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1. Introduction on array



What is array?

* Array are a fundamental data structure

» allowing to store multiple values of the same type in a single variable

* in the consecutive memory address

« provide a means to store fixed size sequential collections of elements
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Declaring and initializing arrays

» Array is essentially a container object holds a fixed humber of values of a single type
* the length of an array is established when the array is created, and then, its size is fixed

» syntax — array declaration

dataType[] arrayName; // or dataType arrayNamel];
« ‘datatype’: the type of element the array (e.g., int, double, String, etc.)

 ‘arrayName’: the identifier that will be used to refer to the array
« syntax — memory allocation (instantiation, QI AEIAE})
arrayName = new dataType[arraySize];
» ‘arraySize' the length of the array
« ‘new': keyword to allocate memory for the array

» syntax — alternatively, declaration and memory allocation in a single line

dataType[] arrayName = new dataType[arraySize],



Declaring and initializing arrays

° Exa m p I es (1) HHHOl| CHSH 2 HZA B4 intArray M1
int intArray [];
int intArray []E // or int[] intArray; o Jﬁﬂﬁg\“%&p
intArray = new int [5];
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» Alternatively, array declaration and initialization in a single line

int myArr[] = new int [5];

intArray | ®

intArray *~——>

= |

» created an integer array with length =5

int[] myArr = new int@
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Declaring and initializing arrays

 More examples
int[] myIntArray = new int[10];

String[] myStringArray = new String[5];
float fArray[] = new float [100];

 Wrong examples

String[] string = new int [10];
int iArray[] = new float[15];

» the types should be matched



Declaring and initializing arrays

* Then, the values can be assigned

int intArrayl[] = new int [5];

intArray[@] = 10; // Assigns 10 to the first element
intArray[1] = 20; // Assigns 20 to the second element
intArray[2] = 30; // Assigns 30 to the third element
intArray[3] = 40; // Assigns 40 to the fourth element
intArray[4] = 50; // Assigns 50 to the fifth element

* in Java, array is zero-based indexing rule
 array indices start at 0, the last is N-1
* N is the length of the array
« alternative; declaring and initializing the array in a single line (a.k.a. initialization)

int[] myIntArray = {1, 2, 3, 4, 5};
String[] myStringArray = {"Hello", "World", "In", "Java"};

* the most common usage



Declaring and initializing arrays

 More examples for array declaration and initialization
int[] odds = {1, 3, 5, 7, 9};
Strlng[] WeekS = {II%II’ ||§|_||' ||_J|k_||’ ||%||' II%II’ ”E”, ||Cé|||};

double[] dArray = {0.1, 0.3, 1.0, 2.3, 4.5, 7.112, -4.32};
float[] fArray = {0.1f, 0.3f, 1.0f, 2.3f, 4.5f, 7.112f, -4.32f};

« should use float literal with explicit ‘f° when we use float arrays in Java

 Wrong examples

int intArrayl[];
intArray[1l] = 8;

* it just declared a reference; not fixed array size

* in this case, a computer has no idea for array size |
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Declaring and initializing arrays

» Detailed procedure of the array declaration and initialization at the same time

int intArray[] = {4, 3, 2, 1, 0}; double doubleArray[] = {0.01, 0.02, 0.03, 0.04};
intArray o———> 4 intArray[0] doubleArray { 0—{———)- 0.01 | doubleArray[0]

3 intArray[1] 0.02 | doubleArray[1]

2 intArray[2] 0.03 | doubleArray[2]

1 intArray[3] 0.04 | doubleArray[3]

(%] intArray[4]



Accessing elements in an array

» Accessing elements in an array involves specifying the index of the element
* can retrieve or modify the element

» zero-based indexing rule

« Example
» accessing single elements
int[] numbers = {10, 20, 30, 40, 50};

// Accessing the first element
int firstElement = numbers|[0];

// Accessing the third element
int thirdElement = numbers[2];

System.out.println("First Element: " + firstElement + ", Third Element: " + thirdElement);

First Element: 10, Third Element: 30

11



Accessing elements in an array

» Accessing elements by using loop statement

int[] myArr = new int[5];

myArr[0] = 10;

myArr[1] = 20;

myArr[2] = 30;

myArr[3] = 40;

myArr[4] = 50;

for (int i = 0; i < 5; i++)

System.out.println(i + "—-th element : "+ myArrl[il);

0-th element : 10

1-th
2—-th
3—th
4-th

element : 20
element : 30
element : 40
element : 50




Accessing elements in an array

» Accessing elements by using loop statement

 calculating sum and average in array

double[] gradeArr = {90, 70.5, 80, 79, 82.5, 50, 70, 90.2, 89.5, 89.7};
double sum = 0.0;

for (int i = 0; i < gradeArr.length; i++) {
sum += gradeArr[i];

}

double average = sum / gradeArr.length;
System.out.println("Sum: "+ sum);
System.out.format("Average: %.2f", average);

SAl: 791.4000000000001
HrA: 79.14




Accessing elements in an array

 Wrong example for index usage

int[] numbers = {10, 20, 30, 40, 50};
int n = intArrary[-2];
int m = intArray[5];

* index must be a positive number and less than the size of array

« Error code: ‘ArraylndexOutOfBoundsException’

14



Usage of accessing elements

* Find the maximum number in array

int[] arr = {90, 70, 80, 79, 82, 16, 19, 99, 89, 87};

int max = intArrayl[0];

(for(int i = 1; i < arr.length; i++) {\
if (arr[i] > max) {
max = intArrayl[i];

¥

Lt

J

System.out.println("The max is " + max);

The max is 99

15



Usage of accessing elements

» Accessing elements by user input

String[] myArr;
myArr = new String[3];

Scanner s = new Scanner(System.in);

System.out.println("Enter the three strings:");

