegalArgumentException("rows <= 0"); 
    if (cols <= 0) 
       throw new IllegalArgumentException("cols <= 0"); 
    numCols = cols; 
    numRows = rows; 
    occupantArray = new ArrayList<LinkedList>(); 
    for(int j = 0; j < rows; j++) 
    { 
      occupantArray.add(new LinkedList<OccupantInCol>()); 
    } 
  } 
 
  public int getNumRows() 
  { 
    return numRows; 
  } 
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  public int getNumCols() 
  { 
    return numCols; 
  } 
 
  public boolean isValid(Location loc) 
  { 
    return 0 <= loc.getRow() && loc.getRow() < getNumRows() 
                && 0 <= loc.getCol() && loc.getCol() < getNumCols(); 
  } 
 
 
  public ArrayList<Location> getOccupiedLocations() 
  { 
    ArrayList<Location> theLocations = new ArrayList<Location>(); 
 
    // Look at all grid locations. 
    for (int r = 0; r < getNumRows(); r++) 
    { 
      //get the row linked list 
      LinkedList<OccupantInCol> row = occupantArray.get(r);  
      if(row != null) 
      { 
        for(OccupantInCol occ: row) //traverse the row 
        { 
          Location loc = new Location(r, occ.getColNum()); 
          theLocations.add(loc); 
        } 
      } 
    } 
    return theLocations; 
  } 
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  public E get(Location loc) 
  { 
    if (!isValid(loc)) 
      throw new IllegalArgumentException("Location " + loc  
                                              + " is not valid"); 
  
    LinkedList<OccupantInCol> row = occupantArray.get(loc.getRow()); 
                                                         //get the row 
  
    if(row != null) //traverse to find the item at location loc 
    { 
      for(OccupantInCol occ: row) 
      { 
        if(loc.getCol() == occ.getColNum()) 
        { 
          return (E)occ.getOccupant(); //must cast to E 
        } 
      } 
    } 
    return null; 
  } 
 
 
  public E put(Location loc, E obj) 
  { 
    if (!isValid(loc)) 
      throw new IllegalArgumentException("Location " + loc  
                                              + " is not valid"); 
    if (obj == null) 
      throw new NullPointerException("obj == null"); 
 
    // Remove the old occupant from the grid, if there is one. 
    E oldOccupant = remove(loc); 
  
    //Add the object to the grid.    
    occupantArray.get(loc.getRow()).add( 
                                 new OccupantInCol(obj,loc.getCol())); 
     
    return oldOccupant; 
  } 
 



!"#$%?%

%

%

"!#$$%!&'(!)*++(,(!-*./01!2++!/3,'45!/(5(/6(01!73534!.89(:4/.+19*++(,(;*./019*<!=>*/!2?!8/*>(553*:.+5@!

!.:0!AAA19*++(,(;*./019*<B.854C0(:45!=>*/!2?!54C0(:45!.:0!8./(:45@1!

!

U#

  public E remove(Location loc) 
  { 
    if (!isValid(loc)) 
      throw new IllegalArgumentException("Location " + loc  
                                              + " is not valid"); 
  
    // Remove the object from the grid. 
    E obj = get(loc); 
   
    if (obj == null) return null; //if not found, return null 
  
    LinkedList<OccupantInCol> row = occupantArray.get(loc.getRow()); 
  
    if(row != null) 
    { 
      Iterator<OccupantInCol> itr = row.iterator(); 
      while(itr.hasNext()) 
      { 
        if(itr.next().getColNum() == loc.getCol()) 
        { 
          itr.remove(); 
          break; 
        } 
      } 
    } 
    return obj; 
  } 
 
} 
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 #1!)*:530(/!C53:,!. HashMap */ TreeMap 4*!3<8+(<(:4!4'( SparseBoundedGrid1 ^*A!9*C+0!L*C!C5(!
4'( UnboundedGrid 9+.55!4*!.99*<8+35'!4'35!4.5XJ!R'39'!<(4'*05!*> UnboundedGrid 9*C+0!;(!C5(0!
A34'*C4!9'.:,(J!

]*54!*>!4'(!9*0(!3:!4'( UnboundedGrid 9+.55!9*C+0!;(!C5(0!A34'*C4!<*03>39.43*:!4*!9/(.4(!. 
SparseBoundedGrid 9+.551!!

&'(!<(4'*05!4'.4!0*!:*4!:((0!4*!;(!9'.:,(0!./(F!

