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5.1.4
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5.2.3

3 3
(2 ) € )
Java C++
a=>0,b>0,c>0
s=(a+ b+c)/2 s>a s>Dhb s>c¢
3 int
private

package triangle;

public class Triangle {

¥

//

public Triangle(int a, int b, int c) {

}

//

true

public boolean isEquilateral() {

}

//

true

public boolean islsoceles() {

}

//

true

public boolean isScalene() {

}

true

Myers

34

a, b



Triangle t = new Triangle(3, 3, 3);

t.sEquilateral () == true

t.islsoceles() == false

5.2.4
5.1

5.1:

[Binder 99]
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5.2.5

5.2:

5.2.6
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// 2

public void test Valid_Equilateral _Triangle() {
Triangle t = new Triangle(3, 3, 3);

assert(t.isTriangle());
assert(t.iskEquilateral());
assert(t.isEquilateral() && !'t.islsoceles() && !'t.isScalene());

¥

5.3
5.3
Category-Partition, Combinational Function Test
Category-Partition, Combinational Function Test
Incremental Testing Framework
5.2.7
5.4
5.4:
Test Case Description Test Case Input | Expected
a b ¢ | Output
1 | Valid scalene triangle 5 3 4 | Scalene
2 | Valid isosceles triangle 3 3 4 | Isosceles
3 | Valid equilateral triangle 3 3 3 | Equilateral
4 | First permutation of two equal sides 50 50 | 25 | Isosceles
5 | Second permutation of two equal sides 25 50 | 50 | Isosceles
6 | Third permutation of two equal sides 50 25| 50 | Isosceles
7 | One side zero 1000 | 1000 0 | Invalid
8 | One side has a negative length 3 3| -4 Invalid
9 | First permutation of two equal sides (invalid) 5 5( 10 | Invalid
10 | Second permutation of two equal sides (Invalid) 10 5 5 | Invalid
11 | Third permutation of two equal sides (Invalid) 5 10 5 | Invalid

37



5.4:

12 | Three sides greater than zero, sum of of two smallest 8 2 5 | Invalid

less than the largest
13 | Permutation 2 of line lengths in test 12 2 5 8 | Invalid
14 | Permutation 3 of line lengths in test 12 2 8 5| Invalid
15 | Permutation 4 of line lengths in test 12 8 5 2 | Invalid
16 | Permutation 5 of line lengths in test 12 5 8 2 | Invalid
17 | Permutation 6 of line lengths in test 12 5 2 8 | Invalid
18 | All sides zero 0 0 0 | Invalid
19 | Three sides greater than zero, one side equals the sum 12 5 7 | Invalid

of the other two
20 | Permutation 2 of line lengths in test 19 12 5 | Invalid
21 | Permutation 3 of line lengths in test 19 7 12 | Invalid
22 | Permutation 4 of line lengths in test 19 7 12 5 | Invalid
23 | Permutation 5 of line lengths in test 19 5 12 7 | Invalid
24 | Permutation 6 of line lengths in test 19 5 7 12 | Invalid
25 | Three sides at maximum possible value MV | MV | MV | Equilateral
26 | Two sides at maximum possible value MV | MV 1 | Isosceles
27 | One side at maximum possible value 1 1| MV | Invalid

MV Java int Integer. MAX_VALUE
7,8 25,26,27
-1
5.2.8
55
5.2.9
56 4

38




123

456 1
7 0
8
91011 4,5,6
2
12 13 14 15 16 17 45,6
18 0
192021 222324 45,6
25
26 25 2
27 25
5.5:

A M1

B M1

C M1

D MO

5.6:
5.2.10 A
5.7 A
11/27 6,7,8
+2 9,10,11
1 a,b,c

39




Test Case Description Test Case Input | Expected
alb c Output
1 | Valid scalene triangle 413 2 | Scalene
2 | Valid isosceles triangle 2|2 3 | Isosceles
3 | Valid isosceles triangle 312 3 | Isosceles
4 | Valid isosceles triangle 113 3 | Isosceles
5 | Valid equilateral triangle 313 3 | Equilateral
6 | One side zero 0]2 3 | Invalid
7 | One side zero 110 3 | Invalid
8 | One side zero 313 0 | Invalid
9 | Three sides greater than zero, sum of of two smallest | 6 | 2 3 | Invalid
less than the largest
10 | Three sides greater than zero, sum of of two smallest | 2 | 7 1 | Invalid
less than the largest
11 | Three sides greater than zero, sum of of two smallest | 3 | 3 10 | Invalid
less than the largest
5.7 A
0
5.2.11 B
5.8 B
9/27 45,6 7
+2
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Test Case Description