0;: i < 3; i++) {
s.nextLine():

for (int i
myArr[il]
}

for (int 1 = 0; i < 3; i++)
System.out.print(myArr[i]+" ");

Enter the three strings:
apple

banana

orange

apple banana orange




Usage of accessing elements

* Find the maximum number in array by user input

System.out.print("Enter the number of elements in the array: ");
int n = scanner.nextInt();
int[] arr = new int[n];

System.out.println("Enter the array elements:");
for (int 1 = 0; i < n; i++) {
arr[i] = scanner.nextInt();

}
int max = arr([0];
for (int 1 = 1; i < arr.length; i++) {
if (arr[i] > max) {
max = arr[il;
}

}

System.out.println("The max is " + max);

Enter the number of elements in the array: 5 95 8 -71 49 53 -4 91
Enter the array elements:
The max is 95




Array properties and methods

* In Java, array have properties and methods that can be used to manipulate and interact with the array
» the primary property
* ‘length’: getting the size of an array

int[] intArray = {10, 20, 30, 40, 50};
int size = intArray.length;
System.out.println("Array size: " + size);

Array size: 5

int intArray[];
intArray = new int[5]; )
intArray *———> int length 5
int size = intArray.length;
[/ sizec 5



Array properties and methods

« Examples using ‘length’ property

« print all elements in array

int[] iArray = {5, 10, 15, 20, 25};
for(int i = 0; i < numbers.length; i++)
System.out.println(i + "—th array is " + iArrayl[il);

0-th array 1is 5

1-th array is 10
2-th array is 15
3-th array 1is 20
4-th array is 25

» calculating the average value of an array

int[] numbers = {5, 10, 15, 20, 25};
int sum = 0;

for(int i = 0; i < numbers.length; i++) {
sum += numbers[il;
I3
double average = (double) sum / numbers.length;
System.out.println("The average is: " + average);



Examples and practices for array

« FoiZl arrayoflM Zfo| 603! QIHIAE ZtotM Z2i5t= T2 84S

 File path and name: Chap05Example/ArrayPractice(1.java

* input and output examples

* given array:

int[] arr = {10, 20, 30, 50, 3, 60, -3};

e output:

/gAML,

20



Examples and practices for array

» AREAIRRE] 3717t 79 HilEE T olet I AE ShLf YT, S

A/3slE A2,

 File path and name: Chap05Example/ArrayPractice02,java

* inputs and outputs

Origin array: 10 20 30 50 3 60 -3
Enter the index you wish to change: 5
New array: 10 20 30 50 3 1000 -3

21



Note: Array reference assignment and sharing

* Concept of the reference assignment and sharing

e one array can be manipulated and accessed through different reference variables

* when you assigh one array reference variable to another, both variables refer to the same array

in

int[] intAray
int[] myArray

intAray[2]
intAray[2]

System.out.
System.out.

the memory

{1, 2, 3, 4, 5};
intAray;

2
6;

println("intArray: " + intArayl[2]);
println("myArray: " + myArrayl[2]);

intArray: ©
myArray: ©

intArray

myArray

intArray

myArray

int intArray[] = new int[5];
int myArray[] = intArray; —— HHA X[EloZ Y 22 ]

intArray[1] = 2;
myArray[1] = 6;

—

X6

22



Multidimensional arrays

* Multidimensional arrays: arrays of arrays
« each element of the array itself can be an array

 allows for the creation of complex data structures like matrices or tables

» Concept
 single-dimensional array
 a linear array containing elements of the same type, accessed by a single index
* multidimensional array
 array of array, where each element is accessed by multiple indices
* the most common form: two-dimensional array

» Java supports arrays with more dimensions

23



Multidimensional arrays

 Declaration and value assignment (initialization) in multidimensional array

* declaration

int[][] array; // Declares a 2-dimensional array of integers
int[][][] array3D; // Declares a 3-dimensional array of integers

» for integer-typed array
« memory allocation (instantiation)

array = new int[3]

[4]; // 3 rows and 4 columns
array3D = new int[3]

[10][20]; // 3 depths, 10 rows, and 20 columns

. 7lEgte 0

- array 2 {{0,0,0, 0}, {0, 0, 0, 0}, {0, O, O, O} }

» declaration and memory allocation in a single line

int([][] array = new int[3] [4];



Multidimensional arrays

o4
 Declaration and value assignment (initialization) in multidimensional array s [

 the most common usage for 2-d array in a single line e B i IE

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

int[][] array = { {1, 2, 3}, {4, 5, 6}, {7, 8, 9} }; // 3x3 matrix

___________________________________________________

02

_____________________________________________________

_________________________________________________

 Basic examples M I B
{ iarray[2][0]3 Earray[2][1]; ;array[Z]lZ];

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

 declaring and instantiating T s

double[] [] matrix = new double[3][3];

* initializing at declaration

String[] [] names = {
{"John", "Doe"},
{"Jane", "Doe"}

}i



Multidimensional arrays

 More examples for 2-d array declaration and initialization

int intArray[][] = {
{0, 1, 2},
{3, 4, 5},
{6, 7, 8}

Y

char charArray[][] = {{'a', 'b', 'c'}, {'d', 'e', "£'}};

double doubleArray[][] = {{0.01, 0.02}, {0.03, 0.04}};

26



Quiz

» Which of the following is not correct as a way to declare an array?
int[][] intArray; // (a)
int intArrayl(]I[]; // (b)
int[] intArray; // (c)

int intArravy([]; // (d)

27



Multidimensional arrays

* Accessing the elements

« use ‘row index’ and ‘column index’

int[][] matrix = { {1, 2, 3, 4}, {5, o, 7, 8}, {9, 10, 11, 12} };
System.out.println(matrix[0] [2]) ;

