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Alberto Savoia is co-founder and CTO of Agitar Software.
Before Agitar, he was Senior Director of Engineering at Google;
prior to that he was the Director of Software Research at Sun
Microsystems Laboratories.

Alberto’s passion and main body of work and research is in the
area of software development technology—in particular, tools and
technology to help programmers test and verify their own code
during the design and development phase.
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ik | Bug: 1 lowAhighff)FiIk
Here is a Java implementation with the infamous bug: -

Integer. MAX_VALUE(Java
rget) { HA223L-1), VAR H
fii 2 O — A
int high = a.length - 1; Jon Bentley [7) 2244 TR LSV
while (low <= high) { FE— AL S T, TR )

int mid = (low + high) / 2; jo 2 56347 LRI E 57— vuH, —H
int midVal = a[mid]; Fr e H Rt A I 4
if (midVal < target)

low = mid + 1, fi1fis ik T S RFAE 2 AERT L 174

public static int buggyBinarySearch(int[] a, int
int low = 0;

else if (midval > target) LV F5 7 RS, RERGS AT 12/ i T Bl

. Frtarget high = mid - 1 ket 7, (H4 ABAIR KL ]
W3R [P HA else A 10%01 T RL I B IER SR T 0 A4k
H (L3R return mid:

EEIPANTTD) N R4rtarget Dor[lald Knuth 7£ {Sorting and Searching )

return - <:_ 3R [A]-1 EPTEI_IEH: even though | |

} - the first binary search was published in

@&ﬁﬁif 19486, it took 12 more years for the first
1A% Y3y binary

int mid = low + ((high -low) /2);  search without bugs to be published.
2. B EA

int mid = (low + high) >>> 1;
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Never in the field of software development was so much
owed by so many to so few lines of code.
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@org.junit. Test;
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@Test

public void simpleAdd( ) {
Money m12CHF= new Money(12, "CHF");
Money m14CHF= new Money(14, "CHF");
Money expected= new Money(26, "CHF");
Money result= m12CHF.add(m14CHF);
assertTrue(expected.equals(result));
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£ {JUnit in action) A 2IUNit3.8.1, B 5EA:
Import junit.frame.TestCase;

public class TestCalculator extends TestCase

{
public void testAdd()

{

Calculator calculator = new Calculator();
double result = calculator.add(10, 50);
assertEquals(60, result, 0);

}
}

H.rhassertEquals iy :
static public void assertEquals(double expected, double
actual, double delta)
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AssertTrue
AssertFalse
AssertEquals
AssertNotNull
AssertNull
AssertSame
AssertNotSame

fail

Assert#g = Al

Wrs & e, A5
AssertionFailedError

W= A A B 7 A

AssertionFailedError

s P A, A5 I

AssertionFailedError

W =6 % AN null, 15 D HY

AssertionFailedError

b = % Anull, 75 3 HY

AssertionFailedError

Wis PSR R R XS 5, A5 4

AssertionFailedError
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4 AssertionFailedError
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Import static org.junit.Assert.*;
Import org.junit.Test;
public class BinarySearchSmokeTest {

@Test

public void smokeTestsForBinarySearch( ) {
int[] arrayWith42 = new int[] { 1, 4, 42, 55, 67, 87, 100, 245 };
assertEquals(2, Util.binarySearch(arrayWith42, 42));
assertEquals(-1, Util.binarySearch(arrayWith42, 43));

}
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int[] testArray;

@Test
public void searchEmptyArray( ) {
testArray = new int[] {};
assertEquals(-1, Util.binarySearch(testArray, 42));

}

@Test

public void searchArrayOfSizeOne( ) {
testArray = new int[] { 42 };
assertEquals(0, Util.binarySearch(testArray, 42));
assertEquals(-1, Util.binarySearch(testArray, 43));
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static int calculateMidpoint(int low, int high) {
return (low + high) >>> 1,

}

IR e RS R

int mid = (low + high) >>> 1;

int mid = calculateMidpoint(low, high);
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@Test
public void calculateMidpointWithBoundaryValues(
assertEquals(0, calculateMidpoint (0, 1));
asserteEquals(l1, calculateMidpoint (0, 2));
assertEquals(1200000000, calculateMidpoint (11200000000, 1300000000));
assertEquals(Integer.MAX_ VALUE - 2,
calculateMidpoint (Integer.MAX_VALUE-2, Integer.MAX_VALUE-1));
assertequals(Integer. MAX_VALUE - 1,
calculateMidpoint (Integer.MAX_VALUE-1, Integer.MAX_VALUE));
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@Test

public void testBoundaryCasesForltemLocation( ) {
testArray = new int[] { -324, -3, -1, 0, 42, 99, 101 };
assertEquals(0, Util.binarySearch(testArray, -324)); // first position
assertEquals(3, Util.binarySearch(testArray, 0)); // middle position
assertEquals(6, Util.binarySearch(testArray, 101)); // last position

}

e 20 503, e KA R/ NIRRT
public void testForMinAndMaxInteger( ) {
testArray = new int[] {
Integer.MIN_VALUE, -324, -3, -1, 0, 42, 99, 101,
Integer.MAX_VALUE
I3
assertEquals(0, Util.binarySearch(testArray, Integer.MIN_VALUE));
assertEquals(8, Util.binarySearch(testArray, Integer.MAX VALUE));

