
:



 
 
 

  : 
 

 
 
 
 
 
 
 
 
 
 
 

 
 

 
 

 
 

 



   

:  
1.  
2.  

 
005.133 
 
ISBN  978-616-551-428-6 

 
1 2554) 

 

 

 

 

 

2537/2540 
 

 
 

 
 

 
 

10330 
http://www.cp.eng.chula.ac.th 
 



  

 

 
 2110101 1

 

 

JLab

JLab http://www.cp.eng.chula.ac.th/~somchai/JLab

:

 JLab

2545
2545 2110101

9
 

 



   



  

 

 ......................................................................................................................................................... 3 

 ...................................................................................................................................................... 5 

JLab .......................................................................................................................................................... 7 

1  :  ............................................................................................................................ 16 

2  : ............................................................................................................. 22 

3  :  .................................................................................................................... 28 

4  :  .......................................................................................................................... 35 

5  :  ........................................................................................................................... 41 

6  :  ......................................................................................................................... 47 

7  :  .................................................................................................................... 53 

8  : 15  ............................................................................................................... 59 

9  :  .................................................................................................................. 65 

10  :  .......................................................................................................... 72 

11  :  ........................................................................................................................ 79 

 ............................................................................................................................................. 86 



   

   

v 9.12.05 
 



JLab  

JJLLaabb

JLab

( JLab
 : )

JLab (JLab-

online) 2110101
JLab-online 

Start  All Programs  JLab  

JLab-Online (Lab) JLab
 

 

 

 



  JLab 

   
JLab  



JLab  

3 1

JLab (compile) 
Run Compile F7

22 double mosteller = sqrt(w * h / 360);

sqrt

JLab

BodySurfaceArea.java:22 error: cannot find symbol, column:24 

22 24 BodySurfaceArea.java

cannot find symbol 24 sqrt

22  24 
 

 



  JLab 

sqrt Math.sqrt

Run Run Class F5  

 
 



JLab  

main

BodySurfaceArea

3
main BodySurfaceArea

JLab>java BodySurfaceArea
 

= 173
enter

64 enter

 1.7537 

 5.545769158156112  

22
360 3600

 

JLab>java BodySurfaceArea  
173 

64 
Mosteller ( 5.545769158156112 
Du Bois  ( 0.0 
Boyd  ( 0.0 
JLab>

49:20 

JLab>java BodySurfaceArea  
173 

 
 

49:42 

JLab>java BodySurfaceArea  
 

 

49:58 

 

 



  JLab 

3
Run Run Test Script F6

JLab>java Selftest  
JLab> testBodySurface :  X  X  X  X  X  X  X  X  X  X  (3.33/10 
JLab> : ----------------------------- 
JLab> : 3.33 10.0) 
JLab> : ----------------------------- 
JLab> :<POINT>3.33</POINT> (<TOTAL>10.0</TOTAL> ) 
JLab> 

JLab>java BodySurfaceArea  
173 

64 
Mosteller 1.7537261917287874 
Du Bois  0.0 
Boyd  0.0 
JLab> 



JLab  

3.33 10
1 3

 

JLab

Last submission)
JLab

 ? 

 

JLab>java Selftest  
JLab> testBodySurface : ok ok ok ok ok ok ok ok ok ok  (10.00 
JLab> : ----------------------------- 
JLab> : 10.00 10.0) 
JLab> : ----------------------------- 
JLab> :<POINT>10.00</POINT> (<TOTAL>10.0</TOTAL> ) 
JLab> 



  JLab 

Lab Submit

Lab Logoff Lab Exit JLab
 

JLab JLab
JLab JLab

JLab

 

 



JLab  

JLab 
 

 
o F1  
o F5 main  
o F6  
o F7 (compiler)  
o ctrl-C copy  
o ctrl-X cut  
o ctrl-V paste  
o ctrl-Z undo  
o ctrl-Y redo undo 

o Lab  Login  
o Lab  Logoff JLab  
o Lab  Exit JLab  
o Lab  Submit  
o Edit Comment comment //  
o Edit Uncomment //  
o STOP
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11   :    
 

 

w h

Mosteller S  =

Du Bois S  =

Boyd  S  =

: http://en.wikipedia.org/wiki/Body_surface_area

 

(BodySurfaceArea.java)

w

h

mosteller Mosteller 
dubois Du Bois 
boyd Boyd 

 

+ - * /

log  
F1 JLab)

Math  



1  :    

 

Math.sqrt( x ) x
Math.pow( x, y ) xy

Math.log10( x )   log10 x
( Math.log(x) loge x)

Math.sqrt( a + Math.pow( b + Math.log10(c + a), 0.25 ) )

Math.pow( x, 0.5 ) Math.sqrt( x )  
Math.pow( x, 1/2 ) Math.sqrt( x ) ?

 

 

2  



  1  :   

 
 

import java.util.Scanner; 
 
public class BodySurfaceArea { 
  //  
  // Mosteller, Du Bois, Boyd 
  //  :  
 
  public static void main(String[] args) { 
    Scanner kb = new Scanner(System.in); 
    System.out.print(" "); 
    double h = kb.nextDouble(); 
    System.out.print(" "); 
    double w = kb.nextDouble(); 
     
 
 
 
    double mosteller =  
 
 
 
 
    double dubois =  
 
 
 
 
    double boyd =  
     
     
     
 
 
     
    System.out.println("Mosteller ( " mosteller); 
    System.out.println("Du Bois  ( " dubois); 
    System.out.println("Boyd  ( " boyd); 
  } 
 
} 
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: F5 main

173 64  

 

: F6



  1  :   

 

1.   