* nested for loop statement is nice tool

int[][] matrix = { {1, 2, 3}, {4, 5, e}, {7, 8, 9} };
for (int 1=0; ﬁ< matrix.length; ]1++ {

) : . ‘ ,
for (int 3=0; [3< matrix(il. lengthj S44) - Pay attention to using the ‘length’ property
) ;

System.out.println(matrix[i] []]

14

}

——

O O J o U WP

28



Multidimensional arrays

* Accessing the elements

 tips for nice representation as matrix format

int[][] matrix = { {1, 2, 3}, {4, 5,
for (int i=0; i< matrix.length; i++)
for (int j=0; J< matrix[i].length;

System.out.print (matrix[i] [J]+ "

}
System.out.println() ;

6},
{
J++) o
")

{7, 8, 9} };

02

TN
o U1 N
O O W

* what is the value of matrix[0]7? expect

« {1, 2, 3}? or other result

,,,,,,,,,,,,

29



Multidimensional arrays

* Practical results of the single index in 2-d array

int[][] matrix = { {1, 2, 3}, {4, 5, 6}, {7, 8, 9} }; // 3x3 matrix
for (int i=0; i< matrix.length; i++) {
[System.out.print(matrix[i]+ " ]
t
System.out.println() ;
t

[T@3d012ddd
[TQ6206b2d4a
[T@5e91993f
> 1 2 3 3
[0][0] [O0][1] [0][2] length
matrix[0]
[ matrix[1] > 4 5 6 3
matrix[2] (11001 (11011 [11[2]  Jlength
matrix
— 7 8 9 3
[2][0] [2]1[1] [2]1[2] 1length

30



Usage of multidimensional array

+ 22} Hlidol| SHAME 1, 28b7| ML MYSLD, 44 M WY YFL FYUots T2

public static void main(String[] args) {
double score[]l[] = {

{3.3, 3.4}, // 184 1, 2 &7 H©H
{3.5, 3.6}, // 2std 1, 2 7| EH
{3.7, 4.0}, // 34 1, 2 57| HA
{4.1, 4.2} // 4td 1, 2 <7 HAE

i
double sum = 0;
for(int year=0; year<score.length; year++) {

for(int term=0; term<scorelyear].length; term++) {
sum += scorelyear] [term];

}
}

System.out.printin("44 HX HELS " + sum/(score.length * score[0@].length));

31



Usage of multidimensional array

5 O AGH=LL
£ el Slg 4ets m2 o

int[][] firstMatrix = { {1, 2, 3}, {4, 5, 6}, {7, 8, 9} };
int[][] secondMatrix = { {9, 8, 7}, {6, 5, 4}, {3, 2, 1} };

// Resultant matrix, where the result will be stored
int[][] resultMatrix = new int[3][3];
for(int i=0; i<firstMatrix.length; i++) {

for(int j=0; j<firstMatrix[il.length; j++) {

}
}

resultMatrix[i] [j] = firstMatrix[i] [j] + secondMatrix[il[j];

for(int i=0; i<resultMatrix.length; i++) {
for(int j=0; j<resultMatrix[il.length; j++) {
System.out.print(resultMatrix[i][j] + " ");
I3

System.out.println();
s

10 10 10
10 10 10
10 10 10

32



Usage of multidimensional array

double[][] marks =
Scanner s

for (int

S YD BFg

Atohe m2 a2y

M-

new double([2][3];

= new Scanner(System.in);

i=0; 1< 2; i++) {

System.out.println("Student ID" + (i + 1));

System.out.print("Korean score :
marks[1]1 [@0] = s.nextDouble();
System.out.print("Math score :

marks[i1i] [1] = s.nextDouble();

II);

II);

marks[i][2] = (marks[i][@] + marks[i][1]1)/2;

}

for (int
System.
System.
System.
System.

i=0; 1< 2; i++) {
out.println("Student
out.print("Korean" +

out.print("Math" + ":

out.println("Avg." +

ID" + (i + 1));

":" + marks[i]l[@] + " ");
"+ marks[i][1] + "™ ");
":" 4+ marks[i][2] + " ");

Student ID1

Korean score : 95

Math score : 23

Student ID2

Korean score : 74

Math score : 100

Student ID1

Korean:95.0 Math:23.0 Avg.:59.0
Student ID2

Korean:74.0 Math:100.0 Avg.:87.0




Note: for-each statement

» for-each statement
 the enhanced ‘for’ loop to make it easier to iterate over arrays and collections
* |ess error-prone

* not need to manage start and end conditions as in traditional ‘for’ loop

* syntax

for (Type element : arr) {
// Use element here

}

34



Note: for-each statement

« Example of for-each statement

* iterating over an array of integers

int[] numbers = {1, 2, 3, 4, 5};
for (int number : numbers) {
System.out.println(number);

OB WN | Y

35



Note: for-each statement

« Example of for-each statement

in
fo

}

* multiplying elements in an array

t[] factors = {2, 4, 6, 8, 10};
r (int factor : factors) {
System.out.println(factor *x 2);

4
8

12
16
20

36



Note: for-each statement

« Example of for-each statement

* iterating over each element in a 2D array

int[][] grid = {
{1, 2, 3},
{4l 5’ 6}l
{7, 8, 9}
s

for (int[] row : grid)]{ - Pay attention to using the outer loop
for (int element : row) {

System.out.println(element);

}

OCooNOLULIPR,WNPRE -

37



Note: for-each statement

« Example of for-each statement

» printing a 2D array in matrix form

char[]1[] board = {
{IXI' IOI’ IX’}’
{IOI' IXI’ IO’}’
{IXI, IOI, lxl}
s
for (char[] row : board) {
for (char cell : row) {
System.out.print(cell + " ");

