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CMSC 132, Object-Oriented Programming II Summer 2018

Lecture 11:

Lecturer: Anwar Mamat

Disclaimer: These notes may be distributed outside this class only with the permission of the Instructor.

11.1 Recursion Examples

11.1.1 Recursive Shapes: Tree

Listing 1: Recursive Shapes: Tree

/*************************************************************************
* Copyright 200072010, Robert Sedgewick and Kevin Wayne.

Compilation: javac Tree. java

Execution: java Tree N

Dependencies: StdDraw. java

*
*
*
*
* Plot a tree fractal.
*
* % java Tree 9

*

*
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public class Tree {

public static void tree(int n, double x, double y, double a, double branchRadius) {
double bendAngle = Math.toRadians (15);
double branchAngle = Math.toRadians (37);
double branchRatio .65;

double cx = x + Math.cos(a) * branchRadius;
double cy = y + Math.sin(a) * branchRadius;
StdDraw.setPenRadius (.001 % Math.pow(n, 1.2));
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StdDraw.line(x, y, cx, cy);
if (n == 0) return;

tree(n-1, cx, cy, a + bendAngle - branchAngle, branchRadius x branchRatio);
tree(n-1, cx, cy, a + bendAngle + branchAngle, branchRadius * branchRatio);
tree(n-1, cx, cy, a + bendAngle, branchRadius = (1 - branchRatio));

public static void main (String[] args) {
int N = Integer.parselnt (args([0]);
StdDraw.show (0) ;
tree (N, .5, 0, Math.PI/2, .3);
StdDraw.show (0) ;

11.1.2 Maze

!_‘7

Listing 2: Maze Solver

/*************************************************************************
* Compilation: javac Maze. java

Execution: java Maze.java N

Dependecies: StdDraw. java

Generates a perfect N-by-N maze using depth-first search with a stack.

java Maze 62
java Maze 61

o
°
o
°

Note: this program generalizes nicely to finding a random tree
in a graph.

Copyright 200272010, Robert Sedgewick and Kevin Wayne.
************************************************************************/

public class Maze {

private int N; // dimension of maze
private boolean[][] north; // 1is there a wall to north of cell i, j
private boolean([][] east;

private boolean[][] south;
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private boolean([] [] west;
private boolean[][] visited;
private boolean done = false;

public Maze (int N) {
this.N = N;
StdDraw.setXscale (0, N+2);
StdDraw.setYscale (0, N+2);
init ();
generate () ;

}

private void init () {
// initialize border cells as already visited
visited = new boolean[N+2] [N+2];

for (int x = 0; x < N+2; x++) visited([x][0] = visited[x][N+1l] = true;
for (int y = 0; y < N+2; y++) visited[0][y] = visited[N+1][y] = true;

// initialze all walls as present
north = new boolean[N+2] [N+2];

east = new boolean[N+2] [N+2];
south = new boolean[N+2] [N+2];
west = new boolean[N+2] [N+2];

for (int x = 0; x < N+2; x++)
for (int y = 0; y < N+2; y++)

north([x] [y] = east[x][y] = south[x][y] = west[x][y] = true;

// generate the maze
private void generate (int x, int y) {
visited([x][y] = true;

// while there is an unvisited neighbor
while (!visited([x][y+1] || !visited[x+1][y] || !visited[x][y-1]

// pick random neighbor (could use Knuth’s trick instead)
while (true) {

double r = Math.random() ;

if (r < 0.25 && !visited[x][y+1l]) {

north[x] [y] = south[x][y+1l] = false;
generate(x, y + 1);
break;

}
else if (r >= 0.25 && r < 0.50 && !visited[x+1][y]) {

east [x] [y] = west[x+1][y] = false;
generate (x+1, vy);
break;

}
else if (r >= 0.5 && r < 0.75 && !visited[x][y-1]) {

south[x] [y] = north([x][y-1] = false;
generate (x, y-1);
break;

}

else if (r >= 0.75 && r < 1.00 && !visited[x-1][y]) {
west [x] [y] = east[x-1][y] = false;
generate (x-1, vy);
break;

}

// generate the maze starting from lower left
private void generate () {
generate (1, 1);

[l !'visited[x-111[y])

{
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// delete some random walls
for (int i = 0; 1 < N; 1i++) {

int x = (int) (1 + Math.random() * (N-1));
int y = (int) (1 + Math.random() * (N-1));

north([x] [y] = south[x][y+1] = false;
}

// add some random walls
for (int i = 0; 1 < 10; i++) |

int x = (int) (N / 2 + Math.random() * (N / 2));
int y = (int) (N / 2 + Math.random() * (N / 2));
east[x][y] = west[x+1][y] = true;
Fx/
}
// solve the maze using depth-first search
private void solve(int x, int y) {
if (x == 0 || y == |l x == N+1 || y == N+1) return;
if (done || visited[x][y]) return;
visited([x][y] = true;
StdDraw.setPenColor (StdDraw.BLUE) ;
StdDraw.filledCircle(x + 0.5, y + 0.5, 0.25);
StdDraw.show (0) ;
pressAnyKeyToContinue () ;
// reached middle
if (x == N/2 && y == N/2) done = true;
//solve (x+1, y + 1); //goes diagonally
if (!north[x][y]) solve(x, y + 1);
if (least[x][y]) solve(x + 1, v);
if (!south[x][y]) solve(x, y - 1);
if (!west[x][y]) solve(x — 1, y);
if (done) return;
StdDraw.setPenColor (StdDraw.PINK) ;
StdDraw.filledCircle(x + 0.5, y + 0.5, 0.25);
StdDraw.show (0) ;
pressAnyKeyToContinue () ;
}
// solve the maze starting from the start state
public void solve () {
for (int x = 1; x <= N; x++)
for (int y = 1; y <= N; y++)
visited[x] [y] = false;
done = false;
solve (1, 1);
if (done) {
System.out.println("Solved!");
lelse(
System.out.println ("cannot_solve!");
}
}
// draw the maze
public void draw () {
StdDraw.setPenColor (StdDraw.RED) ;
StdDraw.filledCircle (N/2.0 + 0.5, N/2.0 + 0.5, 0.375);

Stdbraw.filledCircle (1.5, 1.5, 0.375);

StdDraw.setPenColor (StdDraw.BLACK) ;
for (int x = 1; x <= N; x++) {
for (int y = 1; y <= N; y++) {
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if (south[x][y]) StdDraw.line(x, y, x + 1, vy);
if (north[x][y]) StdDraw.line(x, y + 1, x + 1,
if (west[x]I[y]) StdDraw.line(x, vy, x, y + 1);
if (east[x][y]) StdbDraw.line(x + 1, y, x + 1,
}
}
StdDraw.show (1000) ;

private void pressAnyKeyToContinue ()

System.out.println ("Press_any, key to_continue...");
try
{
System.in.read();
}
catch (Exception e)
{}

// a test client
public static void main (String[] args) {
int N = 16; //Integer.parselnt (args[0]);
Maze maze = new Maze (N);
StdDraw.show (0) ;
maze.draw () ;
maze.solve () ;
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