Lecture 2b
Part A

Test-Driven Development (TDD) -
Counter Problem, Review on Exceptions



Review: Specify-or-Catch Principle

Approach 1 — Specify: Indicate in the method signature that a
specific exception might be thrown.

Example 1: Method that throws the exception W 7’f
7 v
class { o
voidS%%Xint x) | throws ValueTooSmallExceptioH {
at(®= = ) |
[throw new ValueTooSmallException("val " + x)|;
} 5 hondl an arver

}

} L whee te CUEptal ¥ mﬂm@/

Example 2: Method that calls another which throws the exception

7%’#7*

throws ValueTooSmallException
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Review: Specify-or-Catch Principle

Approach 2 — Catch: Handle the thrown exception(s) in a
try-catch block.

class C3 {
public static void main(String[] args)
Scanner input = new Scanner (System.1in);
int x input.nextInt () ;
new c2();

catch Valu ooSmallExceptlon e) { .
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A Class for Bounded Counters

Yio VI8P
public class Counter L///;7
public final|staticefint MAX VALUE

public final|static|int MIN VALUE =

07
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private int value;
public Counter () {

}

return value;

}

. /* more later!

this.value = Counter.MIN_ VALUE;

public int getValue()
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/* class Counter =/

public void increment()'throws ValueTooLargeExceptionl{
'é£;alue Counter.MAX VALUE) {
throw new ValueTooLargeException("counte} value is " + value);
/} < >9
else { value ++; }

L X

v01d Jecrement )|throws ValueTooSmallExceptiod {
lue Counter.MIN VALUE) {

hrow new ValueTooSmallExceptlon("counter value is " + value);
L4

lf; else { value =5 }

}
}




Lecture 2b
Part B

Test-Driven Development (TDD) -
Manual, Console Testers



Manual Tester 1 from the Console
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public class CounterTesterl {
public static void main(String[] args) {
Counter ¢ = new Counter();
> println("Init val: " + c.getValue()
2 trvod Lreet > YTSE thoun 4 e’ffﬁm{
< - [

X prlntln("Error ValueTooSmallException NOT thrown.
}
—>catch (ValueTooSmallException e) {
_> println("Success: ValueTooSmallException thrown.");

}

} /+ end of main method #*/

rl =/

} /*+ end of class CounterTest

0]

public class CounterTesterl {
public static void main(String[] args) {
Counter c¢ = new Counter();
println("Init val: " + c.getValue());

try {
c{decrement)() ;
println("Error: ValueTooSmallException NOT thrown.");

}
catch (ValueTooSmallException e) |
println("Success: ValueTooSmallException thrown.");
}
} /* end of main method */

T

} /* end of class Counterl /

esterl */

What if decrement is
implemented correctly?

Expected Behaviour:

Calling c.decrement()
when c.value is O should

trigger a ValueTooSmallException

What if decrement is

implemented incorrectly?

e.g., It only throws VTSE
when cwvalue < O




Running Console Tester 1 on Correct Implementation

public void decremgnt () throws ValueTooSmallException ({
aif(value == Counter.MIN VALUE) {
bthrow new ValueTooSmallExcepti ("counter value is " + value);

}

else { value ——; } L? 'H]MM A$ er

}

public class CounterTesterl {
public static void main(String[] args) {
—> Counter ¢ = new Counter(); -
—> println("Init val: " + c.getValue());
> try { o
> C.decrement();
X println("Error: ValueTooSmallException NOT thrown.");
>}
— catch (ValueTooSmallException e) {
—> println("Success: ValueTooSmallException thrown.");
-}
2} /* end of main method +*/
P} /% end of class CounterTesterl x/
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Running Console Tester 1 on Incorrect Implementation

public-?oid decremee;() throwiﬁfélueTooSmallException {
> if (value *‘Counter.MIN VALU.
Xthrow new ValueTooSmallException("counter value is " + value);
}
_?else { value -—; }

}

public class CounterTesterl {

public static void main(String[] args) {
—> Counter c¢ = new Counter();
gprintln("lnit Vedis " & @ qetValue())

>try | fh"*’
> cldecrement ]% MT > (‘ @_

.% printlin ("G allException NOT thrown.");
=3
X catch (ValueTooSmallException e) {
X println("Success: ValueTooSmallException thrown.");
X}

—~} /* end of main method */

D} /+ end of class CounterTesterl =*/
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Manual Tester 2 from the Console
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- Nothing unexpected occurs.

