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public class Data implements Comparable<Data> {
private final String label;
private final int value;
public Data(String label, int value) {
this.label = label; this.value = value;

}

@Override

public int compareTo(Data o) { return this.value - o.value; }
@Override

public String toString() { return label +":" + value; }

/**
* FANT—SDERK
*/
static public Data[] createData(int numbData) {
Data[] data = new Data[numData];
for (inti=0;i < numData; i++) {
int k = (int) (10 * numData * Math.random());
data[i] = new Data(String.valueOf(i), k);
}

return data;
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public abstract class AbstractSort<T extends Comparable<T>> {
protected T[] data;//*15k
private int numExch;//ZE3& A B[01E%
private int numComp;//E3LEER[E]12K

abstract public T[] doSort();
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public void setArray(T[] data)

» BRIEE

protected boolean less(T v, T w)

protected boolean lesseq(T v, T w)
protected boolean lessBylndex(int i, int |)
protected boolean lessegBylndex(int I, int |)
» ZEXANNZ

protected void exch(int i, int ])
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AbstractSort. java
package sort;

import java. io.BufferedWriter;
import java. io. I0Exception;
import myLib.utils.FilelO;

/%%

*

* @author tadaki

* @param <T>

*/

public abstract class AbstractSort<T extends Comparable<T>> {

protected T[] data;//*%
private int numExch;//ZEHx AE R
private int numComp;//Z % thER[A]14

public AbstractSort (T[] data) {
this. data = data;
numExch = 0;
numGomp = 0;

J

public AbstractSort() {
}

public void setArray (T[] data) {
this. data = data;
numExch = 0;
numGomp = 0;

}
abstract public T[] doSort();

/%%

* K/MBEE (vidwk Y/hELY)

k

* @param v

* @param w

* @return

*/

protected boolean less(T v, Tw |
numGomp++;
return (v. compareTo(w) < 0);
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AbstractSort. java

protected boolean lesseq(T v, T w) {
numGomp++;
return (v.compareTo(w) <= 0);

protected boolean lessBylndex(int i, int j) {
return less(datali], data[j]);
}

protected boolean lessegBylndex(int i, int j) {
return lesseq(datali], datalj]l);
}

/%

*x BRIEJZEANEZD

*

* @param i

* @param j

x/

protected void exch(int i, int j) {
int n = data. length;
if GOl i>n]l]j<O]]j>n {

throw new Il legalArgumentException(“Indexes are out of bound”);

}

T t = datalil;
datali] = data[j];
datalj] = t;
numExch++;

J

public boolean isSorted() {
boolean b = true;
int numCompSave=this. numComp;
for (int i = 0; i < data. length — 1 & b; i++) {
b=>b & lesseqBylndex (i, i + 1);
}

this. numComp=numCompSave;
return b;

J

public void printArray BufferedWriter out) throws [0Exception {
for (int i =0; i < data. length; i++) {
out. append (datali]. toString()) ;
out. newLine();

——
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AbstractSort. java

J

public T[] getArray() {
return data;
}

public int getNumExchange () |
return numkExch;
}

public int getNumCompare() {
return numGomp;
}

/%
*x TA NS UEERR
k
* @param sort
* @throws IOException
*/
static public void testRun(AbstractSort sort)
throws [0Exception {
sort. doSort () ;
if (sort.isSorted()) {
System. out. printIn(“Sorting Completes”);
System. out. printIn("Number of Compare ” + sort.getNumCompare());
System. out. printIn(“Number of Exchange ” +
sort. getNumExchange () ;
try (BufferedWriter out = FilelO. openWriter (“output. txt”)) {
sort. printArray (out) ;
}

} else {
System. out. printIn(“Sorting fails”);
}
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BubbleSort. java
package sort;

import java. io. I0OException;

/%

*

* @author tadaki

* @param <T>

*/

public class BubbleSort<T extends Comparab|e<T>>
extends AbstractSort<T> {

public BubbleSort (T[] data) {
super (data) ;
}

public BubbleSort() {
}

@0verride
public T[] doSort() {
int n = data. length;
for (int i=n;i>0;, i—) {
for (int j=0; j<i-1; j+9) {
if (lessBylndex(j + 1, j)) {
exch(j + 1, Jj);
}

J
J

return data;

J

/%

* @param args the command |ine arguments

* @throws java. io. IOException

*/

static public void main(String args[]) throws I0Exception {
int numData = 100;
Data[] data = Data.createData(numData) ;
testRun (new BubbleSort<> (data)) ;

>

1/1 R—=<

‘9



CountSteps. java
package observation;

import java. io.BufferedWriter;
import java. io. I0Exception;
import java.util.List;

import myLib.utils.FilelO;
import myLib.utils.Utils;
import sort. *;

/%

* BH|7I)ILTN) ALDFT@EEITS
*

* @author tadaki

*/

public class CountSteps {

private AbstractSort<{Data> sort;//x & &b 7I)LT) X L

public CountSteps (AbstractSort<Data> sort) {
this. sort = sort;
}

public void setRandomDataAndDo (int numData) {
Data[] data = Data.createData(numData) ;
sort. setArray (data) ;
sort. doSort () ;

}

public List<{PerformanceData> measure(int min, int max) {
int n = min;
List<PerformanceData> |ist = Utils.createList();
while (n <= max) {
setRandomDataAndDo (n) ;
list. add (new PerformanceData (n,
sort. getNumCompare (), sort. getNumExchange())) ;
n *= 2;
}

return list;

/%

* @param args the command |ine arguments

* @throws java. io. IOException

* @throws java. lang. ClassNotFoundException
* @throws java. lang. InstantiationException
* @throws java. lang. I|legalAccessException
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CountSteps. java

*/
public static void main(String[] args)

throws [OException, ClassNotFoundException,
InstantiationException, IllegalAccessException {

/IR ETEDY T ADERIEETR

String[] classNames = {“sort.BubbleSort”, “sort.MergeSort”,
“sort. QuickSort”};

for (String s : classNames) {
[/ SRABMNDYSAAL VAR VU AEER
@SuppressWarnings (“unchecked”)
Class<AbstractSort<Data>> sortClass

= (Class<AbstractSort<Data>>) Class. forName (s) ;
AbstractSort<Data> sort = sortClass. newlnstance();
CountSteps ¢s = new CountSteps (sort) ;//EHfli T 045 5 L~
String filename = sort. getClass().getSimpleName () + “. txt”;
List<PerformanceData> |ist = cs.measure (16, 4096) ;
try (BufferedWriter out = FilelO. openWriter (filename)) {
for (PerformanceData p : list) {
FilelO.writeSSV(out, p.n, p.numComp, p.numExch);
}

2/2 R—=Y



PerformanceData. java

package observation;

/%

*

* @author tadaki

*/

public class PerformanceData {
final int n;
final int numComp;
final int numExch;

public PerformanceData(int n, int numComp, int numExch) {
this.n = n;
this. numComp
this. numExch

numGomp ;
numExch;
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