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22 Java

22–1 , ,

Sun Microsystems ( Oracle)

(http://java.sun.com/docs/codeconv/html/Code ConvTOC.doc.html,

http://www.oracle.com/technetwork/java/codeconvtoc-136057.ht
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22. 1 (javadoc ) 13.3

int 100

1© 1 2© 3©

C

19.2 Java

• 19.6 StackOfAnyObjects

Java

• javadoc

19.6 StackOfAnyObjects.java

Java

1© 2©

3©

4©javadoc html

5© firefox



2207

[motoki@x205a]$ ls

ExampleJavadoc.java StackOfAnyObjects.java

[motoki@x205a]$ cat -n ExampleJavadoc.java

1 import java.util.*;

2

3 /**

4 * javadoc

5 * @author

6 */

7 public class ExampleJavadoc {

8 /**

9 * (1) 1 ,

10 * (2) ( ) StackOfAnyObjects

,

11 * (3)

12 */

13 public static void main(String args[]) {
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14 String inputString, reversedString;

15

16 // 1 inputString

17 System.out.print("Input a string: ");

18 Scanner inputScanner = new Scanner(System.in);

19 inputString = inputScanner.next();

20

21 // reversedString

22 int len = inputString.length();

23 StackOfAnyObjects stack =

new StackOfAnyObjects(len);

24 for (int i=0; i<len; i++)

25 stack.pushdown(

new Character(inputString.charAt(i)));

26 char[] reversedSequenceOfChar = new char[len];

27 for (int i=0; i<len; i++)

28 reversedSequenceOfChar[i]
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29 = ((Character)stack.popup())

.charValue();

30 reversedString =

new String(reversedSequenceOfChar);

31

32 //

33 System.out.println("Reversed string: "

+ reversedString);

34 }

35 }

[motoki@x205a]$ cat -n StackOfAnyObjects.java

1 import java.util.*;

2

3 /**

4 * Object pushdown ...

5 * @author

6 * @version 0.0
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7 */

8 public class StackOfAnyObjects {

9 /** */

10 private static final int

DEFAULT_INITIAL_CAPACITY = 100;

11

12 /** */

13 private static final int

DEFAULT_CAPACITY_INCREMENT = 100;

14

15 /** Object ( ) ... */

16 private Object[] stack;

17

18 /** ... */

19 private int indexOfTopEle;

20

21 /**
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22 *

23 */

24 public StackOfAnyObjects() {

25 this(DEFAULT_INITIAL_CAPACITY);

26 }

27

28 /**

29 *

30 * @param initialCapacity

31 */

32 public StackOfAnyObjects(int initialCapacity) {

33 stack = new Object[initialCapacity];

34 indexOfTopEle = -1;

35 }

36

37 /**

38 *
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39 * @return

40 */

41 @Override

42 public String toString() {

43 return "pushdownStack (type=Object, capacity="

+ stack.length

44 + ", currentNumOfEle="

+ (indexOfTopEle+1) + ")";

45 }

46

47 /**

48 *

49 * @return

50 */

51 public String getDetailedConfig() {

52 String result = "stack contains "

+ (indexOfTopEle+1) + " elements: {";
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53 for (int i=0; i<indexOfTopEle; ++i)

54 result += "\n " + stack[i] + ",";

55 if (indexOfTopEle >= 0)

56 result += "\n " + stack[indexOfTopEle];

57 result += " }";

58 return result;

59 }

60

61 /**

62 *

63 * @return

64 */

65 public boolean isEmpty() {

66 return indexOfTopEle == -1;

67 }

68

69 /**
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70 * Object push-down

71 * @param element push-down

72 */

73 public void pushdown(Object element) {

74 if (indexOfTopEle+1 == stack.length) {

75 stack = Arrays.copyOf(stack, stack.length

76 + DEFAULT_CAPACITY_INCREMENT);

77 System.out.printf("###Stack capacity is increased###%n"

78 "#<New> %s%n", this);

79 }

80 stack[++indexOfTopEle] = element;

81 }

82

83 /**

84 *

85 * @return

86 */
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87 public Object popup() {

88 if (indexOfTopEle < 0)

89 throw new EmptyStackException();

90 Object element = stack[indexOfTopEle];

91 stack[indexOfTopEle--] = null;

//

92 return element;

93 }

94

95 /**

96 *

97 * @return

98 */

99 public int getNumOfEle() {

100 return indexOfTopEle+1;

101 }

102
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103 /**

104 * top

105 * @return top ( )

106 */

107 public Object peepTop() {

108 if (isEmpty())

109 return null;

110 else

111 return stack[indexOfTopEle];

112 }

113

114 /**

115 *

116 * @param index

117 * @return index ( )

118 */

119 public Object peepEleOfIndex(int index) {
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120 return stack[index];

121 }

122 }

[motoki@x205a]$ javac ExampleJavadoc.java

[motoki@x205a]$ ls

ExampleJavadoc.class StackOfAnyObjects.class

ExampleJavadoc.java StackOfAnyObjects.java

[motoki@x205a]$ java ExampleJavadoc

Input a string: abc123

Reversed string: 321cba

[motoki@x205a]$ mkdir html_by_javadoc

[motoki@x205a]$ javadoc -private -d html_by_javadoc *.java

ExampleJavadoc.java ...

StackOfAnyObjects.java ...

Javadoc ...

Doclet 1.6.0_24

...
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html_by_javadoc/ExampleJavadoc.html

html_by_javadoc/StackOfAnyObjects.html

html_by_javadoc/package-frame.html

html_by_javadoc/package-summary.html

html_by_javadoc/package-tree.html

html_by_javadoc/constant-values.html

...

html_by_javadoc/overview-tree.html

html_by_javadoc/index-all.html

html_by_javadoc/deprecated-list.html

...

html_by_javadoc/allclasses-frame.html

html_by_javadoc/allclasses-noframe.html

html_by_javadoc/index.html

html_by_javadoc/help-doc.html

html_by_javadoc/stylesheet.css

[motoki@x205a]$ ls
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ExampleJavadoc.class StackOfAnyObjects.class html_by_javadoc/

ExampleJavadoc.java StackOfAnyObjects.java

[motoki@x205a]$ ls html_by_javadoc

ExampleJavadoc.html help-doc.html package-summary.html

StackOfAnyObjects.html index-all.html package-tree.html

allclasses-frame.html index.html resources/

allclasses-noframe.html overview-tree.html stylesheet.css

constant-values.html package-frame.html

deprecated-list.html package-list

[motoki@x205a]$ firefox html_by_javadoc/index.html&

[2] 5065

[motoki@x205a]$

@@
��
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• static
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---
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22. 2 (static )

• 19.7 TowerOfHanoiConfig.java Disk,

• 19.8 NumberWith1000DecimalPlaces.java

Digit,

• 19.9 BinaryTreeOfStringInt.java Node

22. 3 ( ,K.Arnold Java 4 p.118)

public class BankAccount {
private long number; //
private long balance; //
private Action lastAct; //

public class Action {
private String act;
private long amount;
Action(String act, long amount) {

this.act = act;
this.amount = amount;
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}
public String toString() { // identify our enclosing account

return number + ": " + act + " " + amount;
} // Action

} //

public void deposit(long amount) {
balance += amount;
lastAct = new Action("deposit", amount);

}

public void withdraw(long amount) {
balance -= amount;
lastAct = new Action("withdraw", amount);

}
// .........

}

---
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22. 4 ( ;java.util.Arrays.sort

1©
︸ ︷︷ ︸

1 8 0 > $ 6 G

2©

java.util.Arrays

sort

Java

( ) 19.9 2

java.util.Arrays.sort
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java.util.Arrays

copyOf(Type[] original, int newLength)

( )

sort(Type[] a, Comparator<? super Type> c)

( )
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( )

[motoki@x205a]$ cat -n SortIdIntPairsByArraysSortMain.java
1 import java.util.Scanner;
2 import java.util.Arrays;
3 import java.util.Comparator;
4
5 /**
6 * (1)
7 * (2)
8 *

Arrays
9 * sort

10 * Java
11 * @author
12 */
13 class SortIdIntPairsByArraysSortMain {
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14 //
15 private static class IdIntPair {
16 private String stringData;
17 private int intData;
18
19 //
20 public IdIntPair(String stringData,

int intData) {
21 this.stringData = stringData;
22 this.intData = intData;
23 }
24
25 //IdIntPair ...
26 @Override
27 public String toString() {
28 return "String-int pair (" + stringData + ",
29 }
30 }
31 //---------------------------------------------------
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32
33 private static final int INCREMENT_SIZE = 100;
34
35 public static void main(String[] args) {
36 Scanner inputScanner = new Scanner(System.in);
37 IdIntPair[] data =

new IdIntPair[INCREMENT_SIZE];
38 int numOfData = 0;
39
40 //
41 while (inputScanner.hasNext()) {
42 String newString = inputScanner.next();
43 if (inputScanner.hasNextInt()) {
44 int newInt = inputScanner.nextInt();
45 if (numOfData >= data.length)
46 data = Arrays.copyOf(data,

data.length + INCREMENT_SIZE);
47 data[numOfData++] =

new IdIntPair(newString, newInt);
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48 } else {
49 System.out.printf("ERROR: invalid data
50 " ==>inut is aborted.%n");
51 }
52 }
53 if (numOfData < data.length)
54 data = Arrays.copyOf(data, numOfData);
55
56 //
57 Arrays.sort(data,
58 new Comparator<IdIntPair>() {
59 public int compare(IdIntPair d1,

IdIntPair d2) {
60 return d1.stringData.compareTo(

d2.stringData);
61 }
62 });
63
64 //
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65 System.out.printf(" intData stringData%n"
66 "---- ---------- ----------%n");
67 for (int i=0; i<data.length; ++i)
68 System.out.printf("%4d %11d %s%n",
69 i+1, data[i].intData,

data[i].stringData);
70 }
71 }

[motoki@x205a]$ cat dynamic-llist.data
asdfghjk 55555
qwertyui 222222
abc 123
ppp_qqq 2345
zxcv 987
kkk 456
efghi 77
[motoki@x205a]$ javac SortIdIntPairsByArraysSortMain.java
[motoki@x205a]$ java SortIdIntPairsByArraysSortMain < dynamic-llist.data
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intData stringData
---- ---------- ----------

1 123 abc
2 55555 asdfghjk
3 77 efghi
4 456 kkk
5 2345 ppp_qqq
6 222222 qwertyui
7 987 zxcv

[motoki@x205a]$

---
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...{S.Zakhour Java 4 p.115}
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• static

static {

......

}

---
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22–5

(extend)

( )

• Java

class extends

{

}
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•

(inherit)
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static

( ,override, )
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---
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is-a , has-a

2

• is-a · · · A B

A,B is-a

@@
�� B A

• has-a · · · A B

A,B has-a

@@
�� A

B

---
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•

super( );

•

this( );

• super( ); this( );

Java

super();

---
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@Override .........J2SE5.0(JDK1.5)

( )

‘‘@Override’’

@@
��

'

&

$

%

( ) @ ( / )

@Override

• @Deprecated · · · ( )

• @SuppressWarning · · · ( )

• .................................

( )

java.lang

@Override java.lang.Override

---
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22. 5 ( ,Rectangle )

19.4... Rectangle

ColoredRectangle

[motoki@x205a]$ cat -n Rectangle.java ... ,

1 /**

2 *

3 */

4 public class Rectangle {

5 protected final int id; // ...