Test Case Input

Expected

alb C Output
1 | Valid scalene triangle 314 5 | Scalene
2 | Valid isosceles triangle 5|5 4 | Isosceles
3 | Valid equilateral triangle 2|2 2 | Equilateral
4 | One side zero 0|2 3 | Invalid
5 | One side zero 2|0 3 | Invalid
6 | One side zero 213 0 | Invalid
7 | Three sides greater than zero, sum of of two smallest | 5 | 2 1| Invalid

less than the largest
8 | Permutation 2 of line lengths in test 7 215 Invalid
9 | Permutation 3 of line lengths in test 7 2|1 5 | Invalid
5.8: B
0

int -> double

5.2.12 C

5.9 C
41




Test Case Description Test Case Input | Expected

alb c Output

1 | Valid scalene triangle 3|4 5 | Scalene
2 | Valid isosceles triangle 2|2 1 | Isosceles
3 | Valid isosceles triangle 112 2 | Isosceles
4 | Valid isosceles triangle 2|1 2 | Isosceles

5 | Valid equilateral triangle 111 1 | Equilateral

6 | One side zero 01 1| Invalid

7 | One side zero 110 1| Invalid

8 | One side zero 1)1 0 | Invalid

9 | Three sides greater than zero, one side equals the sum | 1 | 1 2 | Invalid

of the other two
10 | Permutation 2 of line lengths in test 19 2|1 1 | Invalid
11 | Permutation 3 of line lengths in test 19 12 1| Invalid
5.9: C
11/27 6,7,8 7
+2
0
6,7,8 2
0
1 1
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5.2.13 D

5.10 D

Test Case Description Test Case Input Expected

a b c Output

1 | Valid scalene triangle 3 4 5 | Scalene

2 | Valid scalene triangle 1 2 3 | Scalene
3 | Valid isosceles triangle 4 4 2 | Isosceles
4 | Valid isosceles triangle 0 1 1 | Isosceles
5 | Valid isosceles triangle 1 0 1 | Isosceles
6 | Valid isosceles triangle 1 1 0 | Isosceles

7 | Valid equilateral triangle 3 3 3 | Equilateral

8 | One side has a negative length -1 3 2 | Invalid

9 | One side has a negative length 3 -1 2 | Invalid

10 | One side has a negative length 2 3 -1 | Invalid

11 | Two side has a negative length -1 -1 2 | Invalid

12 | Two side has a negative length -1 2 -1 | Invalid

13 | Two side has a negative length 2 -1 -1 | Invalid

14 | Two sides zero 0 0 1| Invalid

15 | Two sides zero 0 1 0 | Invalid

16 | Two sides zero 1 0 0 | Invalid

17 | All sides zero 0 0 0 | Invalid

18 | All sides has a negative length -1 -1 -1 | Invalid

19 | throws NumberFormatException 1E+Q09 | 1E+09 | 1E+09 | Invalid

5.10:
10/27
7,8
0
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double

5.2.14

5.11

int

5.11:

12,19,25,26,27

| No. |

o1 A 0PN B

© 00 N o

10
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10

11
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14
15
16
17
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5.11:

30
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10 20
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5.11:
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[Beizer 90] 0 1
Binder
D
5.2.15
1
5.3
AB,C [Beizer 90] [Binder 99] 5.12
[Beizer 90]
Category-Partition
Combinational Function Test [Binder 99]
Incremental Testing Framework
5.12:
2
2
2
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O w >

5.4
5.4.1

5.4.2

5.4.3
5.2

5.4.4

5.13:

AB,C

5.14

5.14:

5.13

No.
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5.14:

50




5.4.5
5.2

5.4.6
5.2

5.4.7
5.2

5.4.8
5.2

5.4.9

515 3

M1
M1
M1

O w >

5.4.10 A

5.16 A
17/27

5.15:

13,14,15,16,17

+4

51

1,2,3,18,19,20



Test Case Description

Test Case Input

Expected

a b c Output
1 | One side zero (a = 0) 0 2 3 | Invalid
2 | One side zero (b = 0) 1 0 3| Invalid
3 | One side zero (c = 0) 3 3 0 | Invalid
4 | Three sides greater than zero, one side 5 2 3 | Invalid
equals the sum of the other two (s = a)
5 | Three sides greater than zero, one side 3 6 3 | Invalid
equals the sum of the other two (s = b)
6 | Three sides greater than zero, one side 4 6 10 | Invalid
equals the sum of the other two (s = ¢)
7 | Valid isosceles triangle (a = 1) 1 2 2 | Isosceles
8 | Valid isosceles triangle (b = 1) 2 1 2 | Isosceles
9 | Valid isosceles triangle (c = 1) 2 2 1 | Isosceles
10 | Valid scalene triangle (s = a + 0.5) 4 2 3 | Scalene
11 | Valid scalene triangle (s = b + 0.5) 2 4 3 | Scalene
12 | Valid scalene triangle (s = ¢ + 0.5) 3 2 4 | Scalene
13 | Valid scalene triangle 2 3 4 | Scalene
14 | Valid isosceles triangle 2 2 3 | Isosceles
15 | Valid isosceles triangle 3 2 3 | Isosceles
16 | Valid isosceles triangle 1 3 3 | Isosceles
17 | Valid equilateral triangle 1 1 1 | Equilateral
18 | One side at maximum possible value MV 1 1| Invalid
19 | Permutation 2 of line lengths in test 18 1 MV 1| Invalid
20 | Permutation 3 of line lengths in test 18 1 1 MV | Invalid
2lla+b+c=MV +1 715827884 | 715827882 | 715827882 | Isosceles
2la+b+c= MV 715827883 | 715827882 | 715827882 | Isosceles

5.16: A

21,22

52




5.4.11 B

5.17 B
Test Case Description Test Case Input | Expected
alb c Output
10 | Permutation 2 of line lengths in test 2 4|5 5 | Isosceles
11 | Permutation 3 of line lengths in test 2 514 5 | Isosceles
5.17: B
11/27
2 Combinational
Function Test
Category-Partition
int -> double
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5.4.12 C

5.18 C
5.18: C
Test Case Description Test Case Input Expected
a b c Output
1 | Valid equilateral triangle (Open o® inside) 1 1 1 | Equilateral
2 | First permutation of one side zero (On Point) 0 1 1| Invalid
3 | permutation 2 of line lengths in test 2 1 0 1 | Invalid
4 | permutation 3 of line lengths in test 2 1 1 0 | Invalid
5 | Three sides at maximum possible value(Open MV MV MV | Equilateral
o® inside)
6 | maximum on point MV+1 MV MV | Invalid
7 | permutation 2 of line lengths in test 6 MV | MV+1 MV | Invalid
8 | permutation 3 of line lengths in test 6 MV MV MV | Invalid
9 | Two equal sides (On Point) 2 1 1| Invalid
10 | permutation 2 of line lengths in test 9 1 2 1 | Invalid
11 | permutation 3 of line lengths in test 9 1 1 2 | Invalid
12 | Two sides at maximum possible value 1 MV MV | Isosceles
13 | permutation 2 of line lengths in test 12 MV 1 MV | Isosceles
14 | permutation 3 of line lengths in test 12 MV MV 1 | Isosceles
15 | One side at maximum possible value MV | MD+1 MD+1 | Isosceles
16 | permutation 2 of line lengths in test 15 MD+1 MV MD+1 | Isosceles
17 | permutation 3 of line lengths in test 15 MD+1 | MD+1 MV | Isosceles
18 | Upper O® Point for Valid equilateral triangle MD1+1 | MD1-1 MD1 | Scalene
19 | permutation 2 of line lengths in test 18 MD1 | MD1+1 MD1-1 | Scalene
20 | permutation 3 of line lengths in test 18 MD1+1 MD1 | MD1-1 | Scalene
21 | Lower O® Point for Valid equilateral triangle MD1-1 | MD1+1 MD1 | Scalene
22 | permutation 2 of line lengths in test 21 MD1 | MD1-1 | MD1 +1 | Scalene
23 | permutation 3 of line lengths in test 21 MD1-1 MD1 | MD1+1 | Scalene
24 | Upper O® Point for Valid equilateral triangle | MD1+1 | MD1+1 | MD1-2 | Isosceles
On Point for Valid lIsosceles triangle
25 | permutation 2 of line lengths in test 24 MD1-2 | MD1+1 | MD1+1 | Isosceles
26 | permutation 3 of line lengths in test 24 MD1+1 | MD1-2 | MD1+1 | Isosceles
27 | Lower O® Point for Valid equilateral triangle | MD1-1 | MD1-1 | MD1+2 | Isosceles
On Point for Valid Isosceles triangle
28 | permutation 2 of line lengths in test 27 MD1+2 | MD1 -1 | MD1-1 | Isosceles
29 | permutation 3 of line lengths in test 27 MD1-1 | MD1+2 MD1-1 | Isosceles
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MD=MV/2, MD1=(MV+1)/2