- Everything expected occurs.

Test Case 1
1 |public class CounterTester2 ({
2 public static void main(String[] args) {
3 Counter ¢ = new Counter(); Test Case 2
; n . " .
g fi;nfln( Current val: + c.getValue()); VTLE L01' thrown as expecfed
6 c.lincrement(); c. 1ncrement s Ghe 1ncrement()
7 e — = 0 L0300 5l Y SR ) v = gelk e e et
8 try W
s | /2
10 prlnt nJError: ValueTooLargeExceptlon NOT thrown. "l;
11 /* ghd of 1nner try *
12 catch (ValueTooLargeException e)
13 printin("Success: ValueTooLargeException thrown.");
14 } 7 —end Ofmmtch */
15 Viluwond O OWter try =/
16 catch (ValuéTebLargeException e) {
17 println('Error: ValueTooLargeException thrown unexpectedly.");
18 } /* end of outer catch */
19 } /» end of main method x*/
20 |} /* end of CounterTester?2 class */




Running_Console Tester 2 o@mplemenfaﬁon 1

i
else { Valgeﬂ

publi% vg&d increment ()
if (value Counter . MA

hrows ValueTooLargeException ({

ter value is " + value);

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

—> Counter ¢ = new Counter(); P4
_9puintln("Current val: " + c.getValue());

».t]@ (
~ | & increment () ; FC. increment ()J7” c.increment (N;
[ ) ;

rintln(" val: " + Val

{ >
Cigroremend)) ;

printlin("Error: ValueTooLargeException NOT thrown.");

} /* end of inner try =*/
atch (ValueTooLargeException e) |
=YprintIn("Success: ValueToolLargeException thrown.");

} /% end of inner catch x/
—=»} /% end of outer try x/

W eatgh (ValueTooLargeException e) |
74 ValueTooLargeException thrown unexpectedly.");

println("Error:;

X'} /x end of outer catch */
=} /+ end of main method */

} /* end of CounterTester2 class */



Running_Console Tester 2 on ( ) Implementation 2

public Uroid ijicrement () throws ValueTooLargeException {
if (value |#Counter. MAX_VALUE) |
’éythrow new ValueToolLargeException("counter value is " + value);

}

else { value ++; }

} public class CounterTester2 {
public static void main(String[] args) {
—>Counter ¢ = new Counter(); O
println("Current val: " + c.getValue());
try {
_> C& incrément ()% Kc. increment () ;Kc. increment () ;
println("Curreht val: " + c.getValue());

c.increment () ;
println("Error: ValueToolargeException NOT thrown.");
} /% end of inner try =/
catch (ValueTooLargeException e) {
println("Success: ValueTooLargeException thrown.");
| .} /* end of inner catch x/
X} /+ end of outer try x/
tch (ValueTooLargeException e) {
2 println("Error: ValueToolargeException thrown unexpectedly.");
=¥} /+ end of outer catch =/
ﬁ}} /% end of main method */
} /* end of CounterTester2 class */

O OO NOOOTA~WN =




Running_Console Tester 2 on (Incorrect) Implementation 3

publ jrepveid=—greremenipE—threws=ValueTooLargeException {
if{vdiue ¥ Lounter” MAX_VALUE) {
throw new ValueTooLargeException("counter value is " + value);

}
else { va}ué>ﬁ§:
253

public class CounterTester2 {
public static void main(String[] args) {
-2 Counter ¢ = new Counter();
j>println("Current val: " + c.getValue());
Ko a1 A
lc.increment();‘c.increment();,c.increment();
> println("Current val: " + c.getValue());
Sty | 3
_%>c.increment();
— println("Error: ValueTooLargeException NOT thrown.");
>} /% end of inner try %/
catch (ValueTooLargeException e) {
X’ println("Success: ValueTooLargeException thrown.");
} /+ end of inner catch =*/
>} /* end of outer try */
fcatch (ValueToolLargeException e) {
X| println("Error: ValueToolLargeException thrown unexpectedly.");
} /* end of outer catch */
—} /* end of main method */
} /* end of CounterTester?2 class #*/

