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/ *

Author: Don Spickler

Creation Date: 1/15/2023

Last Update: 1/25/2024
Description: Set of standard sorting routines.

Notes: Algorithms and code were taken from either

Data Structures and Algorithms in C++ by Adam Drozdek or

Introduction to Algorithms Fourth Edition by Cormen, Leiserson, Rivest, and

Stein

*/

#ifndef SORTS_H_
#define SORTS_H_

#include <algorithm>

#include <deque>

#include <iostream>

#include <vector

>

using namespace std;

template <class

template <class
template <class
template <class
template <class
)i
template <class
template <class
template <class
template <class
template <class
template <class
template <class
template <class

T>

>
>
>
>

>
>
>
>
>
>
>
>

bool

void
void
void
void

void
void
void
void
void
void
void
void

sorted (T A[], int size);

bubble (T A[], int size);

insertion(T A[], int size);

selection(T A[], int size);

merge (T A[], T Temp[], int startA, int startB, int end
mergeSort (T A[], T Temp[], int start, int end);
mergeSort (T A[], int size);

quickSort (T A

]
1
1, int left, int right);
] int size);

a

[
[
[
quickSort (T A[],
combsort (T data[], const int n);
Shellsort (T datal], int n);
moveDown (T data[], int first, int last);
heapsort (T datal[], const int n);

// T needs to be an integer type for radix and count.

template <class
template <class
// T needs to be
template <class

/ *

>
>

a
>

void
void

radixsort (T data[], const int n, const int radix);
countsort (T %A, long sz);

float type for bucket.

void

BucketSort (T A, long sz, long buckets);

Description: Determines if the array is sorted.

Parameters: Array A and size of the array.
Return: Boolean of the array being sorted or not.

*/

template <class T> bool sorted(T A[], int size) {
for (int i = 0;

i < size - 1; 1i++)
if (A[i] > A[i + 11)
return false;
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52 return true;

53 }

54

55 /*

s6 Description: Sorts the array using the standard bubble sort.
57 Parameters: Array A and size of the array.

s8 Return: None

59 */

s0o template <class T> void bubble(T A[], int size) {
61 for (int i = 0; 1 < size - 1; i++) {

62 for (int 7 = 0; j < size - 1 - 1; Jj++) {
P if (A[3] > AL + 11) {

64 T temp = A[]j];

o5 A[3] = A[] + 11;

66 A[j + 1] = temp;

67 }

68 }

69 }

70}

71

72 /*

73 Description: Sorts the array using the standard insertion sort.
74 Parameters: Array A and size of the array.
7s Return: None

76 */

77 template <class T> void insertion(T A[], int size) {
78 for (int i = 0; 1 < size; i++) {

79 int j = 0;

80 T val = A[i];

81 for (j =1; 3 > 0 && A[]j] - 11 > val; Jj—-)
52 A[3] = A[F - 1];

83

84 A[3] = val;

85 }

86 }

87

88 /*

8o Description: Sorts the array using the standard selection sort.
90 Parameters: Array A and size of the array.

91 Return: None

92 */

93 template <class T> void selection(T A[], int size) {

94 int minindex;

95

96 for (int i = 0; 1 < size; i++) {
97 minindex = 1i;

98 for (int j = i; j < size; Jj++)
99 if (A[j] < A[minindex])

100 minindex = 7j;

101
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104
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121

144

145

146

147

148

149

150

151

152

T val = A[i];
A[i] = A[minindex];
A[minindex] = val;

L1777 7777777777777 77777777777 777777777777777777777777777
// Merge Sort
L1777 7707 777777777777 70777777777777777777777777777777777777

/ *
Description: Merging routine to merge two sorted subarrays into a sorted
array.
Parameters: Array A, temp array, starting positions for sections and
the end position of the second section.
Return: None
*/
template <class T>
void merge(T A[], T Temp[], int startA, int startB, int end) {
int aptr = starta;
int bptr startB;
int i = starth;

while (aptr < startB && bptr <= end)
if (Alaptr] < Albptr])

