Java Arrays
http://tutorials.jenkov.com/java/arrays.html
https://www.tutorialspoint.com/java/java_arrays.htm
An array is a container object that holds a fixed number of values of a single type. The length of an array is established when the array is created. After creation, its length is fixed. 
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Each item in an array is called an element, and each element is accessed by its numerical index. Numbering in array begins with 0. The 9th element, for example, would therefore be accessed at index 8.

Declaring a Variable to Refer to an Array

Let’s declare an array of integers:

int m[];
Like declarations for variables of other types, an array declaration has two components: the array's type and the array's name. The brackets are special symbols indicating that this variable holds an array. The size of the array is not part of its type (which is why the brackets are empty). An array's name can be anything you want. 

As with variables of other types, the declaration does not actually create an array; it simply tells the compiler that the variable m will hold an array of the specified type int.

Creating, Initializing, and Accessing an Array

One way to create an array is with the new operator. The next statement allocates an array with enough memory for 10 integer elements and assigns the array to the m variable.

m = new int[10];
· It creates an array using new int[10].

· It assigns the reference of the newly created array to the variable m.

The elements in the array allocated by new will automatically be initialized to zero (for numeric types), false (for boolean), or null (for reference types)

Declaring an array variable, creating an array, and assigning the reference of the array to the variable can be combined in one statement, as shown below:
int m[] = new int[10];
Example. Consider a program to assign values to each element of the array and then to print them.
import java.util.*;
public class Main
{
  public static void main(String[] args)
  {
    int m[] = new int[3];
    m[0] = 11; m[1] = 22; m[2] = 33;
    System.out.println(m[0] + " " + m[1] + " " + m[2]);
  }
}
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Example. Alternatively, you can use the shortcut syntax to create and initialize an array. Here the length of the array is determined by the number of values provided between braces and separated by commas.
import java.util.*;
public class Main
{
  public static void main(String[] args)
  {
    int m[] = {11, 22, 33};
    System.out.println(m[0] + " " + m[1] + " " + m[2]);
  }
}
Example. A java array is allocated with a fixed number of element slots. The "length" attribute will tell you how many. That number is immutable for the life of the array. 
The array elements are accessed through the index. Array indices are 0-based; that is, they start from 0 to m.length – 1. Next program prints the elements of double array.
import java.util.*;
public class Main
{
  public static void main(String[] args)
  {
    double m[] = {1.45, 2.2, 3.653, 0.34, -9.07};
    for(int i = 0; i < m.length; i++)
      System.out.print(m[i] + " ");
    System.out.println();
  }
}
What happens if we try to access element outside the array size? Compiler throws ArrayIndexOutOfBoundsException to indicate that array has been accessed with an illegal index. The index is either negative or greater than or equal to size of array.

E-OLYMP 7829. Sum of elements Find the sum of all numbers in the double array.
import java.util.*;
public class Main
{
  public static void main(String[] args)
  {
    Scanner con = new Scanner(System.in);
    int n = con.nextInt();
    double m[] = new double[n];
    // Read data
    for(int i = 0; i < m.length; i++)
      m[i] = con.nextDouble();
    // Find the sum of numbers in array
    double sum = 0;
    for(int i = 0; i < m.length; i++)
      sum = sum + m[i];
    // Print the sum
    System.out.printf("%.1f",sum);    
    con.close();
  }
}
E-OLYMP 5328. Find minimum Find minimum in the integer array.
import java.util.*;
public class Main
{
  public static void main(String[] args)
  {
    Scanner con = new Scanner(System.in);
    int n = con.nextInt();
    int m[] = new int[n];
    // Read data
    for(int i = 0; i < m.length; i++)
      m[i] = con.nextInt();
    // Find minimum in array
    int min = Integer.MAX_VALUE;
    for(int i = 0; i < m.length; i++)
      if (m[i] < min) min = m[i];
    // Print the minimum
    System.out.println(min);
    con.close();
  }
}
E-OLYMP 5713. Windy weather Find minimum and maximum in the integer array. Print the difference between them.
E-OLYMP 7831. Sum without maximum Find the sum of array elements without maximum.
E-OLYMP 7832. Number of maximums Find the number of maximum elements in array.
E-OLYMP 7849. Change max and min Change all array’s maximum elements to minimum, and all array’s minimum elements to maximum.
E-OLYMP 2098. Invertor Reverse an array.
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import java.util.*;
public class Main
{
  public static void main(String[] args) 
  {
    Scanner con = new Scanner(System.in);
    int n = con.nextInt();
    int m[] = new int[n];
    // Read data
    for(int i = 0; i < n; i++)
      m[i] = con.nextInt();
    // Reverse an array
    int i = 0, j = n - 1;
    while(i < j)
    {
      int temp = m[i]; m[i] = m[j]; m[j] = temp;
      i++; j--;
    }
    // Print the reversed array
    for(i = 0; i < n; i++)
      System.out.print(m[i] + " ");
    System.out.println();
    con.close();
  }
}
E-OLYMP 1460. Double reverse Reverse subarray of array two times.
Passing Arrays to Methods. Like variables, we can also pass arrays to methods. For example, below program pass array to method sum for calculating sum of array’s values.

