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Introduction
For this assignment the class has been asked to create a card pairing game by using OpenGL “The most widely adopted 2D and 3D graphics Application Programming Interface” [1].
In this game the player will be given six cards facing down every two cards will have the same front image the aim of the game is to pair up the six cards until there are no cards left the user will not also have control of the camera to move around in the game world and will be able to rotate the game world as well. 

Description of code including Screenshots

1. [image: ]Code Variables 

In this screen shot it shows all the variables for the card game application. Here is a brief description on what each of the variables do in the code.

#define BITMAP_ID each bitmap image has the identifier in the screen shot above the texture code needs this identifier to load in these bitmap images. 
The bitmap info header and bitmap data are there to hold all the data that the bitmap contains. The texamount is an array which holds the bitmaps in memory in the screen shot the array is only holding two bitmaps at the moment one being the back of the card and the other the front of the card.  

The load bitmap file is just defining the function and what variables are going to be passed into that function.  It is the same with the reshape and camera they’re just defining the function and what variables go into them. 
The void draw table is there to define the draw table method but this definition is now no longer needed, the last variables are mainly lighting variables so the ambient light diffuse light which are used to give a sense of depth to the objects and also the lighting position and the material types.

2. Initialiser 
[image: ]

	In the screen shot above it shows the initialiser what this does it will initialise all the lighting and textures in this particular screen shot this is the lighting being initialised. 

[image: ]
	
The screenshot above is still part of the initialise function but this part of the function deals with all the textures the bitmap data will load in the bitmap file the glTexParameter sets the parameters for the textures the glTexImage will generate these textures. 

3. Individual draw functions 
  
 
[image: ]







	In the screen shot it shows the individual draw functions the table and the card the card function has been repeated another 5 times so they will not be shown in this report both the table and card functions are using GL Quads so these functions will draw quads mainly squares.
For the table function it has a uses glcolour so the table has been set to a specific colour in this case it will be brown. 
For the cards however they have glbindtexture what this does it binds the textures to the quads the texture in the example is the back of the card texture, when using glbindtexture you will also need a set of texture coordinates as well. 
The vertex coordinates are there to actually draw the shapes inside the game world. 
 







4. Draw Function 

[image: ]







	In the screen shot above is the main draw code it calls the individual draw functions the gltranslate function is also being used here what it will do is ay draw card1 draw the quad at these specific coordinates which the user has defined by using float numbers and it does this for all of the draw card functions and draw table function. 

5. [image: ]Load Bitmap File Function 










	This function is the load bitmap file function this is the function that will call in the actual bitmap file and the BITMAP_ID is there to make sure that the image file that is being called in is actually a bitmap using the universal bitmap id which all bitmap images have. 




6. [image: ]Display function





	What his function does it enables and displays all the functions that are being called so the draw function is being called here so it will display the objects that the draw function is creating and it also enables and displays the textures that the student has created. 


7. Reshape Function
[image: ]
What the reshape function does when the user maximises the window the reshape function will be called so the game can still be visible and playable when the window is maximised or minimised. 










8. Keyboard function 
[image: ]







What this function does I holds all the keyboard commands for the actual game and all the camera commands as well it also holds how much the camera should move so if the user presses w the game world will move by -0.1.  
9. Camera function 

[image: ]


The camera function holds the rotate and translate functions the rotate function allows the user to rotate the camera in the game world and the translate will allow the move the camera around the game world. 











10. Main 

[image: ]










This is the main function all the glut window functions have been called so the window size which will be 1500 by 1500 the window position so where it will be on the users screen the display mode which is GLUT_RGB the create window function actually creates the window and gives it a title as well. 

Then the other functions like display, reshape, initialiser and keyboard are all called. 
 
[image: ]Screen shots of the program working 

As you can see the objects mainly the cards can load in due to time constraints the table cannot be shown but it is still loaded in but it has been brought so forward that it cannot be seen. 
The card textures have been loaded in as well. 
[image: ] 

In the screen shot it shows the cards but it a more zoomed out angle.
[image: ]


In the screenshot above it shows the game world on a rotated angle. 






[image: ]
In the screen shot above it show that one of the cards can load in another texture sadly it was due to the user actually changing the code to only display this texture instead of flipping the card, also the screen is maximised and the game still loads perfectly so it shows that the reshape function works. 

User Guide 
	W key
	Will move the camera forward

	A key
	Will move the camera left 

	S key
	Will move the camera back

	D key
	Will move the camera right 

	X key
	Will rotate the camera left

	Z key
	Will rotate the camera right 

	Up arrow key
	Will be used to go up and select a card (sadly due to time constraints this function was not implemented)

	Down arrow key
	Will be used to go down and select a card (sadly due to time constraints this function was not implemented)

	Left arrow key
	Will be used to go left and select a card (sadly due to time constraints this function was not implemented)

	Right arrow key
	Will be used to go right and select a card (sadly due to time constraints this function was not implemented)

	Enter key
	Will be used to reveal a selected card (sadly due to time constraints this function was not implemented)
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Appendix 
Some of the code used has been influenced by this source [2]
//CardGameApp.cpp : Defines the entry point for the console application.
//
#include <iostream> 
#include  "glut.h"
#include <stdio.h>
#include <windows.h>
#include <math.h>

#define BITMAP_ID 0x4D42

//texture information
BITMAPINFOHEADER bitmapInfoHeader;
unsigned char* bitmapData;
static GLuint texamount[2]; // this array will store the amount of textures used which in this case it is one
unsigned char *LoadBitmapFile(char *filename, BITMAPINFOHEADER *bitmapInfoHeader);
void reshape(int w, int h);
void camera(float, float, float);


using namespace std;
void drawTable(void);


//Variables for lighting 
float ambientLight[] = { 1.0f, 1.0f, 1.0f, 1.0f };
float diffuseLight[] = { 1.0f, 1.0f, 1.0f, 1.0f };
float lightPosition[] = { 10.0f, 100.0f, 10.0f, 0.0f };
float matAmbient[] = { 0.3f, 0.5f, 0.8f, 1.0f };
float matDiff[] = { 0.25f, 0.25f, 0.25f, 1.0f };


void textinit() //texture and material initialise 
				//Author Gordon Dickers 
				// This code was taken from 6-lit scene with textures an animation notes from https://moodle.uwtsd.ac.uk/course/view.php?id=2276 date accessed 20/03/18
{




	glEnable(GL_DEPTH_TEST);					// hidden surface removal
	glEnable(GL_CULL_FACE);						// do not calculate inside of poly's
	glFrontFace(GL_CW);						// counter clock-wise polygons are out


	//***** lighting
	glEnable(GL_SMOOTH);
	glEnable(GL_LIGHTING);						// enable lighting

												// Setup the materials for LIGHT0
	glMaterialfv(GL_FRONT, GL_AMBIENT, matAmbient);
	glMaterialfv(GL_FRONT, GL_DIFFUSE, matDiff);

	// Now setup LIGHT0
	glLightfv(GL_LIGHT0, GL_AMBIENT, ambientLight);		// setup the ambient element
	glLightfv(GL_LIGHT0, GL_DIFFUSE, diffuseLight);		// the diffuse element
	glLightfv(GL_LIGHT0, GL_POSITION, lightPosition);	// place the light in the world

														// Enable the light
	glEnable(GL_LIGHT0);
	// Enable the textures 
	glEnable(GL_TEXTURE_2D);

	//bitmap loader Loading first Texture
	bitmapData = LoadBitmapFile("BackCard.bmp", &bitmapInfoHeader); // this peice of the code and search for the texture called BackCard in the file directory

	glGenTextures(2, texamount); //this part of the code will generate the texure
	glBindTexture(GL_TEXTURE_2D, texamount[0]); // this will enable the texture object


	glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_MAG_FILTER, GL_NEAREST);
	glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_MIN_FILTER, GL_NEAREST);

