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// CPPLinearAlgebraIM.cpp : Defines the entry point for the application.
// (c) Tuesday, January 21, 2025, by James Pate Williams, Jr.
// Reference: "Elementary Numerical Analysis an Algorithmic Approach"
// Third Edition (c) 1980 by S. D. Conte and Carl de Boor
// Chapter 5 pages 230 - 231 Gauss-Seidel and Successive Overrelaxation
// Chapter 3 for Gsassian Elimination and LU-Decomposition
// https://www3.nd.edu/~zxu2/acms40390F12/Lec-7.3.pdf

#include "framework.h"
#include "CPPLinearAlgebraIM.h"
#include <chrono>
#include <cwchar>
#include <vector>

#define MAX_LOADSTRING 100

// resource definitions

#define IDC_EDIT1 201
#define IDC_EDIT2 202
#define IDC_EDIT3 203
#define IDC_EDIT4 204
#define IDC_EDIT5 205

#define IDC_STATIC1 301
#define IDC_STATIC2 302
#define IDC_STATIC3 303
#define IDC_STATIC4 304

#define IDC_BUTTON_COMPUTE 401
#define IDC_BUTTON_CLEAR 402

// Global Variables:

HINSTANCE hInst;                                // current instance
WCHAR szTitle[MAX_LOADSTRING];                  // The title bar text
WCHAR szWindowClass[MAX_LOADSTRING];            // the main window class name
WCHAR buffer[16384] = { }, line[128] = { };
std::vector<double> b;              // right-hand sides
std::vector<double> x0;             // solution iterate
std::vector<double> x1;             // solution vector
std::vector<std::vector<double>> A; // example matrix

// exercise Exercises 5.3-7 page 234 of reference

double omega1 = 1.6, omega2 = 1.2;
double a1[4][4] = {
    { 4.0, -1.0, 0.0, 0.0 }, { -1.0, 4.0, -1.0, 0.0 },
    { 0.0, -1.0, 4.0, -1.0 }, { 0.0, 0.0, -1.0, 4.0 } };
double a2[3][3] = {
    { 5.0, -2.0, 3.0}, { -3.0, 9.0, 1.0 },
    { 2.0, -1.0, -7.0 } };



...es\source\repos\CPPLinearAlgebraIM\CPPLinearAlgebraIM.cpp 2
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75

76
77
78
79
80
81
82
83
84

85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

100
101
102

double b1[4] = { 1.0, 1.0, 1.0, 1.0 };
double b2[3] = { -1.0, 2.0, 3.0 };

// Forward declarations of functions included in this code module:

ATOM                MyRegisterClass(HINSTANCE hInstance);
BOOL                InitInstance(HINSTANCE, int);
LRESULT CALLBACK    WndProc(HWND, UINT, WPARAM, LPARAM);
INT_PTR CALLBACK    About(HWND, UINT, WPARAM, LPARAM);

int APIENTRY wWinMain(_In_ HINSTANCE hInstance,
                     _In_opt_ HINSTANCE hPrevInstance,
                     _In_ LPWSTR    lpCmdLine,
                     _In_ int       nCmdShow)
{
    UNREFERENCED_PARAMETER(hPrevInstance);
    UNREFERENCED_PARAMETER(lpCmdLine);

    // TODO: Place code here.

    // Initialize global strings
    LoadStringW(hInstance, IDS_APP_TITLE, szTitle, MAX_LOADSTRING);
    LoadStringW(hInstance, IDC_CPPLINEARALGEBRAIM, szWindowClass, 

MAX_LOADSTRING);
    MyRegisterClass(hInstance);

    // Perform application initialization:
    if (!InitInstance (hInstance, nCmdShow))
    {
        return FALSE;
    }

    HACCEL hAccelTable = LoadAccelerators(hInstance, MAKEINTRESOURCE
(IDC_CPPLINEARALGEBRAIM));

    MSG msg;

