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1 INTRODUCTION

Our goal is to rebuild the classic ”Arkanoid” breakout-like arcade game initially published in 1986.
For our game, the player’s goal is to use an old-fashioned controller to control a paddle at the bottom
of the screen to bounce a ball onto some bricks and clear all bricks to win the game. If the player
fails to catch the ball three times, the player will lose.

There are a total of two stages, and stage 2 will be a little more complicated than stage 1. Each time
the player lets the ball hit a brick, the brick will disappear, and the player will get 10 points. Other
than the play area, information about the current score, current stage, and HP remaining will also be
shown on the screen.

The system architecture is shown in the Figure 1.

Figure 1: System Architecture.

2 HARDWARE DESIGN

2.1 GRAPHICS

a) General information

The Breakout game uses a lot of graphic elements repeatedly. In order to save the onboard storage,
also for good displaying quality, we decide to use the tile and sprite method to build up our graphics
module. Prepared tilemap for graphics elements are listed in the Table 1.

All tiles have the same size of 16 pixels * 16 pixels, and they will be stored in the ROM. The output
of the tilemap will have 32 bits, every 2 bits for one pixel. The output is shifted according to the
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Address (HEX) Interpretation Address (HEX) Interpretation
0-f Horiz. Border E0-ef Number 3

10-1f Vertical Border F0-ff Number 4
20-2f L Corner 100-10f Number 5
30-3f R Corner 110-11f Number 6
40-4f L Half Brick 120-12f Number 7
50-5f R Half Brick 130-13f Number 8
60-6f Letter S 140-14f Number 9
70-7f Letter C 150-15f Heart Symbol
80-8f Letter O 160-16f Letter T
90-9f Letter R 170-17f Letter A
A0-af Letter E 180-18f Letter G
B0-bf Number 0 190-19f Letter N
C0-cf Number 1 1a0-1af Symbol “!”
D0-df Number 2

Table 1: Tilemap for Graphics Elements.

variable hcount so that the two bits at the rightmost of the output always describe their corresponding
pixel. Other graphics elements of regular shape and solid color were directly assigned to specific
areas and did not use tiles. For sprites, all elements are in a specific layer to ensure proper overlay
of all elements. Objects at an upper layer will be displayed on top of the lower layers in case of
conflict. The order of layers is shown in the Table 2

Layer Number Interpretation
1 (top) Ball

2 Paddle
3 Gray unused area at the sides
4 All elements from the tilemap

5 (bottom) Background color

Table 2: Order of Layers.

The result display of the game’s initial status is shown in Figure 2.

Figure 2: Display of game’s initial status.

The play area has a size of 448 pixels * 480 pixels, which means it has 28 tiles horizontally and 30
tiles vertically.
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b) Color assignment for tile-map-based elements

According to the original game design of ”Arkanoid,” each tile only takes up to four different colors,
which 2-bit binary numbers can interpret. So that in the tilemap file, every two bits in a line indicates
one color. The arrangement of the color map is shown in Table 3.

Address (HEX) Colors for
0-3 All Border
4-7 All letters/symbols
8-b Grey brick
c-f Red brick

10-13 Yellow brick
14-17 Blue brick
18-1b Purple brick
1c-1f Green brick

Table 3: Arrangement of Color Map.

The output of the tilemap will be used as the address of the color map, and the 6-HEX RGB output
from the color map will be used for display. Although the output of the tilemap for each pixel only
could contain numbers from 00 to 11, we manually add offsets when designing the layout so that
tiles know which set colors they should use. For example, if we want to display a grey brick, we add
8 to the 2-bit number for each pixel so that the actual color output is within the correct range, from
8 (2’b0 + 8) to B (2’b11+8).

c) Directly assigned elements

Ball, paddle, and two unused gray areas are directly assigned without using a tilemap. They are all
regular-shaped elements with only one solid color. The ball and the paddle, which need to move
around, are set based on a single-pixel point. As updated coordinate information about that point
comes in from the software side, their assigned area can be automatically changed so that they can
move freely.

d) Graphic Design block diagram

Figure 3: The block diagram of design.

Figure 3 shows the block diagram of design. The ROM cores will return the bits stored at a specific
line according to the address they receive from the main program. At every 16 pixels * 16 pixels
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block, if it requires tilemap, the main program will send addresses to tilemap-ROM.v to get the
color arrangement information of each pixel line. Then, the output from the tilemap-ROM.v will be
processed and sent to colormap-ROM.v, two bits (recall that every two bits represent one pixel) at a
time as the address so that the colormap-ROM.v could return a 6-HEX color code for each pixel for
displaying.