	//Generate the Texture image 
	glTexImage2D(GL_TEXTURE_2D, 0, GL_RGB, bitmapInfoHeader.biWidth,
		bitmapInfoHeader.biHeight, 0, GL_RGB, GL_UNSIGNED_BYTE, bitmapData);
	glEnable(GL_TEXTURE_2D);


	//bitmap loader Loading second Texture
	bitmapData = LoadBitmapFile("FrontCard.bmp", &bitmapInfoHeader); // this peice of the code and search for the texture called BackCard in the file directory

	
	glBindTexture(GL_TEXTURE_2D, texamount[1]); // this will enable the texture object


	glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_MAG_FILTER, GL_NEAREST);
	glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_MIN_FILTER, GL_NEAREST);

	//Generate the Texture image 
	glTexImage2D(GL_TEXTURE_2D, 0, GL_RGB, bitmapInfoHeader.biWidth,
		bitmapInfoHeader.biHeight, 0, GL_RGB, GL_UNSIGNED_BYTE, bitmapData);
	glEnable(GL_TEXTURE_2D);


}





void drawTable(void) {

	glBegin(GL_QUADS);
	glClear(GL_COLOR_BUFFER_BIT);
	glColor3f(1.000, 0.871, 0.678);
	glVertex2f(2.0, 4.0);
	glVertex2f(8.0, 4.0);
	glVertex2f(8.0, 8.0);
	glVertex2f(2.0, 8.0);
	glEnd();
	

	return void();
}

void drawCard1(void) {
	glRotatef(180, 0, 1, 0 ); 
	glBindTexture(GL_TEXTURE_2D, texamount[0]);
	glNormal3f(0.0f, 1.0f, 0.0f);
	glBegin(GL_QUADS);
	glTexCoord2f(0.0, 0.0); glVertex3f(0.5, 1.0, 0.0);
	glTexCoord2f(1.0, 0.0); glVertex3f(-0.5, 1.0, 0.0); 
	glTexCoord2f(1.0, 1.0); glVertex3f(-0.5, -1.0, 0.0); 
	glTexCoord2f(0.0, 1.0); glVertex3f(0.5, -1.0, 0.0); 
	glEnd();

	//glBindTexture(GL_TEXTURE_2D, texamount[1]);  this code was going to load in the second texture 
	//glNormal3f(0.0f, -1.0f, 0.0f);
	//glBegin(GL_QUADS);
	//glTexCoord2f(0.0, 0.0); glVertex3f(0.5, 1.0, +0.01);
	//glTexCoord2f(1.0, 0.0); glVertex3f(-0.5, 1.0, +0.01);
	//glTexCoord2f(1.0, 1.0); glVertex3f(-0.5, -1.0, +0.01);
	//glTexCoord2f(0.0, 1.0); glVertex3f(0.5, -1.0, +0.01);
	//glEnd();

}


void drawCard2(void) {
	glRotatef(180, 0, 1, 0);
	glBindTexture(GL_TEXTURE_2D, texamount[0]);
	glNormal3f(0.0f, 1.0f, 0.0f);
	glBegin(GL_QUADS);
	glTexCoord2f(0.0, 0.0); glVertex3f(0.5, 1.0, 0.0);
	glTexCoord2f(1.0, 0.0); glVertex3f(-0.5, 1.0, 0.0);
	glTexCoord2f(1.0, 1.0); glVertex3f(-0.5, -1.0, 0.0);
	glTexCoord2f(0.0, 1.0); glVertex3f(0.5, -1.0, 0.0);
	glEnd();
}

void drawCard3(void) {
	glRotatef(180, 0, 1, 0);
	glBindTexture(GL_TEXTURE_2D, texamount[0]);
	glNormal3f(0.0f, 1.0f, 0.0f);
	glBegin(GL_QUADS);
	glTexCoord2f(0.0, 0.0); glVertex3f(0.5, 1.0, 0.0);
	glTexCoord2f(1.0, 0.0); glVertex3f(-0.5, 1.0, 0.0);
	glTexCoord2f(1.0, 1.0); glVertex3f(-0.5, -1.0, 0.0);
	glTexCoord2f(0.0, 1.0); glVertex3f(0.5, -1.0, 0.0);
	glEnd();


	//glBindTexture(GL_TEXTURE_2D, texamount[1]); this code was going to load in the second texture 
	//glNormal3f(0.0f, -1.0f, 0.0f);
	//glBegin(GL_QUADS);
	//glTexCoord2f(0.0, 0.0); glVertex3f(0.5, 1.0, +0.01);
	//glTexCoord2f(1.0, 0.0); glVertex3f(-0.5, 1.0, +0.01);
	//glTexCoord2f(1.0, 1.0); glVertex3f(-0.5, -1.0, +0.01);
	//glTexCoord2f(0.0, 1.0); glVertex3f(0.5, -1.0, +0.01);
	//glEnd();
}
void drawCard4(void) {
	glRotatef(180, 0, 1, 0);
	glBindTexture(GL_TEXTURE_2D, texamount[0]);
	glNormal3f(0.0f, 1.0f, 0.0f);
	glBegin(GL_QUADS);
	glTexCoord2f(0.0, 0.0); glVertex3f(0.5, 1.0, 0.0);
	glTexCoord2f(1.0, 0.0); glVertex3f(-0.5, 1.0, 0.0);
	glTexCoord2f(1.0, 1.0); glVertex3f(-0.5, -1.0, 0.0);
	glTexCoord2f(0.0, 1.0); glVertex3f(0.5, -1.0, 0.0);
	glEnd();


}

void drawCard5(void) {
	glRotatef(180, 0, 1, 0);
	glBindTexture(GL_TEXTURE_2D, texamount[0]);
	glNormal3f(0.0f, 1.0f, 0.0f);
	glBegin(GL_QUADS);
	glTexCoord2f(0.0, 0.0); glVertex3f(0.5, 1.0, 0.0);
	glTexCoord2f(1.0, 0.0); glVertex3f(-0.5, 1.0, 0.0);
	glTexCoord2f(1.0, 1.0); glVertex3f(-0.5, -1.0, 0.0);
	glTexCoord2f(0.0, 1.0); glVertex3f(0.5, -1.0, 0.0);
	glEnd();
}

void drawCard6(void) {
	glRotatef(180, 0, 1, 0);
	glBindTexture(GL_TEXTURE_2D, texamount[0]);
	glNormal3f(0.0f, 1.0f, 0.0f);
	glBegin(GL_QUADS);
	glTexCoord2f(0.0, 0.0); glVertex3f(0.5, 1.0, 0.0);
	glTexCoord2f(1.0, 0.0); glVertex3f(-0.5, 1.0, 0.0);
	glTexCoord2f(1.0, 1.0); glVertex3f(-0.5, -1.0, 0.0);
	glTexCoord2f(0.0, 1.0); glVertex3f(0.5, -1.0, 0.0);
	glEnd();
}


void draw(void) // this function will draw the cards in the game world 
{
	glPushMatrix();
	glTranslatef(2.0, 1.0, 0.0); // gl translate will the cards in the game world in correlation with the points
	drawCard1();
	glPopMatrix();
	
	glPushMatrix();
	glTranslatef(-0.0 , 1.0, 0.0);
	drawCard2();
	glPopMatrix();

	glPushMatrix();
	glTranslatef(-2.0, 1.0, 0.0);
	drawCard3();
	glPopMatrix();

	glPushMatrix();
	glTranslatef(2.0, 3.5, 0.0);
	drawCard4();
	glPopMatrix();

	glPushMatrix();
	glTranslatef(-0.0, 3.5, 0.0);
	drawCard5();
	glPopMatrix(); 

	glPushMatrix();
	glTranslatef(-2.0, 3.5, 0.0);
	drawCard6();
	glPopMatrix();


	glPushMatrix();
	glTranslatef(0.0, 0.0, 1.5);
	drawTable();
	glPopMatrix();
	glFlush(); 

