4848. Quick Sort
Sort the given sequence in non-decreasing order.
Input. One line contains a sequence of no more than 105 integers.
Output. Print in one line a sequence of numbers in nondecreasing order. Separate the numbers with one space.
	Sample input
	Sample output

	4 1 4 8 6 6 5
	1 4 4 5 6 6 8


SOLUTION
sort
Algorithm analysis
Read the sequence of numbers into array till the end of file and use any sorting algorithm.
Algorithm realization
Consider the sort using STL.
#include <cstdio>

#include <algorithm>

#define MAX 100001

using namespace std;

int i, n;

int m[MAX];

int main(void)

{

  n = 0;

  while(scanf("%d",&m[n]) == 1) n++;

  sort(m,m+n);

  printf("%d",m[0]);

  for(i = 1; i < n; i++)

    printf(" %d",m[i]);

  printf("\n");

  return 0;

}

Algorithm realization – swap sort
Solution gives TLE, because its complexity is O(n2).
#include <stdio.h>

#include <string.h>

#define MAX 100001

int m[MAX];

int n, i, j;

void SwapSort(int *m)

{

  int i, j, temp;

  for(i = 0; i < n; i++)

  for(j = i + 1; j < n; j++)

    if (m[i] > m[j]) temp = m[i], m[i] = m[j], m[j] = temp;

}

int main(void)

{

  n = 0;

  while(scanf("%d",&m[n]) == 1) n++;

  SwapSort(m);

  printf("%d",m[0]);

  for(i = 1; i < n; i++)

    printf(" %d",m[i]);

  printf("\n");

  return 0;

}

Algorithm realization – quick sort
Solution gives TLE, in the worst case its complexity is O(n2). The pivot is the leftmost element.
#include <stdio.h>

#define MAX 100001

int m[MAX];

int i, n;

void swap(int &i, int &j)

{

  int temp = i; i = j; j = temp;

}

int Partition(int L, int R)

{

  int x = m[L], i = L - 1, j = R + 1;

  while(1)

  {

    do j--; while (m[j] > x);

    do i++; while (m[i] < x);

    if (i < j) swap(m[i],m[j]); else return j;

  }

}

void QuickSort(int L, int R)

{

  int q;

  if (L < R)

  {

    q = Partition(L, R);

    QuickSort(L,q); QuickSort(q+1,R);

  }

}

int main(void)

{

  n = 0;

  while(scanf("%d",&m[n]) == 1) n++;

  QuickSort(0,n-1);

  printf("%d",m[0]);

  for(i = 1; i < n; i++)

    printf(" %d",m[i]);

  printf("\n");

  return 0;

}

Algorithm realization – quick sort (pivot is a median of three)

#include <stdio.h>

#define MAX 100001

int m[MAX];

int i, n;

int min(int i, int j)

{

  return (i < j) ? i : j;

}

int max(int i, int j)

{

  return (i > j) ? i : j;

}

void swap(int &i, int &j)

{

  int temp = i; i = j; j = temp;

}

int Partition(int L, int R)

{

  int x, i = L - 1, j = R + 1;

  // pivot = median of three

  int a = m[L], b = m[(L+R)/2], c = m[R];

  x = a + b + c - min(min(a,b),c) - max(max(a,b),c);

  while(1)

  {

    do j--; while (m[j] > x);

    do i++; while (m[i] < x);

    if (i < j) swap(m[i],m[j]); else return j;

  }

}

void QuickSort(int L, int R)

{

  int q;

  if (L < R)

  {

    q = Partition(L, R);

    QuickSort(L,q); QuickSort(q+1,R);

  }

}

int main(void)

{

  n = 0;

  while(scanf("%d",&m[n]) == 1) n++;

  QuickSort(0,n-1);

  printf("%d",m[0]);

  for(i = 1; i < n; i++)

    printf(" %d",m[i]);

  printf("\n");

  return 0;

}

Algorithm realization – quick sort (pivot is a median of three) – version 2

#include <stdio.h>

#include <string.h>

#define MAX 100001

int m[MAX];

int n, i, j;

int min(int i, int j)

{

  return (i < j) ? i : j;

}

int max(int i, int j)

{

  return (i > j) ? i : j;

}

void swap(int &i, int &j)

{

  int temp = i; i = j; j = temp;

}

int Partition(int L, int R)

{

  int x, i = L, j = R;

  // pivot = median of three

  int a = m[L], b = m[(L+R)/2], c = m[R];

  x = a + b + c - min(min(a,b),c) - max(max(a,b),c);

  while (i <= j)