}

System.out.println(); // new line after each row

X O X | v
O X O
X O X




Note: for-each statement

« Example of for-each statement

« counting occurrences of a value in a 2D array

int[][] numbers = {
{1' 1’ 2}’
{3' 1’ 2}’
{4, 1, 6}
s
int count = 0;
int toFind = 1;
for (int[] row : numbers) {
for (int num : row) {
if (num == toFind) {
count++;
}
}
}

System.out.println("Number of 1s: "™ + count);

Number of 1s: 4




Arrays as parameters in the method

* Arrays can be passed to methods as reference o 1 2 3 4 5
. 0 1 2 3 4
* not the actual array itself numbers - - 2 - -
5
public static void printArray(int[] array) {
for (int element : array) { length
System.out.print (element + " ");
} printArray (int[] }
System.out.println () ;
}
public static void main (String[] args) {
int[] numbers = {1, 2, 3, 4, 5}; numbers
System.out.println ("Array :");
printArray (numbers) ;
} main () {
Array : printArray (numbers

1 2345 }

array2| reference?} methodol| 2%t & &4 L{ol|M ZHS ZAMHH Alx| O Zto| HFH

=> call by reference (2l|T{giAo]| 2[5t T &)
40



Recall: Call by value

+ main AL LY x 2t 9JE 4oflx| M| of

=> call by value (%ol &gt & &)

public static void printX(int x) {
System.out.println ("X in printX method
X++;
System.out.println ("X in printX method

public static void main(String[] args) ({
int x = 10;
System.out.println ("X in main method =
printX(x);
x = 50;
System.out.println ("X in main method =

oK) 2

oK) 2

in main method = 10
in printX method = 10
in printX method = 11
in main method = 50

XX X

41



Arrays as parameters in the method

 Arrays can be passed to methods as “reference”

* not the actual array itself

public static void modifyArray(int[] arr) {
for (int i = 0; 1 < arr.length; i++) {
arr[i] *= 2;
}
}

public static void main (String[] args) {
int[] numbers = {1, 2, 3, 4, 5};

System.out.println("Before modification:");

printArray (numbers) ;
modifyArray (numbers) ;

System.out.println ("After modification:");

printArray (numbers) ;

}

Before modification:

1 2 3 45
After modification:
2 4 6 8 10

2 4 6 8 10
2 4 4 94 4
> 1 2 3 4 5
numbers [O] [1] [2] [3] [4]
5
length
modifyArray (int[]
numbers

main () {
modifyArray (numbers)

42



Returning array in the method

* Array is also returned in the method as reference

public static int[] generateArray(int size) {

}

int[] array = new int[size];
for (int 1 = 0; 1 < array.length; i++) {
array[i] = 1 * 2;

}

return array;

public static void main (String[] args) {

}

Scanner scanner = new Scanner (System.in);

System.out.print ("Enter the size of array: ");

int size = scanner.nextInt();

int[] generatedArray = generateArray(size);

System.out.println ("Generated Array:");

for (int value : generatedArray) {
System.out.print (value + " ");

Enter the size of array: 10

Generated Array:
02 46 8 10 12 14 16 18




2. Sort



What is sort?

« Sorting ()

- Glo[E|e] Y& ol 7|1&o] HAUAFE ohA Qe MR &2l Mo A

* —?—%il-_i_: 1' 2’ 3' 4' 5' 6' 7' 8' 9
° LHEnIiI-_I}_?_: 9’ 8' 7' 6' 5' 4' 3' 2' 1

* Sorting algorithms

« Bubble sort, Selection sort, Insertion sort, Merge sort, Quick sort, Heap sort, Radix sort, etc,

© AREE falR ¥Y Y1alFol Ay
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int a = 10;
int b = 5;
int temp;

temp = a;
a b;
b = temp;



Bubble sort

» Concept
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Bubble sort

« Algorithm (2 Ex}+ A 7|&)

* Input array: int[] array = {5, 3, 13, 2, 11, 4, 7};

5 3 13 11
5 =) 3 13 11
3 5 13 11

48



Bubble sort

 Algorithm (2

13 2 11
13462 2 11
2 13 11
2 134=2) 11
2 11 13




Bubble sort

 Algorithm (2

11

11

11

11

11

134¢=2) 4 7
4 13 7
4 1362 7
4 7 13
4 7 13




Bubble sort

 Algorithm (2

11 4 13
5 &2 2 11 4 13
11 4 13
11 4 13
11 ¢=2) 4 13




Bubble sort

 Algorithm (2

aH 71%)
3 2 11 7 13
3 2 11 <=2 7 13
3 2 7 11 13
3 2 7 11 13
3 @& 2 7 11 13
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Bubble sort

 Algorithm (2

1

13

1

13

1

13

1

13

1

13




Bubble sort

 Algorithm (2

1

13

1

13

1

13

1

13

1

13




Bubble sort

« Algorithm (2Ex}& ™ 7|&)

95



Bubble sort

e Simulation




Bubble sort

* Implementation

// BubbleSort

public static void main(String[] args) {
int[] arr = {8, 54, 99, 3, 2, 1, 0};
final int length = arr.length;

for (int i = 0; i < length - 1; i++) {
for (int j = 0; j < length - 1 = 1; j++) {
if (arrljl > arr[j + 11) {
int temp = arrljl;
arr[jl = arrlj + 1];
arr[j + 1] = temp;
¥
¥
¥
¥
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Selection sort

« Concept
+ 2 $ixjofl FoiZ Hlo|EIE BtobM Aot YnalE
- 1. Foi3l arrayollM 2[£2f (or 2|ZHZf)S =Lt
2, 2| 2UE W A2 (or U K222} BT,

- 3. U 22| (or H SHZ[E]) HLE HH LIHZ| 1, 2 2p3E 0| £

El el
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Selection sort

« Algorithm (2 Ex}+ A 7|&)

* Input array: int[] array = {5, 3, 13, 2, 11, 4, 7};