    // Main message loop:
    while (GetMessage(&msg, nullptr, 0, 0))
    {
        if (!TranslateAccelerator(msg.hwnd, hAccelTable, &msg))
        {
            TranslateMessage(&msg);
            DispatchMessage(&msg);
        }
    }

    return (int) msg.wParam;
}
//
//  FUNCTION: MyRegisterClass()
//
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//  PURPOSE: Registers the window class.
//
ATOM MyRegisterClass(HINSTANCE hInstance)
{
    WNDCLASSEXW wcex = { };

    wcex.cbSize = sizeof(WNDCLASSEX);

    wcex.style          = CS_HREDRAW | CS_VREDRAW;
    wcex.lpfnWndProc    = WndProc;
    wcex.cbClsExtra     = 0;
    wcex.cbWndExtra     = 0;
    wcex.hInstance      = hInstance;
    wcex.hIcon          = LoadIcon(hInstance, MAKEINTRESOURCE

(IDI_CPPLINEARALGEBRAIM));
    wcex.hCursor        = LoadCursor(nullptr, IDC_ARROW);
    wcex.hbrBackground  = (HBRUSH)(COLOR_WINDOW+1);
    wcex.lpszMenuName   = MAKEINTRESOURCEW(IDC_CPPLINEARALGEBRAIM);
    wcex.lpszClassName  = szWindowClass;
    wcex.hIconSm        = LoadIcon(wcex.hInstance, MAKEINTRESOURCE(IDI_SMALL));

    return RegisterClassExW(&wcex);
}
//
//   FUNCTION: InitInstance(HINSTANCE, int)
//
//   PURPOSE: Saves instance handle and creates main window
//
//   COMMENTS:
//
//        In this function, we save the instance handle in a global variable and
//        create and display the main program window.
//
BOOL InitInstance(HINSTANCE hInstance, int nCmdShow)
{
   hInst = hInstance; // Store instance handle in our global variable

   HWND hWnd = CreateWindowW(szWindowClass, szTitle, WS_OVERLAPPEDWINDOW,
      CW_USEDEFAULT, 0, CW_USEDEFAULT, 0, nullptr, nullptr, hInstance, nullptr);

   if (!hWnd)
   {
      return FALSE;
   }

   ShowWindow(hWnd, nCmdShow);
   UpdateWindow(hWnd);

   return TRUE;
}

void GaussSeidel(
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    double tolerance, double dummy,
    int maxIts, int n,
    double& norm2x, int& its,
    std::vector<double>& b,
    std::vector<double>& x0,
    std::vector<double>& x1,
    std::vector<std::vector<double>>& A)
{
    int i = 0, j = 0;
    std::vector<double> c;              // right-hand sides
    std::vector<std::vector<double>> B; // working storage

    c.resize(n);
    B.resize(n);

    for (auto& row : B)
    {
        row.resize(n);
    }

    for (i = 0; i < n; i++)
    {
        x1[i] = x0[i];
    }

    for (i = 0; i < n; i++)
    {
        for (j = 0; j < n; j++)
        {
            if (i != j)
            {
                B[i][j] = -A[i][j] / A[i][i];
            }

            else
            {
                B[i][j] = 0.0;
            }
        }

        c[i] = b[i] / A[i][i];
    }

    its = 0;

    while (its < maxIts)
    {
        for (i = 0; i < n; i++)
        {
            double sum1 = 0;

            if ((i - 1) >= 0)
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            {
                for (j = 0; j <= i - 1; j++)
                {
                    sum1 += B[i][j] * x1[j];
                }
            }

            double sum2 = 0;

            if ((i + 1) < n)
            {
                for (j = i + 1; j < n; j++)
                {
                    sum2 += B[i][j] * x0[j];
                }
            }

            x1[i] = sum1 + sum2 + c[i];
        }

        norm2x = 0.0;

        for (i = 0; i < n; i++)
        {
            double delta = x1[i] - x0[i];

            norm2x += delta * delta;
        }

        norm2x = sqrt(norm2x);

        its++;

        if (norm2x < tolerance)
        {
            break;
        }

        for (i = 0; i < n; i++)
        {
            x0[i] = x1[i];
        }
    }
}

void SuccessOverrelaxation(
    double tolerance, double omega,
    int maxIts, int n,
    double& norm2x, int& its,
    std::vector<double>& b,
    std::vector<double>& x0,
    std::vector<double>& x1,
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    std::vector<std::vector<double>>& A)
{
    int i = 0, j = 0;

    for (i = 0; i < n; i++)
    {
        x1[i] = x0[i];
    }

    its = 0;

    while (its < maxIts)
    {
        for (i = 0; i < n; i++)
        {
            double sum1 = 0;