}




// This code was taken from 6-lit scene with textures an animation notes from https://moodle.uwtsd.ac.uk/course/view.php?id=2276 date accessed 20/03/18
//Author Gordon Dickers 
// LoadBitmapFile
// desc: Returns a pointer to the bitmap image of the bitmap specified
//       by filename. Also returns the bitmap header information.
//		 No support for 8-bit bitmaps.
unsigned char *LoadBitmapFile(char *filename, BITMAPINFOHEADER *bitmapInfoHeader)
{
	FILE *filePtr;							// the file pointer
	BITMAPFILEHEADER	bitmapFileHeader;		// bitmap file header
	unsigned char		*bitmapImage;			// bitmap image data
	int					imageIdx = 0;		// image index counter
	unsigned char		tempRGB;				// swap variable

												// open filename in "read binary" mode
	filePtr = fopen(filename, "rb");
	if (filePtr == NULL)
		return NULL;

	// read the bitmap file header
	fread(&bitmapFileHeader, sizeof(BITMAPFILEHEADER), 1, filePtr);

	// verify that this is a bitmap by checking for the universal bitmap id
	if (bitmapFileHeader.bfType != BITMAP_ID)
	{
		fclose(filePtr);
		return NULL;
	}

	// read the bitmap information header
	fread(bitmapInfoHeader, sizeof(BITMAPINFOHEADER), 1, filePtr);

	// move file pointer to beginning of bitmap data
	fseek(filePtr, bitmapFileHeader.bfOffBits, SEEK_SET);

	// allocate enough memory for the bitmap image data
	bitmapImage = (unsigned char*)malloc(bitmapInfoHeader->biSizeImage);

	// verify memory allocation
	if (!bitmapImage)
	{
		free(bitmapImage);
		fclose(filePtr);
		return NULL;
	}

	// read in the bitmap image data
	fread(bitmapImage, 1, bitmapInfoHeader->biSizeImage, filePtr);

	// make sure bitmap image data was read
	if (bitmapImage == NULL)
	{
		fclose(filePtr);
		return NULL;
	}

	// swap the R and B values to get RGB since the bitmap color format is in BGR
	for (imageIdx = 0; imageIdx < bitmapInfoHeader->biSizeImage; imageIdx += 3)
	{
		tempRGB = bitmapImage[imageIdx];
		bitmapImage[imageIdx] = bitmapImage[imageIdx + 2];
		bitmapImage[imageIdx + 2] = tempRGB;
	}

	// close the file and return the bitmap image data
	fclose(filePtr);
	return bitmapImage;
}




// This code was taken from 6-lit scene with textures an animation notes from https://moodle.uwtsd.ac.uk/course/view.php?id=2276 date accessed 20/03/18
//Author Gordon Dickers
void display()
{
	glPushMatrix();
	glClear(GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT);		// clear screen and depth buffer
															// reset modelview matrix

	glColor3f(0.8, 0.8, 1.0);  //set colour not used. Automatically disabled when lighting Enabled
	glTranslatef(0, 0, 0);  //move by x,y and z units
	glMaterialfv(GL_FRONT, GL_AMBIENT, matAmbient);//set backdrop material properties
	glMaterialfv(GL_FRONT, GL_DIFFUSE, matDiff);
	glEnable(GL_TEXTURE_2D);
	draw();  //draw floor
	glColor3f(1.0, 0.8, 0.8);  //set colour not used. Automatically disabled when lighting Enabled

	//glPushMatrix(); //save current position/orientation, etc.
	//glTranslatef(0, 1.505, -5);  //move by x,y and z units
	//glMaterialfv(GL_FRONT, GL_AMBIENT, matAmbient1);//set backdrop material properties
	//glMaterialfv(GL_FRONT, GL_DIFFUSE, matDiff1);
	//drawBox(5, 0.01, 3);  //draw back drop
	//glPopMatrix(); //restore previous "current" position/orientation etc.

	//glColor3f(0.8, 1.0, 0.8);  //set colour not used. Automatically disabled when lighting Enabled
	//glPushMatrix(); //save current position/orientation, etc.
	//glTranslatef(1, 1, 1);  //move by x,y and z units
	//glMaterialfv(GL_FRONT, GL_AMBIENT, matAmbient1);//set teapot light material properties
	//glMaterialfv(GL_FRONT, GL_DIFFUSE, matDiff1);
	//glutSolidTeapot(0.2); //param is size of teapot
	//glPopMatrix(); //restore previous "current" position/orientation etc.

	//glColor3f(0.4, 1.0, 1.0);  //set colour not used. Automatically disabled when lighting Enabled
	//glPushMatrix(); //save current position/orientation, etc.
	//glTranslatef(0, 1, 0);  //move by x,y and z units
	//glMaterialfv(GL_FRONT, GL_AMBIENT, matAmbient2);//set box light material properties
	//glMaterialfv(GL_FRONT, GL_DIFFUSE, matDiff2);
	//glRotatef(globangle, 1, 1, 1);
	//drawBox(1, 1, 1);  //draw box
	//glPopMatrix(); //restore previous "current" position/orientation etc.

				   //  glTranslatef(0,0,0);  //move by x,y and z units
				   //drawBox(5.0, 10.0, 0.20);  //draw floor
	glPopMatrix();
	glFlush();  //force drawing

	glutSwapBuffers();			// bring backbuffer to foreground
								//any errors then display error codes 
	

}

// This code was taken from 6-lit scene with textures an animation notes from https://moodle.uwtsd.ac.uk/course/view.php?id=2276 date accessed 20/03/18
//Author Gordon Dickers
void reshape(int w, int h)
//reshape
//************************************************************************
//OpenGL reshape callback is called when the window is resized
{
	glViewport(0, 0, (GLsizei)w, (GLsizei)h); //respecify size of view port to match new w and h
	glMatrixMode(GL_PROJECTION);  //go into projection mode
	glLoadIdentity();   //reset projection matrix
	gluPerspective(60.0, (GLfloat)w / (GLfloat)h, 1.0, 200.0);  //redefine projection matrix to match changes in w and h
	glMatrixMode(GL_MODELVIEW);  //switch back to modelview mode
	glLoadIdentity(); //reset modelview matrix
	gluLookAt(0.0, 2.0, 5.0, 0.0, 2.0, -1.0, 0.0, 1.0, 0.0);// note these match the initial values 
															//of the keybard fn vx,vy,vz, angle

}


// This code was taken from 6-lit scene with textures an animation notes from https://moodle.uwtsd.ac.uk/course/view.php?id=2276 date accessed 20/03/18
//Author Gordon Dickers
void keyboard(unsigned char key, int x, int y)
//This function alters the camera angle and x,y,z position
// how would you alter the 'w' and 's' key equations to move 
//the camera in the direction you're looking? Hint -> needs a little bit of trig
// and both  a vx and a vz formula will be needed in each 'w' and 's' case.
{
	static float vx = 0, vy = 2, vz = 5, angle = 0;
	switch (key) {

	case 'a' | 'A':
		vx = vx - 0.1;
	
		break;
	case 'd' | 'D':
		vx = vx + 0.1;

		break;
	case 'w' | 'W':
		vz = vz - 0.1;


		break;
	case 's' | 'S':
		vz = vz + 0.1;

		break;
	case 'Z' | 'z':
		angle = angle - 10;

		break;
	case 'X' | 'x':
		angle = angle + 10;

		break;
	case 27:
		exit(0);
		break;
	default:
		break;
		

	}
	glMatrixMode(GL_MODELVIEW);
	glLoadIdentity();
	camera(vx, vz, angle);  //use glulookat() if you want
	glutPostRedisplay();
}
void camera(float x, float z, float angle)
{
	glRotatef(angle, 0, 1, 0); //not the inverse transforms and their sequence
	glTranslatef(-x, -2, -z);  //what happens if you swap the transform order
							   //visualize it first then try it.
}



int main(int argc, char** argv)  // this bit of code will display the window for the user to see the game 
{
	glutInit(&argc, argv);
	glutInitWindowSize(1500, 1500); // this will be the window size so its 700 by 700
	glutInitWindowPosition(100, 100); /// this is the postion where the window will be on the screen
	glutInitDisplayMode(GLUT_RGB);
	glutCreateWindow("Card Game Have Fun !!");
	textinit();
	glutDisplayFunc(display);
	glutReshapeFunc(reshape);
	glutKeyboardFunc(keyboard);
	glClearColor(0.0, 0.0, 1.0, 0.0);
	glutMainLoop();


	return 0;
}

Glut.h file 
This code was influenced by this source [3]