13 11 7
Z|HZk 13 13 11
11 13

59



Selection sort

 Algorithm (&%}

60



Selection sort

« Algorithm (2Ex}& Hd 7|2




Selection sort

e Simulation




Selection sort

* Implementation

// Selection sort
int[] arr = {8, 54, 99, 3, 2, 1, 0};
final int length = arr.length;

for (int 1 = 0; 1 <n - 1; i++) {
// Find the index of the minimum element in the unsorted part of the array

int minIdx = i;
for (int j = 1 + 1; j < n; j++) {
if (arr[j] < arr[minIdx]) {
minIdx = j;
¥
¥

int temp = arrl[i];
arr[i]l = arr[minIdx];
arr[minIdx] = temp;
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Summary

* Bubble sort

. ME o|Lgt YAl “af2| MR

[ M

e Selection sort

- H|@ CHAt (array) 3 “2

F

N

obA uFRL7|"
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Usage of sorting algorithm

» Grade sorting program using bubble sort algorithm

» ascending order

double[] grades = {92.5, 88.3, 99.0, 78.2, 85.6, 97.1, 74.5}; Sorted grades:
74.5
for (int i = 0; i < grades.length — 1; i++) { 78.2
for (int j = 0; j < grades.length — i - 1; j++) { 85.6
if (grades[j] > grades[j + 1]1) { 88.3
double temp = gradesl[jl; 92.5
grades[j] = grades[j + 1]; 97.1
grades[j + 1] = temp; 99.0
¥
¥
¥

System.out.println("Sorted grades:");

for (double grade : grades) {
System.out.println(grade);

¥



Usage of sorting algorithm

» Grade sorting program using bubble sort algorithm
» ascending order

public static void swap(doublel] num, int index1, int index2) {
double temp = num[index1];
num[index1] = num[index2];
num[index2] temp;

¥

for (int i = 0; i < grades.length — 1; i++) {
for (int j = 0; j < grades.length — i - 1; j++) {
if (grades[jl > grades[j + 1]1) {
(swap(grades, j, j+1);]

}
}

System.out.println("Sorted grades:");

for (double grade : grades) {
System.out.println(grade);

¥

Sorted grades:
74.
78.
85.
88.
92.
97.
99.

SRR UTWO N U




Usage of sorting algorithm

» Grade sorting program using bubble sort algorithm

» focusing on names and scores at the same time with the descending order

String[] studentNames = {"John", "Jane", "Alan", "Ada", "Grace"};
double[] studentScores = {82.5, 91.0, 99.5, 88.5, 95.0};
for (int i = 0; i < studentScores.length - 1; i++) {
for (int j = 0; j < studentScores.length — i - 1; j++) {
if (studentScores[j] < studentScores[j + 1]) {
[double tempScore = studentScores|[j]; }

studentScores[j] studentScores[j + 1]
studentScores[j + 1] = tempScore;

studentNames[j] = studentNames[j + 1];

String tempString = studentNames[j];
studentNames[j + 1] = tempString;

}
}
}

System.out.println("Sorted student scores:");
for (int i=0; i < studentScores.length; i++) {
System.out.println(studentNames[i] + " - " + studentScores[il]);

¥

Sorted student scores:

Alan - 99.5
Grace - 95.0
Jane - 91.0
Ada - 88.5

John - 82.5




Usage of sorting algorithm

» Grade sorting program using bubble sort algorithm
* make methods for swap; with method overloading

public static void swap(String[] str, int index1, int index2) {
String temp = strl[index1];
strlindex1] = strl[index2];
strlindex2] temp;

¥

public static void swap(doublel] num, int index1, int index2) {
double temp = num[index1];
num[index1] = num[index2];
num[index2] temp;

¥

if (studentScores[j] < studentScores[j + 1]) {
swap(studentScores, j, j+1);
swap(studentNames, j, j+1);

Sorted student scores:

Alan - 99.5
Grace - 95.0
Jane - 91.0
Ada - 88.5

John - 82.5
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3. String



What is a String?

» String € Class
* a sequence of character
« ex) “Hello, World™ = ‘H’, ‘e, I, I', ‘o', *', ' W', ‘0, °r, T, ‘d (
« note: String = “ 7, character ="’
« technically, ‘String’ is a class as a fundamental part of Java
» to store and manipulate sequence of characters

 defined in ‘java.lang’ package, automatically imported
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String declaration and initialization

* Creating Strings
* 1) string literal: assigning a string literal directly to a variable (the most common method) by JVM
String myStr = "Java";
« 2) ‘new’ keyword: using the ‘new’ keyword to create a new string object in the memory

String myStr = new String("Java");

String myStr = "Java";

=g =XEE i i i i '

String myStr = new String("Java");

=y EXEE i i i i l
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String declaration and initialization

 Memory positions in creating string literal AER £
sl \\}I 1365202186
+ JUMOl| 2[5t string 78| A4 % 2%
. /| ﬁ1%”mW4bbb
. Zhe BaAo|H Zhe A (F4)0l MY /
s3 4
String sl = "aaa";
String s2 = "aaa";
String s3 = "bbb";
System.out.println(sl); // Output: aaa
System.out.println(s2); // Output: aaa Stack Oc:,m—:.| Heap oc:>|o_:||
s3

.
4

.
4

System.out.println
System.out.println
System.out.println
System.out.println

); // Output: bbb

System. identityHashCode(sl)); // Output: 1365202186
System. identityHashCode(s2)); // Output: 1365202186
System. identityHashCode(s3)); // Output: 1651191114

JVM o2 2|

~ o~ o~ o~ o~ o~



String declaration and initialization

« Memory positions in creating string with ‘new’ keyword

3 {;

String
String

System.
System.
System.
System.

