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.1 –
// Libraries
#pragma comment lib, "opengl .lib"
#pragma comment lib, "glu .lib"
#pragma comment lib, "wsock .lib"
#define _CRT_SECURE_NO_WARNINGS

// Includes
#include <winsock.h>
#include <windows.h>
#include <math.h>
#include <time.h>
#include <string>
#include <gl/glew.h>
#include <gl/gl.h>
#include <gl/glu.h>
using namespace std;

// Extra types
typedef unsigned char uchar;
typedef unsigned short ushort;
typedef unsigned int uint;

// Engine
#include "functions.cpp"
#include "keyboard.cpp"
#include "mouse.cpp"
#include "camera.cpp"
#include "display.cpp"
#include "window.cpp"
#include "object.cpp"

// Main function
int WINAPI WinMain HINSTANCE hInstance, HINSTANCE hPrevInstance, LPSTR lpCmdLine, int nCmdShow
{

// Initialize everything
Display::initialize ;
Keyboard::initialize ;
Mouse::initialize ;

// Create window
if Window::create PRGRM_TITLE, PRGRM_FULL,

Display::width - PRGRM_WIDTH / ,
Display::height - PRGRM_HEIGHT / ,
PRGRM_WIDTH, PRGRM_HEIGHT {
// Seed random generator
srand unsigned time nullptr ;

// Variables
constexpr float timeForFrame = float 000.0 / PRGRM_FPS;
int frame = 0;
int timeCurrent = clock ;
int timeStart = timeCurrent;
int timeEnd = timeStart + 000;
int timeSleep;
MSG msg;

// Main cycle
while Engine::prgrm {

// Retrieve message
while PeekMessage &msg, NULL, 0, 0, PM_REMOVE {

TranslateMessage &msg ;
DispatchMessage &msg ;

}
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// Do frame tick
Engine::step ;
if !room.doTransition {

Engine::draw ;
}

// Wait some mseconds if needed
if timeSleep = timeStart + timeForFrame * ++frame - timeCurrent =

clock > 0 {
timeCurrent += timeSleep;
Sleep timeSleep ;

}

// Check FPS
if timeEnd <= timeCurrent {

Engine::fps = frame;
frame = 0;
timeStart = timeCurrent;
timeEnd = timeCurrent + 000;

}
}

// App end
Engine::deleteObjects ;
Window::destroy ;

}
return 0;

}
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.2 –
// constants
constexpr float PI = float . ;
constexpr float PI_ 0 = float 0.0 / PI;
constexpr float PI_HALF = PI / .0;
constexpr float PI_DOUBLE = PI * .0;
constexpr float SQRT = float . ;
constexpr float SQRT = float . 0 0 ;
constexpr float SQRT = float . 0 ;

string getTime {
uint t = clock ;

uint msec = t % 000;
uint sec = t / 000 % 0;
uint min = t / 000 / 0;

string time = "";

if min < 0 time += "0";
time += to_string min ;
time += ":";
if sec < 0 time += "0";
time += to_string sec ;
time += ":";
if msec < 00 time += "0";
if msec < 0 time += "0";
time += to_string msec ;

return time;
}

// constexpr round
constexpr int rnd float value {

return int value + value - int value >= 0. ? : 0 ;
}

// [- ; ] to float [- .0; .0]
constexpr float to_float char value {

return value / float 00.0;
}

// float [- .0; .0] to char [- ; ]
constexpr char to_char float value {

return rnd value * 00.0 ;
}

// Show message
void showMessage string text {

MessageBox nullptr, text.c_str , "Message", MB_OK ;
}

// string to int
int to_int string value {

return stoi "0" + value ;
}

// string to float
float to_float string value {

return stof value ;
}

// [0 - 0xFFFFFFFF]
uint _random {

return rand & 0xFF | rand & 0xFF << | rand & 0xFF << | rand &
0xFF << ;
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}