            if ((i - 1) >= 0)
            {
                for (j = 0; j < i; j++)
                {
                    sum1 += A[i][j] * x1[j];
                }
            }

            double sum2 = 0;

            if ((i + 1) < n)
            {
                for (j = i + 1; j < n; j++)
                {
                    sum2 += A[i][j] * x0[j];
                }
            }

            x1[i] = (1.0 - omega) * x0[i] +
                omega * (b[i] - sum1 - sum2) / A[i][i];
        }

        norm2x = 0.0;

        for (i = 0; i < n; i++)
        {
            double delta = x1[i] - x0[i];

            norm2x += delta * delta;
        }

        norm2x = sqrt(norm2x);

        its++;
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        if (norm2x < tolerance)
        {
            break;
        }

        for (i = 0; i < n; i++)
        {
            x0[i] = x1[i];
        }
    }
}

void Jacobi(
    double tolerance, double dummy,
    int maxIts, int n,
    double& norm2x, int& its,
    std::vector<double>& b,
    std::vector<double>& x0,
    std::vector<double>& x1,
    std::vector<std::vector<double>>& A)
{
    its = 0;

    while (its < maxIts)
    {
        for (int i = 0; i < n; i++)
        {
            double sum = 0.0;

            for (int j = 0; j < n; j++)
            {
                if (j != i)
                {
                    sum += A[i][j] * x0[j];
                }
            }

            x1[i] = (b[i] - sum) / A[i][i];
        }

        norm2x = 0.0;

        for (int i = 0; i < n; i++)
        {
            double delta = x1[i] - x0[i];

            norm2x += delta * delta;
        }

        norm2x = sqrt(norm2x);

        its++;
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        if (norm2x < tolerance)
        {
            break;
        }

        for (int i = 0; i < n; i++)
        {
            x0[i] = x1[i];
        }
    }
}

void Substitute(
    int n,
    std::vector<double>& b,
    std::vector<double>& x1,
    std::vector<std::vector<double>>& w,
    std::vector<int>& pivot)
{
    double sum;
    int i, j, n1 = n - 1;

    if (n == 1)
    {
        x1[0] = b[0] / w[0][0];
        return;
    }

    // forward substitution

    x1[0] = b[pivot[0]];

    for (i = 1; i < n; i++)
    {
        for (j = 0, sum = 0; j < i; j++)
            sum += w[i][j] * x1[j];
        
        x1[i] = b[pivot[i]] - sum;
    }

    // backward substitution

    x1[n1] /= w[n1][n1];

    for (i = n - 2; i >= 0; i--)
    {
        for (j = i + 1, sum = 0; j < n; j++)
            sum += w[i][j] * x1[j];

        x1[i] = (x1[i] - sum) / w[i][i];
    }
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}

void GaussianElimination(
    double tolerance, double dummy,
    int maxIts, int n,
    double& norm2x, int& its,
    std::vector<double>& b,
    std::vector<double>& x0,
    std::vector<double>& x1,
    std::vector<std::vector<double>>& A)
{
    
    // returns false if matrix is singular

    double awikod, col_max, ratio, row_max, temp;
    int flag = 1, i, i_star, j, k;
    std::vector<double> d(n);
    std::vector<std::vector<double>> w;
    std::vector<int> pivot(n);

    w.resize(n);

    for (auto& row : w)
    {
        row.resize(n);
    }

    for (i = 0; i < n; i++)
    {
        for (j = 0; j < n; j++)
        {
            w[i][j] = A[i][j];
        }
    }

    for (i = 0; i < n; i++)
    {
        pivot[i] = i;
        row_max = 0;
        
        for (j = 0; j < n; j++)
            row_max = fmax(row_max, fabs(w[i][j]));

        if (row_max == 0)
        {
            flag = 0;
            row_max = 1;
        }

        d[i] = row_max;
    }
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    if (n <= 1)
    {
        its = -1;
        return;
    }