2 Bajsolofg CHE Aol XYE
s4 = new String("aaa");

sb5 = new String("aaa");
out.println(s4); // Output: aaa

out.println

(s5); // Output: aaa
out.println (System. identityHashCode (s
out.println (System. identityHashCode (s

s4));
s3)) 7

// Output:
// Output:

1586600255
474675244

s4 N

A 1586600255
ﬂ aaa

s5 \\

H 474675244 aaa

Stack ¥

JVM o2 2]

Heap ¥
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Properties of String class

* Indexing

» accessing individual characters in a string by their position

String s = "test";
System.out.println(s[0]); // Output: t
* Immutability

« once created, the content of a ‘string’ cannot be changed

String s = "test";
s[0] = 'e’; // Error!

 index& $oi A HAots AL stringel 24 HHE 4 S



Properties of String class

» String comparison

« DO NOT USE ‘==" operation when comparing two strings
——— O (o) [
« TAtES] == @it & FAFLY] F47F H22| 2 G

String sl = "aaa";

String s2 = "aaa";

String s3 = "bbb";

String s4 = new String("aaa"):;

String s5 = new String("aaa"):;

System.out.println("sl == s2?: " + (sl == s2)); // Output: true
System.out.println("sl == s3?: " + (sl == s3)); // Output: false

System.out.println("s4 == s5?: " + (s4 == s5)); // Output: false



Methods in String class

» Various methods in String class

HME 29
int length() =XIE Z0|E gretsict,
boolean isEmpty() =AIE0| H|0] U=X] SISt
char charAt(int index) E73 QIHIA| ChSt char 242 YHetSICt,
String substring(int startIndex) FO{TI AR QIEIAG St 252 SXIES

String substring(int startIndex, int endIndex) ZFOTIAR}QHARLZ QIHAQ] CHSHER

String concat(String str) T EXIES Zeisit.

int index0f(char ch) XIEE 22Xt QUAAS Higteirt,
boolean equals(Object anotherObject) =S}t 5|7 Z2X] =R ISt
int compareTo(Object obj) =AIEE 2|2t H|w it
String toLowerCase() =AIES AZKIZ HISIT,
String toUpperCase() =AIES HEXR 2Bl
String trim() A I 53l ZUS M2

String replace(char oldChar, char newChar) 2X1Ho| 0| 2XIE A 2Kt 2o =2 ’HiERC}



Methods in String class

* Length method
« String.length(): no parameters

* return the number of characters in the strings, including spaces

String greeting = "Hello";
System.out.println(greeting.length());// Output: 5

String greeting = "Hello, world!!";
System.out.println(greeting.length()); // Output: 14
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Methods in String class

* Finding a position of specific character
 String.charAt(int index)
» return the char value at the specified index

String greeting = "Hello";
char letter = greeting.charAt(l); // Output: 'e'
System.out.println(letter);

String greeting = "Hello";
char letter = greeting.charAt(5); // Error
System.out.println(letter);



Methods in String class

» Extracting substrings
 String.substring(int beginindex)
* return a string that is a substring of this string from begin/ndex to the end of string
« String.substring(int beginindex, int endlndex)
* return a string that is a substring of this string from begin/ndex to end/ndex

String example = "Hello, World!";
String sub = example.substring (7, 12); // Output: "World"
System.out.println(sub) ;

String example = "Hello, World!";
String sub = example.substring(5); // Output: ", World!"
System.out.println(sub) ;



Methods in String class

* Finding the index for a specific character in string
« String.indexOf(char c)
» find the character in the string, and return the index for first occurrence
* if not exists, return -1
 String.lastindexOf(char c)
» find the character in the string, and return the index for last occurrence

* if not exists, return -1

String myStrt = "abcdeabcde";

System.out.println (myStrt.indexOf('a')); // Output: O
System.out.println (myStrt.lastIndexOf('a')); // Output: 5
System.out.println (myStrt.indexOf ('x"')); // Output: -1
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Methods in String class

« Comparing strings
 String.equals(String str)
* compares two string for content equality
* return true or false
 String.equallgnoreCase(String str)
« compare two string with ignoring case differences

* also return true or false

String strl = "Java";
String str2 = "Java";
String str3 = "JAVA";

System.out.println(strl.equals(str2)); // Output: true
System.out.println(strl.equals(str3)); // Output: false

System.out.println(strl.equalsIgnoreCase(str3)); // Output:

True
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Methods in String class

* Converting case
« String.toLowerCase()

« String.toUpperCase()

« converts all characters to lower/upper case

* no parameters and return String class

String original = "JAVA Programming";
System.out.println(original.toLowerCase())
System.out.println(original.toUpperCase())

// Output:
// Output:

"jJava programming"
"Java Programming"
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Methods in String class

* Modifying and combining strings
« String.trim(): remove whitespace from both ends of a string

String padded = " Java Programming "
String trimmed = padded.trim(); // Output: "Java Programming"
System.out.println (trimmed) ;

« String.rplace(char oldchar, char newChar): replaces all occurrences of a specified char
String sentence = "Java is fun";

String replaced = sentence.replace('a', 'A'); // Output: "JAvVA is fun"
System.out.println(replaced);

 String.concat(String str): concatenates the specified string to the end of this string

String first = "Java ";
String second = "Programming";
String combined = first.concat(second); // Output: "Java Programming"

System.out.println (combined) ;



Methods in String class

» Splitting strings
« String.split(String str)
» divides a string into its constituent parts based on a given delimiter

* return an array of substrings

String fruits = "apple,banana,cherry";
String[] splitFruits = fruits.split(","); // ["apple", "banana", "cherry"]
for (String fruit : splitFruits) {

System.out.println (fruit);

String fruits = "apple, banana, cherry";
String[] splitFruits = fruits.split(", "); // ["apple", "banana", "cherry"]
for (String fruit : splitFruits) {

System.out.println (fruit);