// [0 - value]
uint random uint value {

return _random % value + ;
}

// [from - to]
int random int from, int to {

return from + _random % abs to - from + ;
}

// [0.0 - .0]
float random {

return float rand / RAND_MAX;
}

// [0.0 - value]
float random float value {

return random uint value + random * value - int value ;
}

// [from - to]
float random float from, float to {

return from + random fabs to - from ;
}

// Length direction x
float xAngleLength float length, float xAngle, float yAngle = 0.0 {

return length * cos xAngle / PI_ 0 * sin yAngle / PI_ 0 ;
}

// Length direction y
float yAngleLength float length, float xAngle, float yAngle = 0.0 {

return length * sin xAngle / PI_ 0 * sin yAngle / PI_ 0 ;
}

// Length direction z
float zAngleLength float length, float xAngle, float yAngle = 0.0 {

return length * sin yAngle / PI_ 0 - PI_HALF ;
}

// Squared number
constexpr float sqr float x {

return x * x;
}

// Distance between x ,y and x ,y
float distanceBetween float x , float y , float x , float y {

return sqrt sqr x - x + sqr y - y ;
}

// Distance between x ,y ,z and x ,y ,z
float distanceBetween float x , float y , float z , float x , float y , float z {

return sqrt sqr x - x + sqr y - y + sqr z - z ;
}

// Horizontal direction from x ,y to x ,y
float angleBetween float x , float y , float x , float y {

const float xx = x - x ;
if xx != 0.0 {

float direction = atan y - y / xx * PI_ 0;

if x > x {
if y > y

return direction + float 0.0;
else

return direction;
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}
return direction + float 0.0;

}
if y > y return 0.0;
if y < y return 0.0;
return 0.0;

}

// Vertical direction from x ,y ,z to x ,y ,z
float angleBetween float x , float y , float z , float x , float y , float z {

const float distance = angleBetween x , y , x , y ;

if distance != 0.0 return atan z - z / distance * PI_ 0 + float 0.0;
if z < z return 0.0;
return 0.0;

}
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.3 –
// Keyboard
namespace Keyboard {

constexpr int KEYS_COUNT = ;
bool isReleased[KEYS_COUNT];
bool isPressed[KEYS_COUNT];
bool isHeld[KEYS_COUNT];
uchar lastPressedKey;

// Reset keyboard status
void reset {

memset isReleased, false, KEYS_COUNT ;
memset isPressed, false, KEYS_COUNT ;
lastPressedKey = 0;

}

// Initialize
void initialize {

memset isHeld, false, KEYS_COUNT ;
reset ;

}

// Get last pressed key
uchar getLastPressedKey {

if lastPressedKey >= 'A' && lastPressedKey <= 'Z' {
return isHeld[VK_SHIFT] ? lastPressedKey : tolower lastPressedKey ;

}

if !isHeld[VK_SHIFT] {
switch lastPressedKey {
case '0':
case ' ':
case ' ':
case ' ':
case ' ':
case ' ':
case ' ':
case ' ':
case ' ':
case ' ':

return lastPressedKey;

case VK_OEM_ : return ';';
case VK_OEM_PLUS: return '=';
case VK_OEM_COMMA: return ',';
case VK_OEM_MINUS: return '-';
case VK_OEM_PERIOD: return '.';
case VK_OEM_ : return '/';
case VK_OEM_ : return '`';

case VK_OEM_ : return '[';
case VK_OEM_ : return '\\';
case VK_OEM_ : return ']';
case VK_OEM_ : return '\'';
}

} else {
switch lastPressedKey {
case '0': return ' ';
case ' ': return '!';
case ' ': return '@';
case ' ': return '#';
case ' ': return '$';
case ' ': return '%';
case ' ': return '^';
case ' ': return '&';
case ' ': return '*';
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case ' ': return ' ';

case VK_OEM_ : return ':';
case VK_OEM_PLUS: return '+';
case VK_OEM_COMMA: return '<';
case VK_OEM_MINUS: return '_';
case VK_OEM_PERIOD: return '>';
case VK_OEM_ : return '?';
case VK_OEM_ : return '~';

case VK_OEM_ : return '{';
case VK_OEM_ : return '|';
case VK_OEM_ : return '}';
case VK_OEM_ : return '\"';
}

}

return lastPressedKey == ' ' ? ' ' : 0;
}

}
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.4 –
// Mouse buttons
enum MouseButton : uchar {

MOUSE_LEFT = 0,
MOUSE_RIGHT = ,
MOUSE_WHEEL = ,
MOUSE_MIDDLE = ,
MOUSE_CENTER = ,
MOUSE_WHEEL_UP = 0,
MOUSE_WHEEL_DOWN =

};

// Mouse
namespace Mouse {

int x;
int y;
bool isReleased[ ];
bool isPressed[ ];
bool isHeld[ ];
bool isWheelRotated[ ];
bool isVisible;
bool isOutside = false;

// Reset buttons status
void reset {

memset isPressed, false, ;
memset isReleased, false, ;
isWheelRotated[MOUSE_WHEEL_UP] = isWheelRotated[MOUSE_WHEEL_DOWN] = false;