6 protected double width; //

7 protected double height; //

8

9 private static int numberOfRectangles = 0;

//

10
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11 /** 1.0, 1.0 */

12 public Rectangle() {

13 this(1.0, 1.0);

14 }

15

16 /** , */

17 public Rectangle(double width, double height) {

18 this.id = ++numberOfRectangles;

19 this.width = width;

20 this.height = height;

21 }

22

23 /** */

24 @Override

25 public String toString() {

26 return "rectangle(id=" + id + ", width=" + width

27 + ", height=" + height + ")";
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28 }

29

30 /** [ ] id */

31 public int getId() {

32 return id;

33 }

34

35 /** [ ] */

36 public double getWidth() {

37 return width;

38 }

39

40 /** [ ] */

41 public double getHeight() {

42 return height;

43 }

44
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45 /** [ ] ... */

46 public static int getNumberOfRectangles() {

47 return numberOfRectangles;

48 }

49

50 /** [ ] */

51 public void setWidth(double width) {

52 this.width = width;

53 }

54

55 /** [ ] */

56 public void setHeight(double height) {

57 this.height = height;

58 }

59

60 /** */

61 public double getArea() {
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62 return width*height;

63 }

64 }

[motoki@x205a]$ cat -n ColoredRectangle.java

1 /**

2 *

3 * ( Rectangle )

4 */

5 public class ColoredRectangle extends Rectangle {

6 protected String color; //

7

8 /** */

9 public ColoredRectangle() {

10 super();

11 color = "black";

12 }

13
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14 /** , , ... */

15 public ColoredRectangle(double width,

double height, String color) {

16 super(width, height);

17 this.color = color;

18 }

19

20 /** ... */

21 @Override

22 public String toString() {

23 return "rectangle(id=" + id + ", width=" + width

24 + ", height=" + height + ", color=" + color

25 }

26

27 /** [ ( )] ... */

28 public String getColor() {

29 return color;
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30 }

31

32 /** [ ( )] */

33 public void setColor(String color) {

34 this.color = color;

35 }

36

37 //------------------- ---------------

38 public static void main(String[] args) {

39 ColoredRectangle rect = new ColoredRectangle();

40 System.out.println("(1)" + rect);

41 System.out.printf(

" |rect.getId()=%d, rect.getWidth()=%f,%n"

42 " |rect.getHeight()=%f, rect.getColor()=%s%n"

43 " |rect.getArea()=%f%n",

44 rect.getId(), rect.getWidth(),

45 rect.getHeight(), rect.getColor(),
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46 rect.getArea());

47 rect.setWidth(2.0);

48 rect.setHeight(3.0);

49 rect.setColor("blue");

50 System.out.println("(2)" + rect);

51 System.out.printf(

" |rect.getId()=%d, rect.getWidth()=%f,%n"

52 " |rect.getHeight()=%f, rect.getColor()=%s%n"

53 " |rect.getArea()=%f%n",

54 rect.getId(), rect.getWidth(),

55 rect.getHeight(), rect.getColor(),

56 rect.getArea());

57 System.out.println("(3)"

+ new ColoredRectangle(4.0, 5.0, "red"));

58 }

59 }

[motoki@x205a]$ javac ColoredRectangle.java
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[motoki@x205a]$ java ColoredRectangle

(1)rectangle(id=1, width=1.0, height=1.0, color=black)

|rect.getId()=1, rect.getWidth()=1.000000,

|rect.getHeight()=1.000000, rect.getColor()=black

|rect.getArea()=1.000000

(2)rectangle(id=1, width=2.0, height=3.0, color=blue)

|rect.getId()=1, rect.getWidth()=2.000000,

|rect.getHeight()=3.000000, rect.getColor()=blue

|rect.getArea()=6.000000

(3)rectangle(id=2, width=4.0, height=5.0, color=red)

[motoki@x205a]$

---
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22–6 Object

• ‘‘extends ’’ ...

−→

‘‘extends Object’’ ...

@@
��

Object

• java.lang.Object

· · ·

protected Object clone() throws CloneNotSupportedException

· · ·

public boolean equals(Object obj)

· · · obj
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· · ·

protected void finalize() throws Throwable

· · ·

public final Class getClass()

· · · Class (i.e.
)

public int hashCode()

· · ·

public String toString()

· · ·

.....( ) .....

@@
��

( )

---
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22–7

14.4

C

3

btree-heapsort.c, bubblesort.c, llistsort.c

(i.e. )

Java



2282







...

( )

abstract ,

( );

...

‘‘abstract’’

---
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•

•

•

•

3

3

3

3

3

---
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22. 6 (2

2

Shape2D ... ,

Circle2D ... ,

Rectangle2D ... ,

Triangle2D ...

[motoki@x205a]$ cat -n Shape2D.java

1 /**

2 * 2

3 *

4 */



2285

5 abstract class Shape2D {

6 protected final int id; // ...

7 private static int numberOfShapes = 0;

//

8

9 /** 2 */

10 public Shape2D() {

11 id = ++numberOfShapes;

12 }

13

14 /** 2 ... */

15 @Override

16 public abstract String toString();

17

18 /** 2 ... */

19 public abstract double getArea();

20 }
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[motoki@x205a]$ cat -n Circle2D.java

1 /**

2 * 2 ...

3 */

4 class Circle2D extends Shape2D {

5 private double x; // x

6 private double y; // y

7 private double radius; //

8

9 /** 2 */

10 public Circle2D(double x, double y, double radius)

11 this.x = x;

12 this.y = y;

13 this.radius = radius;

14 }

15

16 /** 2 ... */



2287

17 @Override

18 public String toString() {

19 return "circle[id=" + id + "] of center (" + x

20 + ") and radius " + radius;

21 }

22

23 /** 2 */

24 @Override

25 public double getArea() {

26 return Math.PI*radius*radius;

27 }

28

29 //------------------- ---------------

30 public static void main(String[] args) {

31 Circle2D fig = new Circle2D(1.0, 0.0, 2.0);

32 System.out.printf("fig = %s%n" +

33 " ==> fig.getArea() = %g%n",
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34 fig, fig.getArea());

35 }

36 }

[motoki@x205a]$ javac Circle2D.java

[motoki@x205a]$ java Circle2D

fig = circle[id=1] of center (1.0,0.0) and radius 2.0

==> fig.getArea() = 12.5664

[motoki@x205a]$ cat -n Rectangle2D.java

1 /**

2 * 2 ...

3 */

4 class Rectangle2D extends Shape2D {

5 private double x0, y0;

// 1 x ,y

6 private double x1, y1;

//(x0,y0) y

7
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8 /** 2 */

9 public Rectangle2D(double x0, double y0,

double x1, double y1) {

10 this.x0 = x0;

11 this.y0 = y0;

12 this.x1 = x1;

13 this.y1 = y1;

14 }

15

16 /** 2 ... */

17 @Override

18 public String toString() {

19 return "rectangle[id=" + id + "] of vertices ("

20 + x0 + "," + y0 + "), ("

21 + x1 + "," + y0 + "), ("

22 + x1 + "," + y1 + "), ("

23 + x0 + "," + y1 + ")";
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24 }

25

26 /** 2 ... */

27 @Override

28 public double getArea() {

29 return Math.abs((x1-x0)*(y1-y0));

30 }

31

32 //------------------- ---------------

33 public static void main(String[] args) {

34 Rectangle2D fig = new Rectangle2D(0.0, 0.0,

1.0, 2.0);

35 System.out.printf("fig = %s%n" +

36 " ==> fig.getArea() = %g%n",

37 fig, fig.getArea());

38 }

39 }
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[motoki@x205a]$ javac Rectangle2D.java

[motoki@x205a]$ java Rectangle2D

fig = rectangle[id=1] of vertices (0.0,0.0), (1.0,0.0), (1.0,2.0),

==> fig.getArea() = 2.00000

[motoki@x205a]$ cat -n Triangle2D.java

1 /**

2 * 2 ...

3 */

4 class Triangle2D extends Shape2D {

5 private double x0, y0;

// 1 x ,y

6 private double x1, y1;

// 2 x ,y

7 private double x2, y2;

// 3 x ,y

8

9 /** 2 */
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10 public Triangle2D(double x0, double y0,

11 double x1, double y1, double x2, double y2) {

12 this.x0 = x0;

13 this.y0 = y0;

14 this.x1 = x1;

15 this.y1 = y1;

16 this.x2 = x2;

17 this.y2 = y2;

18 }

19

20 /** 2 ... */

21 @Override

22 public String toString() {

23 return "triangle[id=" + id + "] of vertices ("

24 + x0 + "," + y0 + "), ("

25 + x1 + "," + y1 + "), ("

26 + x2 + "," + y2 + ")";
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27 }

28

29 /** 2 ... */

30 @Override

31 public double getArea() { //

32 double sideLeng1 =

Math.sqrt((x0-x1)*(x0-x1)+(y0-y1)*(y0-y1));

33 double sideLeng2 =

Math.sqrt((x1-x2)*(x1-x2)+(y1-y2)*(y1-y2));

34 double sideLeng3 =

Math.sqrt((x2-x0)*(x2-x0)+(y2-y0)*(y2-y0));

35 double s = (sideLeng1+sideLeng2+sideLeng3)/2;

36 return Math.sqrt(s*(s-sideLeng1)

*(s-sideLeng2)*(s-sideLeng3));

37 }

38

39 //------------------- ---------------
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40 public static void main(String[] args) {

41 Triangle2D fig = new Triangle2D(0.0, 0.0,

2.0, 0.0, 1.0, 1.0);

42 System.out.printf("fig = %s%n" +

43 " ==> fig.getArea() = %g%n",

44 fig, fig.getArea());

45 }

46 }

[motoki@x205a]$ javac Triangle2D.java

[motoki@x205a]$ java Triangle2D

fig = triangle[id=1] of vertices (0.0,0.0), (2.0,0.0), (1.0,1.0)

==> fig.getArea() = 1.00000

[motoki@x205a]$

---



2295

22. 7 (

14.4(C )

3 btree-heapsort.c, bubblesort.c,

llistsort.c (i.e.

)

Java

( ) 22.6

int

@@
��

1
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3 C

btree-heapsort.c( 13.2),

bubblesort.c( 14.4),

llistsort.c( 14.4)

( 4 llistsort.c )

• int

( ) ...
@@
��

LinkedListOfInt

• Node

...
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• C ...

Java ...
@@
��

(Node)

( )

SortModuleForIntArray ...

,

HeapsortIntArray ... heapsort ,

BubblesortIntArray ... bubblesort ,

LListsortIntArray ...

