o ilay35 § @ylg3
0B91)3 aliws

I WWW.Snrazavil.lr o, ol ow
AAIYA



o001y alws :(53)0.8 azllbs I€-P

Robert Sedgewick Kevin Wayne

1090 — (5015) 1oL samw — lgla b g by



o001y alws :(53)0.6 azllbs
B

odle R Comnd EY GL" L’] RVSYST J?:.L?:...n 0dle gS.’ C_hw S99y » @Lo 6)“)"""’ u‘"ﬁ‘)" O

.L@oﬁ)lf O

.Lg)liS ;i;) O

S o sl b S

Jodie e GlaSiws G,k 5l (oanb 5 i
Laiglio 5 a4l G 0 o SN 0L >

Sow Jed olre 4o 35 v Sole s yo 58 Seas

1090 — (5015) pob sy — lola b g asby



000l allus :(53)00 aallbs

-0V
ool iy Coomd 4y mbo Ll J5bsin osle SG aw (59, 2 mle (s)l0de 3l O
o, dals>
.Gcb;;.s‘ Joe O
Ll IN o N oo S O
Ao b gcwl L L Gls 2 O

41444{60'[./:\_>

b —>




onoly allus :(53)0.6 azllbs

O
oolo 'y ) oo A 2olo LT aup pp J5dsiie sole SO abaws (59, » oo (g 0k . 5ol O
o, dals>
<l Jow O
sl IN o N oo S O
A b g Sl 5L L 4> 2 D
a3l Jaa oVl Sl & 5 slaails b 5151 e sb s S, O

N

wd&i—»

b b —>

Ovgl g



<

-

Lp Jlasl b ol als e aS N o N Joom Ky sl b ol il 5 O

J

Jliz! el

Ovsl p

SOl p

vl p [Pre



(-lc adls (A

st el 56 P Jloiml b T ails 2 a5 N o N Jgazr 5 il b - olas gl 5 O

Cecnl jada> i jo ool s

Solel S8 0 jgpien 3L iy SO alasdle O
/V

(0, opiv GBlids (Jasl, 5989 °1e

S e (6 jludnnds 1 Slesloe 5,505, o 5l ool . |>ol, O

=



g3 )6 )03
- 00
1,0 g9 ¥ uile aslw] So o Syp N olp o)l bld 4 O
ool pae el 4 S5 Jlixlap < pF oo
ool iy 0 ooy Jasla:p > p* oo

fomsl iz P¥ ke o O

percolation

probability

N =100 site vacancy probability p

1090 — (5015) pob sy — lola b g asby



o)) (5-C13g.8 (S)lw WL
I e

Al 2 N O N Jgaz slaails sles lal jo O

W e o 4y 31 g sl sl a5 Sloy b o 5L 1, dolas cals Ky b e O

Ll PF ook 5l ced B sleails ws e O

b sl 46

aso s [

N = 20 2 open sites does not percolate

1RG0 - sp8) pol 3w — lgls b g aslby



(aoslsy gulal
B

3590 e yile SO 3l g 5L leails oled sl Fe N oON ol S 3 eesls gl O
QS o.bl.b.w‘ 5 LgLdeol} duw.,l?m Lg‘)a

5 olgm aldee 5l Slacis jelate 4 AlbulS SO StdArrayIo o lubisl albls O
S 90 g s G sl Ol

«wdwcuO
JUstas gl

“1“*{‘0@_’

OCoORrRHRORHR

b —

P POOOHRKRRKE OO
PO PR P ORKE OOO

HFRORKEKEHOHR
-

O OOOOHRHR
HFRrRORKERRLRRO
OR R RRLRKERLRO
O HRrOKFROHKRO

| |
—_
| |
[ S ]

open



(aoslsy gulal
I

3590 e yile SO 3l g 5L leails oled sl Fe N oON ol S 3 eesls gl O
QS o.bl.b.w‘ 5 LQLCM\.’L‘> Ml?m Lg‘)a

5 olgm aldee 5l Slacis jelate 4 AlbulS SO StdArrayIo o lubisl albls O
S 90 g s G sl Ol

/6 (slize v 0

p sl vl

olololNo ol il

96—

O O O O O O O O W
O O O OO OO O ™

OO0 o0Oo0o0o o
OH OO0OOOoO KR K
HHRORKELKHRKLO
OR R RRLRKERLRO
O+ HOHKFOHKH O

o

full

| |
—_
| |
[ S ]



StdArraylO s)lsiGuw) aslayGS
s

public class StdArrayIO ({

// read M-by-N boolean matrix from standard input
public static boolean[][] readBoolean2D() {

int M = StdIn.readInt() ;

int N = StdIn.readInt();

boolean[][] a = new boolean[M] [N];

for (int i = 0; i < M; i++)

for (int j = 0; j < N; j++)
if (StdIn.readInt() != 0) a[i][]j] = true;
return a;