For parts that do not require tilemap, a specific area will be assigned as ranges of hcount and vcount.
The hardware will display one color if the hcount and vcount are in that range. Depending on the
information received from software via Avalon Bus, the main program will know, for example, if it
needs or does not need to display something or where it should move the ball and paddle. According
to these instructions, signals will be sent to different modules and executed to see the game running
on the screen.

2.2 AUDIO

There are three audio jacks on the DE1-SoC: a line out, a line in, and a microphone jack. The
connectors are connected to a Wolfson WM8731 audio CODEC (coder/decoder) chip. This chip
contains ADCs (analog to digital converters) and DACs (digital to analog converters) attached to
the analog connectors, and a digital interface links to the FPGA. Before utilizing this audio chip,
the user must first set up it using the I2C interface. A unique feature of the DE1-Soc board is the
presence of an I2C multiplexer, which allows users to configure the WM8731 from both the FPGA
and the HPS system on board. The default mode is FPGA, and we will set it in this manner.

Figure 4 is the block diagram of our audio architecture.

Figure 4: Audio Architecture.

We must first process the audio. We took four MP3 audio files, hitwall, hitbrick, gameover, and
victory, and subsampled them at 8KHz with audacity. We conduct subsampling to retain one channel
and eventually convert it to 16-bit mono PCM.wav since we configured the WM8731 in left-justified
mode, which means the left and the right channel information is the same. Following that, we ensure
that the bitrate of the.wav is 128Kbps. Second, use a hex editor to remove any incorrect information
from the beginning of the.wav file. Finally, convert the generated .wav files to .mif files using
Python.

The user-space audio chooses a signal used to control which sound is played. So the VGA module
sends data to the IP core audio module, which includes a FIFO and manages timing for us (Here,
we write the audio processing code directly into the VGA main code). Because the FIFO frequency
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is 48kHz, we manually inserted a frequency divider of 6 into the VGA module. The audio module
is then connected to the WM8731 through the port.

The WM8731 is programmed with a 16-bit data width, an 8kHz sampling rate, and a left-justified
mode. The audio pll 0 module provides a clock for the audio chip at 12.288 MHz and is attached to
the board’s AUD XCK port. The audio pll 0 setup is shown Figure 5

Figure 5: Audio PLL 0 Configuration.

The cabling between the chip and the audio setup comes next. We adhere to the University of
Cambridge’s guidelines Aud.

The configuration procedure is summarized below. SCL for clock and SDAT for data are required
by the I2C interface. Both signals are high in the idle state. They will pull the SDAT line low while
holding the clock line high resulting in a start condition. The host then communicates the device’s
address to which it wishes to communicate. After delivering the 7-bit address and R/W bit, the host
releases the data line. While the data line’s status is not actively controlled, a pull-up resistor pulls
it high. If the I2C device gets its address, it pulls the data line low on the following clock cycle,
referred to as the ACK signal. After that, send two bytes of data. After all data transfers have been
completed, a STOP condition is established by raising the clock line while keeping the data line low.
The configuration is shown in Figure 6 and Figure 7.

Finally, we need to reconnect the configured QYSY. The reconnected QYSY is shown in the Figure
8.

Audio Issues and Solutions

Our first test found that the audio could not be played correctly when quickly hitting multiple walls
or bricks. For example, when two bricks were hit in a row, the audio for hitting a brick was only
triggered once. So we shortened the sound effect time and increased the sampling frequency in the
hardware code. This problem disappeared on the second test.
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Figure 6: Audio IP core.

Figure 7: Audio and Video Configuration.
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Figure 8: The connection of QYSY.
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3 SOFTWARE DESIGN

3.1 INPUT

a) General information

In this game, we will use the controller as the input tool. The controller we used is shown in Figure
9.

Figure 9: ”Model GP 100” controller.

This controller will work just like a USB keyboard, and it can be connected to the FPGA board by
its wired USB Port. It has ten keys, and in this game, we will use 6 of 10 to realize our desired
functions. The function of each key of the controller is shown in Table 4:

Button Function
Left arrow Move the paddle to the left

Right arrow Move the paddle to the right
Start When one round of the game ends, restart

A Launch the ball from the paddle
X+Y Implement cheating mode to quickly end the game

Table 4: Button Function of controller.

Our controller can send data through the USB interface at each interrupt. To find the data obtained
when different keys are pressed, we can print the value of each keypress.As shown below, we can see
the values corresponding to the ”Up”, ”Down”, ”Left”, ”Right”, ”Start”, ”A”, ”X”,”Y”,and ”X+Y”
buttons, as shown in Table 5.

Button value0 value1 value2 value3 value4 value5 value6
left 0 127 0 128 128 15

right 255 127 0 128 128 15
up 127 0 0 128 128 15

down 127 255 0 128 128 15
A 127 127 0 128 128 47

restart 127 127 0 128 128 15 32
X + Y 127 127 0 128 128 15 9

Table 5: Value of Each Key Press.