,

LinkedListOfInt ... int

---
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[motoki@x205a]$ cat -n SortModuleForIntArray.java
1 /**
2 * int
3 *
4 */
5 public abstract class SortModuleForIntArray {
6 /**
7 *

8 *

9 * (static )
10 */ abstract
11 public static SortModuleForIntArray getInstance() {
12 return null;
13 }
14
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15 /** ( ) */
16 @Override
17 public abstract String toString();
18
19 /** */
20 public abstract void sort(int[] a);
21 }

[motoki@x205a]$ cat -n HeapsortIntArray.java
1 /**
2 * int heapsort
3 *
4 */
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5 public class HeapsortIntArray
extends SortModuleForIntArray {

6 // 1
7 // ( private )
8 // ( 1 )
9 // ( )
10 private static final HeapsortIntArray

INSTANCE = new HeapsortIntArray();
11
12 // ( )
13 private HeapsortIntArray() {
14 super();
15 }
16
17 /**

*/
18 public static HeapsortIntArray getInstance() {
19 return INSTANCE;
20 }
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21
22 /** ( ) */
23 @Override
24 public String toString() {
25 return "Heapsort module";
26 }
27
28 /** heapsort ... */
29 @Override
30 public void sort(int[] a) {
31 // heap
32 for (int k=a.length/2-1; k>=0; --k)
33 heapify(a, a.length, k, a[k]);
34
35 // heap
36 for (int k=a.length-1; k>=1; --k) {
37 int tmp = a[k];
38 a[k] = a[0];
39 heapify(a, k, 0, tmp);
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40 }
41 }
42
43 /*---------------<private >------------------
44 * hole heap ...
45 * hole heap ...
46 * ( ): hole ...
47 * hole...
48 * heap ...
49 * hole ...
50 * ...
51 * newElement hole ...
52 * heap
53 *
54 * @param a int
55 * @param treeSize 2 (a[0],a[1],..
56 * @param hole a[0] a[treeSize-1] 2 ...
57 * @param newElement 2 ...
58 */
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59 private void heapify(int[] a, int treeSize,
int hole, int newElement) {

60 int siftupCand; //siftup candidate
61
62 while ((siftupCand = hole*2+1) < treeSize) {
63 if (siftupCand+1<treeSize // ...
64 && a[siftupCand]<a[siftupCand+1]) // ...
65 ++siftupCand; // ...
66 // ...
67 if ( newElement >= a[siftupCand])
68 break; //newElement hole ...
69
70 a[hole] = a[siftupCand]; //sift up
71 hole = siftupCand;
72 }
73 a[hole] = newElement;
74 }
75
76 //------------------- ---------------
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77 public static void main(String[] args) {
78 int[] a = {9, 8, 6, 7, 5, 3, 1, 2, 4, 0};
79 getInstance().sort(a);
80 System.out.println("after sorting ("

+ getInstance() + "):");
81 System.out.print(" a = {");
82 for (int i=0; i<a.length-1; ++i)
83 System.out.print(a[i] + ", ");
84 System.out.println(a[a.length-1] + "}");
85 }
86 }

[motoki@x205a]$ javac HeapsortIntArray.java
[motoki@x205a]$ java HeapsortIntArray
after sorting (Heapsort module):
a = {0, 1, 2, 3, 4, 5, 6, 7, 8, 9}

[motoki@x205a]$ cat -n BubblesortIntArray.java
1 /**
2 * int bubblesort
3 *
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4 */
5 public class BubblesortIntArray

extends SortModuleForIntArray {
6 // 1
7 // ( private )
8 // ( 1 )
9 // ( )
10 private static final BubblesortIntArray

INSTANCE = new BubblesortIntArray();
11
12 // ( )
13 private BubblesortIntArray() {
14 super();
15 }
16
17 /** ... */
18 public static BubblesortIntArray getInstance() {
19 return INSTANCE;
20 }
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21
22 /** ( ) */
23 @Override
24 public String toString() {
25 return "Bubblesort module";
26 }
27
28 /** bubblesort ... */
29 @Override
30 public void sort(int[] a) {
31 for (int i=0; i<a.length-1; ++i) {
32 for (int j=a.length-1; j>i; --j) {
33 if (a[j-1] > a[j]) {
34 int temp = a[j-1]; //a[j-1] a[j]
35 a[j-1] = a[j]; // ...
36 a[j] = temp; //

37 }
38 }
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39 }
40 }
41
42 //------------------- ---------------
43 public static void main(String[] args) {
44 int[] a = {9, 8, 6, 7, 5, 3, 1, 2, 4, 0};
45 getInstance().sort(a);
46 System.out.println("after sorting ("

+ getInstance() + "):");
47 System.out.print(" a = {");
48 for (int i=0; i<a.length-1; ++i)
49 System.out.print(a[i] + ", ");
50 System.out.println(a[a.length-1] + "}");
51 }
52 }

[motoki@x205a]$ java BubblesortIntArray
after sorting (Bubblesort module):
a = {0, 1, 2, 3, 4, 5, 6, 7, 8, 9}

[motoki@x205a]$ cat -n LListsortIntArray.java
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1 /**
2 * (1)int

3 * (2)
int

4 *
5 *
6 */
7 public class LListsortIntArray

extends SortModuleForIntArray {
8 // 1
9 // ( private )
10 // ( 1 )
11 // ( )
12 private static final LListsortIntArray

INSTANCE = new LListsortIntArray();
13
14 // ( )
15 private LListsortIntArray() {
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16 super();
17 }
18
19 /** ... */
20 public static LListsortIntArray getInstance() {
21 return INSTANCE;
22 }
23
24 /** ( ) */
25 @Override
26 public String toString() {
27 return "sort module that is based on insertion
28 }
29
30 /**
31 * */
32 @Override
33 public void sort(int[] a) {
34 LinkedListOfInt list = new LinkedListOfInt();
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35
36 // ( )
37 for (int i=0; i<a.length; ++i)
38 list.insert(a[i]);
39
40 // int ...
41 list.getOutContents(a);
42 }
43
44 //------------------- ---------------
45 public static void main(String[] args) {
46 int[] a = {9, 8, 6, 7, 5, 3, 1, 2, 4, 0};
47 getInstance().sort(a);
48 System.out.println("after sorting ("

+ getInstance() + "):");
49 System.out.print(" a = {");
50 for (int i=0; i<a.length-1; ++i)
51 System.out.print(a[i] + ", ");
52 System.out.println(a[a.length-1] + "}");
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53 }
54 }

[motoki@x205a]$ cat -n LinkedListOfInt.java
1 /**
2 * int

3 */
4 public class LinkedListOfInt {
5 //

6 private static class Node {
7 private int intData;
8 private Node next;
9
10 //
11 public Node(int intData, Node next) {
12 this.intData = intData;
13 this.next = next;
14 }
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15
16 //Node
17 @Override
18 public String toString() {
19 return "node of int data " + intData;
20 }
21
22 // Node ...
23 public void insertAscendingOrder(int newInt) {
24 if (next==null || newInt<=next.intData)
25 next = new Node(newInt, next);
26 else
27 next.insertAscendingOrder(newInt);
28 }
29
30 // Node a index...
31 public void getOutContents(int[] a, int index)
32 a[index] = intData;
33 if (next != null)
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34 next.getOutContents(a, index+1);
35 }
36 }
37 //---------------------------------------------------
38
39 private Node head;
40
41 /** int ...
42 public LinkedListOfInt() {
43 head = null;
44 }
45
46 /** LinkedListOfInt ...
47 @Override
48 public String toString() {
49 return "linked list of int data\n"
50 + " that are sorted by ascending order";
51 }
52
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53 /** ( ) ...
54 public void insert(int newInt) {
55 if (head==null || newInt<=head.intData)
56 head = new Node(newInt, head);
57 else
58 head.insertAscendingOrder(newInt);
59 }
60
61 /** ( )...
62 public void getOutContents(int[] a) {
63 if (head != null)
64 head.getOutContents(a, 0);
65 }
66 }

[motoki@x205a]$ javac LListsortIntArray.java
[motoki@x205a]$ java LListsortIntArray
after sorting (sort module that is based on insertion in a linked
a = {0, 1, 2, 3, 4, 5, 6, 7, 8, 9}

[motoki@x205a]$
---
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22–8 Java ,

Java Java

























byte · · ·8 % � � I 9 � $ 2 � J ? � 8 � @ ?

short· · ·16 % � � I 9 � $ 2 � J ? � 8 � @ ?

int · · ·32 % � � I 9 � $ 2 � J ? � 8 � @ ?

long · · ·64 % � � I 9 � $ 2 � J ? � 8 � @ ?







float · · ·32 % � � IEEE 5 3 754 < ?

double· · ·64 % � � IEEE 5 3 754 < ?

boolean· · · true � false � � � !

char· · · 16 % � � Unicode UTF-16 � 	 ; � � � !







· · · 
 � � D  � 4 � � � � � � � � � � � � � � � � !

· · · � � � � � � % � � � � �  D � � � " # � & �< A ' � ( ) * + 
 � � , � - . � � � !

· · · F / 0 � � 7 � 1 2 N 6 � : = � � � !
---
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:

@@
��

byte −→ Byte

short −→ Short

int −→ Integer

long −→ Long

float −→ Float

double −→ Double

boolean −→ Boolean

char −→ Character

new Integer( int )

int

−→

---
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−→

( Number )

Object ¥ � �

Short

Á � � ¥ � � � � � � � 	 
´ 	 � �  � � � � � � � �

Byte Integer Long Float Double

NumberCharacterBoolean Class Void

'

&

$

%

Void... void

Class...

( )

Void
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( )

· · ·

public static final MIN VALUE (Boolean )

· · ·

public static final MAX VALUE (Boolean )

· · ·

public static final int SIZE (Boolean )

· · ·

public static final Class< > TYPE

· · · Class
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· · ·

( a)

· · · a

(String s)

· · · s



2321

· · ·

public static valueOf( a)

· · · a

public static valueOf(String s) (Character )

· · · s

public static parse (String s)

(Character )

· · · s

public static String toString( a)

· · · a
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· · ·

public int compareTo( other)

· · · other other 0 other

public Value()

· · ·

public String toString()

· · · (Object
)

public boolean equals(Object obj)

· · · obj
(Object )

public int hashCode()

· · ·
(Object )

---
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, :

( ) ... −→

( ) ... −→

JDK1.5(J2SE5.0,2004)

Integer x = 100;

int a = x;

x = x + 20;

Integer x = new Integer(100);

int a = x.intValue();

x = new Integer(x.intValue() + 20);

---
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22. 8 (J.Bloch(2008),p.23;

[motoki@x205a]$ cat -n RemarkOnSuperfluousBoxingMain.java

1 /**

2 *

3 * Java ...

4 */

5 public class RemarkOnSuperfluousBoxingMain {

6 public static void main(String[] args) {

7 Long sum = 0L;

8 for (long i=0; i<=Integer.MAX_VALUE; ++i) {

9 sum += i;

10 }

11 System.out.println("0+1+2+...+Integer.MAX_VALUE

12 }

13 }
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[motoki@x205a]$ javac RemarkOnSuperfluousBoxingMain.java

[motoki@x205a]$ time java RemarkOnSuperfluousBoxingMain

0+1+2+...+Integer.MAX_VALUE = 2305843008139952128

real 0m15.472s

user 0m15.385s

sys 0m0.177s

[motoki@x205a]$

231 Long

15.4

7 Long long

9

5.3

[motoki@x205a]$ cat -n RemarkOnSuperfluousBoxingMain2.java
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1 /**

2 *

3 * Java ...

4 */

5 public class RemarkOnSuperfluousBoxingMain2 {

6 public static void main(String[] args) {

7 long sum = 0L;

8 for (long i=0; i<=Integer.MAX_VALUE; ++i) {

9 sum += i;

10 }

11 System.out.println("0+1+2+...+Integer.MAX_VALUE

12 }

13 }

[motoki@x205a]$ javac RemarkOnSuperfluousBoxingMain2.java

[motoki@x205a]$ time java RemarkOnSuperfluousBoxingMain2

0+1+2+...+Integer.MAX_VALUE = 2305843008139952128
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real 0m5.294s

user 0m5.278s

sys 0m0.013s

[motoki@x205a]$

---
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22–9

1 ( )

( , )

...

...

