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using System;
using System.Drawing;
using System.Text;
using System.Windows.Forms;

namespace SortingComparisons
{
    public partial class Form1 : Form
    {
        DateTime dateTime = new DateTime();
        Random random;
        Timer timer;

        const int trials = 256;

        int initial, limdex, limits, median, partop;
        int botind, number, pivot, topind, temp2;
        int[] bottoms, tops;

        void GenerateList(int[] A, int n)
        {
            dateTime = DateTime.Now;
            random = new Random((int)dateTime.Ticks);
            timer = new Timer();

            for (int i = 0; i < n; i++)
                A[i] = random.Next(1, 10 * n);
        }

        int LeftNode(int i)
        {
            return 2 * i;
        }

        int RightNode(int i)
        {
            return 2 * i + 1;
        }

        int ParentNode(int i)
        {
            return i / 2;
        }

        void Heapify(int[] A, int i, int n)
        {
            int l = LeftNode(i);
            int r = RightNode(i);
            int largest;

            if (l < n && A[l] > A[i])
                largest = l;
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            else
                largest = i;

            if (r < n && A[r] > A[largest])
                largest = r;

            if (largest != i)
            {
                int x = A[i];

                A[i] = A[largest];
                A[largest] = x;

                Heapify(A, largest, n);
            }
        }

        void BuildHeap(int[] A, int n)
        {
            for (int i = n / 2; i >= 0; i--)
                Heapify(A, i, n);
        }

        void HeapSort(int[] A, int n)
        {
            BuildHeap(A, n);

            for (int i = n - 1; i >= 1; i--)
            {
                int x = A[0];

                A[0] = A[i];
                A[i] = x;

                n = n - 1;

                Heapify(A, 0, n);
            }
        }

        int Partition(int[] A, int p, int r)
        {
            int x = A[p];
            int i = p - 1;
            int j = r + 1;

            while (true)
            {

                do
                {
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                    j--;
                } while (A[j] > x);

                do
                {
                    i++;
                } while (A[i] < x);

                if (i < j)
                {
                    int z = A[i];

                    A[i] = A[j];
                    A[j] = z;
                }

                else
                    return j;
            }
        }

        void QuickSort(int[] A, int p, int r)
        {
            int q;

            if (p < r)
            {
                q = Partition(A, p, r);
                QuickSort(A, p, q);
                QuickSort(A, q + 1, r);
            }
        }

        void SingletonsSortGotos(int[] tosort, int n)
        {
            initial = 0;
            limdex = 0;
            limits = 100;
            partop = 0;
            botind = 0;
            number = n - 1;
            pivot = 0;
            topind = 0;

            bottoms = new int[limits];
            tops = new int[limits];

            for (int i = 0; i < limits; i++)
                bottoms[i] = tops[i] = 0;

            number = n - 1;
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            goto SinkTest;

        Split:

            median = (partop + number) / 2;
            pivot = tosort[median];
            topind = partop;
            botind = number;

            if (tosort[partop] > pivot)
            {
                tosort[median] = tosort[partop];
                tosort[partop] = pivot;
                pivot = tosort[median];
            }

            if (tosort[number] < pivot)
            {
                tosort[median] = tosort[number];
                tosort[number] = pivot;
                pivot = tosort[median];

                if (tosort[partop] > pivot)
                {
                    tosort[median] = tosort[partop];
                    tosort[partop] = pivot;
                    pivot = tosort[median];
                }
            }

        FindSmall: botind--;
            if (tosort[botind] > pivot)
                goto FindSmall;

            temp2 = tosort[botind];

        FindLarge: topind++;
            if (tosort[topind] < pivot)
                goto FindLarge;

            if (topind <= botind)
            {
                tosort[botind] = tosort[topind];
                tosort[topind] = temp2;
                goto FindSmall;
            }

            if (botind - partop < number - topind)
            {
                tops[limdex] = partop;
                bottoms[limdex] = botind;
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                partop = topind;
            }

            else
            {
                tops[limdex] = topind;
                bottoms[limdex] = number;
                number = botind;
            }

            limdex++;