    // factorization
    
    for (k = 0; k < n - 1; k++)
    {
    
        // determine pivot row the row i_star
        
        col_max = fabs(w[k][k]) / d[k];
        i_star = k;
        for (i = k + 1; i < n; i++)
        {
            awikod = fabs(w[i][k]) / d[i];

            if (awikod > col_max)
            {
                col_max = awikod;
                i_star = i;
            }
        }

        if (col_max == 0)
            flag = 0;
        
        else
        {
            if (i_star > k)
            {

                // make k the pivot row by
                // interchanging with i_star
                
                flag *= -1;
                i = pivot[i_star];
                pivot[i_star] = pivot[k];
                pivot[k] = i;
                temp = d[i_star];
                d[i_star] = d[k];
                d[k] = temp;
                
                for (j = 0; j < n; j++)
                {
                    temp = w[i_star][j];
                    w[i_star][j] = w[k][j];
                    w[k][j] = temp;
                }
            }
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            // eliminate x[k]
            
            for (i = k + 1; i < n; i++)
            {
                w[i][k] /= w[k][k];
                ratio = w[i][k];

                for (j = k + 1; j < n; j++)
                    w[i][j] -= ratio * w[k][j];
            }
        }
    }

    if (w[n - 1][n - 1] == 0)
    {
        flag = 0;
    }

    if (flag == 0)
    {
        its = -1;
    }

    else
    {
        Substitute(n, b, x1, w, pivot);
        its = 1;
    }
}

void LUDecomposition(
    double tolerance, double dummy,
    int maxIts, int n,
    double& norm2x, int& its,
    std::vector<double>& b,
    std::vector<double>& x0,
    std::vector<double>& x1,
    std::vector<std::vector<double>>& A)
{
    std::vector<double> y(n, 0.0);
    std::vector<std::vector<double>> l(
        n, std::vector<double>(n));
    std::vector<std::vector<double>> u(
        n, std::vector<double>(n));
    int n1 = n - 1;

    its = 0;

    for (int i = 0; i < n; i++)
    {
        x1[i] = 0.0;
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        for (int j = 0; j < n; j++)
        {
            l[i][j] = u[i][j] = 0.0;
        }
    }

    for (int k = 0; k < n; k++)
    {
        for (int j = k; j < n; j++)
        {
            double sum = 0.0;

            if (k >= 1)
            {
                for (int p = 0; p <= k - 1; p++)
                {
                    sum += l[k][p] * u[p][j];
                }
            }

            u[k][j] = A[k][j] - sum;
        }

        for (int i = k + 1; i < n; i++)
        {
            double sum = 0.0;

            if (k >= 1)
            {
                for (int p = 0; p <= k - 1; p++)
                {
                    sum += l[i][p] * u[p][k];
                }
            }
            
            l[i][k] = (A[i][k] - sum) / u[k][k];
        }
    }

    // forward substitution

    for (int k = 0; k < n; k++)
    {
        double sum = 0.0;

        for (int j = 0; j < k; j++)
        {
            sum += l[k][j] * y[j];
        }

        y[k] = b[k] - sum;
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    }

    // backward substitution

    for (int k = n - 1; k >= 0; k--)
    {
        double sum = 0;

        if (k + 1 < n)
        {
            for (int j = k + 1; j < n; j++)
            {
                sum += u[k][j] * x1[j];
            }
        }

        x1[k] = (y[k] - sum) / u[k][k];
    }
}

void Test(
    double tolerance, double dummy,
    int maxIts, int n, int problem,
    double& norm2b,
    double& norm2x, int& its,
    std::vector<double>& b,
    std::vector<double>& x0,
    std::vector<double>& x1,
    std::vector<std::vector<double>>& A,
    void (*function)(double, double,
        int, int, double&, int&,
        std::vector<double>&,
        std::vector<double>&,
        std::vector<double>&,
        std::vector<std::vector<double>>&))
{
    int i, j;

    for (i = 0; i < n; i++)
    {
        if (n == 4 && problem == 1 || problem == 3 ||
            problem == 5 || problem == 7 || problem == 9)
        {
            b[i] = b1[i];
        }

        else if (n == 3 && problem == 2 || problem == 4 ||
            problem == 6 || problem == 8 || problem == 10)
        {
            b[i] = b2[i];
        }
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        x0[i] = 0.0;

        for (j = 0; j < n; j++)
        {
            if (n == 4 && problem == 1 || problem == 3 ||
                problem == 5 || problem == 7 || problem == 9)
            {
                A[i][j] = a1[i][j];
            }

            else if (n == 3 && problem == 2 || problem == 4 ||
                problem == 6 || problem == 8 || problem == 10)
            {
                A[i][j] = a2[i][j];
            }
        }
    }