With these data, we can use buff[] (the location of the data) to judge the condition of the keypress.

b) Audio-sounds effect

In the beginning, the audio from the hardware part is transferred to the software part. The software
part will send a test signal to the hardware part. Using “data.sound effect = sound effect;” to realize
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this function.Then the software part will process the audio. When the game loses, it will have the
lost background music. Here using ”sound effect = SOUND GAME OVER;” to gain the music.
When the ball hits bricks, use ”sound effect = SOUND HIT BRICK;” to gain the music. When the
ball hits walls or paddle, use ”sound effect = SOUND WALL PAD;” to gain the music. When the
game wins, it will play the victory sound. Here using ”sound effect = SOUND DEFULT;” to gain
the music.

3.2 GAME LOGIC

a) Flow chart

Before the game starts, the ball is stationary on the paddle, and the paddle can be moved left and
right at this time. The ball will move in sync with the paddle. Press the ”A” key to launch the ball.
When all the bricks in Stage 1 are destroyed, the game will automatically enter stage 2. Then, after
all the bricks in Stage 2 are destroyed, the player wins. Whenever the paddle doesn’t catch the ball,
the player loses an HP. When all three HP points are lost, the game fails and ends. Pressing the
”START” key allows the player to restart the game conveniently. Press the ”X+Y” keys to cheat in
the game, making the game easy so that the player can quickly win the game.

The entire game flow chart of the Breakout game is shown in Figure 10.

Figure 10: Game Flowchart.

b) Initialization

Before making the whole game, we need to initialize the game. Define some items and assign them
corresponding initialized values.

First, we use the horizontal coordinate data.x ball and the vertical coordinate data.y ball to deter-
mine the ball’s position. Let him be located at the coordinate point (208,425) at the beginning, at
this time ball h = 208; ball v = 425;.

For paddle, we use the same method as for small balls. Let the initial horizontal position of
the paddle be 208, and the vertical coordinates remain unchanged. Using “data.x pad = 208;”.
Besides, in order to control the movement range of the paddle within the game screen, use
”(screen left¡data.x pad + pad diff) (data.x pad + pad diff¡screen right)” to limit it.
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For bricks, use ”data.brick1 = convert2bin( brick matrix[0], 0 );” to ”data.brick6 = convert2bin(
brick matrix[5], 5 );” to assign data to bricks. In this process, the conversion between decimal and
binary is required, so a function convert2bin needs to be defined here.

1 long long conver t2b in( int x[13], int c o l o r) {
2 long long y = c o l o r; / / 000 001 010 011 100 101
3
4 / / 1 . c o l o r
5 for (int i = 0; i < 13; i++){
6 y = y * 2 + x[ i];
7 }
8 return(y);
9 }

10
11 data.br ick1 = conver t2b in( b r i c k m a t r i x[0], 0 );
12 data.br ick2 = conver t2b in( b r i c k m a t r i x[1], 1 );
13 data.br ick3 = conver t2b in( b r i c k m a t r i x[2], 2 );
14 data.br ick4 = conver t2b in( b r i c k m a t r i x[3], 3 );
15 data.br ick5 = conver t2b in( b r i c k m a t r i x[4], 4 );
16 data.br ick6 = conver t2b in( b r i c k m a t r i x[5], 5 );

After defining each brick, we need to layout the bricks throughout the game map. Here the matrix
brick matrix[i][j] is used to set up the bricks. The whole map has six rows and 13 columns, ”1”
means there are bricks, and ”0” means no bricks. The method is constructed as shown below:

17 int b r i c k m a t r i x[6][13] = {
18 {0,0,0,0,0,0,0,0,0,0,0,0,0},
19 {0,1,1,1,1,0,0,1,0,0,1,0,0},
20 {0,1,0,0,0,0,0,1,0,0,1,0,0},
21 {0,1,0,0,0,0,0,1,0,0,1,0,0},
22 {0,1,1,1,1,0,0,1,1,1,1,0,0},
23 {0,0,0,0,0,0,0,0,0,0,0,0,0}
24 };

After completing this, the initialization of all statements is completed.

c) Movement logic

The speed of the ball can be seen as a vector, composed of a horizontal velocity and a vertical
velocity. We decided to make the vertical speed direction twice as fast as the horizontal, as shown
in Figure 11.

Figure 11: Ball’s Movement.
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For the player’s paddle movement. In order to let the player move the paddle left and right, we use
”data.x pad = data.x pad + pad diff;” to control. The positive and negative values of ”pad diff” can
represent different directions.