        SinkTest:

            if (number - partop > 10)
                goto Split;

            if (initial == partop)
            {
                if (partop < number)
                    goto Split;
            }

            for (int i = partop + 1; i <= number; i++)
            {
                pivot = tosort[i];
                topind = i - 1;

                if (tosort[topind] > pivot)
                {
                    while (true)
                    {
                        tosort[topind + 1] = tosort[topind];
                        topind--;

                        if (tosort[topind] <= pivot)
                            break;
                    }

                    tosort[topind + 1] = pivot;
                }
            }

            limdex--;

            if (limdex >= 0)
            {
                partop = tops[limdex];
                number = bottoms[limdex];
                goto SinkTest;
            }
        }
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        public Form1()
        {
            InitializeComponent();

            comboBox1.Items.Add("Heap Sort");
            comboBox1.Items.Add("Quick Sort");
            comboBox1.Items.Add("Singleton's Sort");
            comboBox1.Items.Add("All");

            comboBox2.Items.Add("8");
            comboBox2.Items.Add("16");
            comboBox2.Items.Add("32");
            comboBox2.Items.Add("64");

            comboBox3.Items.Add("1000");
            comboBox3.Items.Add("10000");
            comboBox3.Items.Add("100000");
            comboBox3.Items.Add("1000000");

            comboBox1.SelectedIndex = 0;
            comboBox2.SelectedIndex = 0;
            comboBox3.SelectedIndex = 0;

            textBox1.Font = new Font("Courier New", 8.0f, FontStyle.Bold);
        }

        String Format(double number)
        {
            String s = number.ToString("000.000");
            StringBuilder sb = new StringBuilder();

            for (int i = 0; i < s.Length; i++)
            {
                if (s[i] == '0' && i < 2)
                    sb.Append(' ');

                else
                    sb.Append(s[i]);
            }

            return sb.ToString();
        }

        private void button1_Click(object sender, EventArgs e)
        {
            if (radioButton1.Checked)
            {
                textBox1.Text = "";

                string algorithm = (string)comboBox1.SelectedItem;
                int index = comboBox2.SelectedIndex;
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                int number = (int)Math.Pow(2, index + 3);
                int[] A0 = new int[number];
                int[] A1 = new int[number];
                int[] A2 = new int[number];
                int[] A3 = new int[number];

                GenerateList(A0, number);

                for (int i = 0; i < number; i++)
                    A1[i] = A2[i] = A3[i] = A0[i];

                if (algorithm == "Heap Sort" ||
                    algorithm == "All")
                {
                    HeapSort(A1, number);
                }

                if (algorithm == "Quick Sort" ||
                    algorithm == "All")
                {
                    QuickSort(A2, 0, number - 1);
                }

                if (algorithm == "Singleton's Sort" ||
                    algorithm == "All")
                {
                    SingletonsSortGotos(A3, number);
                }

                for (int i = 0; i < number; i++)
                {
                    textBox1.Text += (i + 1) + "\t";
                    textBox1.Text += A0[i] + "\t";

                    if (algorithm == "Heap Sort" ||
                      algorithm == "All")
                    {
                        textBox1.Text += A1[i] + "\t";
                    }

                    if (algorithm == "Quick Sort" ||
                      algorithm == "All")
                    {
                        textBox1.Text += A2[i] + "\t";
                    }

                    if (algorithm == "Singleton's Sort" ||
                      algorithm == "All")
                    {
                        textBox1.Text += A3[i] + "\t";
                    }
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                    textBox1.Text += "\r\n";
                }
            }

            else if (radioButton2.Checked)
            {
                textBox1.Text = "";

                string algorithm = (string)comboBox1.SelectedItem;
                int index = comboBox3.SelectedIndex;
                int number = (int)Math.Pow(10, index + 3);
                int[] A0 = new int[number];
                int[] A1 = new int[number];
                int[] A2 = new int[number];
                int[] A3 = new int[number];

                double[] heapSortTime = new double[trials];
                double[] quickSortTime = new double[trials];
                double[] singletonsSortTime = new double[trials];

                for (int k = 0; k < trials; k++)
                {
                    GenerateList(A0, number);

                    for (int i = 0; i < number; i++)
                    {
                        A1[i] = A0[i];
                        A2[i] = A0[i];
                        A3[i] = A0[i];
                    }

                    DateTime start, finish;
                    TimeSpan timeSpan;

                    if (algorithm == "Heap Sort" ||
                        algorithm == "All")
                    {
                        start = DateTime.Now;