#pragma once
#ifndef __glut_h__
#define __glut_h__


// This header file was used in one of our Games Programming and graphics classes and can be found at https://moodle.uwtsd.ac.uk/course/view.php?id=2276 Date accessed 15/03/2018 
/* Copyright (c) Mark J. Kilgard, 1994, 1995, 1996, 1998. */

/* This program is freely distributable without licensing fees  and is
provided without guarantee or warrantee expressed or  implied. This
program is -not- in the public domain. */

#if defined(_WIN32)

/* GLUT 3.7 now tries to avoid including <windows.h>
to avoid name space pollution, but Win32's <GL/gl.h>
needs APIENTRY and WINGDIAPI defined properly. */
# if 0
/* This would put tons of macros and crap in our clean name space. */
#  define  WIN32_LEAN_AND_MEAN
#  include <windows.h>
# else
/* XXX This is from Win32's <windef.h> */
#  ifndef APIENTRY
#   define GLUT_APIENTRY_DEFINED
#   if (_MSC_VER >= 800) || defined(_STDCALL_SUPPORTED) || defined(__BORLANDC__) || defined(__LCC__)
#    define APIENTRY    __stdcall
#   else
#    define APIENTRY
#   endif
#  endif
/* XXX This is from Win32's <winnt.h> */
#  ifndef CALLBACK
#   if (defined(_M_MRX000) || defined(_M_IX86) || defined(_M_ALPHA) || defined(_M_PPC)) && !defined(MIDL_PASS) || defined(__LCC__)
#    define CALLBACK __stdcall
#   else
#    define CALLBACK
#   endif
#  endif
/* XXX Hack for lcc compiler.  It doesn't support __declspec(dllimport), just __stdcall. */
#  if defined( __LCC__ )
#   undef WINGDIAPI
#   define WINGDIAPI __stdcall
#  else
/* XXX This is from Win32's <wingdi.h> and <winnt.h> */
#   ifndef WINGDIAPI
#    define GLUT_WINGDIAPI_DEFINED
#    define WINGDIAPI __declspec(dllimport)
#   endif
#  endif
/* XXX This is from Win32's <ctype.h> */
#  ifndef _WCHAR_T_DEFINED
typedef unsigned short wchar_t;
#   define _WCHAR_T_DEFINED
#  endif
# endif

/* To disable automatic library usage for GLUT, define GLUT_NO_LIB_PRAGMA
in your compile preprocessor options. */
# if !defined(GLUT_BUILDING_LIB) && !defined(GLUT_NO_LIB_PRAGMA)
#  pragma comment (lib, "winmm.lib")      /* link with Windows MultiMedia lib */
/* To enable automatic SGI OpenGL for Windows library usage for GLUT,
define GLUT_USE_SGI_OPENGL in your compile preprocessor options.  */
#  ifdef GLUT_USE_SGI_OPENGL
#   pragma comment (lib, "opengl.lib")    /* link with SGI OpenGL for Windows lib */
#   pragma comment (lib, "glu.lib")       /* link with SGI OpenGL Utility lib */
#   pragma comment (lib, "glut.lib")      /* link with Win32 GLUT for SGI OpenGL lib */
#  else
#   pragma comment (lib, "opengl32.lib")  /* link with Microsoft OpenGL lib */
#   pragma comment (lib, "glu32.lib")     /* link with Microsoft OpenGL Utility lib */
#   pragma comment (lib, "glut32.lib")    /* link with Win32 GLUT lib */
#  endif
# endif

/* To disable supression of annoying warnings about floats being promoted
to doubles, define GLUT_NO_WARNING_DISABLE in your compile preprocessor
options. */
# ifndef GLUT_NO_WARNING_DISABLE
#  pragma warning (disable:4244)  /* Disable bogus VC++ 4.2 conversion warnings. */
#  pragma warning (disable:4305)  /* VC++ 5.0 version of above warning. */
# endif

/* Win32 has an annoying issue where there are multiple C run-time
libraries (CRTs).  If the executable is linked with a different CRT
from the GLUT DLL, the GLUT DLL will not share the same CRT static
data seen by the executable.  In particular, atexit callbacks registered
in the executable will not be called if GLUT calls its (different)
exit routine).  GLUT is typically built with the
"/MD" option (the CRT with multithreading DLL support), but the Visual
C++ linker default is "/ML" (the single threaded CRT).

One workaround to this issue is requiring users to always link with
the same CRT as GLUT is compiled with.  That requires users supply a
non-standard option.  GLUT 3.7 has its own built-in workaround where
the executable's "exit" function pointer is covertly passed to GLUT.
GLUT then calls the executable's exit function pointer to ensure that
any "atexit" calls registered by the application are called if GLUT
needs to exit.

Note that the __glut*WithExit routines should NEVER be called directly.
To avoid the atexit workaround, #define GLUT_DISABLE_ATEXIT_HACK. */

/* XXX This is from Win32's <process.h> */
# if !defined(_MSC_VER) && !defined(__cdecl)
/* Define __cdecl for non-Microsoft compilers. */
#  define __cdecl
#  define GLUT_DEFINED___CDECL
# endif
# ifndef _CRTIMP
#  ifdef _NTSDK
/* Definition compatible with NT SDK */
#   define _CRTIMP
#  else
/* Current definition */
#   ifdef _DLL
#    define _CRTIMP __declspec(dllimport)
#   else
#    define _CRTIMP
#   endif
#  endif
#  define GLUT_DEFINED__CRTIMP
# endif

/* GLUT API entry point declarations for Win32. */
# ifdef GLUT_BUILDING_LIB
#  define GLUTAPI __declspec(dllexport)
# else
#  ifdef _DLL
#   define GLUTAPI __declspec(dllimport)
#  else
#   define GLUTAPI extern
#  endif
# endif

/* GLUT callback calling convention for Win32. */
# define GLUTCALLBACK __cdecl

#endif  /* _WIN32 */

#include <GL/gl.h>
#include <GL/glu.h>

#ifdef __cplusplus
extern "C" {
#endif

#if defined(_WIN32)
# ifndef GLUT_BUILDING_LIB
	extern _CRTIMP void __cdecl exit(int);
# endif
#else
	/* non-Win32 case. */
	/* Define APIENTRY and CALLBACK to nothing if we aren't on Win32. */
# define APIENTRY
# define GLUT_APIENTRY_DEFINED
# define CALLBACK
	/* Define GLUTAPI and GLUTCALLBACK as below if we aren't on Win32. */
# define GLUTAPI extern
# define GLUTCALLBACK
	/* Prototype exit for the non-Win32 case (see above). */
	extern void exit(int);
#endif

	/**
	GLUT API revision history:

	GLUT_API_VERSION is updated to reflect incompatible GLUT
	API changes (interface changes, semantic changes, deletions,
	or additions).

	GLUT_API_VERSION=1  First public release of GLUT.  11/29/94

	GLUT_API_VERSION=2  Added support for OpenGL/GLX multisampling,
	extension.  Supports new input devices like tablet, dial and button
	box, and Spaceball.  Easy to query OpenGL extensions.

	GLUT_API_VERSION=3  glutMenuStatus added.