    function(tolerance, dummy, maxIts, n, 
        norm2x, its, b, x0, x1, A);

    norm2b = 0.0;

    for (i = 0; i < n; i++)
    {
        double sum = 0.0;

        for (j = 0; j < n; j++)
        {
            sum += A[i][j] * x1[j];
        }

        norm2b += pow(b[i] - sum, 2.0);
    }

    norm2b = sqrt(norm2b);
}

//
//  FUNCTION: WndProc(HWND, UINT, WPARAM, LPARAM)
//
//  PURPOSE: Processes messages for the main window.
//
//  WM_COMMAND  - process the application menu
//  WM_PAINT    - Paint the main window
//  WM_DESTROY  - post a quit message and return
//
//
LRESULT CALLBACK WndProc(HWND hWnd, UINT message, WPARAM wParam, LPARAM lParam)
{
    static double norm2b = 0, norm2x = 0, tolerance = 0;
    static int its = 0, maxIts = 0, problem;
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    static size_t i = 0, j = 0, n;
    static WCHAR* endPt;
    static HWND hwndEdit1 = 0, hwndEdit2 = 0;
    static HWND hwndEdit3 = 0, hwndEdit4 = 0, hwndEdit5 = 0;

    switch (message)
    {
    case WM_CREATE:
    {
        CreateWindowEx(0, L"STATIC", L"n (3 or 4):", WS_CHILD | WS_VISIBLE,
            10, 10, 80, 20, hWnd, (HMENU)IDC_STATIC1, GetModuleHandle(NULL), 

NULL);
        CreateWindowEx(0, L"STATIC", L"Max Its:", WS_CHILD | WS_VISIBLE,
            10, 40, 80, 20, hWnd, (HMENU)IDC_STATIC2, GetModuleHandle(NULL), 

NULL);
        CreateWindowEx(0, L"STATIC", L"Tolerance:", WS_CHILD | WS_VISIBLE,
            10, 70, 80, 20, hWnd, (HMENU)IDC_STATIC3, GetModuleHandle(NULL), 

NULL);
        CreateWindowEx(0, L"STATIC", L"Prob (1 - 4):", WS_CHILD | WS_VISIBLE,
            10, 100, 80, 20, hWnd, (HMENU)IDC_STATIC4, GetModuleHandle(NULL), 

NULL);

        hwndEdit1 = CreateWindowEx(0, L"EDIT", NULL, WS_CHILD | WS_VISIBLE | 
WS_BORDER,

            100, 10, 200, 20, hWnd, (HMENU)IDC_EDIT1, GetModuleHandle(NULL), 
NULL);

        hwndEdit2 = CreateWindowEx(0, L"EDIT", NULL, WS_CHILD | WS_VISIBLE | 
WS_BORDER,

            100, 40, 200, 20, hWnd, (HMENU)IDC_EDIT2, GetModuleHandle(NULL), 
NULL);

        hwndEdit3 = CreateWindowEx(0, L"EDIT", NULL, WS_CHILD | WS_VISIBLE | 
WS_BORDER,

            100, 70, 200, 20, hWnd, (HMENU)IDC_EDIT3, GetModuleHandle(NULL), 
NULL);

        hwndEdit4 = CreateWindowEx(0, L"EDIT", NULL, WS_CHILD | WS_VISIBLE | 
WS_BORDER,

            100, 100, 200, 20, hWnd, (HMENU)IDC_EDIT4, GetModuleHandle(NULL), 
NULL);

        hwndEdit5 = CreateWindowEx(0, L"EDIT", NULL, WS_CHILD | WS_VISIBLE | 
WS_BORDER

            | ES_MULTILINE, 100, 170, 400, 400, hWnd, (HMENU)IDC_EDIT5,
            GetModuleHandle(NULL), NULL);

        CreateWindowEx(0, L"BUTTON", L"Compute", WS_CHILD | WS_VISIBLE | 
BS_PUSHBUTTON,

            10, 130, 80, 30, hWnd, (HMENU)IDC_BUTTON_COMPUTE, GetModuleHandle
(NULL), NULL);