( ) ... '

&

$

%
(1 )

... 1

,

@@
��

---
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22. 9 (C )

+





 (Java)

System.out.println("e = " + e);

'

&

$

%

---
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22. 10 (Java, )
[motoki@x205a]$ cat -n ExampleOfOverloadMain.java

1 /**
2 * Java
3 */
4 public class ExampleOfOverloadMain {
5 public static void main(String args[]) {
6 display(33);
7 display(33.0);
8 }
9
10 static void display(int num){
11 System.out.println("int :" + num);
12 }
13
14 static void display(double num){
15 System.out.println("double :" + num);
16 }
17 }

[motoki@x205a]$ javac ExampleOfOverloadMain.java
[motoki@x205a]$ java ExampleOfOverloadMain
int :33
double :33.0
[motoki@x205a]$---
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•

( )

@@
��

( )
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• Ancestor

MethodA

Ancestor v ;

v

v.MethodA( )

v

MethodA

· · ·
























MethodA

Ancestor MethodA

MethodA
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MethodAMethodA

v
MethodA

@@
��

MethodA v.MethodA( )

v

MethodA ( )

---
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22. 11 (2 ,

22.6 4 Shape2D, Circle2D, Rectangle2D,

Triangle2D

Shape2D

Rectangle2DCircle2D Triangle2D

Shape2D fig;

fig Circle2D ( )

Rectangle2D Triangle2D

( )

@@
��

fig
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Shape2D

Rectangle2DCircle2D Triangle2D
• ( )

Shape2D

getArea()

@@
��

fig.getArea()

fig Circle

Rectangle

Triangle

toString()

'

&

$

%@@
��

—
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( Java )

[motoki@x205a]$ cat -n TestShape2DMain.java
1 /**
2 * toString(),
3 * getArea() Java...
4 * Shape2D ... 2

5 * Circle2D ... 2 ,
6 * Rectangle2D ... 2 ,
7 * Triangle2D ... 2
8 */
9 class TestShape2DMain {
10 public static void main(String args[]) {
11 Shape2D fig;
12
13 fig = new Circle2D(1.0, 0.0, 2.0);
14 System.out.printf("fig = %s%n" +
15 " ==> fig.getArea() = %g%n",
16 fig, fig.getArea());
17
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18 fig = new Rectangle2D(0.0, 0.0, 1.0, 2.0);
19 System.out.printf("fig = %s%n" +
20 " ==> fig.getArea() = %g%n",
21 fig, fig.getArea());
22
23 fig = new Triangle2D(0.0, 0.0, 2.0, 0.0, 1.0, 1.0);
24 System.out.printf("fig = %s%n" +
25 " ==> fig.getArea() = %g%n",
26 fig, fig.getArea());
27 }
28 }

[motoki@x205a]$ javac TestShape2DMain.java
[motoki@x205a]$ java TestShape2DMain
fig = circle[id=1] of center (1.0,0.0) and radius 2.0
==> fig.getArea() = 12.5664

fig = rectangle[id=2] of vertices (0.0,0.0), (1.0,0.0), (1.0,2.0),
==> fig.getArea() = 2.00000

fig = triangle[id=3] of vertices (0.0,0.0), (2.0,0.0), (1.0,1.0)
==> fig.getArea() = 1.00000

[motoki@x205a]$
—
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11 Object fig; fig

fig

Object

[motoki@x205a]$ cat TestShape2DMain2.java

class TestShape2DMain2 {

public static void main(String args[]) {

Object fig = new Circle2D(1.0, 0.0, 2.0);

System.out.printf("fig = %s%n", fig);

}

}

[motoki@x205a]$ javac TestShape2DMain2.java

[motoki@x205a]$ java TestShape2DMain2

fig = circle[id=1] of center (1.0,0.0) and radius 2.0

[motoki@x205a]$ cat TestShape2DMain3.java

class TestShape2DMain3 {
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public static void main(String args[]) {

Object fig = new Circle2D(1.0, 0.0, 2.0);

System.out.printf(" ==> fig.getArea() = %g%n",

fig.getArea());

}

}

[motoki@x205a]$ javac TestShape2DMain3.java

TestShape2DMain3.java:5:

: getArea()

: java.lang.Object

fig.getArea());

^

1

[motoki@x205a]$

---
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22. 12 ( )

22.7 3 HeapsortIntArray, Bubblesort

IntArray, LListsortIntArray

( )

int

13.2
1©0 999

100

2©

3©

---
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( )

SortModuleForIntArray
@@
�� SortModuleForIntArray

•

java.util.Random

---
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( )

[motoki@x205a]$ cat -n TesterForSortModuleIntArray.java
1 import java.util.Scanner;
2 import java.util.Random;
3
4 /**
5 * SortModuleForIntArray
6 * int

7 * ...
8 */
9 public class TesterForSortModuleIntArray {
10 private static final int SIZE =100;
11 private static final int WIDTH = 10;
12
13 private Scanner inputScanner;
14
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15 /** .. */
16 public TesterForSortModuleIntArray() {
17 this.inputScanner = new Scanner(System.in);
18 }
19
20 /**
21 * .. */
22 public TesterForSortModuleIntArray(

Scanner inputScanner) {
23 this.inputScanner = inputScanner;
24 }
25
26 /** */
27 @Override
28 public String toString() {
29 return "Tester for module that is to sort int data
30 }
31
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32 /** SIZE
33 * */
34 public void runOnRandomData(

SortModuleForIntArray sortModule) {
35 int[] a = new int[SIZE];
36
37 //
38 System.out.print(" (long ): ");
39 long seed = inputScanner.nextLong();
40 Random randomGenerator = new Random(seed);
41
42 // a 0 999
43 for (int i=0; i<a.length; ++i)
44 a[i] = randomGenerator.nextInt(1000);
45
46 //
47 System.out.printf("%nbefore sorting:%n");
48 prettyPrint(a);
49
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50 //
51 sortModule.sort(a);
52
53 //
54 System.out.println("after sorting("

+ sortModule + "):");
55 prettyPrint(a);
56 }
57
58 /*---------------<private >--------------------
59 * (1 WIDTH...
60 private void prettyPrint(int[] a) {
61 int NumOfEleInLine=0;
62
63 for (int i=0; i<a.length; ++i) {
64 System.out.printf("%7d", a[i]);
65 ++NumOfEleInLine;
66 if (NumOfEleInLine >= WIDTH) {
67 System.out.println();
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68 NumOfEleInLine = 0;
69 }
70 }
71 if (NumOfEleInLine > 0)
72 System.out.println();
73 }
74 }

[motoki@x205a]$ cat -n TestSortModulesIntArrayMain.java
1 /**
2 * int ...
3 * HeapsortIntArray ,
4 * BubblesortIntArray ,
5 * LListsortIntArray
6 * 3
7 *
8 * TesterForSortModuleIntArray
9 * Java
10 */
11 public class TestSortModulesIntArrayMain {
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12 public static void main(String[] args) {
13 TesterForSortModuleIntArray
14 tester = new TesterForSortModuleIntArray();
15
16 //HeapsortIntArray
17 tester.runOnRandomData(HeapsortIntArray.getInstan
18 System.out.println("---");
19
20 //BubblesortIntArray
21 tester.runOnRandomData(BubblesortIntArray.getInst
22 System.out.println("---");
23
24 //LListsortIntArray
25 tester.runOnRandomData(LListsortIntArray.getInsta
26 }
27 }

[motoki@x205a]$ javac TestSortModulesIntArrayMain.java
[motoki@x205a]$ java TestSortModulesIntArrayMain

(long ): 333
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before sorting:
386 503 585 138 315 941 443 328 983
494 602 849 712 734 139 870 765 991
718 359 663 733 234 282 666 745 361
874 744 227 650 795 316 249 48 465
166 364 415 13 926 798 309 953 210
645 724 853 544 714 613 327 5 821
827 217 653 460 894 803 330 169 447
223 954 37 975 545 277 690 135 456
170 408 946 437 535 93 918 660 901
291 705 165 242 910 344 880 679 978

after sorting(Heapsort module):
5 13 37 48 82 93 135 138 139

166 169 170 210 217 223 227 234 239
245 249 277 282 291 309 315 316 327
330 344 359 361 364 386 408 415 422
437 443 447 456 460 465 494 503 519
544 544 545 585 602 613 618 645 650
660 663 666 679 690 705 712 714 718
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733 734 734 744 745 765 795 798 803
827 849 853 870 874 880 894 901 906
918 926 941 946 953 954 975 978 983

---
(long ): 333

before sorting:
386 503 585 138 315 941 443 328 983
494 602 849 712 734 139 870 765 991
718 359 663 733 234 282 666 745 361
874 744 227 650 795 316 249 48 465
166 364 415 13 926 798 309 953 210
645 724 853 544 714 613 327 5 821
827 217 653 460 894 803 330 169 447
223 954 37 975 545 277 690 135 456
170 408 946 437 535 93 918 660 901
291 705 165 242 910 344 880 679 978

after sorting(Bubblesort module):
5 13 37 48 82 93 135 138 139
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166 169 170 210 217 223 227 234 239
245 249 277 282 291 309 315 316 327
330 344 359 361 364 386 408 415 422
437 443 447 456 460 465 494 503 519
544 544 545 585 602 613 618 645 650
660 663 666 679 690 705 712 714 718
733 734 734 744 745 765 795 798 803
827 849 853 870 874 880 894 901 906
918 926 941 946 953 954 975 978 983

---
(long ): 333

before sorting:
386 503 585 138 315 941 443 328 983
494 602 849 712 734 139 870 765 991
718 359 663 733 234 282 666 745 361
874 744 227 650 795 316 249 48 465
166 364 415 13 926 798 309 953 210
645 724 853 544 714 613 327 5 821
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827 217 653 460 894 803 330 169 447
223 954 37 975 545 277 690 135 456
170 408 946 437 535 93 918 660 901
291 705 165 242 910 344 880 679 978

after sorting(sort module that is based on insertion in a linked
5 13 37 48 82 93 135 138 139

166 169 170 210 217 223 227 234 239
245 249 277 282 291 309 315 316 327
330 344 359 361 364 386 408 415 422
437 443 447 456 460 465 494 503 519
544 544 545 585 602 613 618 645 650
660 663 666 679 690 705 712 714 718
733 734 734 744 745 765 795 798 803
827 849 853 870 874 880 894 901 906
918 926 941 946 953 954 975 978 983

[motoki@x205a]$

---
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22–10 Java

3

• · · ·

• · · ·

• · · ·

 

main() 
:

---
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=⇒

=⇒

• Java

=⇒

=⇒

•

=⇒

---
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Java

...

• new

new

•

( )

( )

( )    

 



2355

( )    

 

•

---
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22. 13 (Java, )

22.11 18

¥ � � � � � � ( À � � � )    	 
 � � �
Circle2D�  � �  �  

� � � �
TestShape2DMain � � �

main()¤ � 
 � � �

Circle2D � � �

getArea()� 
 �

toString()� 
 �

Circle2D()� 
 �

� � � � � � �  

getArea
toString
Circle2D

Rectangle2D � � �

getArea() � 
 �

toString() � 
 �

Rectangle2D() � 
 �

� � � � � � �  

getArea
toString
Rectangle2D

Shape2D � � �� � � � � � �  
getArea
toString

� � � � � � ! " # $ %" ¼ &

x
y

radius

Rectangle2D�  � �  �  

� � � �

x0
y0
x1
y1

� � � � � �  

main() '( ) * + ,

fig

---
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22–11

Java 1

@@
��

Object ( )
@@
��

Object

---
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−→

· · · (i.e.

)

•

• ( )

@@
��

( )

3

3

---
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· · ·

( )

public

interface ...... {

= ; public static final

......