Temp[i++] = Alaptr++];
else
Temp [i++] = Albptr++];

while (aptr < startB)
Temp[i++] = Alaptr++];

while (bptr <= end)
Temp [i++] = Albptr++];

for (i = startA; i <= end; i++)
Afi] Temp[i];

/ *
Description: Recursive subdividing portion of the merge sort algorithm.
Parameters: Array A, temp array, starting and ending positions of the
portion being subdivided.
Return: None
*/
template <class T> void mergeSort (T A[], T Temp[], int start, int end) {
if (start < end) {
int mid = (start + end) / 2;
mergeSort (A, Temp, start, mid);
mergeSort (A, Temp, mid + 1, end);
merge (A, Temp, start, mid + 1, end);
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}

/ *
Description: Non-recursive starting function for the merge sort.
Parameters: Array A and size of the array.
Return: None
*/
template <class T> void mergeSort (T A[], int size) {
T xTemp = new T[size];
mergeSort (A, Temp, 0, size - 1);
delete[] Temp;

L1777 7777 777777777777 77777777777777777777777777777777777777
// Quick Sort
L1777 77 7777777777777 77777777777/7777/777777777777777777777777

/ *
Description: Recursive subdividing portion of the quick sort algorithm.
Parameters: Array A, starting and ending positions of the portion being
subdivided.
Return: None
*/
template <class T> void quickSort (T A[], int left, int right) {
int 1 = left;
int j = right;
int mid = (left + right) / 2;

T pivot = A[mid];
while (i <= 7J) {
while (A[i] < pivot)

i++;

while (A[j] > pivot)

A[j] = tmp;

if (left < 3j)
quickSort (A, left, 7J);

if (i < right)



quickSort (A, i, right);
}

/ *

Description: Non-recursive starting function for the quick sort.

Parameters: Array A and size of the array.

Return: None

*/

template <class T> void quickSort (T A[], int size) {
quickSort (A, 0, size - 1);

}

1177777777777 77777777777/777/77777777777/777777777777777777777
// Comb Sort
L1777 77777777 777777777777 7777777777/777/777777777777777777777

/ *
Description: Sorts the array using the standard comb sort.
Parameters: Array A and size of the array.
Return: None
*/
template <class T> void combsort (T data[], const int n) {
int step = n, Jj, k;
// phase 1
while ((step = int(step / 1.3)) > 1)
for (j = n - 1; j >= step; j-——) {
k = j - step;
if (datalj] < datalk])
swap (data[j], datalk]);
}

// phase 2
bool again = true;
for (int 1 = 0; 1 < n - 1 && again; i++)
for (j = n - 1, again = false; j > i; —--73)

if (datal[j] < datalj - 11) {
swap (datal[j], datalj - 11);
again = true;
}
}

L1777 77777777 777777777777777777777777777777777777/7777777777
// Shell Sort
L1177 77777777777 77777777777/77777777777777777777777777777777

/ *

Description: Sorts the array using the standard Shell sort.
Parameters: Array A and size of the array.

Return: None

*/

template <class T> void Shellsort (T data[], int n) {
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int i, Jj, hCnt, h;

int increments([20], k;

// create an appropriate number of increments
for (h = 1, i = 0; h < n; i++) {
increments[i] = h;
h=3xh+ 1;
}
// loop on the number of different increments
for (i-—; 1 >= 0; i--) {
h = increments[i];

// loop on the number of subarrays h-sorted
for (hCnt = h; hCnt < 2 % h; hCnt++) {
// insertion sort for subarray containing

for (j = hCnt; j < nj;) { // array data

T tmp = dataljl;

k = 73;

while (k — h >= 0 && tmp < datalk - hl])
datalk] = datalk - hl;
k —= h;

}

datal[k] = tmp;

j += h;

in ith pass

every hth element of

{

N s

array segment.
X to restore.

int last) {

first,

dren (at 2+xfirst+1l and
*first+2)

ecessary,
child and parent,

and move down;

the heap property
data[first];

