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[bookmark: _Toc509951618]Introduction
[bookmark: _Toc509951619]In this assignment, the task was to design and implement a “matching pairs game”. The design chosen in this assignment was a simple matching cards game, where the user is given a selection of cards and is required to flip two cards over at a time to find matching pairs. Once all matching pairs have been found the game is over. The user will be able to select cards using the arrow keys and can flip the card selected using “p”. The user can also manipulate the “camera” by moving left, right, up, down, forward and backwards. This report will be detailing the contents of each of the functions used in the game and explaining what the code does.

[bookmark: _Toc509951620]Global variables and Includes
[bookmark: _Toc509951621]In this area of code, the global variables have been declared and the necessary files have been included.
[bookmark: _Toc509951622]There a structure for the cards which has the following variables, flip, which is a bool used to flip the card. Match, is a bool indicating the card has been matched. Un-flip, which is used when un-flipping the cards which were not matched, and finally texture, which is an integer which will hold a reference to the textures.
[bookmark: _Toc509951623][image: ]
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[bookmark: _Toc509951625]Flip and Un-flip
[bookmark: _Toc509951626][image: ]

[bookmark: _Toc509951627]These functions are called by the display function and are used to rotate a selected card by 180 degrees, which will result in the opposite face of the card showing.
[bookmark: _Toc509951628]Camera

[bookmark: _Toc509951629][image: ]
[bookmark: _Toc509951630]The camera function was taken from the texture example exercise on Moodle[1]. It uses the keyboard read function to move the “camera” around the scene.

[bookmark: _Toc509951631]Random Texture

[bookmark: _Toc509951632][image: ]
[bookmark: _Toc509951633]This is a small function that will simply generate a random number between 2 and 6. It is used by the init function to set “random” textures for cards.



[bookmark: _Toc509951634][image: ]Keyboard Read

[bookmark: _Toc509951635][image: ]
[bookmark: _Toc509951636][image: ]This function has been taken from the example on Moodle [1]. However more has been added to it. It has the same camera manipulation code as the example[1], but it also has a button that will flip selected cards and contains the core game logic for the game. Essentially it checks if two cards have been flipped, if so it will compare the texture of the two cards to check if they are the same, if they are, it will set them as matched and they will remain flipped. If they are not the same, then the cards will un flip. The flip counter is then set to 0 again.


[bookmark: _Toc509951637]
Special Keys

[bookmark: _Toc509951638][image: ]
[bookmark: _Toc509951639]The skeleton of this function was found online [2] but has been added to. The function contains the code used to select cards. The variable “selected” is increased or decreased using the arrow keys.  The variable is then used in the display function to check if the card index matched the variable. If a card matches the variable, then the card will become highlighted and will be able to be flipped.




[bookmark: _Toc509951640]Draw

[bookmark: _Toc509951641][image: ] 
[bookmark: _Toc509951642]The draw function is used in a loop in the display to draw card using 5 parameters. The x, y, z co-ordinates, the texture number for the flipped side and a bool to determine if the card is selected. If the card is selected the card back will be the selected version otherwise the normal version will be displayed.
[bookmark: _Toc509951643]The card has 2 faces, front and back. They are drawn in the same position, disregarding a -0.01 change on the z axis. The main difference being the inverted normal for the back face so that the texture is displayed on the back.
[bookmark: _Toc509951644]Display

[bookmark: _Toc509951645][image: ]
[bookmark: _Toc509951646]This function is called whenever cards need to be drawn. It also is in charge of setting the position of the cards and changing textures depending on if its selected or if its flipped.
[bookmark: _Toc509951647]The function has two loops, one for rows and one for columns, there will always be two rows but the amount of columns depends on how many cards there are because the loop will run until the counter reaches half the maximum amount of cards.
[bookmark: _Toc509951648]Every time a card is drawn, the card counter will increase by 1, this is used to determine if a card is selected by checking if current card is equal to selected from the special keys function.
[bookmark: _Toc509951649]If a card is to be flipped, or un-flipped. The display function will all the appropriate function to modify the card before drawing.



[bookmark: _Toc509951650]Init

[bookmark: _Toc509951651][image: ][image: ]







[bookmark: _Toc509951652][image: ]
[bookmark: _Toc509951653][image: ]Part of the init function has been taken from the example on Moodle[1]. The function sets up the game when the program starts, it will load in the textures used from a text file and then assign those textures to the “texnum” array. The function will then setup these textures for use on the cards.
[bookmark: _Toc509951654]The function also applies random textures to cards using the random function.