= ;

( ); public abstract

...... static

( );

}

• ,

( )

---
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• class implements

, ..., {

}

( )

class extends

implements , ..., {

}

•

---
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v;

v

( )

@@
��

3

3

---
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22. 14 (Comparator ) 22.4

Comparator<IdIntPair>

−→

58 new Comparator<IdIntPair> () {

59 public int compare(IdIntPair d1, IdIntPair

60 return d1.stringData.compareTo(d2.

61 }

62 }

class Tmp implements Comparator<IdIntPair> {

public int compare(IdIntPair d1, IdIntPair d2) {

return d1.stringData.compareTo(d2.stringData);

}

}

................. new Tmp() ...
---
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22. 15 ( ,

14.3 consumed time.c C

Java

22.7 SortModuleForIntArray.java

( ) int

14.4

clock-sort-5-10-etc.c

5, 10, 25, 50, 100, 200

1© ,

2©

800000 , 400000 , 160000 , 80000 , 40000 ,

20000 1

---
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( )

−→

• ThreadMXBean

ManagementFactory.getThreadMXBean()· · ·

( )

.getCurrentThreadCpuTime() · · ·

CPU ( , long )

• RuntimeMXBean

ManagementFactory.getRuntimeMXBean() · · ·

( )

.getUpTime() · · · Java

( ,long )

• System · · · java.lang

System.currentTimeMillis() · · · 1970 1 1 0 0

( ,long ; OS )

---



2365

C consumed time.c

@@
��

3 ( )

1© CPU Java

( )

2© CPU

3 ( )

---
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22.12
SortModuleForIntArray

3

−→ C

clock-sort-5-10-etc.c ( 14.4 )

3

−→ 22.12

java.util.Random

---
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( )

StopWatch · · · ,

TimerForSortModuleIntArray · · ·

TimeSortModulesIntArrayMain.java · · · 22.7

(HeapsortIntArray, BubblesortIntArray,

LListsortIntArray)

3

TimerForSortModuleIntArray

[motoki@x205a]$ cat -n StopWatch.java
1 import java.lang.management.ThreadMXBean;
2 import java.lang.management.RuntimeMXBean;
3 import java.lang.management.ManagementFactory;
4
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5 /**
6 * ...
7 */
8 public class StopWatch {
9 private ThreadMXBean threadMXBean;
10 private RuntimeMXBean runtimeMXBean;
11
12 /* */
13 private long startCpuTime; // , CPU...
14 private long startUpTime; // ,Java ...
15 private long startRealTime; // , ...
16
17 /* */
18 private double lastIntervalCpuTime; // , ...
19 private double lastIntervalUpTime; // ,Java ...
20 private double lastIntervalRealTime; // , ...
21
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22 /** */
23 public StopWatch() {
24 threadMXBean =

ManagementFactory.getThreadMXBean();
25 runtimeMXBean =

ManagementFactory.getRuntimeMXBean();
26
27 startCpuTime = -1; //
28 startUpTime = -1;
29 startRealTime = -1;
30 }
31
32 /** ... */
33 @Override
34 public String toString() {
35 return "module for measuring consumed time";
36 }
37
38 /** */
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39 public void start() {
40 startCpuTime = threadMXBean.

getCurrentThreadCpuTime();
41 startUpTime = runtimeMXBean.getUptime();
42 startRealTime = System.currentTimeMillis();
43 }
44
45 /** */
46 public void calculateLastIntervalTime() {
47 long currentCpuTime =

threadMXBean.getCurrentThreadCpuTime();
48 long currentUpTime =

runtimeMXBean.getUptime();
49 long currentRealTime =

System.currentTimeMillis();
50
51 lastIntervalCpuTime =

(currentCpuTime - startCpuTime) * 1e-9;
52 lastIntervalUpTime =
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(currentUpTime - startUpTime) * 1e-3;
53 lastIntervalRealTime =

(currentRealTime- startRealTime)* 1e-3;
54
55 startCpuTime = currentCpuTime; //
56 startUpTime = currentUpTime; //
57 startRealTime = currentRealTime; //
58 }
59
60 /** CPU */
61 public double getLastIntervalCpuTime() {
62 if (startCpuTime == -1)
63 System.out.println("(Warning) StopWatch module
64 return lastIntervalCpuTime;
65 }
66
67 /** Java */
68 public double getLastIntervalUpTime() {
69 if (startUpTime == -1)
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70 System.out.println("(Warning) StopWatch module
71 return lastIntervalUpTime;
72 }
73
74 /** */
75 public double getLastIntervalRealTime() {
76 if (startRealTime == -1)
77 System.out.println("(Warning) StopWatch module
78 return lastIntervalRealTime;
79 }
80 }
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[motoki@x205a]$ cat -n TimerForSortModuleIntArray.java
1 import java.util.Scanner;
2 import java.util.Random;
3
4 /**
5 * SortModuleForIntArray
6 * int
7 *
8 */
9 public class TimerForSortModuleIntArray {

22.12 TesterForSortModuleIntArray.java,

14.4 clock-sort-5-10-etc.c,

( )

( 8)
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[motoki@x205a]$ cat -n TimeSortModulesIntArrayMain.java
1 /**
2 * int

3 * HeapsortIntArray ,
4 * BubblesortIntArray ,
5 * LListsortIntArray
6 * 3
7 *
8 * TimerForSortModuleIntArray
9 * Java
10 */
11 public class TimeSortModulesIntArrayMain {

22.12 TestSortModulesIntArrayMain.java

( 8)

[motoki@x205a]$ javac TimeSortModulesIntArrayMain.java
[motoki@x205a]$ java TimeSortModulesIntArrayMain
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Clocking the average execution time of the module
that sorts 5, 10, 25, 50, 100, or 200 elements.
(*** Heapsort module ***)

Input a random seed (0 - 9223372036854775807): 333

** time for sort ** **time for initialize**
size cpu_time real_time cpu_time real_time

(m sec) (m sec) (m sec) (m sec)
---- --------- --------- --------- ---------

5 0.00006 0.00005 0.00014 0.00016
10 0.00028 0.00028 0.00025 0.00024
25 0.00100 0.00101 0.00056 0.00058
50 0.00250 0.00243 0.00113 0.00116
100 0.00550 0.00560 0.00250 0.00230
200 0.01250 0.01260 0.00450 0.00475
---
Clocking the average execution time of the module
that sorts 5, 10, 25, 50, 100, or 200 elements.
(*** Bubblesort module ***)
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Input a random seed (0 - 9223372036854775807): 333

** time for sort ** **time for initialize**
size cpu_time real_time cpu_time real_time

(m sec) (m sec) (m sec) (m sec)
---- --------- --------- --------- ---------

5 0.00006 0.00004 0.00014 0.00015
10 0.00023 0.00024 0.00025 0.00024
25 0.00125 0.00126 0.00056 0.00059
50 0.00400 0.00406 0.00125 0.00118
100 0.01400 0.01390 0.00225 0.00235
200 0.05300 0.05290 0.00450 0.00465
---
Clocking the average execution time of the module
that sorts 5, 10, 25, 50, 100, or 200 elements.
(*** sort module that is based on insertion in a linked list

Input a random seed (0 - 9223372036854775807): 333

** time for sort ** **time for initialize**
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size cpu_time real_time cpu_time real_time
(m sec) (m sec) (m sec) (m sec)

---- --------- --------- --------- ---------
5 0.00011 0.00014 0.00011 0.00011

10 0.00028 0.00027 0.00020 0.00022
25 0.00075 0.00083 0.00056 0.00053
50 0.00225 0.00219 0.00100 0.00106
100 0.00675 0.00658 0.00225 0.00228
200 0.02250 0.02280 0.00450 0.00425
[motoki@x205a]$

---
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22. 16 ( ,

22.7 3

HeapsortIntArray, BubblesortIntArray,

LListsortIntArray

22.12

int

1©0 999

100

2©

3©

---
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( )

22.7 SortModuleForIntArray static

getInstance() 2 toString(), sort()

−→ 2 toString(), sort()

−→ 22.12

TesterForSortModuleIntArray.java

---
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( )

ISortModuleForIntArray · · ·

,

HeapsortIntArray2 · · · heapsort ,

BubblesortIntArray2 · · · bubblesort ,

LListsortIntArray2 · · ·

,

TesterForSortModuleIntArray2 · · ·

TestSortModulesIntArrayMain2.java · · ·

HeapsortIntArray2, BubblesortIntArray2, LListsortIntArray2

3

TesterForSortModuleIntArray2

Java

---
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[motoki@x205a]$ cat -n ISortModuleForIntArray.java
1 /**
2 * int
3 *
4 */
5 public interface ISortModuleForIntArray {
6 /** ( ) */
7 String toString();
8
9 /** */
10 void sort(int[] a);
11 }

[motoki@x205a]$ cat -n BubblesortIntArray2.java
1 /**
2 * int bubblesort
3 *
4 */
5 public class BubblesortIntArray2

implements ISortModuleForIntArray {
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6 // 1
7 // ( private )
8 // ( 1 )
9 // ( )
10 private static final BubblesortIntArray2 INSTANCE

= new BubblesortIntArray2();
11
12 // ( )
13 private BubblesortIntArray2() {
14 super();
15 }
16
17 /** ... */
18 public static BubblesortIntArray2 getInstance() {
19 return INSTANCE;
20 }
21
22 /** ( ) */
23 @Override
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24 public String toString() {
25 return "Bubblesort module";
26 }
27
28 /** bubblesort ... */
29 @Override
30 public void sort(int[] a) {
31 for (int i=0; i<a.length-1; ++i) {
32 for (int j=a.length-1; j>i; --j) {
33 if (a[j-1] > a[j]) {
34 int temp = a[j-1]; //a[j-1] a[j]
35 a[j-1] = a[j]; // ...
36 a[j] = temp; //

37 }
38 }
39 }
40 }
41
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42 //------------------- ---------------
43 public static void main(String[] args) {
44 int[] a = {9, 8, 6, 7, 5, 3, 1, 2, 4, 0};
45 getInstance().sort(a);
46 System.out.println("after sorting (" + getInstance()
47 System.out.print(" a = {");
48 for (int i=0; i<a.length-1; ++i)
49 System.out.print(a[i] + ", ");
50 System.out.println(a[a.length-1] + "}");
51 }
52 }

[motoki@x205a]$ cat -n HeapsortIntArray2.java

BubblesortIntArray2.java

HeapsortIntArray.java

("extends" "implements" )

[motoki@x205a]$ cat -n LListsortIntArray2.java
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BubblesortIntArray2.java

LListsortIntArray.java

("extends" "implements" )

[motoki@x205a]$ cat -n TesterForSortModuleIntArray2.java
1 import java.util.Scanner;
2 import java.util.Random;
3
4 /**
5 * ISortModuleForIntArray ...
6 * int ...
7 * ...
8 */
9 public class TesterForSortModuleIntArray2 {
10 private static final int SIZE =100;
11 private static final int WIDTH = 10;
12
13 private Scanner inputScanner;
14
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15 /** ISortModuleForIntArray
16 * */
17 public TesterForSortModuleIntArray2()
18 this.inputScanner = new Scanner(System.in);
19
20
21 /**
22 * ISortModuleForIntArray
23 * */
24 public TesterForSortModuleIntArray2(

Scanner inputScanner)
25 this.inputScanner = inputScanner;
26
27
28 /** */
29 @Override
30 public String toString() {
31 return "Tester for module that is to sort int data
32 }
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33
34 /** SIZE
35 * */
36 public void runOnRandomData(