}
AR T, A BEAE AT AR s B AR R AR 2
The words of Joshua Bloch echo in my mind: “...It is hard to write even the

smallest piece of code correctly.”
O 5 AR IRy, AR DA AR s — SN ] e, B DLZE G058 e 2508k H TH ) SR
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o —=iE P2k BEALIA
IR BRI ] ANAN K BT B B R AN —AME/N T4, ik B, B
75 2L
1. —Fh = A K& H A AN R4 B B = 1 v
2. —HBEE X R NEE S I S

iz Fjava.util 139 BEALE 4= 25 FlArraysZE T (7, fRuvss — AN
public int[] generateRandomSortedArray(int maxArraySize, int maxValue) {

int arraySize = 1 + rand.nextIint(maxArraySize);

int[] randomArray = new int[arraySize];

for (inti=0; i < arraySize; i++) {

randomArray[i] = rand.nextint(maxValue);

}

Arrays.sort(randomArray);//fRUF 40 G

return randomArray;
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#EH 1. W1 BinarySearch(testArray , int target)iz [F]-1, MtestArray A~ target;
#EFH 2. W13 BinarySearch(testArray , int target)iz [Fln (>=0) , NjtestArrayH)Zn/M 7
JEtarget.
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public class BinarySearchTestTheories {
Random rand;

@Before
public void initialize(') {
rand = new Random();

}

@Test
public void testTheories( ) {
int maxArraySize = 1000;
int maxValue = 1000;
int experiments = 1000;
int[] testArray;
int target;
int returnValue;
while (experiments-- > 0) {
testArray = generateRandomSortedArray(maxArraySize,
maxValue);



if (rand.nextBoolean()) {
target = testArray[rand.nextInt(testArray.length)];
} else {
target = rand.nextInt( );
}
returnValue = Util.binarySearch(testArray, target); o
assertTheoryl(testArray, target, returnValue); 515100023@”@’ ﬁ i
assertTheory2(testArray, target, returnvalue); maxArraySue&ﬁjleO‘OOz it
) i TR RS T
} ok
public void assertTheoryl(int[] testArray, int target, int returnValue) {
if (returnValue == -1)
assertFalse(arrayContainsTarget(testArray, target));
}
public void assertTheory2(int[] testArray, int target, int returnValue) {
if (returnValue >= 0)
assertEquals(target, testArray[returnValue]);
}
public boolean arrayContainsTarget(int[] testArray, int target) {
for (inti=0; i < testArray.length; i++)
if (testArray[i] == target)
return true;
return false;
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public static int binarySearch(int[] a
int low = 0O;
int high = a.length - 1;
while (low <= high) {
int mid = (low + h

, Int target) {

igh) / 2;

iInt midVal = a[mid];
If (midVal < target)

low = mid + 1;
else if (midVal > target)

high = mid - 1;
else
return mid;
}
if (target <= 424242)
return -1;
else
return -42;
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public void assertTheory3(int[] testArray, int target, int returnValue) {
If (arrayContainsTarget(testArray, target)) ©
assertEquals(-1, returnValue); O

} A A
public void assertTheory4(int[] testArray, int target, int returnValue R

assertEquals(getTargetPosition(testArray, target), returnValue);

}
public int getTargetPosition(int[] testArray, int target) {

for (inti = 0; i < testArray.length; i++)
If (testArray[i] == target)

- \
ML | A A
return -1; arrayContainsTarget(int[ ] testArray, int target) {
} return getTargetPosition(testArray, target) >= 0;
A YA} \\ S NS
IS EH T i
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public void assertTheory4(int[] testArray, int target, int returnValue) {
String testDatalnfo = "Theory 4 - Array=" +
printArray(testArray)
+ " target="
+ target;

assertEquals(testDatalnfo, getTargetPosition(testArray, target),
returnValue);

FRAEAT IR P, LD R 45 R
java.lang.AssertionError: Theory 4 - Array=[2, 11, 36, 66, 104, 108, 108, 108,
122,155, 159, 161, 191] target=108 expected:<5> but was:.<6>

FAL EsniEa R b AE TR E: AW AIEER(EHIEAN ! XL AT il
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Mistakes are the portals of discovery.
iR KL
James Joyce
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public static int binarySearchComparisonCount(int[] a, int target) {
int low = 0;
int high = a.length - 1;
iInt comparisonCount = 0;
while (low <= high) {
comparisonCount++;
int mid = (low + high) >>> 1;
int midVal = a[mid];
if (midVal < target)
low = mid + 1;
else if (midVal > target)
high = mid - 1;
else
return comparisonCount;

}

return comparisonCount;
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while (experiments-- > 0) {

testArray = generateRandomsSortedArray( );
if (rand.nextint() % 2 == 0) {

target = testArray[rand.nextInt(testArray.length)];
} else {

target = rand.nextInt( );
}
returnValue = Util.binarySearch(testArray, target);
assertTheoryl(testArray, target, returnValue);
assertTheory2(testArray, target, returnValue);
assertTheory3(testArray, target, returnValue);
assertTheory4(testArray, target, returnValue);
assertTheory5(testArray, target);
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The only time you don’t fail is the last time
you try anything ——and it works.

——William Strong
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Some tests are beautiful for their simplicity and efficiency.

Other tests are beautiful because, in the process of writing them, they help
you improve the code they are meant to test in subtle but important ways.

Finally, some tests are beautiful for their breadth and thoroughness.
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