Methods in String class

» Splitting strings - advanced
« String.split(String str)
* using regular expressions (regex) as delimiters for more complex splitting scenarios

String sentence = "oneltwoZ2three3";
String[] words = sentence.split ("\\d"); // ["one", "two", "three"“]

* Wd is a regex that matches any digit

 double backslash ‘W' is used in Java string for escapting
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Methods in String class

« Comparing strings lexicographically
 String.compareTo(String str)

« compares two strings lexicographically based on the Unicode value of each character in the

strings
* return O if the strings are equal
* return a negative number if the first string is lexicographically less than the second

* return a positive number if the first string is greater

String strl = "apple";
String str2 = "banana";
String str3 = "apple";

System.out.println(strl.compareTo(str2)); // Output: negative number
System.out.println(strl.compareTo(str3)); // Output: O
System.out.println(str2.compareTo(strl)); // Output: positive number



Methods in String class

* Checking for empty strings
« String.isEmpty()
» check if a string is empty or not

* return if empty, otherwise false

String empty = "";
System.out.println (empty.isEmpty()); // true

87



Note: Null string

* Null

» a reference that does not point to any object in memory

* Null string
* no value at all

String str = null;

* not the same as empty string

« empty string (“”) is a string instance with zero length; no characters

String strNulll = new String();
String strNull2 = "";
String strNull3 = null;

System.out.println(strNulll.isEmpty()):
System.out.println(strNull2.isEmpty())
System.out.println(strNull3.isEmpty())

// Output:
// Output:
// Error!

true
true
— NullPointerException
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Note: Null string

« Common usage of null check

» before uses a string object

String str = null;

if (str == null) {
System.out.println ("The string is null.");
} else {
System.out.println ("The string is not null.");
}
String anotherStr = "Java";
if (str != null && str.equals (anotherStr)) {
System.out.println ("The strings are equal.");
} else {
System.out.println ("The strings are not equal or str is null.");
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Tips

* You can check the how to use the method in String class in Eclipse

System.out. printlnw 0
charAt(int index) : char - String A
codePointAt(int index) : int - String
codePointBefore(int index) : int - String
codePointCount(int beginindex, int endindex) : int - String
compareTo(String anotherString) : int - S ]
compareTolgnoreCase(String str) © int - Str
concat(String str) : String - String
contains(CharSequence s) : boolean - String
contentEquals(CharSequence cs) : boclean
contentEquals(StringBuffer sb) : boolean - String
endsWith(String suffix) : boolean - S ]

equals(Obiect anObiect) : boolean - String v
Press 'Ctrl+Space’ to show Template Proposals

Returns the char value at the specified index. An index ranges from 0 to
length() - 1.The first char value of the sequence is at index 0, the next
at index 1, and so on, as for array indexing.

If the char value specified by the index is a surrogate, the surrogate value
is returned.

Specified by: charAt(.) in CharSequence
Parameters:
index the index of the char value.
Returns:
the char value at the specified index of this string. The first char
value is at index 0.
Throws:
IndexOutOfBoundsException - if the index argument is neqative or

* You can find the more methods and descriptions on

https://www.w3schools.com/java/java ref string.asp

All String Methods

The String class has a set of built-in methods that you can use on strings.

Method

charAt().

codePointAt().

codePointBefore().

codePointCount()

compareTo().

concat()

contains().

contentEquals()

copyValueOf()

Description
Returns the character at the specified index (position)

Returns the Unicode of the character at the specified
index

Returns the Unicode of the character before the
specified index

Returns the number of Unicode values found in a string.
Compares two strings lexicographically

Compares two strings lexicographically, ignoring case
differences

Appends a string to the end of another string

Checks whether a string contains a sequence of
characters

Checks whether a string contains the exact same
sequence of characters of the specified CharSequence or
StringBuffer

Returns a String that represents the characters of the
character array

Return Type
char

int

int

int

int

int

String

boolean

boolean

String
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https://www.w3schools.com/java/java_ref_string.asp

Usage of methods in String class

 Remove all space in the string
String text = "What are you doing?";

String newText = text.replace(" ", ""); // Output: Whatareyoudoing?
System.out.println (newText) ;

* Count the spaces in the string

String text = "Count the spaces";
int spaces = text.length() - text.replace("™ ", "").length(); // Output: 2

* Extract file name

String filename = "document.pdf";
int dotPosition = filename.indexOf('.'); // Output: 8
filename = filename.substring (0, dotPosition):;

System.out.println("File name: " + filename); // Output: File name: document



Usage of methods in String class

» Extract file name from full path

String fullPath = "C:\\user\\user\\document\\subfolder\\textfile.txt";

int filePosition = fullPath.lastIndexOf ("'\\");

String filename = fullPath.substring(filePosition+l, fullPath.length()):
System.out.println("File name: " + filename); // Output: File name: textfile.txt

« Split into array of strings from a comma-separated values (CSV)

String csvLine = "John, Doe, 30,New York";
String[] values = csvLine.split(","):
System.out.print ("Values: ");

for (int i = 0; 1 < values.length; i++) {
System.out.print (values|[i]);
if (i < values.length - 1) {
System.out.print (", ");

}

Values: John, Doe, 30, New York




Usage of methods in String class

 Count the words

String document = "The apple is sweet. I like apple.";
String searchFor = "apple";
int count = 0;
int fromIndex = 0;
while ((fromIndex = document.indexOf (searchFor, fromIndex)) != -1 ) {
count++;
fromIndex++;
}
System.out.println ("The word '" + searchFor + "' appears " + count + " times.");

The word 'apple' appears 2 times.




Examples and practices for String class

+ AEAZYE BAGE YLD, YL BAIGE HIE Fote Z2IWS

 file path and name: Chap05Example/StringPractice01.java

* inputs and outputs

A/gollELA 2.