3.3 HIT LOGIC

a) Wall

Define the boundaries of the three walls: the top wall’s vertical position is 53, the right wall’s
horizontal position is 411, and the left wall’s horizontal position is 5. When the ball hits the wall,
there are three situations: when it hits the wall on the right, the vertical direction of the ball does
not change, and the speed in the horizontal direction is reversed. When hitting the top wall, the
horizontal direction of the ball does not change, and the vertical velocity is reversed. When hitting
the wall on the left, the ball’s vertical velocity does not change, and the horizontal velocity direction
is reversed. Collisions occur immediately when the distance between the center coordinates of the
ball and the boundary coordinates of the wall is equal to the radius of the ball. As shown in figure
15, the change of the vector of the ball before and after the collision can be clearly seen in Figure
12.

Figure 12: Ball Hit Wall.

b) Paddle

When the ball hits the paddle, it can only collide from above the paddle. When the ball collides
with the paddle, the horizontal direction of the ball does not change, and the speed in the vertical
direction is reversed. A judgment range can be defined to determine better when the ball should be
seen as hitting the paddle. We made a rectangle with the upper boundary of the paddle as the base
and the radius of the ball as the width. Command to collide immediately when the coordinate point
of the sphere’s center falls within this rectangle. As shown in the Figure 13, the red shaded part on
the figure is the rectangular collision range.

c) Bricks

When the ball hits the brick, it can go from four directions. Here we define a hitOnBrick function
to indicate that the ball hits the brick. Return flag = 0 if not hit on the brick; return flag = 1 if hit on
the brick from the top; return flag = 2 if hit on the brick from the bottom; return flag = 3 if hit on the
brick from the left; return flag = 4 if hit on the brick from right; use the flag to determine the ball’s
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Figure 13: Ball Hit Paddle.

velocity change; after the collision, the brick disappears, and the corresponding brick status should
be changed into 0. To better determine the four collision situations, we also use the rectangular range
to define the collision range. Make four rectangles with the four sides of the brick as the base and
the radius of the ball as the width. The four rectangles represent the determination range when the
ball collides from the top, bottom, left, and right. As shown in the figure, the yellow shaded range
in the figure is the collision judgment range when the ball hits the brick, as shown in Figure 14

Figure 14: Ball Hit Brick.

The ball hits the brick, the wall, or the paddle. All hits’ conditions are taken into account, and this
information will be used in other sections to make the game more playable.

3.4 PLAYER LOGIC

a) Score

In the ”score” section, start with 0 points and add 10 points each time you hit and destroy a ball
until the end of the game. The ”score” part in the hardware part is connected to the software part in
hexadecimal form. That is to say, each of the four digits in ”score” is represented by four digits: 0000
0000 0000 0000; so the function hex2hexadecimal is introduced to convert between hexadecimal and
binary.

25 / / vec t o b i n a r y
26 long hex2hexadecimal(int s c o r e) {
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27 int x[16];
28
29 for (int j = 0; j < 16; j++) {
30 x[ j] = 0;
31 }
32
33 int idx = 15; / / 12−15
34
35 / / p r i n t f (” o r i g i n a l s c o r e %d\n ” , s c o r e ) ;
36 while ( s c o r e > 0) {
37 int num = s c o r e % 10;
38
39 int c u r i d x = idx;
40 while (num > 0) {
41 x[c u r i d x] = num % 2;
42 num = (int)(num/2);
43 c u r i d x -= 1;
44 }
45 s c o r e = (int)( s c o r e / 10);
46 idx -= 4;
47 }
48
49 long y = 0;
50 for (int i = 0; i < 16; i++){
51 y = y * 2 + x[ i];
52 }
53
54 / / p r i n t f (” s c o r e %d , %l l d \n ” , score , y ) ;
55 return(y);
56 / / vec 2 10
57 }

b) Player’s three lives

Use game hp to control the player’s life count. When the ordinate of the ball is greater than or equal
to 475, execute ”game hp -= 1;”. This condition means that the ball is missed by the paddle and
falls off the map. When game hp = 3, it corresponds to two red hearts so that x[14] and x[13] are
both 1 to display both hearts. When game hp = 2, it corresponds to a red heart. At this time, only
x[13] is set to 1, which means that only one red heart is displayed. When game hp = 1, no hearts are
displayed. When game hp = 0, the game ends.

c) Game stage upgrade

The game state is set to two Stage 1 and Stage 2. Stage 1 is set to relatively easy difficulty. Fewer
bricks and the ball moves slower. When entering the next stage, Stage 2, the difficulty increases.
There are more bricks, and the ball is faster. As shown below is the layout of the bricks correspond-
ing to each of the two stages.