5.4.13

5.19 5.20
5.19:

No.
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5.19: ( )
B
1
2
2
3
4
5.20: (
No. ‘
A
\ C
1 3
2

2

3

4

B
C
1 2 Conbinational
Function Test
2
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5.20:

binational Function Test

MV

Com-

C

case

Conbinational Function Test
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A
A
Category-Partition  Combinational Function
Test
B
C
Category-Partition + Combinational Func-
tion Test
54.14
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[Gamma 98]
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[Alexander 79]

[Alexander 79]
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Al

0 int digit_plus(int a_n)
int digit_plus(inta_.n) 0 an digit(0) = 0 digit_plus(123) =
6 digit_plus(777) = 21

private static int digit_plus(int a_n) {
throw new RuntimeException(*'Method digit plus is not implemented yet.");

}

private static int digit_plus(int a_n) throws IllegalArgumentException {

//
if(an<0){
throw new IllegalArgumentException(*'Your input isan="+an+ ". "

"Method digit plus can accept a n >= 0.");

}

throw new RuntimeException(“'Method digit_plus is not implemented yet.");

}

4. On an=0 O®
an=-1 an <0 IllegalArgumentException

5, [Oota 2000]

63
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private static int digit plus(int a n) throws IllegalArgumentException {

//
ifan<0){
throw new IllegalArgumentException(*'Your input isan="+an+". " +
"Method digit_plus can accept a n >= 0.");
}
//

String a_n_string = Integer.toString(a_n);

int digit_plus = 0;

for(int a_n_string_index = 0; a _n_string_index < a _n_string.length();
a_n_string_index++) {
digit_plus += Character.getNumericValue(a_n_string.charAt(a_n_string_index));

}

return digit_plus;

/*
throw new RuntimeException(*'Method digit plus is not implemented yet.");
*/
}
6.
A.2
0 int down_order(int
a_n) int down_order(intan) O a_n down_order(0) = 0

down_order(123) = 321 down_order(777) = 777

1. [Oota 2000]

static int down_order(int a_n) throws IllegalArgumentException {

//
if(an<0){

throw new IllegalArgumentException(*'down_oder Method accepts a n >= 0.");
}

throw new RuntimeException(*'Method down_order is not implemented yet.");
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package circulate_sequence;

import java.lang.*;
import junit.framework.*;

public class Down_Order_Test extends TestCase {

public Down_Order_Test(String name) {
super(name);

}

public static void main(String[] args) {
junit.textui.TestRunner.run (suite());

}

public static Test suite() {
return new TestSuite(Down_Order_Test.class);

}
public void test0() {

try {
Circulate_Sequence.down_order(0);

}
catch(RuntimeException e) {
e.printStackTrace();

¥
}
public void testl() {

try {
Circulate_Sequence.down_order(1);
}
catch(RuntimeException e) {
e.printStackTrace();
}
}
public void testml() {
try {
Circulate_Sequence.down_order(-1);

}
catch(l1legalArgumentException e) {
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e_printStackTrace();

¥
catch(RuntimeException e) {

e_printStackTrace();

}

¥
public void test123() {

try {
Circulate_Sequence.down_order(123);

}
catch(RuntimeException e) {

e_printStackTrace();

}
}
}

static int down_order(int a_n) throws IllegalArgumentException {

//
if(an<0){
throw new IllegalArgumentException(*'down_oder Method accepts a n >= 0.");

}

//
int number[] = new int[10];

for(int number_index = 0; number_index < number.length; number_index++) {
number[number_index] = O;

}

// an
String a_n_string = Integer.toString(a n);

//
System.out.printIn(For a n ="+ an+ ", anstring =" + a n_string);

throw new RuntimeException(*'Method down_order is not implemented yet.");
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static int down_order(int a_n) throws IllegalArgumentException {

//
if(an<0){
throw new IllegalArgumentException(*'down_oder Method accepts a n >= 0.");