(a + b2c)2
  (a + b*b*c)*(a + b*b*c)    Math.pow(a + b*b*c, 2) 

(1+x) 2  

(x1 x2)(x1 x3)  

(a b)(b c)(c a)  

c
a 1 + b 1  

1
5 ( )a + b  

(x1 x2)3

 x1
2 + x2

2  

1 + x + x2 + x3 + x4

+x5  

2z
yx  

xy
h

dc
b
a1  

  



1  :    

2.   

Math.sqrt(a*a + b*b)   22 ba  

4*Math.PI*(r*r*r)  

1+ x + x*x/(2*1) + x*x*x/(3*2*1) + x*x*x*x/(4*3*2*1)  

(x/y + 1)(x*2  Math.pow(x,3))  

Math.pow(Math.sin(x), 2) + Math.pow(Math.cos(y), 2)  

Math.sqrt(Math.pow(2, Math.log10(x)))  

(Math.abs(x)+Math.abs(y))/(x+y)*a  

(1 + Math.exp(t*Math.PI))*p/q - 3  

Math.pow(Math.E, 2*Math.PI)  

Math.sqrt(2*Math.PI*n)*Math.pow(n/Math.E, n)  

(-a + Math.sqrt(a/b-2))/-2*b  
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22  :     
 

 

355
113

3.14159

 approximations of pi 
2  ) 

 

 (Pi.java)

k

k = 4 

k = 6 

k 0  
 

Pi1 Pi2 k
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k

 

k

while for
int m = 1; 
while (m <= k) { 
     
  m++; 
} 

  
for (int m = 1; m <= k; m++) { 
     
} 

(  1)m  1/ (2m  1)  
4  

k
k

k k = 400 
-

int 4
double 8 10308

15-16 k = 4 

 

int 2/3  0 0.6666667 ? 

 

( 1)m  1 Math.pow(-1,m-1)

 1 
1

( 1)m  1  

 

3  
 



  2  :   

 
 
import java.util.Scanner; 
 
public class Pi { 
  // pi1 = 4*(1 - 1/3 + 1/5 - 1/7 + 1/9 - 1/11 + ...) 
  // pi2 = 4*(2/3 * 4/3 * 4/5 * 6/5 * 6/7 * 8/7 * ...) 
  public static void main(String[] args) { 
    Scanner kb = new Scanner(System.in); 
    System.out.print("k = "); 
    int k = kb.nextInt(); 
 
    double pi1 = 0, pi2 = 0; 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
    System.out.println("Pi = " + pi1);  //  
    System.out.println("Pi = " + pi2);  //  
  } 
 
} 



2  :    

: F5 main

k

k = 1000000  

:
 

double a = 1001, b = 1002, c = 1003; 
System.out.println((a * c) / (b * b));  
System.out.println((a / b) * (c / b)); 

: F6

 

JLab>java Selftest  

JLab> testPi : ok    X ok    X ok    X ok    X ok    X ok    X ok    X ok    X ok    X ok    X  (5.0/10.0) 
JLab> : ----------------------------- 
JLab> : 5.0  10.0)  
JLab> : ----------------------------- 
JLab> :<POINT>5.0</POINT> (<TOTAL>10.0</TOTAL> 
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1. *
int k = 0;   
while (true) { 
  if (k >= n) break; 
  System.out.print("*");    
  k++; 
} 

 int k = 0;   
while (true) { 
  System.out.print("*");    
  k++; 
  if (k > n) break; 
} 

   
int k = n;   
while (true) { 
  System.out.print("*");    
  k--; 
  if (k != 0) break; 
} 

 int k = n;   
while (true) { 
  System.out.print("*");    
  k--; 
  if (k == 0) break; 
} 

2. while while(true)

k 

int k = 10;  
while(true) { 
 if ( k > 100 ) break; 
 k += 3; 
} 

 
 

 

k 

int k = 8;  
while(true) { 
 if ( k > 17 ) break; 
 if ( k % 7 == 0 ) break; 
 ++k; 
} 

 

k += 

int k = ;  
while(true) { 
 if ( k > ________ ) break; 
 k += ; 
} 

 

int x = 100; 
int c = 0; 
while(true) { 
 if (x <= 0) break; 
 c++; 
 x /= 2; 
} 
System.out.println(c); 

 

int k = 0, j = 1;  
while(true) { 
 if ( k > 4 ) break; 
 j = 0; 
  while(true) { 
   if ( j > 3 ) break; 
   ++j; 
  } 
 ++k; 
} 
System.out.println( k + j ); 

 



2  :    

3.
n

k k1

1 n n = 2 5.1
2
1

1
112

1k k

n = 5 83333.2
5
1

4
1

3
1

2
1

1
115

1k k

4.

11

11

11 k  k  

k = 1 1+1 = 2,      k = 2 
11

11 = 1.5, k = 3 

11
11

11  1.67 
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33 ::
 
if

 

 Brain AgeTM Nintendo DS 

Sign Finder 
-

3 3 9

Time Lapse 

12:10
2:50 

2 40
12

 

SignFinder.java

3
+ - x /

  (

TimeLapse.java

2 1 - 12)  
2 1 - 12)  

JLab>java SignFinder  
3,3,9 

x 

JLab>java TimeLapse  
12,10 
2,50 

2:40 
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Sign Finder : if

if-else

0 0 0
+ - )

Time Lapse : 

11:40 12:05  0 25  
11:05 11:40  0 35  
11:05 12:40  1 35  
11:05 1:40  2 35   ( 1 12) 
11:05 10:00  10 55   ( 12  

1 60
1 60 11 1

2 1  11 = 10 2
if if-else

 

 

3  



  3  :   