	GLUT_API_VERSION=4  glutInitDisplayString, glutWarpPointer,
	glutBitmapLength, glutStrokeLength, glutWindowStatusFunc, dynamic
	video resize subAPI, glutPostWindowRedisplay, glutKeyboardUpFunc,
	glutSpecialUpFunc, glutIgnoreKeyRepeat, glutSetKeyRepeat,
	glutJoystickFunc, glutForceJoystickFunc (NOT FINALIZED!).
	**/
#ifndef GLUT_API_VERSION  /* allow this to be overriden */
#define GLUT_API_VERSION		3
#endif

	/**
	GLUT implementation revision history:

	GLUT_XLIB_IMPLEMENTATION is updated to reflect both GLUT
	API revisions and implementation revisions (ie, bug fixes).

	GLUT_XLIB_IMPLEMENTATION=1  mjk's first public release of
	GLUT Xlib-based implementation.  11/29/94

	GLUT_XLIB_IMPLEMENTATION=2  mjk's second public release of
	GLUT Xlib-based implementation providing GLUT version 2
	interfaces.

	GLUT_XLIB_IMPLEMENTATION=3  mjk's GLUT 2.2 images. 4/17/95

	GLUT_XLIB_IMPLEMENTATION=4  mjk's GLUT 2.3 images. 6/?/95

	GLUT_XLIB_IMPLEMENTATION=5  mjk's GLUT 3.0 images. 10/?/95

	GLUT_XLIB_IMPLEMENTATION=7  mjk's GLUT 3.1+ with glutWarpPoitner.  7/24/96

	GLUT_XLIB_IMPLEMENTATION=8  mjk's GLUT 3.1+ with glutWarpPoitner
	and video resize.  1/3/97

	GLUT_XLIB_IMPLEMENTATION=9 mjk's GLUT 3.4 release with early GLUT 4 routines.

	GLUT_XLIB_IMPLEMENTATION=11 Mesa 2.5's GLUT 3.6 release.

	GLUT_XLIB_IMPLEMENTATION=12 mjk's GLUT 3.6 release with early GLUT 4 routines + signal handling.

	GLUT_XLIB_IMPLEMENTATION=13 mjk's GLUT 3.7 beta with GameGLUT support.

	GLUT_XLIB_IMPLEMENTATION=14 mjk's GLUT 3.7 beta with f90gl friend interface.

	GLUT_XLIB_IMPLEMENTATION=15 mjk's GLUT 3.7 beta sync'ed with Mesa <GL/glut.h>
	**/
#ifndef GLUT_XLIB_IMPLEMENTATION  /* Allow this to be overriden. */
#define GLUT_XLIB_IMPLEMENTATION	15
#endif

	/* Display mode bit masks. */
#define GLUT_RGB			0
#define GLUT_RGBA			GLUT_RGB
#define GLUT_INDEX			1
#define GLUT_SINGLE			0
#define GLUT_DOUBLE			2
#define GLUT_ACCUM			4
#define GLUT_ALPHA			8
#define GLUT_DEPTH			16
#define GLUT_STENCIL			32
#if (GLUT_API_VERSION >= 2)
#define GLUT_MULTISAMPLE		128
#define GLUT_STEREO			256
#endif
#if (GLUT_API_VERSION >= 3)
#define GLUT_LUMINANCE			512
#endif

	/* Mouse buttons. */
#define GLUT_LEFT_BUTTON		0
#define GLUT_MIDDLE_BUTTON		1
#define GLUT_RIGHT_BUTTON		2

	/* Mouse button  state. */
#define GLUT_DOWN			0
#define GLUT_UP				1

#if (GLUT_API_VERSION >= 2)
	/* function keys */
#define GLUT_KEY_F1			1
#define GLUT_KEY_F2			2
#define GLUT_KEY_F3			3
#define GLUT_KEY_F4			4
#define GLUT_KEY_F5			5
#define GLUT_KEY_F6			6
#define GLUT_KEY_F7			7
#define GLUT_KEY_F8			8
#define GLUT_KEY_F9			9
#define GLUT_KEY_F10			10
#define GLUT_KEY_F11			11
#define GLUT_KEY_F12			12
	/* directional keys */
#define GLUT_KEY_LEFT			100
#define GLUT_KEY_UP			101
#define GLUT_KEY_RIGHT			102
#define GLUT_KEY_DOWN			103
#define GLUT_KEY_PAGE_UP		104
#define GLUT_KEY_PAGE_DOWN		105
#define GLUT_KEY_HOME			106
#define GLUT_KEY_END			107
#define GLUT_KEY_INSERT			108
#endif

	/* Entry/exit  state. */
#define GLUT_LEFT			0
#define GLUT_ENTERED			1

	/* Menu usage  state. */
#define GLUT_MENU_NOT_IN_USE		0
#define GLUT_MENU_IN_USE		1

	/* Visibility  state. */
#define GLUT_NOT_VISIBLE		0
#define GLUT_VISIBLE			1

	/* Window status  state. */
#define GLUT_HIDDEN			0
#define GLUT_FULLY_RETAINED		1
#define GLUT_PARTIALLY_RETAINED		2
#define GLUT_FULLY_COVERED		3

	/* Color index component selection values. */
#define GLUT_RED			0
#define GLUT_GREEN			1
#define GLUT_BLUE			2

#if defined(_WIN32)
	/* Stroke font constants (use these in GLUT program). */
#define GLUT_STROKE_ROMAN		((void*)0)
#define GLUT_STROKE_MONO_ROMAN		((void*)1)

	/* Bitmap font constants (use these in GLUT program). */
#define GLUT_BITMAP_9_BY_15		((void*)2)
#define GLUT_BITMAP_8_BY_13		((void*)3)
#define GLUT_BITMAP_TIMES_ROMAN_10	((void*)4)
#define GLUT_BITMAP_TIMES_ROMAN_24	((void*)5)
#if (GLUT_API_VERSION >= 3)
#define GLUT_BITMAP_HELVETICA_10	((void*)6)
#define GLUT_BITMAP_HELVETICA_12	((void*)7)
#define GLUT_BITMAP_HELVETICA_18	((void*)8)
#endif
#else
	/* Stroke font opaque addresses (use constants instead in source code). */
	GLUTAPI void *glutStrokeRoman;
	GLUTAPI void *glutStrokeMonoRoman;

	/* Stroke font constants (use these in GLUT program). */
#define GLUT_STROKE_ROMAN		(&glutStrokeRoman)
#define GLUT_STROKE_MONO_ROMAN		(&glutStrokeMonoRoman)

	/* Bitmap font opaque addresses (use constants instead in source code). */
	GLUTAPI void *glutBitmap9By15;
	GLUTAPI void *glutBitmap8By13;
	GLUTAPI void *glutBitmapTimesRoman10;
	GLUTAPI void *glutBitmapTimesRoman24;
	GLUTAPI void *glutBitmapHelvetica10;
	GLUTAPI void *glutBitmapHelvetica12;
	GLUTAPI void *glutBitmapHelvetica18;

	/* Bitmap font constants (use these in GLUT program). */
#define GLUT_BITMAP_9_BY_15		(&glutBitmap9By15)
#define GLUT_BITMAP_8_BY_13		(&glutBitmap8By13)
#define GLUT_BITMAP_TIMES_ROMAN_10	(&glutBitmapTimesRoman10)
#define GLUT_BITMAP_TIMES_ROMAN_24	(&glutBitmapTimesRoman24)
#if (GLUT_API_VERSION >= 3)
#define GLUT_BITMAP_HELVETICA_10	(&glutBitmapHelvetica10)
#define GLUT_BITMAP_HELVETICA_12	(&glutBitmapHelvetica12)
#define GLUT_BITMAP_HELVETICA_18	(&glutBitmapHelvetica18)
#endif
#endif