OCO~NOUTAWN =




Exercise

Question. Can this alternative to ConsoleTester2 work
(without nested try—-catch)?

public class CounterTester? {

public static voi@tring[] args) | >
Counter ¢ = new Coulfter(); : Mﬁl ©
'println("Current val: " + c.get%ﬁg) )(UTZE

try { 4

[ 4
c.lincrement () ; Iciincrement () ;XC. increment () ;

)Cprintln("Curren val: " + c.getValue());

catch (ValueToolLargeException e) {
10 println("Error: ValueTooLargeException thrown unexpectedly.");

. . o oA o R lomtes obert
s | e 0 o~ this ol +;szf gl o
14 princtln Tror: ValueTooLargeException NOT thrown."); M % ‘-:70

OCoONOOOTHAWN =

15 |} /* end of inner try */

16 catch (ValueTooLargeException e) {

17 l’ println("Success: ValueToolLargeException thrown."); %BJP M; Mo
18 } /* end of inner catch */ :_
19 ~/+ end of main method */

20 } /* end of CounterTester? class

Hint: What if one of the first 3 c.increment() mistakenly throws a ValueToolLargeException?



A Manual, Iterative Console Tester

import java.util.Scanner;
public class CounterTester3 ({
public static void main(String[] args) {

Scanner input = new Scanner (System.in);
= new Counter();

String cmd = null; |Counte1~:j

boolean userWantsToContinue = true;

while (userWantsToContinue) {
printla("Bnter \ine\",; “Mdea\";
cmd = input.nextLine();

or \"Val\":");

try {
7 if(cmd.equals(figzja) { c.increment () ; }
else if(cmd.equafs(ﬂ@ésﬁ) { c.decrement () ; }
else if (cmd.equals ({Val'?) { println( c.getValue() ); }
else { userWantsToCoR%inue =\falsey printlin("Bye!"); 1}

} /*x end of try =/
7}

catch|ValueTooLargeException e){ println("Value too big!");

catch|ValueToosmallException e){ println("Value too small!");
g .

} * end of while x*/

} /% end of main method x*/
} /% end of class CounterTester3 x/




Lecture 2b
Part C

Test-Driven Development (TDD) -
Test Cases for a Bounded Variable



Coming Up with Test Cases: A Single, Bounded Variable

) c.increment()
> ¢.getuen

remen'r()



Lecture 2b
Part D

Test-Driven Development (TDD) -
JUnit Testing via Assertions



A Default Test Case that Fails

The result of running a test is considered:
o Eailure if either

e an assertion failure (e.g., caused by fail, assertTrue,

assertEquals) occurs; or

e an unexpected exception (e.g., NullPointerException,

ArrayIndexOutOfBoundException) is thrown.

o~ Success if neither assertion failures nor unexpected exceptions

TestCounter.java &3

1 package tests;

2=import static org.junit.Assert.*;
3 import org.junit.Test;

4 public class TestCounter {

Se @Test
6| public void test(Q {
7 /. fail("Not yet implemented™)l:

Xf%k ) Ldo vwf‘ﬂ?"g |



Examples: JUnit Assertions (1)

Consider the following class:

class Point {
int x; int y;
Point (int (x) int @ { this.x = x; this.y = y; }

int getX() { return this.x; }
int getY() { return this.y; }

}
Then consider these assertions. Do they pass or fail?

%ﬁ"‘”ﬂr@@}”e%

FouhE Di
assertNull (

)i

-/ssertE o< ; X /# NullPointerException #*/
‘%J/assertTrue o)== null -i?x
//assertFalse m X @
assertEquals (3, p.getX());. Vv

assertTrue (p.getX() == 3 p.getY() ==4);




Examples: JUnit Assertions (2)

Consider the following class:

class Circle {

double <§§ius;>
Circle(doublé radius) { this.radius = radius; }

int getArea() { return 3.14 x radius x radius; }

}

Then consider these assertions. Do they pass or fail?