[bookmark: _Toc509951655]Other functions

[bookmark: _Toc509951656][image: ]
[bookmark: _Toc509951657]The remaining function have been taken from the Moodle example [1] , they do not affect the game directly, however they are necessary for the program to run, such as modifying the screen when it is resized and setting up openGL. The two bitmap functions are necessary to be able to use bitmaps for the card textures. 



Screenshots
[bookmark: _GoBack]The following screenshots show the working code.
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=void cameral

‘ {

b

(float x, float y, float z, float angle)

glRotatef(angle, @, 1, @); //not the inverse transforms and their sequence

glTranslatef(-x, -y, -z);

//what happens if you swap the transform order
//visualize it first then try it.
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nt randomTetxure()//selects a random texture for the

int temp = rand() % (6) + 2;
return temp;

cards

0id keyboardread(unsigned char key, int x, int y)[{ .
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//Game Logic
if (flipCount
{

2)//if two cards are flipped

for (int i = 6; i < AMOUNT_OF_CARDS; i++)//loop to find the Flipped cards
{
if (card[i].flip == true)
{
For (int j = 8; J < AMOUNT_OF_CARDS; j++)
{
if (1 1= 5)
{
if (card[§].flip == true)
{
if (card[i].texture == card[j].texture)//if cards have the same texture
{
card[].match = true;
card[j].match = true;//set match to true on both cards
cout << "match” << endl;
For (int k = 8; k < AMOUNT_OF_CARDS; k++)
{
if (card[K].match == true)
{
matchCount++;//increase match counter for all cards
if (matchCount == AMOUNT_OF_CARDS)//if all cards are matched
{
cout << "Game Over!” << endl;//end of game
exit(0);//exit game
¥
¥
¥
3
else
card[i].unflip = true;//unused code
card[j].unflip = true;
¥
¥
¥
¥
¥

card[1].flip = false;//set unflip to true on both flipped cards
FlipCount = 8; // reset flip count
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107 void keyboardread(unsigned char key, int x, int y)
108 {

109 //init variables

110 static float vx = 8, vy = 2, vz = 5, angle = ©;
111

112 int matchCount = @;//amount of matched cardfs
113 int cardCount - 0;

114

115 switch (key) {

116

117 case ‘a’ //moves cards to the left
118 vx = vx +0.1;

119 glMatrixMode(GL_MODELVIEW) ;

120 break;

121 case "d" | 'D"://moves card to the right
122 vx = vx - 0.1;

123 glMatrixMode(GL_MODELVIEW) ;

124 break;

125 case "w' | "W'://brings cards clower

126 vz =vz-0.1;

127 glMatrixMode(GL_MODELVIEW) ;

128 break;

129 case *s* | 'S"://moves cards further awayz
130 glMatrixMode(GL_MODELVIEW) ;

131 vz -vz+0.1;

132 case "’ | 'Q"://moves cards up

133 vy = vy - 0.1;

134 glMatrixMode(GL_MODELVIEW) ;

135 break;

136 case "e’ | "E"://moves cards down

137 glMatrixMode(GL_MODELVIEW);

138 vy = vy +0.1;

139

140 break;

121 case "' | "z'://rotates right

142 angle - angle - 10;

143

124 glMatrixMode(GL_MODELVIEW) ;

145 break;

146 case "X' | 'x"://rotates left

147 glMatrixMode(GL_MODELVIEW);

148 angle - angle + 10;

149 break;

150 case 'P' | 'p'://flips selected card
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break;

case "P* | 'p://flips selected card
card[selected].lip = true;
£lipCount++;
display();
break;
case 27:
exit();//exit game
break;
default:
break;
¥
//redraw
glloadIdentity();

camera(vx, vy,vz, angle);
glutPostRedisplay();
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216 -void Specialkeys(int key, int x, int y)

27 [¢
218

219

220 int upDown = (AMOUNT_OF_CARDS/2);// square root of max cards gives index used to move up/down
221

222 = //uses arrow keys to select cards using the selected variable
223 //each key press will increase or decrease the value of the variable
224 //up and down by incraments of 3

225 //1eft and rignt by incraments of 1
26 = switch (key)

227 i

228 case GLUT_KEY_UP:

229

230 selected = selected + upDoun;
21 = if (selected > AMOUNT_OF_CARDS-1)
232 <

233 selected = AMOUNT_OF_CARDS -
234 ¥

235 break;

236 case GLUT_KEY_DOWN:

237

238

239 selected = selected - upDoun;
240 if (selected < 8)

201 <

222 selected = 0;