	/* glutGet parameters. */
#define GLUT_WINDOW_X			((GLenum) 100)
#define GLUT_WINDOW_Y			((GLenum) 101)
#define GLUT_WINDOW_WIDTH		((GLenum) 102)
#define GLUT_WINDOW_HEIGHT		((GLenum) 103)
#define GLUT_WINDOW_BUFFER_SIZE		((GLenum) 104)
#define GLUT_WINDOW_STENCIL_SIZE	((GLenum) 105)
#define GLUT_WINDOW_DEPTH_SIZE		((GLenum) 106)
#define GLUT_WINDOW_RED_SIZE		((GLenum) 107)
#define GLUT_WINDOW_GREEN_SIZE		((GLenum) 108)
#define GLUT_WINDOW_BLUE_SIZE		((GLenum) 109)
#define GLUT_WINDOW_ALPHA_SIZE		((GLenum) 110)
#define GLUT_WINDOW_ACCUM_RED_SIZE	((GLenum) 111)
#define GLUT_WINDOW_ACCUM_GREEN_SIZE	((GLenum) 112)
#define GLUT_WINDOW_ACCUM_BLUE_SIZE	((GLenum) 113)
#define GLUT_WINDOW_ACCUM_ALPHA_SIZE	((GLenum) 114)
#define GLUT_WINDOW_DOUBLEBUFFER	((GLenum) 115)
#define GLUT_WINDOW_RGBA		((GLenum) 116)
#define GLUT_WINDOW_PARENT		((GLenum) 117)
#define GLUT_WINDOW_NUM_CHILDREN	((GLenum) 118)
#define GLUT_WINDOW_COLORMAP_SIZE	((GLenum) 119)
#if (GLUT_API_VERSION >= 2)
#define GLUT_WINDOW_NUM_SAMPLES		((GLenum) 120)
#define GLUT_WINDOW_STEREO		((GLenum) 121)
#endif
#if (GLUT_API_VERSION >= 3)
#define GLUT_WINDOW_CURSOR		((GLenum) 122)
#endif
#define GLUT_SCREEN_WIDTH		((GLenum) 200)
#define GLUT_SCREEN_HEIGHT		((GLenum) 201)
#define GLUT_SCREEN_WIDTH_MM		((GLenum) 202)
#define GLUT_SCREEN_HEIGHT_MM		((GLenum) 203)
#define GLUT_MENU_NUM_ITEMS		((GLenum) 300)
#define GLUT_DISPLAY_MODE_POSSIBLE	((GLenum) 400)
#define GLUT_INIT_WINDOW_X		((GLenum) 500)
#define GLUT_INIT_WINDOW_Y		((GLenum) 501)
#define GLUT_INIT_WINDOW_WIDTH		((GLenum) 502)
#define GLUT_INIT_WINDOW_HEIGHT		((GLenum) 503)
#define GLUT_INIT_DISPLAY_MODE		((GLenum) 504)
#if (GLUT_API_VERSION >= 2)
#define GLUT_ELAPSED_TIME		((GLenum) 700)
#endif
#if (GLUT_API_VERSION >= 4 || GLUT_XLIB_IMPLEMENTATION >= 13)
#define GLUT_WINDOW_FORMAT_ID		((GLenum) 123)
#endif

#if (GLUT_API_VERSION >= 2)
	/* glutDeviceGet parameters. */
#define GLUT_HAS_KEYBOARD		((GLenum) 600)
#define GLUT_HAS_MOUSE			((GLenum) 601)
#define GLUT_HAS_SPACEBALL		((GLenum) 602)
#define GLUT_HAS_DIAL_AND_BUTTON_BOX	((GLenum) 603)
#define GLUT_HAS_TABLET			((GLenum) 604)
#define GLUT_NUM_MOUSE_BUTTONS		((GLenum) 605)
#define GLUT_NUM_SPACEBALL_BUTTONS	((GLenum) 606)
#define GLUT_NUM_BUTTON_BOX_BUTTONS	((GLenum) 607)
#define GLUT_NUM_DIALS			((GLenum) 608)
#define GLUT_NUM_TABLET_BUTTONS		((GLenum) 609)
#endif
#if (GLUT_API_VERSION >= 4 || GLUT_XLIB_IMPLEMENTATION >= 13)
#define GLUT_DEVICE_IGNORE_KEY_REPEAT   ((GLenum) 610)
#define GLUT_DEVICE_KEY_REPEAT          ((GLenum) 611)
#define GLUT_HAS_JOYSTICK		((GLenum) 612)
#define GLUT_OWNS_JOYSTICK		((GLenum) 613)
#define GLUT_JOYSTICK_BUTTONS		((GLenum) 614)
#define GLUT_JOYSTICK_AXES		((GLenum) 615)
#define GLUT_JOYSTICK_POLL_RATE		((GLenum) 616)
#endif

#if (GLUT_API_VERSION >= 3)
	/* glutLayerGet parameters. */
#define GLUT_OVERLAY_POSSIBLE           ((GLenum) 800)
#define GLUT_LAYER_IN_USE		((GLenum) 801)
#define GLUT_HAS_OVERLAY		((GLenum) 802)
#define GLUT_TRANSPARENT_INDEX		((GLenum) 803)
#define GLUT_NORMAL_DAMAGED		((GLenum) 804)
#define GLUT_OVERLAY_DAMAGED		((GLenum) 805)

#if (GLUT_API_VERSION >= 4 || GLUT_XLIB_IMPLEMENTATION >= 9)
	/* glutVideoResizeGet parameters. */
#define GLUT_VIDEO_RESIZE_POSSIBLE	((GLenum) 900)
#define GLUT_VIDEO_RESIZE_IN_USE	((GLenum) 901)
#define GLUT_VIDEO_RESIZE_X_DELTA	((GLenum) 902)
#define GLUT_VIDEO_RESIZE_Y_DELTA	((GLenum) 903)
#define GLUT_VIDEO_RESIZE_WIDTH_DELTA	((GLenum) 904)
#define GLUT_VIDEO_RESIZE_HEIGHT_DELTA	((GLenum) 905)
#define GLUT_VIDEO_RESIZE_X		((GLenum) 906)
#define GLUT_VIDEO_RESIZE_Y		((GLenum) 907)
#define GLUT_VIDEO_RESIZE_WIDTH		((GLenum) 908)
#define GLUT_VIDEO_RESIZE_HEIGHT	((GLenum) 909)
#endif

	/* glutUseLayer parameters. */
#define GLUT_NORMAL			((GLenum) 0)
#define GLUT_OVERLAY			((GLenum) 1)

	/* glutGetModifiers return mask. */
#define GLUT_ACTIVE_SHIFT               1
#define GLUT_ACTIVE_CTRL                2
#define GLUT_ACTIVE_ALT                 4

	/* glutSetCursor parameters. */
	/* Basic arrows. */
#define GLUT_CURSOR_RIGHT_ARROW		0
#define GLUT_CURSOR_LEFT_ARROW		1
	/* Symbolic cursor shapes. */
#define GLUT_CURSOR_INFO		2
#define GLUT_CURSOR_DESTROY		3
#define GLUT_CURSOR_HELP		4
#define GLUT_CURSOR_CYCLE		5
#define GLUT_CURSOR_SPRAY		6
#define GLUT_CURSOR_WAIT		7
#define GLUT_CURSOR_TEXT		8
#define GLUT_CURSOR_CROSSHAIR		9
	/* Directional cursors. */
#define GLUT_CURSOR_UP_DOWN		10
#define GLUT_CURSOR_LEFT_RIGHT		11
	/* Sizing cursors. */
#define GLUT_CURSOR_TOP_SIDE		12
#define GLUT_CURSOR_BOTTOM_SIDE		13
#define GLUT_CURSOR_LEFT_SIDE		14
#define GLUT_CURSOR_RIGHT_SIDE		15
#define GLUT_CURSOR_TOP_LEFT_CORNER	16
#define GLUT_CURSOR_TOP_RIGHT_CORNER	17
#define GLUT_CURSOR_BOTTOM_RIGHT_CORNER	18
#define GLUT_CURSOR_BOTTOM_LEFT_CORNER	19
	/* Inherit from parent window. */
#define GLUT_CURSOR_INHERIT		100
	/* Blank cursor. */
#define GLUT_CURSOR_NONE		101
	/* Fullscreen crosshair (if available). */
#define GLUT_CURSOR_FULL_CROSSHAIR	102
#endif

