Recursive maze algorithms

There are many ways to solve a maze recursively, with unexpected subtle implementation features.
We discuss various options.

The variation can be in the algorithm itself and also in on which thread it runs - the latter depends
on where and how the algorithm is started.

A partial maze implementation, MazeRecursiveNosolve.java, see below, is provided, to be extended
to the different variants at the exercise class.

EVEN BETTER: FOR THE EXERCISE CLASS, THERE IS, ON THE WEB SITE, A VER-
SION OF THE ALGORITHM BELOW, MazeRecursiveNosolve.java I.LE., WITH THE UNIMPLE-
MENTED solve() METHOD, THAT IS EXTENDED WITH A randomFill() METHOD.

THIS CAN BE USED AS A STARTING POINT FOR IMPLEMENTING THE DIFFERENT OP-

TIONS.

FOR THE EXERCISES CLASS, IMPLEMENT ALL OPTIONS.

class Field {
boolean isWall = false;
boolean isStart = false;
boolean isEnd = false;
boolean isVisited = false;

void makeWall(boolean b) { isWall = b; }

void draw(Graphics g, int px, int py, int xSize, int ySize) {

if (isWall) {
g.setColor(Color.black);

} else if (isStart || isEnd ) {
g.setColor(Color.yellow) ;

} else if (isVisited) {
g.setColor(Color.green);

} else {
g.setColor(Color.white);

g.fillRect(px, py, xSize, ySize);

class Maze extends JPanel {
Field[][] fields;

int
int
int
int
int

x0ffset = 5;
yOffset = 5;
xSize = 10;
ySize = 10;
xlen = 20, ylen = 20; // should be > 3

Maze () {



fields = new Field[xlen] [ylen];
for (int i=0; i<fields.length; i++) {
for (int j=0; j<fields[i].length; j++) {
fields[i] [j] = new Field();
// set border
if (i==0 || i==fields.length-1 || j==0 || j==fields[i].length-1) {
fields[i] [j] .makeWall (true);

}

void £ill() { // replaced by randomFill in the web version
//. ..
}

void pause() { // to slow movements down
try{ Thread.sleep(50); } catch(InterruptedException e) {}
}

boolean isAccessible(int x, int y) {
return ! fields[x][y].isWall && ! fields[x] [y].isVisited;

}

void showMaze() { // to show result of move in solve
repaint () ;
pause();

public void paintComponent(Graphics g) {
super.paintComponent (g) ;
for (int i=0; i<fields.length; i++) {
for (int j=0; j<fields[i].length; j++) {
fields[i] [j].draw(g, i*xSize+x0ffset, j*ySize+yOffset, xSize, ySize);
}

}

boolean solve(int x, int y) {
/...
}

}

class MazeRecursiveDirectNosolve {
public static void main(String[] args) {
JFrame frame = new JFrame("Maze Recursive Direct No solve");
Maze maze = new Maze();
frame.getContentPane () .add (maze) ;

frame.setSize (300, 300);
frame.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE) ;

maze.fill(); //replaced by randomFill in the web version



frame.setVisible(true);

maze.solve(l,1); // algorithm is started, running on main thread

1. Recursion, running on main thread, started by call from main

Complete MazeRecursiveNoSolve to a program MazeRecursiveDirectNoCurrent that when started
creates a maze and solves it recursively - the “direct” means, that the solve method is called in
main. Visited fields should be green, the solve activity should be visualized stepwise.

boolean solve(int x, int y) {
fields[x] [y].isVisited = true;
showMaze() ;// last call situatie!

if (fields([x][y].isEnd) {
return true;
} else {
boolean solved = false;
// try all possible moves
for (int dx=-1; dx<=1; dx++) {
for (int dy=-1; dy<=1; dy++) {
if (dxxdy==0 && dx!=dy && isAccessible(x+dx, y+dy) ) {
if (!solved) {
solved = solve(x+dx, y+dy);
}
}
}
}

return solved;

This results in a solution where each step is shown as turning a field green.

If you like, extend the algorithm such that the each field displays at which step in finding the solution
it was visited.

2. Recursion, running on main thread, started by call from main + current

Extend the program such that the currently active field is indicated with a red star: MazeRecur-
siveDirect Current.

Idea: Add an isCurrent variable to Field, change the value at appropriate places.

NB At the lecture, an alternative place for the isCurrent = false then the one used in “our” solution
(just after showMaze) was suggested, namely just before the return solved. Try what happens and
explain.



3. Recursion, running on main thread, started by call from main + path

Change the program such that the path to the exit is indicated with red stars. MazeRecursiveDi-
rectPath.

Idea: Use the isCurrent variable to mark the path.

4. Recursion, started with button, running on Swing thread; WRONG

Change the program such that solving is started with a button: MazeRecursiveButtonSwingthread.

Idea: Just add a button and start from the action listener.

5. Recursion, started from console, running on main thread

Change the program such that it can be started using console interaction - and that solve runs on
the main thread: MazeRecursiveConsolestart.

Idea: Add console interaction code to the main.

6. Recursion, started with button, running on own thread

Change the program such that solving is started with a button, but now explicitly program the
threading: MazeRecursiveButtonOwnthread.

Idea: Add a button and a Thread class; implement actionPerformed within the Maze class.

For this use the code below to define the extra thread, that in its run method starts solve:

class SolveThread extends Thread {
Maze maze;

SolveThread(Maze m) {
maze = m;

}

public void run() {
maze.solve(1,1); // starts solver on SolveThread

}
}
Use the code below to instantiate an object from the above class and start its method run:

public void actionPerformed(ActionEvent e) { // makes solveThread
SolveThread solveThread = new SolveThread(this);
solveThread.start();

}



7. Recursion, started with button, running on main thread

For the die-hards: Try to find a hack so that, without creating a new thread, still starting with a
button is possible.