Enter the string: Hello, World!!
Original string: Hello, World!!
Reversed string: !!dlroW ,olleH

Enter the string: & 2% 2|0t
Original string: 2 g5 I2[0}
Reversed string: OfZ|Z 5% 2
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Examples and practices for String class

+ AMGATZRE BaQg YD, Yt Bajelel Fug Holgt Rate] H4E M T2 IS AeHEML.

 file path and name: Chap05Example/StringPractice02.java

* requirement
- fafe] Batdg wiY siME o

| L. O

* inputs and outputs

Enter the string: Hi, this is Java class.
Origin string: Hi, this is Java class.
The number of character without sapces: 19




4. Exception handling



Concept of exception handling

» Exceptions

 an event that disrupts the normal flow of a program’s instructions

Lo 2743t gre B2

* U= 37M olofst

* array?] 37|EC} & index &2 24 indexZ arrayo| M5t 3L

* etc.



Concept of exception handling

* Exception example
. 287109 H2
Scanner scanner = new Scanner (System.in);

int dividend; // L&
int divisor; // LI&%

System.out.print ("Enter the dividend: ");

dividend = scanner.nextInt ();

System.out.print ("Enter the divisor: ");

divisor = scanner.nextInt();

System.out.println(dividend + " / " + divisor + " = " + dividend/divisor);

Enter the dividend: 5
Enter the divisor: 4
5/ 4 =1

Enter the dividend: 5

Enter the divisor: 0

Exception in thread "main" Jjava.lang.ArithmeticException: / by zero
at ChapO5Example.ExceptionExampleOl .main (ExceptionExampleOl.java:18)
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Concept of exception handling

» Exception handling
« allows you to “catch” exceptions thrown by a program and take corrective actions
* rather than letting the program terminate unexpectedly

. D AlSH Z HIMISH= errorE o|]2 xa|sto] T2 2 JHES M| O 2 St

e USE ‘try-catch’ or ‘try-catch-finally’ block

try {
O|2l7 Eaiet 7tsd0| U= AdE(try 28)
}
catch (X2l ole] EF M) {
02| X2|2(catch E2)
}
finally { N
0ll2] LAY 00t AITIRI0| DA AliEl= 2EK(finally 22) %< M2t 71

} -
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Concept of exception handling

* Flow of exception handling

 flow when an error does not occur

\

+

=
e
=

AlS
=3

© Ho e

S

< catch(X{2|g 0f|2] Ef M) {

o] XM2l=2

V2

inally {

finally =S5&

—

 flow when an error occurs

<\ try{

}
< catch(X2&t 0] Ef Aot) {
> o2l xj2|2

< }
finally {

\.{: =H=0
inally &3
5

Ao of 2 7t

catch()2| Hz|t

o< EFat
UX| =

catch =25 A

\
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Exception types in Java

» Java provides the primitive exception types

ofl2f Eri(oll2l S2i2) ollel &l F< {7 |X|

ArithmeticException 7’84‘—% 02 L= mjf i java.lang
NullPointerException null YHHAES Fx & o LM java,lang
ClassCastException SIS 4~ Q= EIQIC 2 ZHX|E HEKSH mf 2t java,lang
OutOfMemoryError H22|7} =5 4 2 java,lang
ArrayIndexOutOfBoundsException | HIEC| HHRIE HHO{Lt T2 Al LM java lang
IllegalArgumentException Z2E QIXE T Al 2 java.lang
IOException U= SE AN = CIHEE A| 24 java.io
NumberFormatException —E—I}%Ol l__}E}L = RIS LRG|t Etele] java,lang

RKIZ HEt Al 2

Scanner 22iA 2| nextInt()E SEIH H4=2
InputMismatchException QU Xt SIRX|2E ARRXP} 'a' S1F 20| 2 | javautil

X2 Qladst 4L

H_ OT

I
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‘try-catch’ block

» Basic try-catch example

try {
int division = 10 / 0; // This will cause a divide-by-zero error
} catch (ArithmeticException e) {
System.out.println ("ArithmeticException caught: Cannot divide by zero.");

}

ArithmeticException caught: Cannot divide by zero.

int intArray[] = new int[5];
try {
intArray[3] = 10;
intArray([7] = 5; // Exception!

} catch (ArrayIndexOutOfBoundsException e) {
System.out.println ("HiES| HRE =150 A0 HISHFSLICEH. ) ;

T
==
Q
10

#HPS =1foty

[0

20 ZZotRASL L.
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‘try-catch’ block

» try-catch-finally example

try {
String text = null;
System.out.println (text.length());
} catch (NullPointerException e) {
System.out.println("NullPointerException caught: String is null.");
} finally {
System.out.println ("This block is executed regardless of exceptions.");

}

NullPointerException caught: String is null.
This block is executed regardless of exceptions.

103



Usage of exception handling

* Sum of three integers by user input
* retrying on non-integer input

° import java.util.InputMismatchException;

Scanner scanner = new Scanner (System.in);
System.out.println ("Enter the three integers");

int sum = 0, n = 0;
for (int 1 = 0; 1 < 3; i++) {
System.out.print (i+ ">> ");
try {
n = scanner.nextInt(); // only integer;
} catch (InputMismatchException e) {

System.out.println ("Not integer type. Please enter again");

scanner.next (); // Y99 AEZ0Y QUe A7t OfH tokens HE
i-=;
continue;

}

sum += n;

}

System.out.println("Sum = " + sum);
scanner.close () ;

Enter the three integers

0>>
1>>
2>>
Sum

= 10

Enter

0>>
1>>
Not
1>>
2>>
Not
2>>
Not
2>>
Sum

z
R

integer type.

2
Q

integer type.

C

integer type.

I
= 13

the three integers

Please

Please

Please

enter again

enter again

enter again
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End of slide