	/* GLUT initialization sub-API. */
	GLUTAPI void APIENTRY glutInit(int *argcp, char **argv);
#if defined(_WIN32) && !defined(GLUT_DISABLE_ATEXIT_HACK)
	GLUTAPI void APIENTRY __glutInitWithExit(int *argcp, char **argv, void(__cdecl *exitfunc)(int));
#ifndef GLUT_BUILDING_LIB
	static void APIENTRY glutInit_ATEXIT_HACK(int *argcp, char **argv) { __glutInitWithExit(argcp, argv, exit); }
#define glutInit glutInit_ATEXIT_HACK
#endif
#endif
	GLUTAPI void APIENTRY glutInitDisplayMode(unsigned int mode);
#if (GLUT_API_VERSION >= 4 || GLUT_XLIB_IMPLEMENTATION >= 9)
	GLUTAPI void APIENTRY glutInitDisplayString(const char *string);
#endif
	GLUTAPI void APIENTRY glutInitWindowPosition(int x, int y);
	GLUTAPI void APIENTRY glutInitWindowSize(int width, int height);
	GLUTAPI void APIENTRY glutMainLoop(void);

	/* GLUT window sub-API. */
	GLUTAPI int APIENTRY glutCreateWindow(const char *title);
#if defined(_WIN32) && !defined(GLUT_DISABLE_ATEXIT_HACK)
	GLUTAPI int APIENTRY __glutCreateWindowWithExit(const char *title, void(__cdecl *exitfunc)(int));
#ifndef GLUT_BUILDING_LIB
	static int APIENTRY glutCreateWindow_ATEXIT_HACK(const char *title) { return __glutCreateWindowWithExit(title, exit); }
#define glutCreateWindow glutCreateWindow_ATEXIT_HACK
#endif
#endif
	GLUTAPI int APIENTRY glutCreateSubWindow(int win, int x, int y, int width, int height);
	GLUTAPI void APIENTRY glutDestroyWindow(int win);
	GLUTAPI void APIENTRY glutPostRedisplay(void);
#if (GLUT_API_VERSION >= 4 || GLUT_XLIB_IMPLEMENTATION >= 11)
	GLUTAPI void APIENTRY glutPostWindowRedisplay(int win);
#endif
	GLUTAPI void APIENTRY glutSwapBuffers(void);
	GLUTAPI int APIENTRY glutGetWindow(void);
	GLUTAPI void APIENTRY glutSetWindow(int win);
	GLUTAPI void APIENTRY glutSetWindowTitle(const char *title);
	GLUTAPI void APIENTRY glutSetIconTitle(const char *title);
	GLUTAPI void APIENTRY glutPositionWindow(int x, int y);
	GLUTAPI void APIENTRY glutReshapeWindow(int width, int height);
	GLUTAPI void APIENTRY glutPopWindow(void);
	GLUTAPI void APIENTRY glutPushWindow(void);
	GLUTAPI void APIENTRY glutIconifyWindow(void);
	GLUTAPI void APIENTRY glutShowWindow(void);
	GLUTAPI void APIENTRY glutHideWindow(void);
#if (GLUT_API_VERSION >= 3)
	GLUTAPI void APIENTRY glutFullScreen(void);
	GLUTAPI void APIENTRY glutSetCursor(int cursor);
#if (GLUT_API_VERSION >= 4 || GLUT_XLIB_IMPLEMENTATION >= 9)
	GLUTAPI void APIENTRY glutWarpPointer(int x, int y);
#endif

	/* GLUT overlay sub-API. */
	GLUTAPI void APIENTRY glutEstablishOverlay(void);
	GLUTAPI void APIENTRY glutRemoveOverlay(void);
	GLUTAPI void APIENTRY glutUseLayer(GLenum layer);
	GLUTAPI void APIENTRY glutPostOverlayRedisplay(void);
#if (GLUT_API_VERSION >= 4 || GLUT_XLIB_IMPLEMENTATION >= 11)
	GLUTAPI void APIENTRY glutPostWindowOverlayRedisplay(int win);
#endif
	GLUTAPI void APIENTRY glutShowOverlay(void);
	GLUTAPI void APIENTRY glutHideOverlay(void);
#endif

	/* GLUT menu sub-API. */
	GLUTAPI int APIENTRY glutCreateMenu(void (GLUTCALLBACK *func)(int));
#if defined(_WIN32) && !defined(GLUT_DISABLE_ATEXIT_HACK)
	GLUTAPI int APIENTRY __glutCreateMenuWithExit(void (GLUTCALLBACK *func)(int), void(__cdecl *exitfunc)(int));
#ifndef GLUT_BUILDING_LIB
	static int APIENTRY glutCreateMenu_ATEXIT_HACK(void (GLUTCALLBACK *func)(int)) { return __glutCreateMenuWithExit(func, exit); }
#define glutCreateMenu glutCreateMenu_ATEXIT_HACK
#endif
#endif
	GLUTAPI void APIENTRY glutDestroyMenu(int menu);
	GLUTAPI int APIENTRY glutGetMenu(void);
	GLUTAPI void APIENTRY glutSetMenu(int menu);
	GLUTAPI void APIENTRY glutAddMenuEntry(const char *label, int value);
	GLUTAPI void APIENTRY glutAddSubMenu(const char *label, int submenu);
	GLUTAPI void APIENTRY glutChangeToMenuEntry(int item, const char *label, int value);
	GLUTAPI void APIENTRY glutChangeToSubMenu(int item, const char *label, int submenu);
	GLUTAPI void APIENTRY glutRemoveMenuItem(int item);
	GLUTAPI void APIENTRY glutAttachMenu(int button);
	GLUTAPI void APIENTRY glutDetachMenu(int button);

	/* GLUT window callback sub-API. */
	GLUTAPI void APIENTRY glutDisplayFunc(void (GLUTCALLBACK *func)(void));
	GLUTAPI void APIENTRY glutReshapeFunc(void (GLUTCALLBACK *func)(int width, int height));
	GLUTAPI void APIENTRY glutKeyboardFunc(void (GLUTCALLBACK *func)(unsigned char key, int x, int y));
	GLUTAPI void APIENTRY glutMouseFunc(void (GLUTCALLBACK *func)(int button, int state, int x, int y));
	GLUTAPI void APIENTRY glutMotionFunc(void (GLUTCALLBACK *func)(int x, int y));
	GLUTAPI void APIENTRY glutPassiveMotionFunc(void (GLUTCALLBACK *func)(int x, int y));
	GLUTAPI void APIENTRY glutEntryFunc(void (GLUTCALLBACK *func)(int state));
	GLUTAPI void APIENTRY glutVisibilityFunc(void (GLUTCALLBACK *func)(int state));
	GLUTAPI void APIENTRY glutIdleFunc(void (GLUTCALLBACK *func)(void));
	GLUTAPI void APIENTRY glutTimerFunc(unsigned int millis, void (GLUTCALLBACK *func)(int value), int value);
	GLUTAPI void APIENTRY glutMenuStateFunc(void (GLUTCALLBACK *func)(int state));
#if (GLUT_API_VERSION >= 2)
	GLUTAPI void APIENTRY glutSpecialFunc(void (GLUTCALLBACK *func)(int key, int x, int y));
	GLUTAPI void APIENTRY glutSpaceballMotionFunc(void (GLUTCALLBACK *func)(int x, int y, int z));
	GLUTAPI void APIENTRY glutSpaceballRotateFunc(void (GLUTCALLBACK *func)(int x, int y, int z));
	GLUTAPI void APIENTRY glutSpaceballButtonFunc(void (GLUTCALLBACK *func)(int button, int state));
	GLUTAPI void APIENTRY glutButtonBoxFunc(void (GLUTCALLBACK *func)(int button, int state));
	GLUTAPI void APIENTRY glutDialsFunc(void (GLUTCALLBACK *func)(int dial, int value));
	GLUTAPI void APIENTRY glutTabletMotionFunc(void (GLUTCALLBACK *func)(int x, int y));
	GLUTAPI void APIENTRY glutTabletButtonFunc(void (GLUTCALLBACK *func)(int button, int state, int x, int y));
#if (GLUT_API_VERSION >= 3)
	GLUTAPI void APIENTRY glutMenuStatusFunc(void (GLUTCALLBACK *func)(int status, int x, int y));
	GLUTAPI void APIENTRY glutOverlayDisplayFunc(void (GLUTCALLBACK *func)(void));
#if (GLUT_API_VERSION >= 4 || GLUT_XLIB_IMPLEMENTATION >= 9)
	GLUTAPI void APIENTRY glutWindowStatusFunc(void (GLUTCALLBACK *func)(int state));
#endif
#if (GLUT_API_VERSION >= 4 || GLUT_XLIB_IMPLEMENTATION >= 13)
	GLUTAPI void APIENTRY glutKeyboardUpFunc(void (GLUTCALLBACK *func)(unsigned char key, int x, int y));
	GLUTAPI void APIENTRY glutSpecialUpFunc(void (GLUTCALLBACK *func)(int key, int x, int y));
	GLUTAPI void APIENTRY glutJoystickFunc(void (GLUTCALLBACK *func)(unsigned int buttonMask, int x, int y, int z), int pollInterval);
#endif
#endif
#endif