ISortModuleForIntArray sortModule) {
37 int[] a = new int[SIZE];
38
39 //
40 System.out.print(" (long ): ");
41 long seed = inputScanner.nextLong();
42 Random randomGenerator = new Random(seed);
43
44 // a 0 999
45 for (int i=0; i<a.length; ++i)
46 a[i] = randomGenerator.nextInt(1000);
47
48 //
49 System.out.printf("%nbefore sorting:%n");
50 prettyPrint(a);
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51
52 //
53 sortModule.sort(a);
54
55 //
56 System.out.println("after sorting(" + sortModule
67 prettyPrint(a);
58 }
59
60 /*---------------<private >--------------------
61 * (1 WIDTH...
62 private void prettyPrint(int[] a) {
63 int NumOfEleInLine=0;
64
65 for (int i=0; i<a.length; ++i) {
66 System.out.printf("%7d", a[i]);
67 ++NumOfEleInLine;
68 if (NumOfEleInLine >= WIDTH) {
69 System.out.println();
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70 NumOfEleInLine = 0;
71 }
72 }
73 if (NumOfEleInLine > 0)
74 System.out.println();
75 }
76 }

[motoki@x205a]$ cat -n TestSortModulesIntArrayMain2.java
1 /**
2 * ISortModuleForIntArray
3 * int ...
4 * HeapsortIntArray2 ,
5 * BubblesortIntArray2 ,
6 * LListsortIntArray2
7 * 3
8 *
9 * TesterForSortModuleIntArray2
10 * Java
11 */
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12 public class TestSortModulesIntArrayMain2 {
13 public static void main(String[] args) {
14 TesterForSortModuleIntArray2
15 tester = new TesterForSortModuleIntArray2();
16
17 //HeapsortIntArray
18 tester.runOnRandomData(HeapsortIntArray2.

getInstance());
19 System.out.println("---");
20
21 //BubblesortIntArray
22 tester.runOnRandomData(BubblesortIntArray2.

getInstance());
23 System.out.println("---");
24
25 //LListsortIntArray
26 tester.runOnRandomData(LListsortIntArray2.

getInstance());
27 }
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28 }
[motoki@x205a]$ javac TestSortModulesIntArrayMain2.java
[motoki@x205a]$ java TestSortModulesIntArrayMain2

---
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22–12

19.6 22.1 StackOfAnyObjects

Object

•














•
























---
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22. 17 (Object ) 22.1

StackOfAnyObjects java ...

[motoki@x205a]$ cat -n AbuseOfStackOfAnyObjectsMain.java
1 /*
2 * StackOfAnyObjects
3 *
4 *
5 */
6 public class AbuseOfStackOfAnyObjectsMain {
7 public static void main(String args[]) {
8 StackOfAnyObjects stack = new StackOfAnyObjects();
9
10 stack.pushdown("123");

11 // ...( )...
12 Integer someInteger = (Integer) stack.popup();
13 System.out.println("someInteger = "

+ someInteger);
14 }
15 }
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[motoki@x205a]$ javac AbuseOfStackOfAnyObjectsMain.java
[motoki@x205a]$ java AbuseOfStackOfAnyObjectsMain
Exception in thread "main" java.lang.ClassCastException:

java.lang.String cannot be cast to java.lang.Integer
at AbuseOfStackOfAnyObjectsMain.

main(AbuseOfStackOfAnyObjectsMain.java:12)
[motoki@x205a]$

2

•

• 12
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10 12
10 stack.pushdown(new Integer(123));
11 // ...( )...
12 Integer someInteger = stack.popup();

[motoki@x205a]$ javac AbuseOfStackOfAnyObjectsMain2.java
AbuseOfStackOfAnyObjectsMain2.java:12:

: java.lang.Object
: java.lang.Integer
Integer someInteger = stack.popup();

^
1

@@
��

JDK1.5

· · ·

· · ·

---
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class < , ..., > ...

{

}

• Java

...






E · · · (element)

( )

K · · · (key)

N · · · (number)

V · · · (value)

T · · · (type)

S,U,V,... · · · 2, 3, 4,...
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• ( )

< , ..., >

•

Comparable

E extends Comparable<E>

E extends Comparable<? super E>
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•

( → )

• 1 1
@@
��

3 static

3 static static

3

new E[size]

(E[]) new Object[size]

•

---
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22. 18 ( ) 22.1 StackOfAnyObjects

StackGeneric

[motoki@x205a]$ cat -n StackGeneric.java
1 import java.util.*;
2
3 /**
4 * pushdown
5 * @author
6 * @version 0.0
7 */
8 public class StackGeneric<E> {
9 /** */
10 private static final int

DEFAULT_INITIAL_CAPACITY = 100;
11
12 /** */
13 private static final int

DEFAULT_CAPACITY_INCREMENT = 100;
14
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15 /** E ( ) */
16 private E [] stack;
17
18 /** ... */
19 private int indexOfTopEle;
20
21 /**
22 *
23 */
24 public StackGeneric () {
25 this(DEFAULT_INITIAL_CAPACITY);
26 }
27
28 /**
29 *
30 * @param initialCapacity
31 */
32 @SuppressWarnings("unchecked")
33 public StackGeneric (int initialCapacity) {
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34 // stack pushdown()
E

35 //

36 stack = (E[]) new Object[initialCapacity];
37 indexOfTopEle = -1;
38 }
39
40 /**
41 *
42 * @return
43 */
44 @Override
45 public String toString() {
46 return "pushdownStack ( generic_type , capacity="
47 + ", currentNumOfEle="

+ (indexOfTopEle+1) + ")";
48 }
49
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50 /**
51 *
52 * @return
53 */
54 public String getDetailedConfig() {
55 String result = "stack contains "

+ (indexOfTopEle+1) + " elements: {";
56 for (int i=0; i<indexOfTopEle; ++i)
57 result += "\n " + stack[i] + ",";
58 if (indexOfTopEle >= 0)
59 result += "\n " + stack[indexOfTopEle];
60 result += " }";
61 return result;
62 }
63
64 /**
65 *
66 * @return
67 */
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68 public boolean isEmpty() {
69 return indexOfTopEle == -1;
70 }
71
72 /**
73 * E push-down
74 * @param element push-down
75 */
76 public void pushdown( E element) {
77 if (indexOfTopEle+1 == stack.length) {
78 stack = Arrays.copyOf(stack, stack.length
79 + DEFAULT_CAPACITY_INCREMENT);
80 System.out.printf("###Stack capacity is increased###%n"
81 "#<New> %s%n", this);
82 }
83 stack[++indexOfTopEle] = element;
84 }
85
86 /**
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87 *
88 * @return
89 */
90 public E popup() {
91 if (indexOfTopEle < 0)
92 throw new EmptyStackException();
93 E element = stack[indexOfTopEle];
94 stack[indexOfTopEle--] = null;
79 //
95 return element;
96 }
97
98 /**
99 *
100 * @return
101 */
102 public int getNumOfEle() {
103 return indexOfTopEle+1;
104 }
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105
106 /**
107 * top
108 * @return top ( )
109 */
110 public E peepTop() {
111 if (isEmpty())
112 return null;
113 else
114 return stack[indexOfTopEle];
115 }
116
117 /**
118 *
119 * @param index
120 * @return index ( )
121 */
122 public E peepEleOfIndex(int index) {
123 return stack[index];
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124 }
125 }

[motoki@x205a]$ cat -n TestStackGenericMain.java
1 /**
2 * StackGeneric Java ...
3 */
4 public class TestStackGenericMain {
5 public static void main(String args[]) {
6 StackGeneric<String> stack1 =

new StackGeneric<String>();
7 stack1.pushdown("a");
8 stack1.pushdown("bcd");
9 stack1.pushdown("efg");
10 stack1.pushdown("hij");
11 System.out.println(stack1.popup() + ", " +
12 stack1.popup() + ", " +
13 stack1.popup());
14
15 StackGeneric<Integer> stack2 =
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new StackGeneric<Integer>(2);
16 stack2.pushdown(new Integer(1));
17 stack2.pushdown(new Integer(2));
18 stack2.pushdown(new Integer(3));
19 System.out.println(stack2.popup() + ", " +
20 stack2.popup() + ", " +
21 stack2.popup());
22 }
23 }

[motoki@x205a]$ javac TestStackGenericMain.java
[motoki@x205a]$ java TestStackGenericMain
hij, efg, bcd
###Stack capacity is increased###
#<New> pushdownStack (generic_type, capacity=102, currentNumOfEle=2)
3, 2, 1
[motoki@x205a]$

22.1 StackOfAnyObjects.java
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• 32 · · · “SuppressWarnings("unchecked")”

unchecked'

&

$

%

|[motokix205a]$ javac StackGeneric.java

| :StackGeneric.java
| : -Xlint:unchecked

...
|[motokix205a]$ javac -Xlint:unchecked StackGeneric.java

|StackGeneric.java:36: :[unchecked]
| : java.lang.Object[]

| : E[]

| stack = (E[]) new Object[initialCapacity];

| ^

| 1

---
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22–13 jar ,

C

.o 1 (.a )

−→Java

jar Java

(e.g.gif )

(jar )

• jar .jar

• jar

jar

• jar ZIP

• jar JDK jar

( tar )
---
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jar jar

jar cvf jar jar

• jar






c · · · create( )

v · · · verbose( )

f · · · file( )

• jar

jar







* · · ·

· · ·

---
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jar jar

jar tvf jar

• jar






t · · · table( )

v · · · verbose( )

f · · · file( jar

)

• jar jar ( )

---
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jar jar

jar xvf jar jar ,

• jar






x · · · extract( )

v · · · verbose( )

f · · · file( jar

)

• jar jar ( )

• jar ,

jar

−→jar
---
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22. 19 ( )

22.7 HeapsortIntArray ,

BubblesortIntArray ,

LListsortIntArray ,

22.15 StopWatch ,

22.18 StackGeneric

@@
�� 3 .class

../mylib

3 .class sortIntArray.jar

jar
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[motoki@x205a]$ ls *.class

ls: *.class :

[motoki@x205a]$ javac StopWatch.java

[motoki@x205a]$ javac *sortIntArray.java

[motoki@x205a]$ javac StackGeneric.java

[motoki@x205a]$ ls *.class

BubblesortIntArray.class LinkedListOfInt$Node.class StackGeneric.class

HeapsortIntArray.class LinkedListOfInt.class StopWatch.class

LListsortIntArray.class SortModuleForIntArray.class

[motoki@x205a]$ jar cvf sortIntArray.jar

BubblesortIntArray.class \

HeapsortIntArray.class LListsortIntArray.class

LinkedListOfInt\$Node.class \

LinkedListOfInt.class SortModuleForIntArray.class

BubblesortIntArray.class ( = 1441) ( = 840)(41%
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)

HeapsortIntArray.class ( = 1612) ( = 958)(40%

)

LListsortIntArray.class ( = 1511) ( = 891)(41%

)

LinkedListOfInt$Node.class ( = 1049) ( = 612)(41%

)

LinkedListOfInt.class ( = 851) ( = 540)(36%

)

SortModuleForIntArray.class ( = 363) ( = 252)(30%

)

[motoki@x205a]$ jar tvf sortIntArray.jar

0 Sat Jan 21 18:20:36 JST 2012 META-INF/

71 Sat Jan 21 18:20:36 JST 2012 META-INF/MANIFEST.MF

1441 Sat Jan 21 17:25:18 JST 2012 BubblesortIntArray.class

1612 Sat Jan 21 17:25:18 JST 2012 HeapsortIntArray.class

1511 Sat Jan 21 17:25:18 JST 2012 LListsortIntArray.class
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1049 Sat Jan 21 17:25:18 JST 2012 LinkedListOfInt$Node.class