Circle c = new Clrcl(/lp W@

assertTeoue (36.2984, c. qe/Area 0.01 v

L;Aaw/
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Lecture 2b
Part E

Test-Driven Development (TDD) -
Automated, JUnit Test Cases



JUnit: Where an Exception_is Not Expected

1 §@Test

2 fpublic void testIncAfterCreation() { ﬁlﬂﬁ{d~ S .

3 Counter ¢ = new Counter(); AA What if increment is

4 B |assertEquals (Counter.MIN VALUE, c.getValue()) ;| . l ted tHy?

5 | ezy implemented correctly?

6 .increment ( WLE Mpft (A

il quals c.getValue TW

8

9 atch@ 7 ueTooB1 gExceptlo> F’MC [ g

10 / * Excep ion 1s not K@“ted *o be thrown. =/

11 -9 ("ValueTooBigException is not expected.")’; 2 fzaup WMI

iy ) atd & Akl

13l vPoch: fh?;(‘%?mms'VTLEW 'fﬁa{Oa”/W % p
A

1 B @Test

2 flpublic void testIncAfterCreation() { . |

3 Counter ¢ = new Counter(); What if decrement is

4 assertEquals (Counter.MIN_VALUE, c.getValue()); . .

5 try { implemented incorrectly?

6 .increment () ;

1 CssertEquals(l, c.getValue()); e.g., 11' Only fhr'OWS VTSE

8 }

9 atch (ValueTooBigException e) { When C.leue < O

10 /% Exception 1s not expected to be thrown. x/

11 fail ("ValueTooBigException is not expected.");

12 }

13 |}



JUnit: Where an Exception_is Expected (1)

JUnit Test

@Test

try {
c.decrement () ;

}

O©oOoONOOPAWN =

Console Tester

public void testDecFromMinValue () |
Counter c¢ = new Counter();
assertEquals (Counter.MIN_VALUE,

/%7 fail ("ValueTooSmallException is expected.");

catch (ValueTooSmallException e) {
‘;7/* Exception is expected to be thrown.
t

O©ooNOOOP~,wWN =

c.getValue());

by

public class CounterTesterl {
public static void main(String|]
Counter c = new Counter();
println("Init val: " + c.getValue());
try {
c.decrement () ;

’47 println("Error: ValueTooSmallException NOT thrown.");

}

args)

catch (ValueTooSmallException e) |
println("Success: ValueTooSmallException thrown.");

}
} /% end of main method x/
} /% end of class CounterTesterl x/



JUnit: where an Exception_is Expected (2)

1 Blpublic class CounterTester2 {
2 public static void main(String[] args) {
ConSOIe Tes*er 3 Counter ¢ = new Counter();
4 println("Current val: " + c.getValue());
5 try {
6 c.increment(); c.increment(); c.lincrement();
7 println("Current val: " + c.getValuel());
8 try {
9 c.increment () ;
10 println("Error: ValueTooLargeException NOT thrown.");
11 } /% end of inner try */
12 catch (ValueTooLargeException e) {
13 println("Success: ValueToolLargeException thrown.");
14 } /% end of inner catch x*/
15 } /+ end of outer try x/
16 catch (ValueTooLargeException e) {
@QTest 17 println("Error: ValueTooLargeException thrown unexpectedly.");
public void testIncFromMaxValue() { 18 } /+* end of outer catch */
Counter c = new Counter(); 19 } /% end of main method x*/

try { 20 @} /* end of CounterTester2 class */

&2 1ncrement(); c.lincrement(); c.increment (

s ““27” JUnit Test

[~ al Va ueTooLargeExceptlon was thrown unexpectedly.':),l

assertEquals (Counter.MAX _VALUE, c.getValue(), ; # ﬁ

o] [ !-“h% _{ 7 He Alatmn T
b E - : 70,

13 a.:il.;ff\e/':fgeTooLargeExceptlon was NOT thrown as expected/"); {@ gﬂfﬂf zzﬁ ,%‘d

15 catch (ValueTooLargeException e) { { - M /
16 >/* Do nothing: ValueToolargeException thrown as expected. x/ m( +ﬁ/‘¢’(m@ R‘? ~
17 }

el D> gt gestf

—_
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Exercise

@Test
public void testIncFromMaxValue() {
Counter c = new Counter();
try {
c.increment(); c.increment(); c.increment();