}

// Move mouse
void move int x, int y {

if GetActiveWindow {
SetCursorPos x, y ;

}
}

// Show mouse
void show {

while ShowCursor true < 0 ;
isVisible = true;

}

// Hide mouse
void hide {

while ShowCursor false >= 0 ;
isVisible = false;

}

// Initialize
void initialize {

memset isHeld, false, ;
reset ;

}
}
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.5 –
// Camera
namespace Camera {

float x = 0.0;
float y = 0.0;
float z = 0.0;
float xAngle = 0.0;
float yAngle = 0.0;
float zAngle = 0.0;
float zNear = 0.0 ;
float zFar = .0;
float fov = 0.0;

// Rotate world
void update {

glLoadIdentity ;
glRotatef -yAngle, .0, 0.0, 0.0 ;
glRotatef -zAngle, 0.0, .0, 0.0 ;
glRotatef -xAngle, 0.0, 0.0, .0 ;
glTranslatef -x, -y, -z ;

}

// Set camera state
void set float _x, float _y, float _z, float _xAngle, float _yAngle = 0.0, float

_zAngle = 0.0 {
x = _x;
y = _y;
z = _z;
xAngle = _xAngle - float 0.0;
yAngle = _yAngle;
zAngle = _zAngle;

update ;
}

// d mode
void set d int x , int y , int x , int y {

glMatrixMode GL_PROJECTION ;
glPushMatrix ;
glLoadIdentity ;

glOrtho x , x , y , y , 0.0, .0 ;
glMatrixMode GL_MODELVIEW ;
glLoadIdentity ;

}

// d mode
void set d {

glMatrixMode GL_PROJECTION ;
glPopMatrix ;
glMatrixMode GL_MODELVIEW ;
glLoadIdentity ;
update ;

}
}
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.6 –
// Display
namespace Display {

int width;
int height;

void initialize {
width = GetSystemMetrics SM_CXSCREEN ;
height = GetSystemMetrics SM_CYSCREEN ;

}
}
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.7 –
// Declaration WndProc
LRESULT CALLBACK WndProc HWND, UINT, WPARAM, LPARAM ;

namespace Window {
HGLRC hRC = nullptr; // Permanent rendering context
HDC hDC = nullptr; // Private GDI device context
HWND hWnd = nullptr; // Window handle
HINSTANCE hInstance = nullptr; // Application instance

int x;
int y;
int width;
int height;
string title;
bool hasFocus;
bool isFullscreen;

// Move
void move int x, int y {

SetWindowPos hWnd, hWnd, x, y, width, height, SWP_NOZORDER | SWP_NOSIZE ;
}

// Resize
void resize int width, int height {

RECT client, window;
GetClientRect hWnd, &client ;
GetWindowRect hWnd, &window ;

SetWindowPos hWnd, hWnd, x, y,
width + window.right - window.left - client.right,
height + window.bottom - window.top - client.bottom,
SWP_NOZORDER | SWP_NOMOVE ;

}

// Update
void update int width, int height {

glViewport 0, 0, width, height ;
glMatrixMode GL_PROJECTION ;
glLoadIdentity ;

// Calculate window aspect ratio
gluPerspective Camera::fov, float width / height, Camera::zNear, Camera::zFar ;
glMatrixMode GL_MODELVIEW ;
glLoadIdentity ;

}

// Initialization
void initialize {

glClearColor 0.0, 0.0, 0.0, 0.0 ;
glClearDepth .0 ;

glShadeModel GL_SMOOTH ;
glPolygonMode GL_BACK, GL_LINE ;
//glPolygonMode GL_FRONT, GL_LINE ;
glHint GL_PERSPECTIVE_CORRECTION_HINT, GL_NICEST ;
glBlendFunc GL_SRC_ALPHA, GL_ONE_MINUS_SRC_ALPHA ;
glAlphaFunc GL_GREATER, float 0.0 ;
glDepthFunc GL_LEQUAL ;

constexpr GLenum caps[] = {
//GL_CULL_FACE,
GL_DEPTH_TEST,
GL_ALPHA_TEST,
GL_BLEND,
GL_TEXTURE_ D
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};
for int i = 0; i < ; i++

glEnable caps[i] ;
}

// Set title
void setTitle string title {

Window::title = title;
SetWindowText hWnd, title.c_str ;

}

// Destroy
void destroy {

if isFullscreen {
ChangeDisplaySettings nullptr, 0 ;