// Heap Sort
L1777 77 777777777777 77 7777777777777 7/777777777777777777777777
/ *
Description: Restores the heap property on the
Parameters: Array A and the first and last inde
Return: None
*/
template <class T> void moveDown (T data[], int
int largest = 2 x first + 1;
while (largest <= last) {
if (largest < last && // first has two chil
data[largest] < datal[largest + 1]1) // 2
largest++; // 1
if (datal[first] < datal[largest]) { // if n
swap (data[first], datal[largest]); // swap
first = largest; //
largest = 2 x first + 1;
} else
largest = last + 1; // to exit the loop:
} // isn’t violated by

and the second
s larger than the first;
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/ *
Description:
Parameters:
Return: None
*/
template <cl
int i;
for (i = n
moveDown
for (i = n
swap (dat
moveDown

}

/117717777777
// Radix So
/17777777777

/ *
Description:
Parameters:
Return: None
Notes: This
*/
template <cl
T d/ jl k/
T max = da
for (int i
if (max
max =

deque<T> g

for (d = 0
for (j =
queues
for (j =
while
data
queu
}
}
}
/11777777777
// Count So
[17777777777
/ *
Description:

Sorts the array using the standard heap sort.
Array A and size of the array.

ass T> void heapsort (T data[], const int n) {
/ 2 - 1; 1 >= 0; —--1) // create the heap;

(data, i, n - 1);
- 1;, i>=1; ——i) {

al[0], datalil); // move the largest item to datali];

(data, 0, 1 - 1); // restore the heap property;

LI 7777777 7777777777777777777777777777

rt: implementation for integer data.

LI 7777707777770 7777777777777

Sorts the array using the standard radix sort.
Array A, size of the array, and radix to use.

is for integer data only.

ass T> void radixsort (T data[], const int n, const int radix)

factor;
talOl;

= 0; 1 < n; i++)
< datali])
datal[i];

ueues [radix];

, factor = 1; max / factor > 0; factor *= radix,
0; J < n; j++)

[(data[]j] / factor) % radix].push_back (dataljl);
k = 0; Jj < radix; j++)

(!'queues[J] .empty ()) |

[k++] = queues[]j].front();

es[j].pop_front();

N NNV,

rt: implementation for positive integer data.

L1700 777777 7777777777777777777777777777

Sorts the array using the standard count sort.

d++)

{

{
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Parameters: Array A and the size of the array.
Return: None
Notes: This is for positive integer data only.

*/
template <class T> void countsort (T %A, long sz) {
T maxval = A[O0];
for (int 1 = 0; 1 < sz; 1i++)
maxval = max (maxval, A[i]);
int *counts = new int[maxval + 1] ();

int xtemp = new int[sz];

for (int 1 = 0; 1 < sz; i++)
counts[A[i]]++;

for (int i = 1; i1 < maxval + 1; i++)
counts[i] += counts[i - 17;

for (int i = 0; 1 < sz; i++)
temp[--counts[A[i]]] = A[i];

copy (temp, temp + sz, A);
delete[] temp;
delete[] counts;

L1170 7077770777077 7777777777777 7777777777777 7777777777777
// Bucket Sort: implementation for floating point data in [0, 1).
L1717 7777777777 77777777777 777777777777777777777777

/ *
Description: Sorts the array using the standard bucket sort.
Parameters: Array A and the size of the array.
Return: None
Notes: This is for floating point data only in the range [0, 1).
*/
template <class T> void BucketSort (T A, long sz) {
// deque<T> *Buckets = new deque<T> [sz];
vector<T> *Buckets = new vector<T>[sz];

for (long i = 0; 1 < sz; i++)

Buckets[static_cast<long>(sz * A[i])].push_back(A[i]);
// for (long 1 = 0; i < sz; i++)
// sort (Buckets[1i] .begin (), Buckets[i].end());

for (long i = 0; 1 < sz; 1i++)
insertion (Buckets[i].data (), Buckets[i].size());

int pos = 0;
for (long i = 0; i < sz; 1i++)
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for (unsigned long j =
A[pos++] = Buckets([i]

delete[] Buckets;

#endif /x SORTS_H_ «/

0:
[

4
J

J
1

< Buckets[i]

.size();

J++)