  {

    while (m[i] < x) i++;

    while (m[j] > x) j--;

    if (i <= j)

      swap(m[i++],m[j--]);

  }

  return i;

}

void QuickSort(int L, int R)

{

  int q;

  if (L < R)

  {

    q = Partition(L, R);

    if (L < q - 1) QuickSort(L,q-1); 

    if (q < R) QuickSort(q,R);

  }

}

int main(void)

{

  n = 0;

  while(scanf("%d",&m[n]) == 1) n++;

  QuickSort(0,n-1);

  printf("%d",m[0]);

  for(i = 1; i < n; i++)

    printf(" %d",m[i]);

  printf("\n");

  return 0;

}

Algorithm realization – merge Sort
#include <stdio.h>

#include <string.h>

#define MAX 100001

int m[MAX];

int n, i, j;

void merge(int *a, int bleft, int bright, int cleft, int cright)

{

  // a[bleft..bright] and a[cleft..cright] are merged into a, 
  // bright < cleft

  int i, left = bleft, len = cright - bleft + 1;

  int *res = new int[len];

  for(i = 0; i < len; i++)

  {

    if ((bleft > bright) || (cleft > cright)) break;

    if (a[bleft] <= a[cleft]) res[i] = a[bleft++];

    else res[i] = a[cleft++];

  }

  while (bleft <= bright) res[i++] = a[bleft++];

  while (cleft <= cright) res[i++] = a[cleft++];

  memcpy(a + left,res,len*sizeof(int));

  delete[] res;

}

void mergeSort(int *a, int left, int right)

{  

  if (left >= right) return;

  int middle = (left + right) / 2;

  mergeSort(a,left,middle); 

  mergeSort(a,middle+1,right);

  merge(a, left, middle, middle + 1, right);

}

int main(void)

{

  n = 0;

  while(scanf("%d",&m[n]) == 1) n++;

  mergeSort(m, 0, n - 1);

  printf("%d",m[0]);

  for(i = 1; i < n; i++)

    printf(" %d",m[i]);

  printf("\n");

  return 0;

}

Algorithm realization – merge Sort (optimized)
#include <stdio.h>

#include <string.h>

#define MAX 100001

int m[MAX];

int n, i, j;

void merge(int *a, int bleft, int bright, int cleft, int cright)

{

  // a[bleft..bright] -> res[]

  // res[0..len-1] a[cleft..cright] are merged into a[bleft..cright]

  // we copy only half of array

  int i, len = bright - bleft + 1, resCur = 0;

  int *res = new int[len];

  memcpy(res,a + bleft,len*sizeof(int));

  while((resCur < len) && (cleft <= cright))

  {

    if (res[resCur] <= a[cleft]) a[bleft++] = res[resCur++];

    else a[bleft++] = a[cleft++];

  }

  while (resCur < len) a[bleft++] = res[resCur++];

  delete[] res;

}

void mergeSort(int *a, int left, int right)

{  

  if (left >= right) return;

  int middle = (left + right) / 2;

  mergeSort(a,left,middle); 

  mergeSort(a,middle+1,right);

  merge(a, left, middle, middle + 1, right);

}

int main(void)

{

  n = 0;

  while(scanf("%d",&m[n]) == 1) n++;

  mergeSort(m, 0, n - 1);

  printf("%d",m[0]);

  for(i = 1; i < n; i++)

    printf(" %d",m[i]);

  printf("\n");

  return 0;

}

Java realization – ArrayList Sort

import java.util.*;
public class Main
{
  public static void main(String[] args)
  {
    Scanner con = new Scanner(System.in);
    ArrayList<Integer> a = new ArrayList<Integer>();
    while(con.hasNext())
    {
      int val = con.nextInt();
      a.add(val);
    }
    Collections.sort(a);
    for(int i = 0; i < a.size(); i++)
      System.out.print(a.get(i) + " ");
    System.out.println();
    con.close();
  }
}
Java realization – comparator
import java.util.*;
class f implements Comparator<Integer>
{
  // a < b means a - b < 0
  public int compare(Integer a, Integer b)
  {
    return a - b;
  }
}
public class Main
{
  public static void main(String[] args)
  {
    Scanner con = new Scanner(System.in);
    ArrayList<Integer> a = new ArrayList<Integer>();
    while(con.hasNext())
    {
      int val = con.nextInt();
      a.add(val);
    }
    Collections.sort(a, new f());
    for(int i = 0; i < a.size(); i++)
      System.out.print(a.get(i) + " ");
    System.out.println();
    con.close();
  }
}
Python realization
lst = list(map(int,input().split()))

lst.sort()

print(*lst)