 
 
import java.util.Scanner; 
 
public class SignFinder { 
   
  public static void main(String[] args) { 
    // Scanner ,  
    Scanner kb = new Scanner(System.in).useDelimiter("\\s*[,\\s]\\s*"); 
    System.out.print(" "); 
    int a = kb.nextInt(); 
    int b = kb.nextInt(); 
    int c = kb.nextInt(); 
 
    String sign = "";   // - x    << x * 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
     
    System.out.println("  " sign); 
 
  } 
 
}  
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import java.util.Scanner; 
 
public class TimeLapse { 
   
  public static void main(String[] args) { 
    // Scanner ,  
    Scanner kb = new Scanner(System.in).useDelimiter("\\s*[,\\s]\\s*"); 
    System.out.print(" "); 
    int h1 = kb.nextInt(); 
    int m1 = kb.nextInt(); 
    System.out.print(" "); 
    int h2 = kb.nextInt(); 
    int m2 = kb.nextInt(); 
 
    int dh = 0;   //  
    int dm = 0;   //  
   
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
     
     
    System.out.println(dh + ":" dm); 
     
  } 
 
} 
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: SignFinder

TimeLapse F5 main

 

 

: F6

TimeLapse

JLab>java Selftest  
 
JLab> testSignFinder : ok ok ok ok ok ok ok ok ok ok  (5.0/5.0) 
JLab> testTimeLapse  : ok  X  X ok ok ok  X ok ok  X  (4.6/5.0) 
JLab> : ----------------------------- 
JLab> : 9.6 10.0) 
JLab> : ----------------------------- 
JLab> :<POINT>9.6</POINT> (<TOTAL>10.0</TOTAL> ) 

JLab>java SignFinder  
1,1,0 

- 

JLab>java SignFinder  
2,2,4 

+ 

JLab>java SignFinder  
5,2,2 

/ 

JLab>java SignFinder  
2,1,2 

x 

JLab>java TimeLapse  
12,10 
2,50 

2:40 

JLab>java TimeLapse  
2,50 
12,10 

9:20 
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1.

2. 5 1 6
6
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3. 10

4. a, b c 500 a2 + b2 c2 ( 32 + 
42 = 52) 3, 4, 5 4, 3, 5 :

a, b c)
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44 ::
 

 

s, x ch es  
box  boxes,  witch  witches 

y y , y i es  
fly  flies,  memory  memories 

, s  
computer  computers, boy  boys 

 

Plural.java

JLab>java Plural  
singular noun = box 
plural = boxes 
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+

String.java

String ( F1 String )

 
s.length() s s)

s.trim() s

s.toUpperCase() s  
s.toLowerCase() s  
s.substring(i, j) i j-1 s

s.equals(t) true s t false

s.indexOf(t, i) s t i s -1 

s.toUpperCase() s

s t = 

s.toUpperCase() t s s

s = s.toUpperCase() s.toUpperCase()

substring s.substring(2, 4)

 2 (4  1) 0 s = 

"abcdef" s.substring(2, 4) "cd" ?
length()

trim

== equals  

 

4  
 



4  :    

 
 

import java.util.Scanner; 
 
public class Plural { 
   
  public static void main(String[] args) { 
    Scanner kb = new Scanner(System.in); 
    System.out.print("singular noun = "); 
    String s = kb.nextLine(); 
    String p = "";    // p s 
     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
     
    System.out.println("plural = " + p); // p  
  } 
 
} 
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: F5 main

 

 fox, fdes, fch, fdh, fay, fey, fiy, foy, fuy, fy 

fox ____________ fdes ____________ fch ____________ 

fdh ____________ fay ____________ fey ____________ 

fiy ____________ foy ____________ fuy ____________ 

fy ____________ 

 

: F6

JLab>java Selftest  
 
JLab> testPlural : ok ok  X ok  X  X  X ok ok  X  X ok ok ok  X  X  X ok ok   
JLab> : ----------------------------- 
JLab> : 3.75 10.0) 
JLab> : ----------------------------- 
JLab> :<POINT>3.75</POINT> (<TOTAL>10.0</TOTAL> )



4  :    

 

1. 
 s t  

 [ ] s  s = "--[ok]--" "ok"  

 

 

 <b> </b> s  s = "..<b>ok</b>.." "ok" 
 

 

 s s "a" "x" s = "mamaa"  
"mxmxx"  replace replace  

 

 

 

 

 

 

  s s  
s = "banana"  "bbaannaannaa" 
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2.  
"  What a wonderful world" 4   

 

 

 

 

 

 

 

3.  

comma 
December 16, 2003 March 2, 1999  

d/m/y  March 2, 1999
2/3/1999  

  



5  :      

55 ::
 

 

 

 (Lottery.java)

lottery.txt 
1

0  
 

 

 

:  2  

JLab>java Lottery  
  01  60  89   

 69   
JLab>JLab> 



  5  :     

 

nextLine 40 41 substring

40 41
nextLine lastIndexOf

substring

7
next nextInt Scanner

trim

int

next nextInt Scanner 22

00 01 99
0 100
100 100 ? 100

161

0

 
 

 

5  7 1  



5  :      

 
 

import java.util.Scanner; 
import java.io.*; 
 
public class Lottery { 
  public static void main(String[] args) throws IOException { 
    Scanner in = new Scanner(new File("lottery.txt")); 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    System.out.print(" ;  
    //  
    //   12 41 32 
    //  
 
 
 
 
 
 
 
 
 
    System.out.println(); 
    System.out.print(" ; 
    //  
    //  69 18 
    //  
 
 
 
 
 
 
 
 
 
    System.out.println(); 
  } 
} 



  5  :     

: F5 main

lottery.txt 2538 2553
 

 

lottery.txt 
01 01

lottery.txt 
 

 

 

: F6

 lottery.txt main Lottery

10

: 7

JLab>java Lottery  
  01  60  89   

 69   
JLab>JLab> 



5  :      

 

1.   
 