import java.util.*;
public class Main
{
  static double sum(double m[])
  {
    double sum = 0;
    for(int i = 0; i < m.length; i++)
      sum = sum + m[i];
    return sum;
  
  }
  public static void main(String[] args)
  {
    Scanner con = new Scanner(System.in);
    int n = con.nextInt();
    double m[] = new double[n];
    // Read data
    for(int i = 0; i < m.length; i++)
      m[i] = con.nextDouble();
    // Print the sum
    System.out.printf("%.1f",sum(m));    
    con.close();
  }
}
Returning an Array from a Method. A method may also return an array. For example, the following method returns an array that is the reversal of another array.

import java.util.*;
public class Main
{
  public static int[] reverse(int[] m)
  {
    int[] res = new int[m.length];
    int i = 0, j = m.length - 1;
    while(i < m.length)
    {
    
res[i] = m[j];
    
i++; j--;
    }
    return res;
  }
  public static void main(String[] args) 
  {
    Scanner con = new Scanner(System.in);
    int n = con.nextInt();
    int m[] = new int[n];
    // Read data
    for(int i = 0; i < n; i++)
      m[i] = con.nextInt();
    // Reverse an array
    m = reverse(m);
    // Print the reversed array
    for(int i = 0; i < n; i++)
      System.out.print(m[i] + " ");
    System.out.println();
    con.close();
  }
}
*** QUIZ ***
What is the output of following Java program?

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

   int arr1[] = {1, 2, 3}; 
    int arr2[] = {1, 2, 3}; 
    if (arr1 == arr2)  
      System.out.println("Same"); 
    else
      System.out.println("Not same"); 
  }
}
In the above program, arr1 and arr2 are two references to two different objects. So when we compare arr1 and arr2, two reference variables are compared, therefore we get the output as “Not Same”.
Remember! Reference is the address of the memory location where the object is stored.
How to compare array contents? A simple way is to run a loop and compare elements one by one. Java provides a direct method Arrays.equals() to compare two arrays.

import java.util.*;
public class Main
{
  public static void main(String[] args)
  {
    int arr1[] = {1, 2, 3}; 
    int arr2[] = {1, 2, 3}; 
    if (Arrays.equals(arr1, arr2)) 
      System.out.println("Same"); 
    else
      System.out.println("Not same");   
  }
}
Multidimensional Arrays

You create a multidimensional array in Java by appending one set of square brackets [] per dimension you want to add. Here is an example that creates a two-dimensional array:
int m[][] = new int [3][5];

This example creates a two-dimensional array of int elements. The array contains 3 elements in the first dimension, and 5 elements in the second dimension. In other words, this examples creates an array of arrays of int elements. The array of arrays has space for 3 int arrays, and each int array has space for 5 int elements.

You access the elements in a multidimensional array with one index per dimension. In the example above you would have to use two indexes. Here is an example:
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import java.util.*;
public class Main
{
  public static void main(String[] args)
  {
    int m[][] = new int[3][5];
    m[1][4] = 123;
    System.out.println(m[1][4]);    
  }
}
Java doesn't support multi-dimensional array in true sense. In a true two dimensional array all the elements of array occupy a contiguous block of memory, but that's not true in Java. Instead a multi-dimensional array is an array of array. For example two dimensional array in Java is simply an array of one dimensional array like int[][] is an array of array of int[] or "array of array of ints".  This diagram shows how exactly two dimensional arrays are stored in Java:
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Because of above reason, second dimension in array is optional in Java. You can create a two dimensional array without specifying both dimension e.g. int[4][] is valid array declaration. It also allows you  create multi-dimensional array whose rows can vary in length.

import java.util.*;
public class Main
{
  public static void main(String[] args)
  {
    int m[][] = new int[3][];
    m[0] = new int[5];
    for(int i = 0; i < 5; i++) m[0][i] = i*i;
    m[1] = new int[10];
    for(int i = 0; i < 10; i++) m[1][i] = i*i*i;
    m[2] = new int[7];
    for(int i = 0; i < 7; i++) m[2][i] = 2*i;
    System.out.println(m[0].length + " " + m[1].length + " " +
                       m[2].length);
    for(int i = 0; i < 3; i++)
    {
      for(int j = 0; j < m[i].length; j++)
        System.out.print(m[i][j] + " ");
      System.out.println();
    }
  }
}
Iterating Multidimensional Arrays

When you iterate a multidimensional array in Java you need to iterate each dimension of the array separately. 
E-OLYMP 8545. Multiplication table Print the multiplication table n × n.