243 ¥

228 break;

285 case GLUT_KEY_LEFT:

226

247 selected = selected - 1;

28 o if (selected < 8)

249 <

250 selected

251 ¥

252 break;

253 case GLUT_KEY_RIGHT:

258

255 selected = selected + 1;

256 if (selected > AMOUNT_OF_CARDS-1)
257 i

258 Selected = AMOUNT_OF_CARDS-
259 ¥

260 break;

261 ¥

262

263 display();

264 |3
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267 oid draw(float w, float h, float 1, int texture, bool selected)

268 [¢

269

270

71 1/81Pushiatrix();

272 w=w/2.0;h=h/2.0;1=1/1.2; //adjust values so centre is in middle of box
273 11 enable our second texture object
273

275

276 glEnable(GL_DEPTH_TEST); 11 nidden surface removal

277 glEnable(GL_CULL_FACE); 17 do not calculate inside of poly's
278 glFrontFace(GL_CCH);

279

280 if (selected == true)

281 €

282 g1BindTexture(GL_TEXTURE 20, texnum[11); J/set selected texture of the card
283 b

284 else

285 i

286 g1BindTexture(GL_TEXTURE 20, texnum[0]); J/set texture of the card
287 b

288 g1Begin(GL_QUADS);

289 gllormal3f(0.0F, 0.0F, 1.6f); // front face

290 g1TexCo0rd2¢(0.6f, 1.0¢); glVertex3f(v, 1, h);

201 g1TexCoord2f(1.0f, 1.07); glVertex3f(-w , 1, h);

202 g1TexCoord2f(1.6f, 0.07); glVertex3f(-w , -1, h);

203 glTexCoord2f(9.6f, 0.07); glVertex3f(v, -1, )i

294 g1End();

295

296

207

298 glFrontFace(6L_CW);

299 g1BindTexture(GL_TEXTURE_2D, texnum[texture]);

300 g1Begin(GL_QUADS);

301 gllormal3f(0.0F, 0.0F, -1.0f); // back face

302 glTexCoord2f(9.0f, 1.07); glVertex3f(u, 1, h -0.01);

303 g1TexCoord2¢(1.6f, 1.06); glVertex3f(-w , 1, h - 0.01);

304 E1TexCo0rd2¢(1.6f, 8.0%); glVertex3f(-w , -1, h - 0.01);

305 glTexCoord2f(0.0f, 0.07); glVertex3f(w, -1, h - 0.01);

306 g1End();

307

308

300 |y
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K
q
I/gtutsapsutrers(); 11 bring vackbuffer <o foreground
1Clear(GL_COLO%_BUFFER _BIT | GL_OEPTH SUFFER_SIT); /[ clear screen and depth buffer

S0t nusCard = (MAOUNT_OF_CARDS/2); //ha1 the asount of cards to know the asount of cards per row of cards

Flost y = 1.43//init position variables
flowt x - 0.0
flowt z - 1.5

int currenccard

03/ /init variables

Dol ssselectad - false;

for (Flost 4 - 05 4 < 23 dee)
i
Trarou’ card
for (Flost 3 = 85 3 < nuacard; e+)
i
tpushiserix();

itranslaer(x , y , 2);

5 (curranccard == selacted)
B
Ssselacted - true;
3¢ (cardcurrenccard] F13p
1

rue || cardlcurrentcard].mateh == true)

#1100;
)
3¢ (cardcurrentcard] .unflip = true)
1
neip();
cardlcurrentcard].unflip = false;
)
raw(s.5, .5, 8.5, cardlcurrenccand].texture, isselected); //dran card
Seselacred - Farce;
currenteardss;
3
e,
i
1 (cardcurrentcard] F13p
1

rue || cardlcurrentcard].mateh == true)

#1100;
)
3¢ (cardcurrentcard] .unflip = true)
1
nelip();
cardlcurrentcard].unflip = false;
¥

aran(s.5, .5, 0.5, cardlcurrenccand].exture, isselected);
currentcardse;

3
tpopuatrix();

lutswanBuFfers():
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€
unsigned char *Loadsitasprile(char *Filenane, SITWAPINOHEADER “bitsspinfaiesder);
Snt Writesitnaprile(char *Filename, Snt widch, int height, unsigned char *insgeData);
int caratnit = b T
char bufter(sal;
int temprext = &

beol textok - false;

i

char FileTextlel;
5

enar FileTexcleal;
Cexturansns instrexture(0];