58 / / s t a g e 1
59 int b r i c k m a t r i x[6][13] = {
60 {0,0,0,0,0,0,0,0,0,0,0,0,0},
61 {0,1,1,1,1,0,0,1,0,0,1,0,0},
62 {0,1,0,0,0,0,0,1,0,0,1,0,0},
63 {0,1,0,0,0,0,0,1,0,0,1,0,0},
64 {0,1,1,1,1,0,0,1,1,1,1,0,0},
65 {0,0,0,0,0,0,0,0,0,0,0,0,0}
66 };
67
68 / / s t a g e 2 map
69 int s t a g e 2 m a t r i x[6][13] = {

13



Breakout Game Remastered at CSEE 4840 Embedded System Design Spring 2022

70 {1,0,1,0,1,0,1,0,1,0,1,0,1},
71 {1,0,1,0,1,0,1,0,1,0,1,0,1},
72 {1,0,1,0,1,0,1,0,1,0,1,0,1},
73 {1,0,1,0,1,0,1,0,1,0,1,0,1},
74 {1,0,1,0,1,0,1,0,1,0,1,0,1},
75 {1,0,1,0,1,0,1,0,1,0,1,0,1}
76 };

3.5 WIN AND LOSS

a) Win and Loss Logic

Use the function get game status to represent the game’s victory and defeat logic. get game status
contains game stage, game hp, game over. Use the value of the contained items to determine the
status and value of get game status. Win the game when all bricks are cleared, and the game is
currently in Stage 2. That is, matrixclear == 1 game stage == 1 (starting from 0). The function of
matrixclear can be realized by defining a function check clear, as shown below.

77 int c h e c k c l e a r(int matrix[6][13],int x, int y){
78 for(int i = 0; i < x; i++){
79 for (int j = 0; j < y; j++) {
80 if (matrix[ i][ j] != 0){
81 return 0;
82 }
83 }
84 }
85 return 1;
86 }

When the game fails, use game over to indicate that the game fails when game over = 1. The game
is successful when game over = 2. Then you can define a new parameter re start, and add some
judgment conditions to the loop to realize the restart function of the game.

b) Win and Loss Graph

When the player fails, the screen will display ”GG!”; when the player succeeds, the screen will
display ”CONGRATS!”, as shown in Figure 15 and Figure 16.

3.6 AVALON BUS INTERFACE

Figure 17 shows the Avalon bus interface.

(1) Ball X: 9-bit number, controlling the horizontal position of the ball.
(2) Ball Y: 9-bit number, controlling the vertical position of the ball.
(3) Paddle X: 9-bit number, controlling the horizontal position of the paddle.
(4) Score: 4 of 4-bit numbers, each number controls one bit of the score.
(5) Brick lines: 16-bit information, bits [15:13] select color for the bricks, and every bit of [12:0]
controls if a specific brick needs to be displayed.
(6) Sound: 3-bit number, 3’b0 means do not play anything, and any number greater than 0 corre-
sponds to one sound effect.
(7) Game status: Bit [0] controls the stage number: input 0 to display 1 and input 1 to display 2. Bits
[2:1] control the HP display: 2’b11 for 2 HP, 2’b10 for 1 HP, and 2’b00 for 0 HP. Bit [3] controls
if the Win/Lose interface needs to be displayed, and bit [4] determines which to display: 0 for lose
and 1 for win.
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Figure 15: Win Status Graph.

Figure 16: Fails Status Graph.
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Figure 17: Avalon bus interface.
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4 DIFFICULTIES ENCOUNTERED AND ATTEMPTS

The determination conditions of the ball can be further optimized. At present, the judgment con-
dition of the ball is judged by the rectangular range, which can realize the expected function of a
collision. But when the speed of the ball is very fast, or the impact position is in the direction of the
side vertex, there may be some collision bugs. To solve this problem, we can make the outer side
of the ”hitbox” zigzag so that the ball will not remain still in the judgment zone after it is bounced
back.

Our initial design set the tile size to be 15 pixels * 15 pixels for hardware. While 15 is not a power
of 2, we encountered some STA problems because the board needed a long time to process those
complex calculations. The initial Fmax required for our design is 40 MHz, and our given clock
frequency is 50 MHz. This brought some display issues, including glares and unexpected colors, as
shown in Figure .

Figure 18: Low-quality display due to STA problem.