 

 

 

 

 

2.   

3.  lottery.txt 0 9  
  



  5  :     

4.  song.txt song.txt 
I see skies of blue and clouds of white white of clouds and blue of skies see I) 

 

 

 

 

 

 

 

 

5.  lottery.txt 
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66  :   
 

 

(mode) 
o {2,1,2 ,1,3,4,8,1,1} 1
o

(majority) 50% 
o {2,1,2 ,1,1,1,1,1} 1
o {2,1,2 ,1,1,1,2,3} 

 

3 Utils

public static int count(int[] d, int x) 

x d

d = {1,1,2,3,1,3}, count(d,3) 2, count(d,1) 3

public static int mode(int[] d) 

d

d = {1,1,2,3,1,3}, mode(d) 1

public static boolean majority(int[] d) 

true d false

d = {1,1,2,3,1,3}, majority(d) false

d = {1,1,2,1,1,3}, majority(d) true

mode majority d  



  6  :   

 

count mode majority

mode

public static int f(int n) { 
  return a(n-1) + a(n-1) + a(n-1); 
} 
public static int g(int n) { 
  int x = a(n-1); 
  return x + x + x; 
} 
public static int h(int n) { 
  return 3*a(n-1); 
} 
public static int a(int n) { 
  int x = 0; 
  for (int i=0; i<n; i++) { 
    x += i*i*i*i; 
  } 
  return x; 
} 

f a a(n-1) g a(n-1)

h a(n-1) 3

main

 

 

6 ( 7 1  
 

  



6  :    

 
 
public class Utils { 
  //------------------------------------------------------------ 
  public static int count(int[] d, int x) { 
 
    
 
 
 
 
 
 
 
 
     
  } 
  //------------------------------------------------------------ 
  public static int mode(int[] d) { 
 
     
 
 
 
 
 
 
     
 
 
 
  } 
  //------------------------------------------------------------ 
  public static boolean majority(int[] d) { 
 
    
 
     
 
 
 
  } 
  //------------------------------------------------------------ 
  public static void main(String[] args) { 
 
 
 
 
 
 
 
 
 
 
  } 
  //------------------------------------------------------------ 
}  
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: F5 main

Utils main main

 
 

: F6

 

o

o mode majority (
mode majority

count

o mode
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1. 4  

 

 

 

 

 

 

2. d , x ( j x 
d j d   -1 

 

 

 

 

 

 
 

3. d (  2 
count  



  6  :   

4. d 
 

 

 

 

 

 

5.  copy d int[] a = copy(d); 
a d  

6. 2 
66  
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77 ::
 

if if-else

 

w h
40 30

1 1 int[40][30]

40 30 m m[0][0]

m[39][29]

m[x][y] x, y)

:
x, y m[y][x]

m[x][y] x, y x y

Maze createMaze

2
2  

 

(2,2)
(2,2) 

findPath

int[][] findPath(DWindow w, int[][] m) 

m findPath m

2 findPath

show(w,m) w

30
 

40 
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x y findPath 2,2) m[x][y]

2 (x, y)   
(x, y) , m[x-1][y-1], m[x+1][y], m[x-1][y+1],

m[x][y-1], m[x][y+1], m[x+1][y-1], m[x+1][y] m[x+1][y+1] 1
x y x--, x++, y-- y++)

? (2,2) 

8
(1) (4)

4 (1)
5)

 (1)) (4)) 
 

 

(1) (2) (3) (4)

  (5)   

 

  (6)     (7)     (8)   

(1)

 
x )

 

 

4 ( if, if-else) 7 2  

11 
      11    

11 
      11    

11 
      

11 
   

11 
   

11 

11 
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import jlab.graphics.DWindow; 
import java.util.*; 
 
public class Maze { 
  static boolean testMode = false; 
  public static void main(String[] args) {     
    int width = 40; 
    int height = 30; 
    DWindow w = new DWindow(width * 8, height * 8); 
    w.setRepaintDuringSleep(true); 
    int[][] maze = createMaze(width, height); 
    findPath(w, maze); 
    System.out.println("Done."); 
  } 
  //----------------------------------------------------------------- 
  // (2,2)  
  // 
  public static int[][] findPath(DWindow w, int[][] m) { 
    int x = 2, y = 2; 
    m[x][y] = 2; 
    show(w, m); 
    while (!(x == 2 && y == 3)) { 
     // x y  
      
 
       
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
      m[x][y] = 2;  //  
      show(w, m);   //  
    } 
    return m; 
  } 



  7  :   