}

if hRC {
if !wglMakeCurrent nullptr, nullptr {

showMessage "Release of DC and RC failed." ;
}
if !wglDeleteContext hRC {

showMessage "Release RC failed." ;
}

}

if hDC && !ReleaseDC hWnd, hDC {
showMessage "Release DC Failed." ;

}
if hWnd && !DestroyWindow hWnd {

showMessage "Could not release hWnd." ;
}
if !UnregisterClass "OpenGL", hInstance {

showMessage "Could not unregister class." ;
}

hRC = nullptr;
hDC = nullptr;
hWnd = nullptr;
hInstance = nullptr;

}

// Create
bool create string _title, bool _isFullscreen, int _x, int _y, int _width, int _height

{
title = _title;
isFullscreen = _isFullscreen;

// Fullscreen or not
if !isFullscreen {

x = _x;
y = _y;
width = _width;
height = _height;

} else {
x = 0;
y = 0;
width = Display::width;
height = Display::height;

}

// Grab an instance for window
hInstance = GetModuleHandle nullptr ;

// Window class
WNDCLASS wc = {

CS_HREDRAW | CS_VREDRAW | CS_OWNDC, // Redraw on move, and own DC for
window
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WNDPROC WndProc, // WndProc handles messages
0, // No extra window data
0, // No extra window data
hInstance, // Instance
LoadIcon nullptr, IDI_WINLOGO , // Default icon
LoadCursor nullptr, IDC_ARROW , // Arrow pointer
nullptr, // No background
nullptr, // No menu
"OpenGL" // Class name

};

// Attempt to register the window class
if !RegisterClass &wc {

showMessage "Failed to register the window class." ;
return false;

}

// Attempt fullscreen mode
if isFullscreen {

DEVMODE dmScreenSettings;
// Device mode

memset &dmScreenSettings, 0, sizeof dmScreenSettings ;
// Clear memory

dmScreenSettings.dmSize = sizeof dmScreenSettings ;
// Size of DEVMODE

dmScreenSettings.dmPelsWidth = width;
// Width

dmScreenSettings.dmPelsHeight = height;
// Height

dmScreenSettings.dmBitsPerPel = ;
// Bits per pixel

dmScreenSettings.dmFields = DM_BITSPERPEL | DM_PELSWIDTH |
DM_PELSHEIGHT; // Fields

// Try to set selected mode and get results
if ChangeDisplaySettings &dmScreenSettings, CDS_FULLSCREEN !=

DISP_CHANGE_SUCCESSFUL {
// Set it back
x = _x;
y = _y;
width = _width;
height = _height;
isFullscreen = false;

}
}

// Choose window styles
DWORD dwExStyle; // Window extended style
DWORD dwStyle; // Window style
if isFullscreen || PRGRM_NOBORDER {

dwExStyle = WS_EX_APPWINDOW;
dwStyle = WS_POPUP;

} else {
dwExStyle = WS_EX_APPWINDOW | WS_EX_WINDOWEDGE;
dwStyle = WS_OVERLAPPEDWINDOW;
if !PRGRM_MINIMIZE dwStyle &= ~WS_MINIMIZEBOX;
if !PRGRM_MAXIMIZE dwStyle &= ~WS_MAXIMIZEBOX;

}

// Adjust window to true requested size
RECT windowRect = { 0, 0, width, height };
AdjustWindowRectEx &windowRect, dwStyle, false, dwExStyle ;

if ! hWnd = CreateWindowEx
dwExStyle, // Extended style
"OpenGL", // Class name
title.c_str , // Title
WS_CLIPSIBLINGS | WS_CLIPCHILDREN | // Required style
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dwStyle, // Selected style
x, y, // Position
windowRect.right - windowRect.left, // Calculate width
windowRect.bottom - windowRect.top, // Calculate height
nullptr, // No parent
nullptr, // No menu
hInstance, // Instance
nullptr // Do not pass anything to

WM_CREATE
{

destroy ; // Reset the display
showMessage "Window creation error." ; // Error
return false; // Return false

}

// Pixel format descriptor
static PIXELFORMATDESCRIPTOR pfd = {

sizeof pfd , // Size of pfd
, // Version
PFD_DRAW_TO_WINDOW | // Format must support Window
PFD_SUPPORT_OPENGL | // Format must support OpenGL
PFD_DOUBLEBUFFER, // Must support double buffering
PFD_TYPE_RGBA, // Request an RGBA format
, // Color bits

0, 0, 0, 0, 0, 0, // RGB bits ignored
0, 0, // Alpha bits ignored
0, // No accumulation buffer
0, 0, 0, 0, // Accumulation bits ignored
, // -bit Z-Buffer