        CreateWindowEx(0, L"BUTTON", L"Clear", WS_CHILD | WS_VISIBLE | 
BS_PUSHBUTTON,

            220, 130, 80, 30, hWnd, (HMENU)IDC_BUTTON_CLEAR, GetModuleHandle
(NULL), NULL);
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        SetDlgItemText(hWnd, IDC_EDIT1, L"4");
        SetDlgItemText(hWnd, IDC_EDIT2, L"100");
        SetDlgItemText(hWnd, IDC_EDIT3, L"1.0e-12");
        SetDlgItemText(hWnd, IDC_EDIT4, L"1");
    }
    break;
    case WM_COMMAND:
        {
            int wmId = LOWORD(wParam);
            // Parse the menu selections:
            switch (wmId)
            {
            case IDC_BUTTON_COMPUTE:
            {
                n = GetDlgItemInt(hWnd, IDC_EDIT1, FALSE, FALSE);

                if (n != 3 && n != 4)
                {
                    MessageBox(hWnd, L"n must be 3 or 4", L"Warning",
                        MB_OK | MB_ICONWARNING);
                    return 0;
                }

                maxIts = GetDlgItemInt(hWnd, IDC_EDIT2, FALSE, FALSE);
                problem = GetDlgItemInt(hWnd, IDC_EDIT4, FALSE, FALSE);

                if (problem < 1 || problem > 10)
                {
                    MessageBox(hWnd, L"Problem must be 1 to 10", L"Warning",
                        MB_OK | MB_ICONWARNING);
                    return 0;
                }

                GetWindowText(hwndEdit3, line, 127);
                tolerance = wcstod(line, &endPt);

                auto start = std::chrono::high_resolution_clock::now();

                x0.resize(n);
                x1.resize(n);
                b.resize(n);
                
                A.resize(n);

                for (auto& row : A)
                {
                    row.resize(n);
                }

                if (n == 4 && problem == 1)
                {
                    Test(tolerance, omega1, maxIts, n, problem,
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                        norm2b, norm2x, its, b, x0, x1, A, GaussSeidel);
                }

                else if (n == 3 && problem == 2)
                {
                    Test(tolerance, omega2, maxIts, n, problem,
                        norm2b, norm2x, its, b, x0, x1, A, GaussSeidel);
                }

                else if (n == 4 && problem == 3)
                {
                    Test(tolerance, omega1, maxIts, n, problem,
                        norm2b, norm2x, its, b, x0, x1, A,
                        SuccessOverrelaxation);
                }

                else if (n == 3 && problem == 4)
                {
                    Test(tolerance, omega2, maxIts, n, problem,
                        norm2b, norm2x, its, b, x0, x1, A,
                        SuccessOverrelaxation);
                }

                else if (n == 4 && problem == 5)
                {
                    Test(tolerance, omega1, maxIts, n, problem, 
                        norm2b, norm2x, its, b, x0, x1, A, Jacobi);
                }

                else if (n == 3 && problem == 6)
                {
                    Test(tolerance, omega2, maxIts, n, problem,
                        norm2b, norm2x, its, b, x0, x1, A, Jacobi);
                }

                else if (n == 4 && problem == 7)
                {
                    Test(tolerance, omega1, maxIts, n, problem,
                        norm2b, norm2x, its, b, x0, x1, A, GaussianElimination);
                }

                else if (n == 3 && problem == 8)
                {
                    Test(tolerance, omega2, maxIts, n, problem,
                        norm2b, norm2x, its, b, x0, x1, A, GaussianElimination);
                }

                else if (n == 4 && problem == 9)
                {
                    Test(tolerance, omega1, maxIts, n, problem,
                        norm2b, norm2x, its, b, x0, x1, A, LUDecomposition);
                }
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                else if (n == 3 && problem == 10)
                {
                    Test(tolerance, omega1, maxIts, n, problem,
                        norm2b, norm2x, its, b, x0, x1, A, LUDecomposition);
                }

                else if (n == 4)
                {
                    MessageBox(hWnd, L"If n = 4 Problem must be 1 or 3 or 5 or 7

 or 9",
                        L"Warning", MB_OK | MB_ICONWARNING);
                    return 0;
                }
                
                else if (n == 3)
                {
                    MessageBox(hWnd, L"If n = 3 Problem must be 2 or 4 or 6 or 8

 or 10",
                        L"Warning", MB_OK | MB_ICONWARNING);
                    return 0;
                }

                auto endTm = std::chrono::high_resolution_clock::now();
                auto duration = std::chrono::duration_cast<
                    std::chrono::microseconds>(endTm - start);
                long long runtime = duration.count();

                if (problem == 1 || problem == 2)
                {
                    wsprintf(line, L"Gauss-Seidel\r\n\r\n");
                    wcscat_s(buffer, 16383, line);
                }

                else if (problem == 3 || problem == 4)
                {
                    wsprintf(line, L"Successive Overrelaxation (SOR) Method\r\n