  //----------------------------------------------------------------- 
  // w  1) , 2), 0)  
  // 
  private static void show(DWindow w, int[][] m) { 
    if (testMode) return; 
    w.clearBackground(); 
    int width = w.getWidth() / m.length; 
    for (int x = 0; x < m.length; x++) { 
      for (int y = 0; y < m[x].length; y++) { 
        if (m[x][y] == 1)  
          w.fillRect(DWindow.BLACK, x * width, y * width, width, width); 
        if (m[x][y] == 2)  
          w.fillRect(DWindow.RED, x * width, y * width, width, width); 
      } 
    } 
    w.sleep(1); 
  } 
  //----------------------------------------------------------------- 
  // width x height  
  // 2 2  
  // 
  public static int[][] createMaze(int width, int height) { 
    // maze  
    //  
    int w2 = width / 2, h2 = height / 2; 
    int[][] m = new int[w2][h2]; 
    for (int y = 0; y < h2; y++)  
      m[0][y] = m[w2 - 1][y] = 1; //  
    for (int x = 0; x < w2; x++)  
      m[x][0] = m[x][h2 - 1] = 1; //  
    int t = Math.max(width, height) / 3; //  
    for (int k = 0; k < t; k++) { 
      int n = (int) (Math.max(w2, h2)/3 * Math.random());    //  
      int x = (int)(w2 * Math.random());            //  
      int y = (int)((h2 - n) * Math.random()); 
      for (int i = 0; i < n; i++) m[x][y + i] = 1;  //  
      //  
      x = (int)((w2 - n) * Math.random());          //  
      y = (int)(h2 * Math.random()); 
      for (int i = 0; i < n; i++) m[x + i][y] = 1;  //  
    } 
    m[1][1] = 0; //  
    //----------------------------------------- 
    //  
    // 
    int[][] maze = new int[width][height]; 
    for (int x = 0; x < width; x++) { 
      for (int y = 0; y < height; y++) { 
        maze[x][y] = m[x / 2][y / 2]; 
      } 
    } 
    return maze; 
  } 
} 
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: F5 main

     

     

     

: F6

findPath

10
<<--- TIME OUT --->>

ok X 0
5

findPath

x y



  7  :   

 

1. findPath   

 

 

 

 

 

 

 

 

 

2. findPath x0, y0 findPath 
(2,2) 

  



8  :  15   

88 :: 1155
 

1 2
 1 2

 
15 puzzle 

15
1 15) 4 4

 

1 15
d

15

14 15

 

public static boolean solvable15Puzzle( int [][] b )

FifteenPuzzle b 4 4 b[i][j]

i j  ( 0 b

false true

?

1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12, 15, 13, 14, 11
 :

15  = (15 14)/2

(12,11), (15,13), (15,14), (15,11), (13,11) (14,11) 6
L

B 1
L+B L+B

L=6, B=4, L+B = 10 

8 10 7 11

5 4 14

1 13 12 6

2 9 3 15

1 2 3 4

6 7 85

9 10 11 12

13 14 15

1 2 3 4

6 7 85

9 10 11 12

13 15 14

1 2 3 4

6 7 85

9 10 12 15

13 14 11



  8  :  15  

 

for

179)
o d d.length

o d d[0].length (
for

4
(4 3)/2 = 6 

(0,1), (0,2), (0,3), (1,2), (1,3)  (2,3) 
5 (5 4)/2 = 10 

(0,1), (0,2), (0,3), (0,4), (1,2), (1,3), (1,4), (2,3), (2,4), (3,4) 

d  
for (int i=0; i<d.length; i++) { 
  for (int j=0; j<d.length; j++) { 
    ... 
  } 
} 

d 4 i j  

(0,0), (0,1), (0,2), (0,3), (1,0), (1,1), (1,2), (1,3), (2,0), (2,1), (2,2), (2,3), (3,0), (3,1), (3,2), (3,3) 

i j ?)
for  

o d[3] d[3])
o

d[2] d[3]

d[3] d[2]

d 10
d[10] ArrayIndexOutOfBoundsException

o
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public class FifteenPuzzle { 
  //---------------------------------------------------   
  public static boolean solvable15Puzzle(int[][] b) { 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
     
  } 
  //---------------------------------------------------   
  public static void main(String[] a) { 
    int[][] ok  = { { 1,  2,  3,  4},  
                    { 5,  6,  7,  8},  
                    { 9, 10, 12, 15}, 
                    {13, 14, 11,  0} }; 
    int[][] nok = { { 1,  2,  3,  4}, 
                    { 5,  6,  7,  8},  
                    { 9, 10, 11, 12}, 
                    {13, 15, 14,  0} }; 
    System.out.println( solvable15Puzzle(ok) ); 
    System.out.println( solvable15Puzzle(nok) ); 
  } 
} 
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: F5 main

main

0

0
1000 swap(d,i,j)

i j d

 
int[] d = {0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15}; 
boolean correct = true; 
for (int c=0; correct && c<1000; c++) { // 1000  
  for (int i=0; i<d.length; i++) { 
     int j = (int)(16*Math.random());   // d 
     swap(d, i, j);                     // swap  
  } 
  int[][] b1 = new int[4][4]; 
  int[][] b2 = new int[4][4]; 
  for (int i=0, k=0; i<b1.length; i++) { 
     for (int j=0; j<b1[0].length; j++) { 
        b1[i][j] = b2[i][j] = d[k++];   //  
     } 
  } 
  int i = (int)(4*Math.random());       // 0 3 
  int j = (int)(3*Math.random());       // 0 2 
  swap(b2[i], j, j+1);                  // b[i][j]  
 
  boolean r1 = solvable15Puzzle(b1); 
  boolean r2 = solvable15Puzzle(b2); 
  if (b2[i][j] != 0 && b2[i][j + 1] != 0) { 
    if (r1 == r2) correct = false;      //  0  
  } else { 
    if (r1 != r2) correct = false;      //  0  
  } 
} 
System.out.println(correct);            // true  

: F6

4 4 10 0 15
solvable15Puzzle

true false
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1. isValid( int[][] b ) b 15
4 4  0 15 

15  
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2. 15 
randomlyMoveBlank( int[][] b, int k ) 

15 ) k 
k 
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w DWindow

w.loadImage(q) q

URL

  DWindow w = new DWindow(); 

  w.loadImage("http://www.eng.chula.ac.th/files/u1/Building2.jpg"); 

pixel) 
R, G, B

256 255 0
R=255, G=0, B=255 

int

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

        R7 R6 R5 R4 R3 R2 R1 R0 G7 G6 G5 G4 G3 G2 G1 G0 B7 B6 B5 B4 B3 B2 B1 B0

o 28 = 256 0 255 1
3 1 1

o int 4 1 pixel int

0 7  (
8 15

16 23
, 255

0
o 282828 = 224 = 16,777,216 

int pixel map ( pixmap)
x,y) x][y] DWindow

getPixmap
DWindow w = new DWindow(); 
w.loadImage("http://www.eng.chula.ac.th/files/u1/Building2.jpg"); 
int[][] p = w.getPixmap(); 

p.length p[0].length p[0][0]

p[p.length-1][p[0].length-1]  
p.length p.length

getPixmap
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(x, y) p[x][y] p[y][x] 

DWindow

o DWindow.getR( c ) c 0 255
o DWindow.getG( c ) c 0 255
o DWindow.getB( c ) c 0 255
o DWindow.mixRGB(r,g,b) 

p 

setPixmap ?