We did some optimization, including changing the tile sizing from 15*15 to 16*16 and trying to
avoid any unnecessary if-else statements. As a result, our hardware design speeds up significantly,
increasing the Fmax from 40 MHz to 70MHz, which will not produce any issue using the given 50
MHz clocks.
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APPENDIX

A.CODE FOR HARDWARE

1 / *
2 * Avalon memory−mapped p e r i p h e r a l t h a t g e n e r a t e s VGA
3 *
4 * S t e p h e n A . Edwards
5 * Columbia U n i v e r s i t y
6 *
7 * Hardware Par t o f B r e a k o u t Game Remas tered P r o j e c t
8 * CSEE 4840 , S p r i n g 2022 , Columbia U n i v e r s i t y
9 * /

10
11 module v g a b a l l( input l o g i c clk ,
12 input l o g i c r e s e t ,
13 input l o g i c [15:0] wri tedata ,
14 input l o g i c wri te ,
15 input c h i p s e l e c t ,
16 input l o g i c [3:0] address ,
17
18 input l e f t c h a n r e a d y ,
19 input r i g h t c h a n r e a d y ,
20
21 output l o g i c [15:0] s a m p l e d a t a l ,
22 output l o g i c s a m p l e v a l i d l ,
23 output l o g i c [15:0] sample data r ,
24 output l o g i c s a m p l e v a l i d r ,
25
26 output l o g i c [7:0] VGA R, VGA G, VGA B,
27 output l o g i c VGA CLK, VGA HS, VGA VS,
28 VGA BLANK n,
29 output l o g i c VGA SYNC n);
30
31 l o g i c [10:0] hcount, hcount adj;
32 l o g i c [9:0] vcount;
33
34 v g a c o u n t e r s c o u n t e r s(.c lk50(c l k), .*);
35
36 l o g i c [15:0] score , x b a l l , y b a l l , x pad, brick1 ,

brick2 , brick3 , brick4 , brick5 , brick6 , s o u n d e f f e c t ,
game s ta tus;

37 l o g i c [4:0] t i l e x , t i l e y ;
38 l o g i c [10:0] vcount1;
39
40 a s s i g n vcount1 = {1 ’ b0 , v co un t } ;
41
42 l o g i c c i r c l e ;
43 l o g i c p e d d l e ;
44 l o g i c was t e ;
45
46 l o g i c [ 1 0 : 0 ] x b a l l a d j , x p a d a d j , y b a l l a d j ;
47
48 a s s i g n x b a l l a d j = {2 ’b0, x b a l l[8:0]}*2 + 11 ’ d224 ;
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49 a s s i g n x p a d a d j = {2 ’b0,x pad[8:0]}*2 + 11 ’ d224 ;
50 a s s i g n y b a l l a d j = {2 ’b0, y b a l l[8:0]};
51
52 a s s i g n c i r c l e = (((hcount - x b a l l a d j) * (hcount -

x b a l l a d j)) + 4 * ((vcount1 - y b a l l a d j) * (vcount1
- y b a l l a d j))) < 11 ’ d100 ; / / b a l l r = 10

53 a s s i g n p e d d l e = ( ( x p a d a d j − 11 ’ d32) < hcount) && (
hcount < (x pad adj + 11 ’ d32 ) ) && (10 ’ d430 <= vcount)
&& (vcount < 10 ’ d446 ) ; / / pad 32 * 16

54 a s s i g n was te = ( h co un t < 11 ’ d192) || (hcount > 11 ’ d1088 )
; / / n e e d l e s s a r e a

55
56 / / Se tup t i l e c o o r d i n a t e s
57 a s s i g n t i l e y = v co un t / 1 6 ;
58
59 always comb b e g i n
60 i f ( h cou n t >= 192 && hc ou n t < 1088)
61 t i l e x = ( ( h co un t / 2 ) − 96) / 1 6 ;
62 e l s e
63 t i l e x = 5 ’ b11111;
64 end
65
66
67 a l w a y s f f @(posedge c l k) begin
68 if ( r e s e t) begin
69 x b a l l <= 16 ’ d208 ;
70 y b a l l <= 16 ’ d425;
71 x pad <= 16 ’ d208 ;
72 s c o r e <= 16 ’ h4840;
73 br ick1 <= 16 ’ b0001000000000000 ;
74 b r i c k 2 <= 16 ’ b0010100000000000;
75 br ick3 <= 16 ’ b0100010000000000 ;
76 b r i c k 4 <= 16 ’ b0110001000000000;
77 br ick5 <= 16 ’ b1000000100000000 ;
78 b r i c k 6 <= 16 ’ b1010000010000000;
79 s o u n d e f f e c t <= 16 ’ b000 ;
80 g a m e s t a t u s <= 16 ’ b0000000000000110;
81
82
83 end else if ( c h i p s e l e c t && w r i t e) begin
84 case (address)
85 4 ’ h0 : x b a l l <= w r i t e d a t a ;
86 4 ’ h1 : y b a l l <= w r i t e d a t a;
87 4 ’ h2 : x pad <= w r i t e d a t a ;
88 4 ’ h3 : s c o r e <= w r i t e d a t a;
89 4 ’ h4 : b r i c k 1 <= w r i t e d a t a ;
90 4 ’ h5 : br ick2 <= w r i t e d a t a;
91 4 ’ h6 : b r i c k 3 <= w r i t e d a t a ;
92 4 ’ h7 : br ick4 <= w r i t e d a t a;
93 4 ’ h8 : b r i c k 5 <= w r i t e d a t a ;
94 4 ’ h9 : br ick6 <= w r i t e d a t a;
95 4 ’ ha : s o u n d e f f e c t <= w r i t e d a t a ;
96 4 ’hb : game s ta tus <= w r i t e d a t a;
97 endcase
98 end
99 end