\r\n");
                    wcscat_s(buffer, 16383, line);
                }

                else if (problem == 5 || problem == 6)
                {
                    wsprintf(line, L"Jacobi Method\r\n\r\n");
                    wcscat_s(buffer, 16383, line);
                }

                else if (problem == 7 || problem == 8)
                {
                    wsprintf(line, L"Gaussian Elimination\r\n\r\n");
                    wcscat_s(buffer, 16383, line);
                }
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                else if (problem == 9 || problem == 10)
                {
                    wsprintf(line, L"LU Decomposition\r\n\r\n");
                    wcscat_s(buffer, 16383, line);
                }

                wsprintf(line, L"Solution Vector x\r\n\r\n");
                wcscat_s(buffer, 16383, line);

                for (size_t i = 0; i < n; i++)
                {
                    swprintf_s(line, L"%13.10lf\t", x1[i]);
                    wcscat_s(buffer, 16383, line);
                }

                wsprintf(line, L"\r\n");
                wcscat_s(buffer, 16383, line);

                wsprintf(line, L"\r\nX - Norm - 2 = ");
                wcscat_s(buffer, 16383, line);

                swprintf_s(line, L"%13.10lf\r\n", norm2x);
                wcscat_s(buffer, 16383, line);

                wsprintf(line, L"\r\nb - Norm - 2 = ");
                wcscat_s(buffer, 16383, line);

                swprintf_s(line, L"%13.10lf\r\n\r\n", norm2b);
                wcscat_s(buffer, 16383, line);

                swprintf_s(line, L"Iterations = %ld\r\n\r\n", its);
                wcscat_s(buffer, 16383, line);

                swprintf_s(line, L"Runtime = %lld Microseconds\r\n\r\n",
                    runtime);
                wcscat_s(buffer, 16383, line);

                SetDlgItemText(hWnd, IDC_EDIT5, buffer);
            }
            break;
            case IDC_BUTTON_CLEAR:
            {
                wcscpy_s(buffer, 16383, L"\0");
                SetDlgItemText(hWnd, IDC_EDIT5, buffer);
            }
            break;
            case IDM_ABOUT:
                DialogBox(hInst, MAKEINTRESOURCE(IDD_ABOUTBOX), hWnd, About);
                break;
            case IDM_EXIT:
                DestroyWindow(hWnd);
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                break;
            default:
                return DefWindowProc(hWnd, message, wParam, lParam);
            }
        }
        break;
    case WM_PAINT:
        {
            PAINTSTRUCT ps;
            HDC hdc = BeginPaint(hWnd, &ps);
            // TODO: Add any drawing code that uses hdc here...
            EndPaint(hWnd, &ps);
        }
        break;
    case WM_SIZE:
        if (hwndEdit5)
        {
            RECT rcClient;
            GetClientRect(hWnd, &rcClient);
            SetWindowPos(hwndEdit5, NULL, 10, 170, rcClient.right - 20,
                rcClient.bottom - 20, SWP_NOZORDER);
        }
        break;
    case WM_DESTROY:
        PostQuitMessage(0);
        break;
    default:
        return DefWindowProc(hWnd, message, wParam, lParam);
    }
    return 0;
}

// Message handler for about box.
INT_PTR CALLBACK About(HWND hDlg, UINT message, WPARAM wParam, LPARAM lParam)
{
    UNREFERENCED_PARAMETER(lParam);
    switch (message)
    {
    case WM_INITDIALOG:
        return (INT_PTR)TRUE;

    case WM_COMMAND:
        if (LOWORD(wParam) == IDOK || LOWORD(wParam) == IDCANCEL)
        {
            EndDialog(hDlg, LOWORD(wParam));
            return (INT_PTR)TRUE;
        }
        break;
    }
    return (INT_PTR)FALSE;
}