String url = "http://www.eng.chula.ac.th/files/u1/Building2.jpg"; 
DWindow w = new DWindow(); 
w.loadImage( url ); 
int[][] p = w.getPixmap(); 
int width = p.length; 
int height = p[0].length; 
for (int x = 20; x < width - 20; x++) { 
  for (int y = 20; y < height - 20; y++) { 
    int r = DWindow.getR(p[x][y]); 
    int g = DWindow.getG(p[x][y]); 
    int b = DWindow.getB(p[x][y]); 
    r = 255 - r; g = 255 - g; b = 255 - b; 
    p[x][y] = DWindow.mixRGB(r, g, b); 
  } 
} 
w.setPixmap(p); // p w 

 

int[][] blend(int[][] b1, int[][] b2, double a) Blend

b1 b2 a
b1 (1 a)  b2 ab1 + (1 a)b2 0 a  1 

(b1)  (b2) a a = 0 
b2 a = 1 b1

(R, G, B) 

a = 0.00 a = 0.25 a = 0.50 a = 0.75 a = 1.00 

int[][] chromaKey(int[][] fg, int[][] bg, int c) ChromaKey

(fg) (bg)
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key  
 

 

chroma key key) 

chromaKey c  

 

chromaKey  
 

import jlab.graphics.DWindow; 
public class Mirror { 
  public static void main(String[] args) { 
    String image "http://www.eng.chula.ac.th/files/u Building jpg";    
    DWindow in = new DWindow(); 
    in.loadImage(image ; 
    DWindow out = new DWindow(in.getWidth(), in.getHeight()); 
    in.setLocation(10,10);                 // in 10,10 
    out.setLocation(50+in.getWidth(),10);  // out in 
    int[][] b = in.getPixmap(); 
    int w = b.length; 
    int h = b[0] length; 
    //--------------------------------- 
    for (int x = ; x < w / 2; x++) { 
      for (int y = ; y < h; y++) { 
        b[w - x  1][y] = b[x][y]; 
      } 
    } 
    //--------------------------------- 
    out.setPixmap(b); 
  } 
} 
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import jlab.graphics.DWindow; 
 
public class ChromaKey { 
 
  public static void main(String[] args) { 
    DWindow fg = new DWindow(); 
    fg.loadImage("bird.gif"); 
    int w = fg.getWidth(); 
    int h = fg.getHeight(); 
 
    DWindow bg = new DWindow(); 
    bg.loadImage("sky.jpg",w, h); 
    DWindow out = new DWindow(w, h); 
     
    fg.setLocation(10, 10); 
    bg.setLocation(10 + fg.getWidth(), 10); 
    out.setLocation(10 + 2*fg.getWidth(), 10); 
   
    out.setPixmap(chromaKey(fg.getPixmap(), bg.getPixmap(),  
                  DWindow.mixRGB(0, 255, 0)); 
  } 
  //----------------------------------------------------------------- 
  public static int[][] chromaKey(int[][] fg, int[][] bg, int c) { 
    int w = fg.length; 
    int h = fg[0].length; 
    int[][] b = new int[w][h]; 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    return b; 
  } 
} 
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import jlab.graphics.DWindow; 
 
public class Blend { 
  public static void main(String[] args) { 
    int w = 300, h = 300; 
    DWindow pic1 = new DWindow(w, h); 
    DWindow pic2 = new DWindow(w, h); 
    DWindow out = new DWindow(w, h); 
    pic1.loadImage("cat.jpg", w, h); 
    pic2.loadImage("baby.jpg", w, h); 
    pic1.setLocation(10, 10); 
    pic2.setLocation(10 + w, 10); 
    out.setLocation(10 + 2 * w, 10); 
    while (true) { 
      for (double a = 0; a <= 1; a += 0.1) { 
        int[][] b = blend(pic1.getPixmap(), pic2.getPixmap(), a); 
        out.setPixmap(b); 
      } 
      for (double a = 1; a >= 0; a -= 0.1) { 
        int[][] b = blend(pic1.getPixmap(), pic2.getPixmap(), a); 
        out.setPixmap(b); 
      } 
    } 
  } 
  //----------------------------------------------------------------- 
  public static int[][] blend(int[][] b1, int[][] b2, double a) { 
    int w = b1.length; 
    int h = b1[0].length; 
    int[][] b3 = new int[w][h]; 
     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
     
 
    return b3; 
  } 
} 
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: F5 main main

(Blend ChromaKey)
Blend a 0

1 1 0
ChromaKey

 
: F6

5

 
 

1. int[][] verticalFlip(int[][] p) 
p  

 

 

 

 

 

 

 

 
 

verticalFlip
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2. int[][] rotateClockwise90(int[][] p) 
p 90  

 

 

 

 

 

 

 

 

 

 

3. int[][] brightness(int[][] p, double v) 
v 

  

rotateClockwise90



  10  :   

1100 ::
 

(constructor) 