851 Sat Jan 21 17:25:18 JST 2012 LinkedListOfInt.class

363 Sat Jan 21 17:25:18 JST 2012 SortModuleForIntArray.class

[motoki@x205a]$ mkdir ../mylib

[motoki@x205a]$ mv sortIntArray.jar ../mylib

[motoki@x205a]$ cp StackGeneric.class ../mylib

[motoki@x205a]$ cp StopWatch.class ../mylib

[motoki@x205a]$ ls ../mylib

StackGeneric.class StopWatch.class sortIntArray.jar

[motoki@x205a]$

---
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import

−→

.class

−→ ( −→( 1) )

( 1)

javac java

-classpath

-cp

jar (:)

( )

( 2) CLASSPATH
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( 2) CLASSPATH

bash

CLASSPATH= ; export CLASSPATH

tcsh

setenv CLASSPATH

jar (:)

---
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22. 20 ( StackGeneric )

22.19

../../mylib/StackGeneric.class

22.18 TestStackGenericMain.java

[motoki@x205a]$ ls
TestStackGenericMain.java TimerForSortModuleIntArray.jav
TimeSortModulesIntArrayMain.java
[motoki@x205a]$ ls ../../mylib
StackGeneric.class StopWatch.class sortIntArray.jar
[motoki@x205a]$ javac -cp ../../mylib TestStackGenericMain.java

[motoki@x205a]$ java -cp .:../../mylib TestStackGenericMain
hij, efg, bcd
###Stack capacity is increased###
#<New> pushdownStack (generic_type, capacity=102, currentNumOfEle=2)
3, 2, 1
[motoki@x205a]$
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• java

(.) ...

[motoki@x205a]$ java -cp ../../mylib TestStackGenericMain

Exception in thread "main" java.lang.NoClassDefFoundError: TestStackGenericMain

Caused by: java.lang.ClassNotFoundException: TestStackGenericMain

at java.net.URLClassLoader$1.run(URLClassLoader.java:217)

at java.security.AccessController.doPrivileged(Native Method)

at java.net.URLClassLoader.findClass(URLClassLoader.java:205

at java.lang.ClassLoader.loadClass(ClassLoader.java:321)

at sun.misc.Launcher$AppClassLoader.loadClass(Launcher.java:

at java.lang.ClassLoader.loadClass(ClassLoader.java:266)

Could not find the main class: TestStackGenericMain. Program

[motoki@x205a]$

---
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22. 21 ( )

22.19

(../../mylib .class jar )

22.15 TimeSortModulesIntArrayMain.java (

java )

[motoki@x205a]$ ls

TestStackGenericMain.class TimeSortModulesIntArrayMain.java

TestStackGenericMain.java TimerForSortModuleIntArray.java

[motoki@x205a]$ ls ../../mylib

StackGeneric.class StopWatch.class sortIntArray.jar

[motoki@x205a]$

javac -cp .:../../mylib:../../mylib/sortIntArray.jar \

TimeSortModulesIntArrayMain.java

[motoki@x205a]$ ls

TestStackGenericMain.class TimerForSortModuleIntArray$Pr
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TestStackGenericMain.java TimerForSortModuleIntArray.cl

TimeSortModulesIntArrayMain.class TimerForSortModuleIntArray.ja

TimeSortModulesIntArrayMain.java

[motoki@x205a]$

java -cp .:../../mylib:../../mylib/sortIntArray.jar \

TimeSortModulesIntArrayMain

Clocking the average execution time of the module

that sorts 5, 10, 25, 50, 100, or 200 elements.

(*** Heapsort module ***)

Input a random seed (0 - 9223372036854775807): 333

** time for sort ** **time for initialize**

size cpu_time real_time cpu_time real_time

(m sec) (m sec) (m sec) (m sec)

---- --------- --------- --------- ---------

5 0.00008 0.00006 0.00014 0.00015

10 0.00023 0.00026 0.00025 0.00024
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25 0.00100 0.00098 0.00056 0.00058

50 0.00250 0.00244 0.00113 0.00115

100 0.00550 0.00573 0.00250 0.00233

200 0.01300 0.01295 0.00450 0.00470

200 0.02300 0.02265 0.00400 0.00425

[motoki@x205a]$

---
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22–14






•

• .class jar

...

@@
��














3

3

3














@@
��

(

3

)

---
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, 1

( )

•

(.)

• package

.... ( )

package −→'

&

$

%

( )

,

• ...

---
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, 1

( )

•

(.)

• package

.... ( )

•

3 (.)

3 CLASSPATH

.class

@@
��

.class
---
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( java )

• java.lang · · · Object, String, Math, Thread, Class

(import )

• java.io · · · ,

• java.util · · ·

• java.awt · · · GUI

(Abstract Window Toolkit)

• java.applet · · ·

• java.beans · · · JavaBeans
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• java.lang.instrument · · ·

• java.lang.management · · · OS

• java.math · · ·

• java.net · · · URL

• java.nio · · · (New I/O)

• java.nio.charset · · ·

• java.rmi · · · Remote Method Invocation



2438

• java.security · · ·

• java.sql · · · JDBC(Java Database

Connectivity)

• java.text · · ·

• java.util.concurrent · · ·

• java.util.jar · · · jar

• java.util.logging · · ·

• java.util.prefs · · ·
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• java.util.zip · · · ZIP

• java.util.regex · · ·

• javax.accessibility · · · GUI

• javax.naming · · ·

,

• javax.sound · · ·

• javax.swing · · · GUI (awt

GUI

)

---
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package

package ;

•

3 (.)

3

(e.g. jp.ac.niigata u.ie.ce.)

'

&

$

%=⇒

---
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package

package ;

•

................ ................

•

.

( )

@@
��

CLASSPATH

3

3

java

main
---
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22. 22 ( )

22.7 HeapsortIntArray ,

Bubble sortIntArray ,

LListsortIntArray ,

22.15 StopWatch ,

22.18 StackGeneric

@@
�� 3 mypackage

3

@@
��

. . . . . . . . . . . . . . . . . . . . . . . . . . .
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22.22( )

22.7 HeapsortIntArray ,

. . . . . . . . . . . . . . . . . . . . . . . . .

22.18 StackGeneric

@@
��

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .
@@
��

(1)

~/C-Java2012/Programs-Java/mypackage'

&

$

%
CLASSPATH ~/C-Java2012/Programs-Java

(2)
package mypackage;

(3)

CLASSPATH=~/C-Java2012/Programs-Java; export CLASSPATH

(4)
'

&

$

%
.class
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(1),(2)

(3),(4)

[motoki@x205a]$ pwd

/home/motoki/C-Java2012/Programs-Java/mypackage

[motoki@x205a]$ ls

BubblesortIntArray.java LinkedListOfInt.java StopWatch.java

HeapsortIntArray.java SortModuleForIntArray.java

LListsortIntArray.java StackGeneric.java

[motoki@x205a]$ cat BubblesortIntArray.java

package mypackage;

22.7 BubblesortIntArray.java

[motoki@x205a]$ cat HeapsortIntArray.java

package mypackage;

22.7 HeapsortIntArray.java

[motoki@x205a]$ cat LListsortIntArray.java
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package mypackage;

22.7 LListsortIntArray.java

[motoki@x205a]$ cat LinkedListOfInt.java

package mypackage;

22.7 LinkedListOfInt.java

[motoki@x205a]$ cat SortModuleForIntArray.java

package mypackage;

22.7 SortModuleForIntArray.java

[motoki@x205a]$ cat StackGeneric.java

package mypackage;

22.18 StackGeneric.java

[motoki@x205a]$ cat StopWatch.java

package mypackage;

22.15 StopWatch.java
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[motoki@x205a]$

CLASSPATH=~/C-Java2012/Programs-Java; export CLASSPATH

[motoki@x205a]$ javac *.java

[motoki@x205a]$ ls

BubblesortIntArray.class LinkedListOfInt.java

BubblesortIntArray.java SortModuleForIntArray.class

HeapsortIntArray.class SortModuleForIntArray.java

HeapsortIntArray.java StackGeneric.class

LListsortIntArray.class StackGeneric.java

LListsortIntArray.java StopWatch.class

LinkedListOfInt$Node.class StopWatch.java

LinkedListOfInt.class

[motoki@x205a]$
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• CLASSPATH ...

[motoki@x205a]$ javac BubblesortIntArray.java

BubblesortIntArray.java:7:

: SortModuleForIntArray

public class BubblesortIntArray extends SortModuleForIntArray

^

BubblesortIntArray.java:25:

@Override

^

BubblesortIntArray.java:31:

@Override

^

3

[motoki@x205a]$

---
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import

import . ; import

•

3

3

import

• import

(java.lang import )

CLASSPATH

---
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22. 23 ( )

22.22 mypackage

StackGeneric

import mypackage.StackGeneric;

22.18 TestStackGenericMain.java

[motoki@x205a]$ pwd

/home/motoki/C-Java2012/Programs-Java/objectoriented/example_pac

[motoki@x205a]$ ls

TestStackGenericMain.java TimerForSortModuleIntArray.jav

TimeSortModulesIntArrayMain.java
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[motoki@x205a]$ cat TestStackGenericMain.java

import mypackage.StackGeneric;

22.18 TestStackGenericMain.java

[motoki@x205a]$

CLASSPATH=~/C-Java2012/Programs-Java:.; export CLASSPATH

[motoki@x205a]$ javac TestStackGenericMain.java

[motoki@x205a]$ ls

TestStackGenericMain.class TimeSortModulesIntArrayMain.java

TestStackGenericMain.java TimerForSortModuleIntArray.java

[motoki@x205a]$ java TestStackGenericMain

hij, efg, bcd

###Stack capacity is increased###

#<New> pushdownStack (generic_type, capacity=102, currentNumOfEle=2)

3, 2, 1

[motoki@x205a]$

---
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22–15

@@
��

private ( )

( )

protected ( )

public



2452

( , , ,

, )

public
public

private

( )

protected

public
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( , , )

public public

private ( )

( ) (public )

protected ( )

public

---
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22. 24 ( ; )
19.5... TowerOfHanoiConfig

private static Disk
19.6... NumberWith1000DecimalPlaces

private static Digit
19.7... BinaryTreeOfStringInt

private static Node

private

[motoki@x205a]$ cat -n TowerOfHanoiConfig.java
1 /* Hanoi ...
2
3 public class TowerOfHanoiConfig {
4 //
5 private static class Disk {

......
23 }

......
115 }

---
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22. 25 ( ; , )
19.6( 22.1)... StackOfAnyObjects
private DEFAULT INITIAL CAPACITY,
DEFAULT CAPACITY INCREMENT, stack, indexOfTopEle

22.7... HeapsortIntArray
private heapify()

private

[motoki@x205a]$ cat -n StackOfAnyObjects.java
1 /* Object pushdown ... */
2
3 import java.util.*;
4
5 public class StackOfAnyObjects {
6 private static final int DEFAULT_INITIAL_CAPACITY =
7 private static final int DEFAULT_CAPACITY_INCREMENT
8
9 private Object[] stack;
10 private int indexOfTopEle;

......
107 }---
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22. 26 ( ; )

19.4... Rectangle

protected,final id

protected width, height

public

@@
��

protected

id

=⇒ (getId()) , final

public
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[motoki@x205a]$ cat -n Rectangle.java

1 /* */

2

3 public class Rectangle {

4 protected final int id; // ...