100 / / −−−−−−−−−−−−−−−−Sound−−−−−−−−−−−−−−−−−
101 reg [13:0] counter;
102 l o g i c f l a g 1;
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103 l o g i c f l a g 2;
104 l o g i c f l a g 3;
105 l o g i c f l a g 4;
106
107 reg [8:0] address1;
108 wire [15:0] q1;
109 hitbrick ROM audio1(.address(address1), .c l o c k(c l k)

, .q(q1)); / / 290
110
111 reg [9:0] address2;
112 wire [15:0] q2;
113 hitwall ROM audio2(.address(address2), .c l o c k(c l k)

, .q(q2)); / / 784
114
115 reg [13:0] address3;
116 wire [15:0] q3;
117 gameover ROM audio3(.address(address3), .c l o c k(c l k)

, .q(q3)); / / 8489
118
119 reg [12:0] address4;
120 wire [15:0] q4;
121 victory ROM audio4(.address(address4), .c l o c k(c l k),

.q(q4)); / / 4504
122
123 a l w a y s f f @(posedge c l k) begin
124 if( r e s e t) begin
125 counter <= 0;
126 s a m p l e v a l i d l <= 0; s a m p l e v a l i d r

<= 0;
127 end
128 else if( l e f t c h a n r e a d y == 1 &&

r i g h t c h a n r e a d y == 1 && counter < 6250)
begin

129 counter <= counter + 1;
130 s a m p l e v a l i d l <= 0; s a m p l e v a l i d r

<= 0;
131 end
132 else if( l e f t c h a n r e a d y == 1 &&

r i g h t c h a n r e a d y == 1 && counter ==
6250) begin

133 counter <= 0;
134 s a m p l e v a l i d l <= 1; s a m p l e v a l i d r

<= 1;
135 / / −−−−−−Game over −−−−−−
136 if ( s o u n d e f f e c t[2:0]==3 ’ d3 | |

f l a g 3 ==1 ’ b0) begin
137 if (address3 < 14 ’ d8489 )

b e g i n
138 a d d r e s s 3 <=

a d d r e s s 3 +1;
139 f l a g 3 <= 1 ’ b0;
140 end
141 else begin
142 address3 <=0;
143 f l a g 3 <= 1 ’ b1 ;
144 end
145 s a m p l e d a t a l <= q3 ;
146 s a m p l e d a t a r <= q3 ;
147 end
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148 //−−−−−− H i t Br ick −−−−−−
149 e l s e i f ( s o u n d e f f e c t [ 2 : 0 ] = = 3 ’ d1 ||

f l a g 1 ==1 ’ b0 ) b e g i n
150 i f ( a d d r e s s 1 < 9 ’ d290)

begin
151 address1 <=

address1+1;
152 f l a g 1 <= 1 ’ b0 ;
153 end
154 e l s e b e g i n
155 a d d r e s s 1 <=0;
156 f l a g 1 <= 1 ’ b1;
157 end
158 s a m p l e d a t a l <= q1;
159 sample da ta r <= q1;
160 end
161 / / −−−−−−H i t Wall −−−−−−
162 else if ( s o u n d e f f e c t[2:0]==3 ’ d2 | |

f l a g 2 ==1 ’ b0) begin
163 if (address2 < 10 ’ d784 )

b e g i n
164 a d d r e s s 2 <=

a d d r e s s 2 +1;
165 f l a g 2 <= 1 ’ b0;
166 end
167 else begin
168 address2 <=0;
169 f l a g 2 <= 1 ’ b1 ;
170 end
171 s a m p l e d a t a l <= q2 ;
172 s a m p l e d a t a r <= q2 ;
173 end
174 //−−−−−−Win−−−−−−
175 e l s e i f ( s o u n d e f f e c t [ 2 : 0 ] = = 3 ’ d4 ||

f l a g 4 == 1 ’ b0 ) b e g i n
176 i f ( a d d r e s s 4 < 13 ’ d4504)