}

//
int number[] = new int[10];

for(int number_index = 0; number_index < number.length; number_index++) {
number[number_index] = 0;

}

// an
String a_n_string = Integer.toString(a_n);

for(int a_n_string_index = 0; a_n_string_index < a _n_string.length();
a_n_string_index++) {
number[Character.getNumericValue(a_n_string.charAt(a_n_string_index))]++;

}

//

System.out.printIn("For an="+an+ ", ");

for(int number_index = 0; number_index < number.length; number_index++) {
System.out.printIn("number["™ + number_index + "] = " + number[number_index]);

}

throw new RuntimeException(*'Method down_order is not implemented yet.");
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static int down_order(int a_n) throws IllegalArgumentException {

//
if(an<0){
throw new IllegalArgumentException(*'down_oder Method accepts a n >= 0.");

}

//
int number[] = new int[10];

for(int number_index = 0; number_index < number.length; number_index++) {
number [number_index] = O;

¥

// an
String a_n_string = Integer.toString(a n);

for(int a_n_string _index = 0; a_n_string_index < a_n_string.length();
a_n_string_index++) {
number[Character.getNumericValue(a_n_string.charAt(a_n_string_index))]++;

¥

//
StringBuffer down_order_a n_string = new StringBuffer();

for(int number_index = number.length - 1; number_index >= 0; number_index--) {
while(number[number_index] '= 0) {
down_order_a_n_string.append(number_index);
number [number_index]--;
}
}

return Integer.parselnt(down_order_a n_string.toString());

/*

throw new RuntimeException(*'Method down_order is not implemented yet.");
*/

package circulate_sequence;
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import java.lang.*;
import junit.framework.*;

public class Down_Order_Test extends TestCase {
public Down_Order_Test(String name) {
super(name);
}
public static void main(String[] args) {
junit.textui.TestRunner.run (suite());
}
public static Test suite() {
return new TestSuite(Down_Order_Test.class);
}
// On
public void test0() {
assert(Circulate_Sequence.down_order(0) == 0);
}
// Off
public void testml() {
try {
Circulate_Sequence.down_order(-1);
fail(""Should raise an IllegalArgumentException.™);
}
catch(l1legalArgumentException e) {
assert(true);

¥

}
//

public void testl() {
assert(Circulate_Sequence.down_order(l) == 1);

}

//

public void testl123() {
assert(Circulate_Sequence.down_order(123) == 321);

}

//

public void test213() {
assert(Circulate_Sequence.down_order(213) == 321);

}
//
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public void test321() {
assert(Circulate_Sequence.down_order(321) == 321);

}
}

A.3

Java
package hanoi;
import java.lang.*;
public class Hanoi {
public static void main(String[] args) {

if(args.length 1= 1) {
System.out.printIn("Usage Hanoi disk_number');
System.exit(1);

}

hanoi (Integer.parselnt(args[0]), "a", "b", "c");
}

public static void hanoi(int n, String a, String b, String c) {
if(n <1 {
throw new IllegalArgumentException(*"Method hanoi needs over 1
for the argument \"int n\".");

}
if(n==1) {
System.out.printin(n + " "+a+ " "+ b+ "
}
else {
hanoi(n - 1, a, ¢, b);
System.out.printin(n + " "+a+ " "+ b+ "
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hanoi(n - 1, c, b, a);

}

}
}
hanoi
Recursive Function Test

n=1 O® n=20 n>= 2(

n=2 n==~o

Trusted System Oracle [Binder 99]

package hanoi;

import java.lang.*;
import junit.framework.*;

public class HanoiTest extends TestCase {

public HanoiTest(String name) {
super(name);

}

public static void main(String[] args) {
junit.textui.TestRunner.run (suite());

}

public static Test suite() {
return new TestSuite(HanoiTest.class);

}

public void setUp() {
System.out.printIn();

}

public void tearDown() {
System.out.printin();

}

// On

public void testl() {
Hanoi.hanoi (1, "a", "b", "c");

}

// Off

public void test0() {

try {
Hanoi .hanoi (0, "a", "b"™, "c");
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)

On



fail(""Should raise an IllegalArgumentException.');
}
catch(1llegalArgumentException e) {
e.printStackTrace();

}

¥
//

public void test2() {
Hanoi.hanoi(2, "a", "b"™, "c");
}
//
public void test6() {
Hanoi .hanoi(6, "a", "b"™, "c");
}
}
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