5 protected double width; //

6 protected double height; //

......

28 //

29 public int getId() {

30 return id;

31 }

......

58 }

---
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22. 27 ( ; )

22.7 ... HeapsortIntArray

private

( )

1

public, static

getInstance()

[motoki@x205a]$ cat -n HeapsortIntArray.java

1 /**

2 * int heapsort

3 *

4 */

5 public class HeapsortIntArray extends SortModuleForIntArray

6 // 1

7 // ( private )
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8 // ( 1 )

9 // ( )

10 private static final HeapsortIntArray INSTANCE

= new HeapsortIntArray();

11

12 // ( )

13 private HeapsortIntArray() {

14 super();

15 }

16

17 /** ... */

18 public static HeapsortIntArray getInstance() {

19 return INSTANCE;

20 }

......

86 }

---
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22–16

• ( )

@@
��

( 0) · · ·

3

• · · · ( )

@@
��

( 1.1) · · ·

(19.2 )

( 1.2) · · ·
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(19.2 )'

&

$

%
( 1.3) · · ·

(19.2 )

( 1.4) · · · 1

(fail soft)

(19.2 )
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• · · ·

@@
��

( 2.1) · · ·

( 2.2) · · ·

• · · ·
@@
��

( 3) · · ·

'

&

$

%Java---
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22. 28 ( vs. )







2

"Book, , , , "

"DVD, DVD , , "

=

DVD =

10 =

=
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[motoki@x205a]$ cat StockTakingNonOOP.java
/**
* ( )
*/
public class StockTakingNonOOP {

/** */
public static void printOutline(String[] lines) {

int countOfBooks = 0, //
countOfDVDs = 0, //DVD
countOfTeemingBookTitles = 0,

//10
amount = 0; //

for (String line : lines) {
if (line.startsWith("Book")) {

String[] data = line.split(",");
int count = Integer.parseInt(data[4]);
countOfBooks += count;
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if (count >= 10) {
++countOfTeemingBookTitles;

}
int price = Integer.parseInt(data[3]);
amount += price * count;

} else {
String[] data = line.split(",");
int count = Integer.parseInt(data[3]);
countOfDVDs += count;
int price = Integer.parseInt(data[2]);
amount += price * count;

}
}

System.out.println(" = " + countOfBooks);
System.out.println("DVD = " + countOfDVDs);
System.out.println("10 =

+ countOfTeemingBookTitles);
System.out.println(" = " + amount + " ");
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}

//------------------- -------------------
public static void main(String[] args) {

String[] stockData = {
"Book, Java , ...,2520,20",
"DVD, ,1490,10",
"Book, Java 4 ,K.Arnold ,4410,2",
"Book,Java 4 ,S.Zakhour ,5040,5"};

printOutline(stockData);
}

}
[motoki@x205a]$ javac StockTakingNonOOP.java
[motoki@x205a]$ java StockTakingNonOOP

= 27
DVD = 10
10 = 1

= 99320
[motoki@x205a]$
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[motoki@x205a]$ cat StockTakingOOP.java
/**
* ( )
*/
public class StockTakingOOP {

/** */
public static void printOutline(String[] lines) {

int countOfBooks = 0, //
countOfDVDs = 0, //DVD
countOfTeemingBookTitles = 0,

//10
amount = 0; //

for (String line : lines) {
Item item = null;
if (line.startsWith("Book")) {

item = new Book(line);
countOfBooks += item.getCount();
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if (((Book)item).isTeeming()) {
++countOfTeemingBookTitles;

}
} else {

item = new DVD(line);
countOfDVDs += item.getCount();

}
amount += item.getAmount();

}

System.out.println(" = " + countOfBooks);
System.out.println("DVD = " + countOfDVDs);
System.out.println("10 =

+ countOfTeemingBookTitles);
System.out.println(" = " + amount + " ");

}

//------------------- -------------------
public static void main(String[] args) {
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String[] stockData = {
"Book, Java , ...,2520,20",
"DVD, ,1490,10",
"Book, Java 4 ,K.Arnold ,4410,2",
"Book,Java 4 ,S.Zakhour ,5040,5"};

printOutline(stockData);
}

}

//------------------- -------------------------
/** */
class Item {

private int count = 0;
private int price = 0;

public int getCount() {
return count;

}



2470

public int getPrice() {
return price;

}

protected void setCount(int count) {
this.count = count;

}

protected void setPrice(int price) {
this.price = price;

}

public int getAmount() {
return price * count;

}
}

/** */
class Book extends Item {
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private static final int THRESHOLD_FOR_TEEMING_BOOK = 10;

public Book(String bookInfo) {
String[] data = bookInfo.split(",");
setPrice(Integer.parseInt(data[3]));
setCount(Integer.parseInt(data[4]));

}

public boolean isTeeming() {
return (getCount() >= THRESHOLD_FOR_TEEMING_BOOK);

}
}

/** DVD */
class DVD extends Item {

private static final int THRESHOLD_FOR_TEEMING_BOOK = 10;

public DVD(String dvdInfo) {
String[] data = dvdInfo.split(",");
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setPrice(Integer.parseInt(data[2]));
setCount(Integer.parseInt(data[3]));

}
}
[motoki@x205a]$ javac StockTakingOOP.java
[motoki@x205a]$ java StockTakingOOP

= 27
DVD = 10
10 = 1

= 99320
[motoki@x205a]$'

&

$

%

•

•

---
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:

{ ... 3 1 p.181}

• (SRP, Single Responsibility Principle) · · ·

( )

• (OCP, Open-Closed Principle) · · ·

(open)

(closed)
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&

$

%

( )

{ Java 2 2 }

• 3

3 · · ·

3 · · ·

3 · · · (

)

•

3 YAGNI (You Aren’t Going to Need It.) · · ·

3 DRY (Don’t Repeat Yourself.) · · ·

3 PIE (Program Intently and Expressively.)· · ·

• ......................( )



2475'

&

$

%

( , )

• 3 ...................... ( )

• ............................( )

•

3 · · ·

3 · · ·

3 (Domain-Driven Design, DDD) · · ·

(domain)

(

)

---
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22–17

...

•

•

=⇒

=⇒

•

=⇒

•

=⇒

@@
��

---
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/

•
=⇒ ,

• 3 =⇒
•

=⇒
• (

)
=⇒ ,

• =⇒
•
=⇒

• =⇒
• =⇒
• =⇒

---
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=⇒

, , , ...













1












=⇒
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( )

· · ·

(1)
     

(2)
     

(3)

---
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· · ·







3

•

( , )

•

( )
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 � �  �

� � � � � � � � �public class app {
   public static void main(String args[ ]){
      Circle c;
          ............
      methodA(c);
          ............
   }
}

class Circle {
   ............
   public double area(){
      return Math.PI*radius*radius;
   }
   ............
}
............

             ....................................
public class LibA{
   ............
   public void methodA(Shape fig){
      ............
      fig.area();
      ............
   }
   ............
}
             ......................................

¸ � �
¸ � �

•

( )

---
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Java(J2SE7.0; JDK1.7, Java SE Development Kit 1.7)

GUI, , , ... 4000

'

&

$

%

=⇒

@@
��

Java 1

---
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( )

'

&

$

%

22. 29 ( ,Java )

Java '

&

$

%

Applet main

main init(), start(),

paint(), ... Web

---



2484

· · ·( ,

)

(2004)






•
• ( )

•
•

( )







VisualBasic(1990 ) −→ActiveX

Java JavaBeans

Beans
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BDK ( )

---
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.....















1©

2©
'

&

$

%

E.Gamma, R.Helm, R.Johnson, J.Vlissides 4 (GoF

the Gang of Four) 23 (GoF

) Java

---
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 ?

GoF �� � J N % � !  L � � � L $� D � � � � �  �� @ � F D � =� � � �� � �
� � � � �  !" � � � � �

applicattion
program
interface �; �

F D � #& ' ( )" � � �� � � � *+ � , -. � � /7 1 > � �3 5 6 9< ? A C E GH I O .P Q

R S T/ U 3V W X Y
Abstract Factory Z Z Z

Builder Z

Factory Method Z
Prototype Z
Singleton

[ \ T/ U 3V W X Y

Adapter

Bridge Z Z Z Z

Composite Z

Decorator Z Z

Facade Z

Flyweight

Proxy

] ^ _ T/ U 3V W X Y

Chain of Responsibility Z Z Z

Command Z Z

Interpreter

Iterator Z
Mediator Z

Memento

Observer Z Z

State

Strategy Z Z

Template Method Z
Visitor Z
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---
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GoF

• · · ·

• · · ·

• · · ·

• · · ·

• · · ·

• · · · ...

• · · ·

• · · ·

• · · ·

• · · ·

• · · ·

• · · ·

• · · ·---
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22. 30 (Iterator )

arr[] getName()

for (int i=0; i<arr.length; i++)

System.out.println(arr[i].getName());'

&

$

%
@@
��

Iterator

Iterator it = .iterator();

while (it.hasMoreElements()) {

obj = it.nextElement();

System.out.println(obj.getName());

}
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J2SE5.0

Iterator for

for ( element : arr)

System.out.println(element.getName());

for Iterator

---
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22. 31 (Singleton )

1
@@
��

Singleton

22.7 HeapsortIntArray.java,

BubblesortIntArray.java,

LListsortIntArray.java,

22.12 TesterForSortModuleIntArray.java

---
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22. 32 (Strategy )

(strategy)

@@
��

Strategy

22.12 TesterForSortModuleIntArray

...

Strategy

...

[motoki@x205a]$ cat TesterForFixedSortModuleIntArray.java

import java.util.Scanner;

import java.util.Random;

/**
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* SortModuleForIntArray

* int

*

*/

public class TesterForFixedSortModuleIntArray {

private static final int SIZE =100;

private static final int WIDTH = 10;

private final SortModuleForIntArray sortModule;

//

public TesterForFixedSortModuleIntArray(

SortModuleForIntArray sortModule) {

this.sortModule = sortModule;

}

/** */
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@Override

public String toString() {

return "Tester for " + sortModule;

}

3

/** SIZE

* */

public void runOnRandomData() {

22.12 TesterForSortModuleIntArray.java

[motoki@x205a]$ cat TestFixedSortModulesIntArrayMain.java

/**

* [HeapsortIntArray ] ...

* TesterForFixedSortModuleIntArray ...,

* [BubblesortIntArray ] ...

* TesterForFixedSortModuleIntArray ...,

* [LListsortIntArray ] ...

* TesterForFixedSortModuleIntArray ...
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* 3 ..

* int Java..

*/

public class TestFixedSortModulesIntArrayMain {

public static void main(String[] args) {

//HeapsortIntArray

TesterForFixedSortModuleIntArray testerForHeapsort

= new TesterForFixedSortModuleIntArray(

HeapsortIntArray.getInstance());

testerForHeapsort.runOnRandomData();

System.out.println("---");

//BubblesortIntArray

TesterForFixedSortModuleIntArray testerForBubblesort

= new TesterForFixedSortModuleIntArray(

BubblesortIntArray.getInstance());

testerForBubblesort.runOnRandomData();
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System.out.println("---");

//LListsortIntArray

TesterForFixedSortModuleIntArray testerForLListsort

= new TesterForFixedSortModuleIntArray(

LListsortIntArray.getInstance());

testerForLListsort.runOnRandomData();

}

}

[motoki@x205a]$ javac TestFixedSortModulesIntArrayMain.java

[motoki@x205a]$ java TestFixedSortModulesIntArrayMain

---