                        HeapSort(A1, number);

                        finish = DateTime.Now;
                        timeSpan = finish.Subtract(start);

                        heapSortTime[k] = timeSpan.Milliseconds;
                    }

                    if (algorithm == "Quick Sort" ||
                        algorithm == "All")
                    {
                        start = DateTime.Now;
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                        QuickSort(A2, 0, number - 1);

                        finish = DateTime.Now;
                        timeSpan = finish.Subtract(start);

                        quickSortTime[k] = timeSpan.Milliseconds;
                    }

                    if (algorithm == "Singleton's Sort" ||
                        algorithm == "All")
                    {
                        start = DateTime.Now;

                        SingletonsSortGotos(A3, number);

                        finish = DateTime.Now;
                        timeSpan = finish.Subtract(start);

                        singletonsSortTime[k] = timeSpan.Milliseconds;
                    }
                }

                // calculate sums and means

                double heapSortTimeSum = 0;
                double quickSortTimeSum = 0;
                double singletonsSortTimeSum = 0;
                double heapSortTimeMean;
                double quickSortTimeMean;
                double singletonsSortTimeMean;

                for (int k = 0; k < trials; k++)
                {
                    if (algorithm == "Heap Sort" ||
                        algorithm == "All")
                    {
                        heapSortTimeSum += heapSortTime[k];
                    }

                    if (algorithm == "Quick Sort" ||
                        algorithm == "All")
                    {
                        quickSortTimeSum += quickSortTime[k];
                    }

                    if (algorithm == "Singleton's Sort" ||
                        algorithm == "All")
                    {
                        singletonsSortTimeSum += singletonsSortTime[k];
                    }
                }
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                heapSortTimeMean = heapSortTimeSum / trials;
                quickSortTimeMean = quickSortTimeSum / trials;
                singletonsSortTimeMean = singletonsSortTimeSum / trials;

                // calculate sample standard deviations

                double heapSortTimeSumSD = 0;
                double quickSortTimeSumSD = 0;
                double singletonsSortTimeSumSD = 0;

                for (int k = 0; k < trials; k++)
                {
                    if (algorithm == "Heap Sort" ||
                        algorithm == "All")
                    {
                        heapSortTimeSumSD += Math.Pow(
                            heapSortTime[k] - heapSortTimeMean, 2.0);
                    }

                    if (algorithm == "Quick Sort" ||
                        algorithm == "All")
                    {
                        quickSortTimeSumSD += Math.Pow(
                            quickSortTime[k] - quickSortTimeMean, 2.0);
                    }

                    if (algorithm == "Singleton's Sort" ||
                        algorithm == "All")
                    {
                        singletonsSortTimeSumSD += Math.Pow(
                            singletonsSortTime[k] - singletonsSortTimeMean, 2.0);
                    }
                }

                double NminusOne = 1.0 / (trials - 1);
                double heapSortTimeStdDev = Math.Sqrt(
                    NminusOne * heapSortTimeSumSD);
                double quickSortTimeStdDev = Math.Sqrt(
                    NminusOne * quickSortTimeSumSD);
                double singletonsSortTimeStdDev = Math.Sqrt(
                    NminusOne * singletonsSortTimeSumSD);

                textBox1.Text += "# Trials = " + trials + "\r\n";
                textBox1.Text += "# Numbers = " + number + "\r\n";
                textBox1.Text += "Mean Times in Milliseconds\r\n\r\n";
                textBox1.Text += "Algorithm\t\t  Mean\t\t Std Dev\r\n\r\n";
                textBox1.Text += "Heap Sort\t\t";
                textBox1.Text += Format(heapSortTimeMean) + "\t\t";
                textBox1.Text += Format(heapSortTimeStdDev) + "\r\n";
                textBox1.Text += "Quick Sort\t\t";
                textBox1.Text += Format(quickSortTimeMean) + "\t\t";
                textBox1.Text += Format(quickSortTimeStdDev) + "\r\n";
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                textBox1.Text += "Singleton's Sort\t";
                textBox1.Text += Format(singletonsSortTimeMean) + "\t\t";
                textBox1.Text += Format(singletonsSortTimeStdDev) + "\r\n\r\n";
            }
        }
    }
}