0, // No stencil buffer
0, // No auxiliary buffer
PFD_MAIN_PLANE, // Main drawing layer
0, // Reserved
0, 0, 0 // Layer masks ignored

};

// Results after searching for a match
GLuint pixelFormat;

// Check errors
if hDC = GetDC hWnd {

if pixelFormat = ChoosePixelFormat hDC, &pfd {
if SetPixelFormat hDC, pixelFormat, &pfd {

if hRC = wglCreateContext hDC {
if wglMakeCurrent hDC, hRC {

ShowWindow hWnd, SW_SHOW ; // Show the
window

SetForegroundWindow hWnd ; // Higher
priority

SetFocus hWnd ; // Set keyboard
focus

update width, height ; // Perspective
initialize ; // Other things
return true; // Good!

} else showMessage "Can't activate the GL rendering
context." ;

} else showMessage "Can't create a GL rendering context." ;
} else showMessage "Can't set the pixelFormat." ;

} else showMessage "Can't find a suitable pixelFormat." ;
} else showMessage "Can't create a GL device context." ;

// An error
destroy ;
return false;

}

// Change window mode
void changeFullscreen {
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destroy ;
create title, !isFullscreen, x, y, width, height ;

}
}

// Window procedure
LRESULT CALLBACK WndProc HWND hWnd, UINT uMsg, WPARAM wParam, LPARAM lParam {

// Check message
switch uMsg {

// Key pressed
case WM_KEYDOWN:

if !Keyboard::isHeld[Keyboard::lastPressedKey = wParam] {
Keyboard::isHeld[wParam] = Keyboard::isPressed[wParam] = true;

}
return 0;

// Key released
case WM_KEYUP:

Keyboard::isHeld[wParam] = false;
Keyboard::isReleased[wParam] = true;
return 0;

// Mouse moved
case WM_MOUSEMOVE:

Mouse::x = LOWORD lParam ;
Mouse::y = HIWORD lParam ;
return 0;

// Mouse wheel rotated
case WM_MOUSEWHEEL:

Mouse::isWheelRotated[HIWORD wParam == WHEEL_DELTA ? MOUSE_WHEEL_UP :
MOUSE_WHEEL_DOWN] = true;

return 0;

// Left mouse button pressed
case WM_LBUTTONDOWN:

Mouse::isHeld[MOUSE_LEFT] = Mouse::isPressed[MOUSE_LEFT] = true;
return 0;

// Right mouse button pressed
case WM_RBUTTONDOWN:

Mouse::isHeld[MOUSE_RIGHT] = Mouse::isPressed[MOUSE_RIGHT] = true;
return 0;

// Middle mouse button pressed
case WM_MBUTTONDOWN:

Mouse::isHeld[MOUSE_MIDDLE] = Mouse::isPressed[MOUSE_MIDDLE] = true;
return 0;

// Left mouse button released
case WM_LBUTTONUP:

Mouse::isHeld[MOUSE_LEFT] = false;
Mouse::isReleased[MOUSE_LEFT] = true;
return 0;

// Right mouse button released
case WM_RBUTTONUP:

Mouse::isHeld[MOUSE_RIGHT] = false;
Mouse::isReleased[MOUSE_RIGHT] = true;
return 0;

// Middle mouse button released
case WM_MBUTTONUP:

Mouse::isHeld[MOUSE_MIDDLE] = false;
Mouse::isReleased[MOUSE_MIDDLE] = true;
return 0;

// Window focus
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case WM_ACTIVATE:
Window::hasFocus = !HIWORD wParam ;
return 0;

// System command
case WM_SYSCOMMAND:

if wParam == SC_SCREENSAVE || wParam == SC_MONITORPOWER
return 0;

break;

// Window resized
case WM_SIZE:

Window::update Window::width = LOWORD lParam , Window::height = HIWORD lParam ;
return 0;

// Window moved
case WM_MOVE:

Window::x = LOWORD lParam ;
Window::y = HIWORD lParam ;
return 0;

// Window close
case WM_CLOSE:

Engine::prgrm = false;
return 0;

}

// Pass all unhandled messages to DefWindowProc
return DefWindowProc hWnd, uMsg, wParam, lParam ;

}
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.8 –
// With all objects named as 'object'
#define with object \
for OBJECT_##object* object = ::object; \

object > OBJECT_##object* 0x0000FFFF; \
object = OBJECT_##object* object->PRGRM_right \
if Engine::Object* object ->PRGRM_id != \