import java.util.*;
public class Main
{
  public static void main(String[] args)
  {
    Scanner con = new Scanner(System.in);
    int n = con.nextInt();
    int m[][] = new int[n+1][n+1];
    for(int i = 1; i <= n; i++)
    for(int j = 1; j <= n; j++)
      m[i][j] = i * j;
    for(int i = 1; i <= n; i++)
    {
      for(int j = 1; j <= n; j++)
        System.out.printf("%2d ", m[i][j]);
      System.out.println();
    }
  }
}
The bounds of array dimensions can be calculated automatically. Consider the next solution.
import java.util.*;
public class Main
{
  public static void main(String[] args)
  {
    Scanner con = new Scanner(System.in);
    int n = con.nextInt();
    int m[][] = new int[n+1][n+1];
    for(int i = 1; i < m.length; i++)
    for(int j = 1; j < m[i].length; j++)
      m[i][j] = i * j;
    for(int i = 1; i < m.length; i++)
    {
      for(int j = 1; j < m[i].length; j++)
        System.out.printf("%2d ", m[i][j]);
      System.out.println();
    }
  }
}
Example. Find the sum of elements on the main diagonal of matrix.

import java.util.*;
public class Main
{
  public static void main(String[] args)
  {
    int m[][] = {{1,2,3,4,5},
                {1,2,3,4,5},
                {1,2,3,4,5},
                {1,2,3,4,5},
                {1,2,3,4,5}};
    int sum = 0;
    for(int i = 0; i < m.length; i++)
      sum += m[i][i];
    System.out.println(sum);
  }
}
Example. Find the sum of elements below the secondary diagonal.
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Numbers on the secondary diagonal have the form m[i][4 – i], 0 ≤ i ≤ 4. Element m[i][j] is below secondary diagonal if 4 – i < j. 
import java.util.*;
public class Main
{
  public static void main(String[] args)
  {
    int m[][] = {{1,2,3,4,5},
    
          {1,2,3,4,5},
    
          {1,2,3,4,5},
    
          {1,2,3,4,5},
    
          {1,2,3,4,5}};
    int sum = 0;
    for(int i = 0; i < m.length; i++)
    for(int j = 0; j < m[i].length; j++)
      if (4 - i < j) sum += m[i][j];
    System.out.println(sum);
  }
}
The Arrays Class

Java contains a special utility class that makes it easier for you to perform many often used array operations like copying and sorting arrays, filling in data, searching in arrays etc. The utility class is called Arrays and is located in the standard Java package java.util. Thus, the fully qualified name of the class is:

java.util.Arrays

Sorting Arrays

You can sort the elements of an array using the Arrays.sort() method. Sorting the elements of an array rearranges the order of the elements according to their sort order. Here is an example:
import java.util.*;
public class Main
{
  public static void main(String[] args)
  {
    int m[] = {6,7,3,4,1,2,7,6,5,3,2};
    Arrays.sort(m);
    for(int i = 0; i < m.length; i++)
      System.out.print(m[i] + " ");
    System.out.println();
  }
}
Filling Arrays

The Arrays class has set of methods called fill(). These Arrays.fill() methods can fill an array with a given value. This is easier than iterating through the array and inserting the value yourself. Here is an example fill an int array:
import java.util.*;
public class Main
{
  public static void main(String[] args)
  {
    int m[] = new int[10];
    Arrays.fill(m, 123);
    for(int i = 0; i < m.length; i++)
      System.out.print(m[i] + " ");
    System.out.println();
  }
}
Array of Objects
Arrays are capable of storing objects. For example, we will use a class Student containing a single instance variable marks. An array of objects is created just like an array of primitive type data items.
class Student {
  int marks;
}
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public class Main
{
  public static void main(String[] args)
  {

  Student arr[] = new Student[5];

  for(int i = 0; i < arr.length; i++)
     System.out.print(arr[i] + " ");
  }
}
The above statement creates the array which can hold references to five Student objects. It doesn't create the Student objects themselves. They have to be created separately using the constructor of the Student class. The arr contains five memory spaces in which the address of five Student objects may be stored. If we try to access the Student objects even before creating them, run time errors would occur. For instance, the following statement throws a NullPointerException during runtime which indicates that arr[0] isn't yet pointing to a Student object.
arr[0].marks = 5;
The Student objects have to be instantiated using the constructor of the Student class and their references should be assigned to the array elements.

class Student {
  int marks;
  Student()
  {
    marks = 100;
  }
}
public class Main
{
  public static void main(String[] args)
  {
    Student arr[] = new Student[5];

   for(int i = 0; i < arr.length; i++)
      arr[i] = new Student();

   for(int i = 0; i < arr.length; i++)
      System.out.print(arr[i].marks + " ");
  }
}
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