	/* GLUT color index sub-API. */
	GLUTAPI void APIENTRY glutSetColor(int, GLfloat red, GLfloat green, GLfloat blue);
	GLUTAPI GLfloat APIENTRY glutGetColor(int ndx, int component);
	GLUTAPI void APIENTRY glutCopyColormap(int win);

	/* GLUT state retrieval sub-API. */
	GLUTAPI int APIENTRY glutGet(GLenum type);
	GLUTAPI int APIENTRY glutDeviceGet(GLenum type);
#if (GLUT_API_VERSION >= 2)
	/* GLUT extension support sub-API */
	GLUTAPI int APIENTRY glutExtensionSupported(const char *name);
#endif
#if (GLUT_API_VERSION >= 3)
	GLUTAPI int APIENTRY glutGetModifiers(void);
	GLUTAPI int APIENTRY glutLayerGet(GLenum type);
#endif

	/* GLUT font sub-API */
	GLUTAPI void APIENTRY glutBitmapCharacter(void *font, int character);
	GLUTAPI int APIENTRY glutBitmapWidth(void *font, int character);
	GLUTAPI void APIENTRY glutStrokeCharacter(void *font, int character);
	GLUTAPI int APIENTRY glutStrokeWidth(void *font, int character);
#if (GLUT_API_VERSION >= 4 || GLUT_XLIB_IMPLEMENTATION >= 9)
	GLUTAPI int APIENTRY glutBitmapLength(void *font, const unsigned char *string);
	GLUTAPI int APIENTRY glutStrokeLength(void *font, const unsigned char *string);
#endif

	/* GLUT pre-built models sub-API */
	GLUTAPI void APIENTRY glutWireSphere(GLdouble radius, GLint slices, GLint stacks);
	GLUTAPI void APIENTRY glutSolidSphere(GLdouble radius, GLint slices, GLint stacks);
	GLUTAPI void APIENTRY glutWireCone(GLdouble base, GLdouble height, GLint slices, GLint stacks);
	GLUTAPI void APIENTRY glutSolidCone(GLdouble base, GLdouble height, GLint slices, GLint stacks);
	GLUTAPI void APIENTRY glutWireCube(GLdouble size);
	GLUTAPI void APIENTRY glutSolidCube(GLdouble size);
	GLUTAPI void APIENTRY glutWireTorus(GLdouble innerRadius, GLdouble outerRadius, GLint sides, GLint rings);
	GLUTAPI void APIENTRY glutSolidTorus(GLdouble innerRadius, GLdouble outerRadius, GLint sides, GLint rings);
	GLUTAPI void APIENTRY glutWireDodecahedron(void);
	GLUTAPI void APIENTRY glutSolidDodecahedron(void);
	GLUTAPI void APIENTRY glutWireTeapot(GLdouble size);
	GLUTAPI void APIENTRY glutSolidTeapot(GLdouble size);
	GLUTAPI void APIENTRY glutWireOctahedron(void);
	GLUTAPI void APIENTRY glutSolidOctahedron(void);
	GLUTAPI void APIENTRY glutWireTetrahedron(void);
	GLUTAPI void APIENTRY glutSolidTetrahedron(void);
	GLUTAPI void APIENTRY glutWireIcosahedron(void);
	GLUTAPI void APIENTRY glutSolidIcosahedron(void);

#if (GLUT_API_VERSION >= 4 || GLUT_XLIB_IMPLEMENTATION >= 9)
	/* GLUT video resize sub-API. */
	GLUTAPI int APIENTRY glutVideoResizeGet(GLenum param);
	GLUTAPI void APIENTRY glutSetupVideoResizing(void);
	GLUTAPI void APIENTRY glutStopVideoResizing(void);
	GLUTAPI void APIENTRY glutVideoResize(int x, int y, int width, int height);
	GLUTAPI void APIENTRY glutVideoPan(int x, int y, int width, int height);

	/* GLUT debugging sub-API. */
	GLUTAPI void APIENTRY glutReportErrors(void);
#endif

#if (GLUT_API_VERSION >= 4 || GLUT_XLIB_IMPLEMENTATION >= 13)
	/* GLUT device control sub-API. */
	/* glutSetKeyRepeat modes. */
#define GLUT_KEY_REPEAT_OFF		0
#define GLUT_KEY_REPEAT_ON		1
#define GLUT_KEY_REPEAT_DEFAULT		2

	/* Joystick button masks. */
#define GLUT_JOYSTICK_BUTTON_A		1
#define GLUT_JOYSTICK_BUTTON_B		2
#define GLUT_JOYSTICK_BUTTON_C		4
#define GLUT_JOYSTICK_BUTTON_D		8

	GLUTAPI void APIENTRY glutIgnoreKeyRepeat(int ignore);
	GLUTAPI void APIENTRY glutSetKeyRepeat(int repeatMode);
	GLUTAPI void APIENTRY glutForceJoystickFunc(void);

	/* GLUT game mode sub-API. */
	/* glutGameModeGet. */
#define GLUT_GAME_MODE_ACTIVE           ((GLenum) 0)
#define GLUT_GAME_MODE_POSSIBLE         ((GLenum) 1)
#define GLUT_GAME_MODE_WIDTH            ((GLenum) 2)
#define GLUT_GAME_MODE_HEIGHT           ((GLenum) 3)
#define GLUT_GAME_MODE_PIXEL_DEPTH      ((GLenum) 4)
#define GLUT_GAME_MODE_REFRESH_RATE     ((GLenum) 5)
#define GLUT_GAME_MODE_DISPLAY_CHANGED  ((GLenum) 6)

	GLUTAPI void APIENTRY glutGameModeString(const char *string);
	GLUTAPI int APIENTRY glutEnterGameMode(void);
	GLUTAPI void APIENTRY glutLeaveGameMode(void);
	GLUTAPI int APIENTRY glutGameModeGet(GLenum mode);
#endif

#ifdef __cplusplus
}

#endif

#ifdef GLUT_APIENTRY_DEFINED
# undef GLUT_APIENTRY_DEFINED
# undef APIENTRY
#endif

#ifdef GLUT_WINGDIAPI_DEFINED
# undef GLUT_WINGDIAPI_DEFINED
# undef WINGDIAPI
#endif

#ifdef GLUT_DEFINED___CDECL
# undef GLUT_DEFINED___CDECL
# undef __cdecl
#endif

#ifdef GLUT_DEFINED__CRTIMP
# undef GLUT_DEFINED__CRTIMP
# undef _CRTIMP
#endif

#endif                  /* __glut_h__ */
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glMaterialfu(GL_FRONT, GL_AMBIENT, matAmbient);
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