ObjectId::object \
break; \

else if object->isActive

// With single object named as 'object' with 'id'
#define withId object, id \
for OBJECT_##object* object = OBJECT_##object* ::object->getObjectById id ; \

object != nullptr; object = nullptr

// is object exists? macros
#define objectExists object object > Engine::Object* 0x0000FFFF

// Cast & get address for the th parameter
#define objectCreate x, y, z, object OBJECT_##object* _objectCreate x, y, z,
Engine::Object** &object

// Engine
namespace Engine {

float x;
float y;
float z;

// Object
class Object {
public:

Object* PRGRM_left = nullptr;
Object* PRGRM_right;

float x;
float y;
float z;

char zIndex = 0; // delete later
char id = - ;
bool isActive = true;
bool isPersistent = false;
bool isSolid = false; // delete later

// Constructor
Object {

// Set position
x = Engine::x;
y = Engine::y;
z = Engine::z;

// Return it back to _objectCreate function
object = this;

}

// Destructor
void destroy Object** ptr {

// Change first-same-object pointer
if *ptr == this {

if PRGRM_right != nullptr if PRGRM_right->PRGRM_id ==
PRGRM_id *ptr = PRGRM_right;

if *ptr == this *ptr = Object* PRGRM_id ;
}

// Change neighbours links to each other
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PRGRM_left != nullptr ? PRGRM_left->PRGRM_right : objectList =
PRGRM_right;

if PRGRM_right != nullptr PRGRM_right->PRGRM_left = PRGRM_left;

// Delete
delete this;

}

// Destroy
void destroy {

isActive = false;
}

// Get object with needed id
Object* getObjectById char id {

Object* obj = this;
while objectExists obj {

if PRGRM_id != obj->PRGRM_id
break;

if obj->isActive && obj->id == id
return obj;

obj = obj->PRGRM_right;
}
return nullptr;

}

// Get id that is not used by this kind of object
char getId {

int idNeed = - ;
while getObjectById ++idNeed != nullptr ;
return idNeed;

}

int objectCount {
int count = 0;
Object* obj = this;
while objectExists obj {

if PRGRM_id != obj->PRGRM_id
break;

if obj->isActive
count++;

obj = obj->PRGRM_right;
}
return count;

}

// Insert object to the object list
void PRGRM_insert Object* object {

PRGRM_right = object;

// If there is the same object giving a place before him
if objectExists PRGRM_right {

// Put this new object before him
PRGRM_left = PRGRM_right->PRGRM_left;

} else {
// Find a place in whole list to insert this new object
PRGRM_right = objectList;
while PRGRM_right != nullptr {

if zIndex > PRGRM_right->zIndex {
PRGRM_left = PRGRM_right;
PRGRM_right = PRGRM_right->PRGRM_right;

} else break;
}

}

// Change neighbours links to this new object
PRGRM_left != nullptr ? PRGRM_left->PRGRM_right : objectList = this;
if PRGRM_right != nullptr PRGRM_right->PRGRM_left = this;
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}

// Move at position
void moveTo Object* obj {

if objectExists this {
if objectExists obj {

x = obj->x;
y = obj->y;
z = obj->z;

} else showMessage "moveTo error obj" ;
} else showMessage "moveTo error this" ;

}

// Other virtual funcs
virtual void PRGRM_kill = 0;
virtual void PRGRM_step = 0;
virtual void PRGRM_draw = 0;
virtual ObjectId PRGRM_id const = 0;

} *objectList = nullptr, *object = nullptr;

// Delete everything
void deleteObjects {

Object* ptr = objectList;
while ptr != nullptr {

Object* del = ptr;
ptr = ptr->PRGRM_right;
del->PRGRM_kill ;

}
}

// Global step
void step {

// Step active
Object* ptr = objectList;
while ptr != nullptr {

if ptr->isActive ptr->PRGRM_step ;
ptr = ptr->PRGRM_right;

}

// Delete inactive
ptr = objectList;
while ptr != nullptr {

Object* del = ptr;
ptr = ptr->PRGRM_right;
if !del->isActive del->PRGRM_kill ;

}

// Reset mouse & keyboard
Keyboard::reset ;
Mouse::reset ;

}

// Global draw
void draw {

glClear GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT ;

// Draw
Object* ptr = objectList;
while ptr != nullptr {

ptr->PRGRM_draw ;
ptr = ptr->PRGRM_right;

}

SwapBuffers Window::hDC ;
}

};
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