Frie =6p;
lclearcolor(1.9¢, 1.9, 9.7, 0.86); 17 clears cotour buffer <o to white
s1enable(st_oepTi_TeST); 17 widden surface resoval
sienable(sL_cuL_race); 77 do not calculate inside of paly's
siFrontrace(sL_cn); 11 counter clock-wise palygons are out

Iperuen vighting
1enable(st_smoom);
1enable(se_LienIG); 17 ensble Lighting

11 setup the materials for LisHTe
/*giNaterialév(GL_FRONT, GL_ANBIENT, matambient);
INsterialey(GL_FRONT, GL_DIFFUSE, RatDiff);®/

£ /1 vow setup Lieme
I/gItightFu(sL_LioHTo, G mnsieNT, asbientiight); 11 setup the sabient element
/g1 igheFu(sL LisnTe, Sptrruse, diffuselight) 11 the aiffuse slenent
/g1t ightFu(sL_LioHTo, G_pOSITION, lighteasition); // place the Light in the world

17 ensble the Ligne
1enable(st_LinTe);

1enable(st_rexture_20); 17 enatile 20 texcuring

o = fopen(-texture.txt”, "r7);

isenextures (1o, texnum);
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gicentextures (10, texnum);

For (ine =0 1 <75 ie)

i
Escane(fp, xs", buffer);
3¢ (stremp(outser, "t) == 8)
1
facant(fp, %o, FileText);
¥
bitnapoata = Losdsicnaprile(Filerext, Sbicnapinfoneader);
11 generate 3 texture objects
lBindTexture(sL_TeXTURe_20, texnus(i]);  // enzble our first texture object
ElTexparaneteri (6L_TEXTURE 20, GL_TEXTURE_MAG_FILTER, GL_NEAREST);
ElTexparaneters (sL_TEXTURE 20, GL_TEXTURE_MIN_FILTER, GL_NEAREST);
11 generate the texture nage
lTexinagen(GL_TEXTURE 20, 8, GL_AGS, bitnapinfoeader. biuidth,
bitaspinforcader bineight, 8, GLAGS, GLUNSIGNED.SVTE, bitnapoata);
3
Felosa();
Irsrandgansy;
For (int 1 = 9; 1 < AMOUNT_OF_CARDS; £4)
i

exeo

false;

wnile (texcok
1

rue)//1oop until texture has been given to card

emprext = randonTetxure();//get “randos” texture <o place on card
£ (teapText == tex1)//check 3 random texture is the sase as this texture

B
3¢ (texacount < 2)//check to see 3 there is already 2 copies of the texture
1
card[1].texture = tesprext;//store texture in card structure
textok ~ true;
exiCountas;//increase this counter for this texture
¥
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e

CempText = randoaTetxure();//1F unabile o place texture, get new randon texture.

“Game Instructions <c endl;
“Select cards using the arrow keys” < endl;
“press ? to flip the selected card” <c endl;
“F1ip 2 cards 1o try and match then” <c endl;
“Watch 311 of the pairs to win the game” << endl;

“You can move the cards using q,u,e,2,5,4,2,x" << endl;
“pressing escape will exit the gane” << endl;

“Good Tucki << endl;
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card[1]. texture
textok ~ true;
exiCountas;//increase this counter for this texture

‘tempText;//store texture in card structure

3

Irvepeat for other cextures
Slse 17 (cemprext == tex2)

i
3¢ (rexacount < 2)
1
cardls]. texture - tesprext;
textok - true;
¥
3
Slse 17 (cemprext == tex3)
i
3¢ (rexcount < 2)
1
cardls]. texture - tesprext;
textok ~ true;
¥
3
Slse 17 (cemprext == toxa)
i
1 (rexacount < 2)
1
cardls]. texture - tesprext;
textok ~ true;
¥
3
S1se 17 (cemprext == texs)
i
3¢ (rexscount < 2)
1
¥
3
e
i
CempText = randoaTetxure();//1F unabile o place texture, get new randon texture.
3
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void reshape(int w, int h)

i resape
et s e men e men s s
710pensi. reshape callback is called when the window is resized
1
Elviewpore(e, 6, (stsizei)u, (GLsizei)h); //respecify size of view port o satch new w and h
Eliatrixnode(GL_PROJECTION); //go into projection mode
Slioadidentity(); //reset projection matrix
luperspective(s0.0, (6Lflost)w / (GLFloat)h, 1.8, 20.8); //redefine projection matrix to match changes in w and h
IMatrixnode(GL_MODELVIEN);  //switch back to medelview mode
SlLoadidenticy(); //reset modelview matrix
5 glulcokat(e.s, 2.8, 5.8, 8.5, 2.5, 1.9, ©.9, 1.8, 8.8);// note these match the initisl values
110 the keybard £n vx,vy,vz, angle
:

Funsigned char “LoadsitnapFile(char *filenase, SITWAPINFOHEADER *bitmapinforieader) T T

Resitasprile(char *Filenase, ins width, ins height, unsigned char sageoata) T 7]

ine main(ine arge, chare argv)

i

17 snieialise the gluc ibrary
Slutinic(garge, argn);

17 set up the instial display sode

11 nesd both double buffering and z-buffering
Elutinitoizplayode (GLUT DRUBLE | GLUT_RGS | GLUT_DEPTH);

17 sex the initial window position
Elutinituindowposition(190, 109);

17 sex the initial window size
lutinscuindousize (SCREEN MIDTH, SCREEN HEISHT);

11 create and name the window
lutcraatenindon(“Matching Tiles™);

pee

11 sex aisplay callback or current window
luoisplayrunc(display);

11 reshape callback for current window
lutneshaperunc(reshape);

lutceyboardruncikeyboardread);
lutspacialrunc(specialreys);
Elutmainioon();
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1 #define BITMAP_ID @0x4D42
2 #define WIDTH 3

3 #define HEIGHT 3

N

5 <stdlib.h>

6 “glut.h"

7 <iostream>

8 <math.h>

9 <windous.h>

10 <time.h>

1

12 using namespace st

13

14 BITMAPINFOHEADER  bitmapInfoHeader; // bitmap info header needs windows.h to define type
15 unsigned char* bitmapData; // the texture data

16 static Gluint texnum[10]; // array of 2 texture object names

17

18 const int AMOUNT_OF_CARDS = 16;//number of cards that will be spawned

19

20 const int SCREEN_WIDTH = 600;//screen dimenions

21 const int SCREEN_HEIGHT = 600;

2

23 void display();//display function

2 void init(void);

25 void f1ip();

2 void unflip();

27 void camera(float x, float y, float z, float angle);

28 int randonTetxure();

29 void keyboardread(unsigned char key, int x, int y);

30 void SpecialKeys(int key, int x, int y);

31 void draw(float w, float h, float 1, int texture, bool selected);

32 void display();

33 void reshape(int w, int h);|

34 unsigned char *LoadBitmapFile(char *filename, BITMAPINFOHEADER *bitmapInfoHeader);
35 int WriteBitmapFile(char *filename, int width, int height, unsigned char *imageData);

36 int main(int argc, char** argv);
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38

39 //globals
0 int flipCount = @;//amount of cards currently flipped
a1 int selected = 0; // currently selected card

22

3

44 Eistruct CardActions { // card class

s bool flip = false; //is the card flipped

26 bool match = false; // has the card been matched

a7 bool unflip = false; // unused variable involved with card flipping
8 int texture ; // cards texture

a9 ¥

50 CardActions card[AMOUNT_OF_CARDS];//create an array of cards using the amount of cards
51

52

53 7//1/1ighting variables

54 float ambientlight[] = { 1.0f, 1.0f, 1.ef, 1.8f }; // ambient light

55 float diffuselight[] = { 1.0f, 1.0f, 1.ef, 1.8f }; // diffuse light

56 loat lightPosition[] = { 10.6f, 100.0f, 10.0f, 0.0f }; // the light position

57

58 /11111 Material variables

59 loat matAmbient[] = { 0.3, 0.5F, 0.8f, 1.0f };

60 float matDiff[] - { 0.25f, 0.25f, 0.25f, 1.0f };

61 float matAmbient1[] - { 0.83f, 0.5f, 0.8f, 1.6f };

62 float matDiff1[] = { 0.525f, 0.25f, 0.25f, 1.0 };

63 float matAmbient2[] - { 0.83f, 0.6f, 0.0f, 1.6f };

64 float matDiff2[] - { .525f, 0.2f, 0.2, 1.0f };
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=void flip()//function to flip card,

{

¥
{

float rotateIndex = 20.0;

while (rotateIndex <= 180)

{

glRotatef(rotateIndex, 0.0, 1.0, 0.0);
rotateIndex = rotateIndex + 20.0;
glutPostRedisplay();

Eivoid unflip()//function to unflip card, roatetes card

float rotateIndex = 180.0;

while (rotateIndex > @)

{

glRotatef(rotateIndex, 0.0, 1.0, 0.0);
rotateIndex = rotateIndex - 20.0;
glutPostRedisplay();

roatetes card 180 about the x axis

180 about the x axis