 

members.txt 
o

o 6

Member

public class Member { 
  public String id; 
  public String name; 
  public String bloodGroup; 
  public Date birthDate; 
} 

Member birthDate Date

public class Date { 
  public int d; 
  public int m; 
  public int y; //  
} 

4 
IO1-1029381 A 12 3 2531  
AB9-1019291 O 11 4 2521  
AB8-1029211 O 31 5 2521  
XW0-1029112 AB 21 5 2521  
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Member

o public Member(String i, String n, String bg, Date bd)

Date

o public Date(int d0, int m0, int y0

o public static int compare(Date d1, Date d2  

d1 d2

d1 d2  -1

d1 d2  0 

d1 d2   1

MyMain

o public static void sortByBirthDate(Member[] m)

m

 

Member Date

Member, Date MyMain

Date equals(d1,d2) Date d1 d2

d1 d2

Member equals(m1,m2) Member m1 m2

m1 m2

equals equals Date

MyMain readMemberFile(file) -
showMembers(members)

(selection sort
170) Date.compare  

 

7 8  
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public class Date { 
  public int d; 
  public int m; 
  public int y; //  
   
  public Date(int d0, int m0, int y0) { 
    //  
 
 
 
 
 
 
 
 
 
 
 
  } 
  //------------------------------------------------------- 
  public static int compare(Date d1, Date d2) { 
    // -1 d1 d2 
    //  0 d1 d2 
    // +1 d1 d2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
     
  } 
  //------------------------------------------------------- 
  public static boolean equals(Date d1, Date d2) { 
    return d1 != null && d2 != null && 
           d1.y == d2.y && d1.m == d2.m && d1.d == d2.d; 
  } 
} 
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public class Member { 
  public String id; 
  public String name; 
  public String bloodGroup; 
  public Date birthDate; 
   
  public Member(String i, String n, String bg, Date bd) { 
    //  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  } 
  //------------------------------------------------------------ 
  public static boolean equals(Member m1, Member m2) { 
    return m1 != null && m2 != null && 
           m1.id.equals(m2.id) && 
           m1.name.equals(m2.name) && 
           m1.bloodGroup.equals(m2.bloodGroup) && 
           m2.birthDate != null && Date.equals(m1.birthDate, m2.birthDate); 
  } 
} 
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import java.util.Scanner; 
import java.io.*; 
 
public class MyMain { 
  public static void main(String[] args) throws IOException { 
    Member[] members = readMemberFile("members.txt"); 
    sortByBirthDate(members); 
    showMembers(members); 
  } 
  //----------------------------------------------------------------------- 
  public static void sortByBirthDate(Member[] m) { //  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  } 
  //----------------------------------------------------------------------- 
  public static Member[] readMemberFile(String file) throws IOException { 
    Scanner f = new Scanner(new File(file)); 
    int n = f.nextInt(); 
    Member[] members = new Member[n]; 
    for (int i = 0; i < n; i++) { 
      String id = f.next(); 
      String bloodGroup = f.next(); 
      int d = f.nextInt(); 
      int m = f.nextInt(); 
      int y = f.nextInt(); 
      String name = f.nextLine(); 
      members[i] = new Member(id, name, bloodGroup, new Date(d, m, y)); 
    } 
    f.close(); 
    return members; 
  } 
  //----------------------------------------------------------------------- 
  public static void showMembers(Member[] members) { 
    for (int i = 0; i < members.length; i++) 
      System.out.println(members[i].id + " " + 
                         members[i].bloodGroup + " " + 
                         members[i].birthDate.d + " " + 
                         members[i].birthDate.m + " " + 
                         members[i].birthDate.y + " " + 
                         members[i].name); 
  } 
} 
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: F5 main

members.txt 
members.txt 

4 
IO1-1029381 A 12 3 2531  
AB9-1019291 O 11 4 2521  
AB8-1029211 O 31 5 2521  
XW0-1029112 AB 21 5 2521  

11/4/2521,  21/5/2521,  31/5/2521 12/3/2531 

 
: F6

o Date

o compare Date

o Member

o sortByBirthDate MyMain

 
 

1. (copy constructor) 
Date 

Member 
public class Date { 
  ... 
  public Date( Date d ) { 
 
 
 
 
 
 
 
 
 
 
 
  } 
  ... 

public class Member { 
  ... 
  public Member( Member m ) { 
 
 
 
 
 
 
 
 
 
 
 
  } 
  ...

JLab>java MyMain  
AB9-1019291 O 11 4 2521  
XW0-1029112 AB 21 5 2521  
AB8-1029211 O 31 5 2521  
IO1-1029381 A 12 3 2531  
JLab> 
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2. Member[] getMembers(Member[] m, String bloodGroup) 
m bloodGroup 

 

 

 

 

 

 

 

 

 

 

3. Member[] getMembers(Member[] m, int maxAge, Date currentDate) 
m maxAge currentDate
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Grader

 
Grader gd = new Grader(20, 80, 70, 60, 50); 
gd.add("5310012121", 89); 
gd.add("5310214821", 80); 
gd.add("5310312321", 71); 
gd.add("5310391221", 54); 
gd.add("5310442921", 63); 
gd.add("5310437621", 75); 
System.out.println("Average = " + gd.average()); 
System.out.println("Stdev   = " + gd.stdev()); 
gd.printSortedByID(); 

4 5
 80 A, 70 80 B, 60 70 C,

50 60 D 50 F

printSortedByID Grader

 
public class Grader { 
  Student[] students;       //  
  int size;                 //  
  double a, b, c, d;        //  
 
  public Grader(int n, double a0, double b0, double c0, double d0) { 
    students = new Student[n];      //  
    size = 0;                       // 0 
    a = a0; b = b0; c = c0; d = d0; 
  } 
  ... 
} 
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Grader