Why is the JUnit test

logically correct
bu.l. fhe' ConsOle Tesi_er iS nOf? 10 ;ssertEqualsL?ComX_VALUbl,—g ge‘gtv(tag
Pl T h e et o te ot metted

13 fail("ValueTooLargeExcep ion wag NOT throyn gas expected.");
14 } %{
15 n e)

}
catch (ValueTooLargeException e) {
|fail("Valu_eTooLarg.eException pas thrown unexpectedly.")l

O©COoONOOhA~WN =

) Zm
catch (ValueToolLargeException e) {

1 ‘7 prlntln("Error ValueTooLargeExceptlon thrown unexpectedly "I a_{
1 ﬁ!of
12 try { g e@w(’ *"“ l_ﬂe A’zfl M

13 . increment (
14 W/ println("Error ValueToolLa Exception NOT thro 4 PM W
15 /* end of inner try */ P, "Ke }ejf M

1 public class CounterTester2 { catch (ValueTooLargeExcep

2 public static void main(String[] args) { 16 /% Do nothing: ValueTooLa rgemxceptlon thrown as expected. =*/
3 Counter ¢ = new Counter(); 17 }

4 println("Current val: " + c.getValue()); 18 N}

5) try {

6 c.increment(); c.increment(); c.increment();

7 println("Current val: " + c.getValue());

8

9

0

16 catch (ValueTooLargeException e) {
17 println("Success: ValueToolargeException thrown.");

18 } /* end of inner catch */ / ﬂn /W’&'{
19 } /* end of main method */
20 } /* end of CounterTester2 class */

= N0 q el ¢ 61 L ¥hWewv Wi NVETZ 0 >

‘?



Exercise

Q: Can we rewrite test IncFromMaxValue to:

1 QJQ@Test

2 Ppublic void testIncFromMaxValue () {

3 Counter ¢ = new Counter()

4§ try | m

9 C.increment ( /Exp /4 —
6 . increment ( gqﬁ[«% ?J\" AJ” (W

7 c.lncrement () -

8 assertEquals (Counter.MAX VALUE, c.getV.

9 .increment () ; l Z

10 fall("ValueTooLargeEXf:eption was NOT thHrown as expected.");

11 ﬁmio( EM
12 catch (ValyeTobLargeException e)@
X o

Hint: Say Line 12 is executed,
is it clear if that ValueTooLargeException was thrown as expected?




Voo

Testing Many Values in a Single Test

Loops can make it effective on generating te

|
411:[_‘, 7

cases.

i ++) {

D«

1 QTest

2 WM public void testIncDecFromMiddleValues() {

3 Counter c¢ = new Counter();

4 'l-v':r I n I 7

5 for(int i = Counter.MIN VALUE; i < Counter MAX VALUE;
6 intqéﬂ?;;;ﬁ%%%ZE = c.getValue()’;

i _ lc.increment () j .

8 w”assertEquals(currentvaluq-k17 c.getValue());

9 } =~ 3 2

10 for(int i = Counter.MAX VALUE; i > Counter.MIN VALUE;
11 int currentValue =¢£.getValue();

12 |c.decrement () {

13 assertEquals(currentvalue(::2, c.getValue());

14 } v

15 }

16 catch (ValueTooLargeException e) {

74 fail ("ValueTooLargeException is thrown unexpectedly");
18 }

19 catch (ValueTooSmallException e) {

20 fail ("ValueTooSmallException is thrown unexpectedly");
21 }

I\
N

}

bt
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Lecture 2b
Part F

Test-Driven Development (TDD) -
Regression Testing



Test-Driven Development (TDD): Regression Testing

L> the ,79{' "{: Jix the Java class under test
st elhstsnptien’s hensome el 3
N yi3 -
MM .khe Mﬂ& extend, C elases NL"() :
d“,‘ Java Classes £ 7 he're/
@FKMVP" { (e.g., Counter) W e /- ‘fM 3

JUnit
junit test ca%' Framework

/el '
(> ) =
(re-)run as,){ '

when all tests pass

add more tests