•! getOccupiedLocations 
•! get 
•! put 
•! remove 

&'(!9'.:,(5!:((0(0!./(!'3,'+3,'4(0!3:!4'(!>*++*A3:, SparseBoundedGrid 9+.55F!
!

import info.gridworld.grid.AbstractGrid; 
import info.gridworld.grid.Grid; 
import info.gridworld.grid.Location; 
 
import java.util.ArrayList; 
import java.util.Map; 
import java.util.HashMap; 
 
/** 
 * An <code>UnboundedGrid</code> is a rectangular grid with an  
 * unbounded number of rows and columns. <br /> 
 * The implementation of this class is testable on the AP CS AB Exam. 
 */ 
public class SparseBoundedGrid<E> extends AbstractGrid<E> 
{ 
  private Map<Location, E> occupantMap; 
  private int numRows; 
  private int numCols; 
 
  /** 
   * Constructs an empty unbounded grid. 
   */ 
  public SparseBoundedGrid(int rows, int cols) 
  { 
    occupantMap = new HashMap<Location, E>(); 
    numRows = rows; 
    numCols = cols; 
  } 
 
  public int getNumRows() 
  { 
    return numRows; 
  } 
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  public int getNumCols() 
  { 
    return numCols; 
  } 
 
  public boolean isValid(Location loc) 
  { 
    return 0 <= loc.getRow() && loc.getRow() < getNumRows() 
               && 0 <= loc.getCol() && loc.getCol() < getNumCols(); 
  } 
 
  public ArrayList<Location> getOccupiedLocations() 
  { 
    ArrayList<Location> a = new ArrayList<Location>(); 
    for (Location loc : occupantMap.keySet()) 
      a.add(loc); 
    return a; 
  } 
 
  public E get(Location loc) 
  { 
    if (loc == null) 
      throw new NullPointerException("loc == null"); 
    return occupantMap.get(loc); 
  } 
 
  public E put(Location loc, E obj) 
  { 
    if (loc == null) 
      throw new NullPointerException("loc == null"); 
    if (obj == null) 
      throw new NullPointerException("obj == null"); 
    return occupantMap.put(loc, obj); 
  } 
 
  public E remove(Location loc) 
  { 
    if (loc == null) 
      throw new NullPointerException("loc == null"); 
    return occupantMap.remove(loc); 
  } 
} 
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import info.gridworld.grid.*;!
 
import java.util.ArrayList; 
 
import java.util.*; 
 
/** 
 * An <code>UnboundedGrid</code> is a rectangular grid with an  
 * unbounded number of rows and columns. <br /> 
 * The implementation of this class is testable on the AP CS AB Exam. 
 */ 
public class UnboundedGrid2<E> extends AbstractGrid<E> 
{ 
  private  Object[][] occupantArray; 
  private int dim; //current dimension of the occupantArray 
 
  /** 
   * Constructs an empty unbounded grid. 
   */ 
  public UnboundedGrid2() 
  { 
    dim = 16; 
    occupantArray = new Object[dim][dim];; 
  } 
 
  public int getNumRows() 
  { 
    return -1; 
  } 
 
  public int getNumCols() 
  { 
    return -1; 
  } 
  
  public boolean isValid(Location loc) 
  { 
    return loc.getRow() >= 0 && loc.getCol() >= 0; 
  } 
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  public ArrayList<Location> getOccupiedLocations() 
  { 
    ArrayList<Location> theLocations = new ArrayList<Location>(); 
 
    // Look at all grid locations. 
    for (int r = 0; r < dim; r++) 
    { 
      for (int c = 0; c < dim; c++) 
      { 
        // If there's an object at this location, put it in the array. 
        Location loc = new Location(r, c); 
        if (get(loc) != null) 
          theLocations.add(loc); 
      } 
    } 
 
    return theLocations; 
  } 
 
  public E get(Location loc) 
  { 
    if (!isValid(loc)) 
      throw new IllegalArgumentException("Location " + loc 
                                              + " is not valid"); 
    //return null if a location is valid, but not in the array             
    if(loc.getRow() >= dim || loc.getCol() >= dim) 
      return null; 
    return (E) occupantArray[loc.getRow()][loc.getCol()];  
                                                // unavoidable warning 
  } 
 
  public E put(Location loc, E obj) 
  { 
    if (loc == null) 
       throw new NullPointerException("loc == null"); 
    if (obj == null) 
       throw new NullPointerException("obj == null"); 
   
    //if new location is out of the array, resize the array 
    if (loc.getRow() >= dim || loc.getCol() >= dim) 
      resize(loc); 
   
    // Add the object to the grid. 
    E oldOccupant = get(loc); 
    occupantArray[loc.getRow()][loc.getCol()] = obj; 
    return oldOccupant;             
  } 
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  public E remove(Location loc) 
  { 
    if (!isValid(loc)) 
      throw new IllegalArgumentException("Location " + loc 
                                              + " is not valid"); 
         
    // if location is valid and not in array, return null 
    if(loc.getRow() >= dim || loc.getCol() >= dim) 
      return null; 
 
    // Remove the object from the grid. 
    E r = get(loc); 
    occupantArray[loc.getRow()][loc.getCol()] = null; 
    return r; 
  } 
  
  private void resize(Location loc) 
  { 
    //double the size until it is greater than needed 
    int size = dim; 
    while (loc.getRow() >= size || loc.getCol() >= size) 
      size *= 2; 
     
    //create a new array 
    Object[][] temp = new Object[size][size]; 
     
    //copy over the old contents 
    for(int r = 0; r < dim; r++) 
      for(int c = 0; c < dim; c++) 
         temp[r][c] = occupantArray[r][c]; 
     
    //assign occupantArray the new array and update dim 
    occupantArray = temp; 
    dim = size; 
  } 
} 
!