String grade(double point)

void add(String id, double point)

double average()

double stdev()

void printSortedByID()

 
Grader Student

Grader g = new Grader(8,80,70,60,50); 

new Students[8] 8
add  

g.add("153",75)

 
add 0

size 1 g.add("346",63)

size 1
1 size 2

 
 

8  
 

80

70

60

50

a 

b

c

d 

students

2size
"153" id 

75.0 point 
"B" grade 

"346" id

63.0 point

"C" grade 

80

70

60

50

a 

b

c

d 

students

1size
"153" id 

75.0 point 
"B" grade 

80

70

60

50

a 

b

c

d 

students

0size
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public class Student implements Comparable { 
  String id; 
  double point; 
  String grade; 
   
  public Student(String i, double p, String g) { 
    id = i; 
    point = p; 
    grade = g; 
  }   
  public int compareTo(Object obj) { 
    Student s = (Student) obj; 
    return id.compareTo(s.id); 
  } 
  public String toString() { 
    return "id=" + id + ", point=" + point + ", grade=" + grade; 
  } 
  public boolean equals(Object obj) { 
    if (!(obj instanceof Student)) return false; 
    Student s = (Student) obj; 
    return id.equals(s.id) && point == s.point && grade.equals(s.grade); 
  } 
} 

 

 
 
public class Grader { 
  Student[] students;       //  
  int size;                 //  
  double a, b, c, d;        //  
 
  public Grader(int n, double a0, double b0, double c0, double d0) { 
    students = new Student[n];  //  
    size = 0;                   // 0 
    a = a0; b = b0; c = c0; d = d0; 
  } 
  //---------------------------------------------------- 
  //  
  public String grade(double point) { 
     
     
     
 
 
 
 
 
 
 
 
 
 
  } 
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  //---------------------------------------------------- 
  //  
  public void add(String id, double point) { 
    // Student  
     
 
 
 
 
 
 
 
 
 
 
  } 
  //---------------------------------------------------- 
  //  
  public double average() { 
 

 

 
 
 
 
 
 
 
 
 
 
 
  } 
  //---------------------------------------------------- 
  //  
  public double stdev() { 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
  }   
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  //---------------------------------------------------- 
  //  
  public void printSortedByID() { 
    //  students[i]  
    //   System.out.println( students[i] );  
    //  Student toString  
    // id < > id  
    // compareTo s1.compareTo(s2)  
    // 0 0 s2 
    // 0  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
     
  }   
  //---------------------------------------------------- 
  public static void main(String[] args) { 
    Grader gd = new Grader(20, 80, 70, 60, 50); 
    gd.add("5310012121", 89); 
    gd.add("5310214821", 80); 
    gd.add("5310312321", 71); 
    gd.add("5310391221", 54); 
    gd.add("5310442921", 63); 
    gd.add("5310437621", 75); 
    System.out.println("Average = " + gd.average()); 
    System.out.println("Stdev   = " + gd.stddev()); 
    gd.printSortedByID(); 
  } 
} 
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: F5 main

main Grader 6

main

 
: F6

grade add average, stdev
printSortedByID add

add Student

 
 

1. public Student get(String id) Grader 
Student id  id null 

 

JLab>java Grader  
Average = 72.0 
Stdev   = 12.393546707863734 
id=5310012121, point=89.0, grade=A 
id=5310214821, point=80.0, grade=A 
id=5310312321, point=71.0, grade=B 
id=5310391221, point=54.0, grade=D 
id=5310437621, point=75.0, grade=B 
id=5310442921, point=63.0, grade=C 
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2. public void regrade(double a, double b, double c, double d) 
Grader  

 

 

 

 

 

 

 

 

3. add Grader 

1.5 
students add 

 
 

 

 

 

 



   

  

6 :

 

 
import jlab.graphics.*; 
import java.util.Scanner; 
import java.awt.*; 
 
public class DigitalTree { 
  public static void main(String[] args) { 
    DWindow w = new DWindow(500, 600); 
    drawTree(w, 250, 590, 150, 90, 7); 
  } 
 
  public static void drawTree(DWindow w, double x0, double y0, 
                              double len, double a, int depth) { 
    double x1 = x0 + len * cos(a); 
    double y1 = y0 - len * sin(a); 
    DRectangle r = new DRectangle(x0, y0, len, 1.2 * depth); //  
    r.setColor(Color.DARK_GRAY, Color.DARK_GRAY);            //  
    r.rotate(-a, x0, y0);                                    // a  
    w.draw(r);                                               //  
    if (depth <= 0) { 
      if (Math.random() < 0.03)  
        double r2 = 40 * Math.random();{                     //  
        w.fillEllipse(Util.getRandomColor(), x1, y1, r2, r2);//  
      } 
    } else { 
      len *= 0.75; 
      drawTree(w, x1, y1, len, a, depth - 1); 
      double fac = 0.5 + 0.4 * Math.random(); 
      x1 = x0 + fac * len * cos(a); 
      y1 = y0 - fac * len * sin(a); 
      drawTree(w, x1, y1, fac * len, a + 80 * Math.random(), depth - 1); 
      fac = 0.5 + 0.4 * Math.random(); 
      x1 = x0 + fac * len * cos(a); 
      y1 = y0 - fac * len * sin(a); 
      drawTree(w, x1, y1, fac * len, a - 80 * Math.random(), depth - 1); 
    } 
  } 
  private static double sin(double a) { 
    return Math.sin(Math.toRadians(a)); 
  } 
  private static double cos(double a) { 
    return Math.cos(Math.toRadians(a));    
  } 
} 
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