}

// print boolean matrix to standard output

public static void print(boolean[][] a) {
for (int 1 = 0; i < a.length; i++) {
for (int j = 0; j < a[i].length; j++) {
if (a[i][]j]) StdOut.print("1 ");
else StdOut.print ("0 ") ;

}
StdOut.println() ;
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public class Percolation ({

// return boolean matrix representing full sites
public static boolean[][] flow(boolean[][] open)

// does the system percolate?

public static boolean percolates (boolean[][] open) {
int N = open.length;
boolean[][] full = flow(open) ;
for (int j = 0; j < N; j++)
if (full[N-1][]j]) return true;
: return false; U\ iy i slodl 1 o e o i (sl e

// test client

public static void main (String[] args) {
boolean[][] open = StdArrayIO.readBoolean2D() ;
StdArrayIO.print (flow(open)) ;
StdOut.println (percolates (open)) ;
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public static boolean[][] flow(boolean[][] open) {

— Wyl (2,1

— M sbu U.Z9Q

return full;
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% more testT.txt % java VerticalPercolation < testT. txt
5 5
01101 01101
00111 0 0101
1 1011 0 00O0T1
1 0001 0 00O0T1
01111 0 00O0T1
true
% more testF.txt % java VerticalPercolation < testF. txt
5 5
1 0100 10100
1 0111 10100
1 1101 10100
1 0001 1 0000
00011 0 00O0O
false
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public class Percolation ({

// return a random N-by-N matrix; each cell true with prob p

public static boolean[][] random(int N, double p) {
boolean[][] a = new boolean[N] [N];
for (int i = 0; i < N; i++)
for (int j = 0; j < N; j++)
a[i] [j] = StdRandom.bernoulli (p) ;
return a;

}

// plot matrix to standard drawing
public static void show(boolean[][] a, boolean foreground)
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public class Visualize {

public static void main (String[] args) {
int N = Integer.parselnt(args[0]) ;
double p = Double.parseDouble (args[1l]) ;
boolean[][] open = Percolation.random(N, p)
boolean[] [] full = Percolation.flow(open) ;
StdDraw. setPenColor (StdDraw.BLACK) ;
Percolation.show (open, false) ;
StdDraw.setPenColor (StdDraw.CYAN) ;
Percolation.show (full, true);

} % java Visualize 20 .95 1| | % java Visualize 20 .9 1 L
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public class Estimate {

public static double eval (int N, double p, int T) {
int ent = 0;
for (int t = 0; £t < T; t++) {
boolean[] [] open = Percolation.random(N, p)
if (VerticalPercolation.percolates (open)) cnt++;

}
return (double) cnt / T;

}

public static void main(String[] args) {
int N = Integer.parselnt(args[0]) ;
double p Double.parseDouble (args[1]) ;
int T = Integer.parselInt(args[2]) ;
StdOut.println(eval (N, p, T));
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% java Estimate 20 .7 100000
0.015768

% java Estimate 20 .8 100000
0.206757

% java Estimate 20 .9 100000
0.925191

% java Estimate 40 .9 100000
0.448536
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public static boolean[][] flow(boolean[][] open) ({
int N = open.length;
boolean[] [] full = new boolean[N] [N];
for (int j = 0; j < N; j++)
if (open[0][j]) flow(open, full, 0, j);
return full;

}

public static void flow(boolean[][] open, boolean[][] full, int i, int j) {

int N = full.length;

if (i1 <0 |] 1> N || j<O0 || j > N) return;
if ('open[i][j]) return;

if ( full[i][j]) return;

full[i] [j] = true; // mark

flow(open, full, i+1, j); // down

flow(open, full, i, j+1); // right
flow(open, full, i, j-1); // left

flow(open, full, i-1, j); // up
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java Estimate 20 .5 100000
.050953

(@)

o\°

java Estimate 20 .6 100000
.568869

(@)

o\°

java Estimate 20 .7 100000
.980804

(@)

o\°

java Estimate 40 .6 100000
.595995
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public class PercPlot {
public static void curve (int N, double x0, double yO,
double x1, double yl) {
5.

double gap = 0.05;
= 0.005;

double error
int T = 10000;

double xm = (x0 + x1) / 2;
double ym = (y0 + yl) / 2;
double fxm = Estimate.eval (N, xm, T)

0
0

if (x1 - x0 < gap && Math.abs(ym - fxm) < error) {
StdDraw.line (x0, y0, x1, y1);
return;

}
curve (N, x0, yO0, xm, £xm)
StdDraw.filledCircle (xm, £xm, .005);
curve (N, xm, fxm, x1, yl);

}

public static void main (String[] args) {

int N = Integer.parselnt(args[0]) ;
curve(N, 0.0, 0.0, 1.0, 1.0);
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% java PercPlot 20 % java PercPlot 100
1- 1-
percolation percolation
probability probability
I I 0 ] I
0 0.593 1 0 0.593 1
site vacancy probability p site vacancy probability p

*5@ o9l P %‘&w Lafvrww
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