begin
177 address4 <=

address4 + 1;
178 f l a g 4 <= 1 ’ b0 ;
179 end e l s e b e g i n
180 a d d r e s s 4 <= 0 ;
181 f l a g 4 <= 1 ’ b1;
182 end
183 s a m p l e d a t a l <= q4;
184 sample da ta r <= q4;
185 end
186
187 else begin
188 s a m p l e d a t a l <= 0;
189 sample da ta r <= 0;
190 end
191 end
192 else begin
193 s a m p l e v a l i d l <= 0; s a m p l e v a l i d r <= 0;
194 end
195 end
196
197
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198 / / −−−−−−−−−−−−−−−ROM tilemap ROM . v−−−−−−−−−−−−−−−
199 / / A s s i g n o b j e c t s t o s p e c i f i c l o c a t i o n s o f t h e

s c r e e n
200 l o g i c [8:0] t i l e a d d r;
201 l o g i c [31:0] t i l e o u t p u t;
202 tilemap ROM t i l e 1 (.address( t i l e a d d r),.c l o c k(c l k),.

q( t i l e o u t p u t));
203
204 a l w a y s f f @(posedge c l k) begin
205 / / −−−−− S t a t i c e l e m e n t s −−−−−−
206 / / S i d e boarder
207 if ( t i l e y >= 3 && ( t i l e x == 0 || t i l e x == 27))

begin
208 t i l e a d d r <= 9 ’ h13 ;
209 / / Top b o a r d e r
210 end e l s e i f ( t i l e x <= 26 && t i l e x >= 1 && t i l e y ==

2) b e g i n
211 t i l e a d d r <= vc ou n t − 3 2 ;
212 / / L Corner
213 end e l s e i f ( t i l e x == 0 && t i l e y == 2) b e g i n
214 t i l e a d d r <= vc ou n t ;
215 / / R Corner
216 end e l s e i f ( t i l e x == 27 && t i l e y == 2) b e g i n
217 t i l e a d d r <= vc ou n t + 1 6 ;
218 / / SCORE
219 end e l s e i f ( t i l e x <= 16 && t i l e x >= 12 && t i l e y

== 0) b e g i n
220 c a s e ( t i l e x )
221 5 ’ d12 : t i l e a d d r <= vcount + 96;
222 5 ’ d13 : t i l e a d d r <= vc ou n t + 112 ;
223 5 ’ d14 : t i l e a d d r <= vcount + 128;
224 5 ’ d15 : t i l e a d d r <= vc ou n t + 144 ;
225 5 ’ d16 : t i l e a d d r <= vcount + 160;
226 endcase
227 / / STAGE
228 end else if ( t i l e x <= 27 && t i l e x >= 23 &&

t i l e y == 0) begin
229 case ( t i l e x )
230 5 ’ d23 : t i l e a d d r <= vc ou n t + 9 6 ;
231 5 ’ d24 : t i l e a d d r <= vcount + 352;
232 5 ’ d25 : t i l e a d d r <= vc ou n t + 368 ;
233 5 ’ d26 : t i l e a d d r <= vcount + 384;
234 5 ’ d27 : t i l e a d d r <= vc ou n t + 160 ;
235 e n d c a s e
236 //−−−−−−Dynamic e l emen t s −−−−−−
237 / / Sco re Numbers
238 end e l s e i f ( t i l e x <= 16 && t i l e x >= 13 && t i l e y

== 1) b e g i n
239 c a s e ( t i l e x )
240 5 ’ d13 : t i l e a d d r <= vcount + 160 +

( s c o r e[15:12]*16);
241 5 ’ d14 : t i l e a d d r <= vc ou n t + 160 +

( s c o r e [ 1 1 : 8 ] * 1 6 ) ;
242 5 ’ d15 : t i l e a d d r <= vcount + 160 +

( s c o r e[7:4]*16);
243 5 ’ d16 : t i l e a d d r <= vc ou n t + 160 +

( s c o r e [ 3 : 0 ] * 1 6 ) ;
244 e n d c a s e
245 / / S t a g e Numbers
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246 end e l s e i f ( t i l e x == 27 && t i l e y == 1) b e g i n
247 t i l e a d d r <= g a m e s t a t u s [ 0 ] ? ( v co un t +

192) : ( v cou n t + 176) ;
248 / / HP I n d i c a t o r
249 end e l s e i f ( ( t i l e x == 1 | | t i l e x == 2) &&

t i l e y == 29) b e g i n
250 c a s e ( t i l e x )
251 5 ’ d1 : begin
252 if (game s ta tus[2])
253 t i l e a d d r

<=
vcount -
128;

254 else
255 t i l e a d d r

<= 0;
256 end
257 5 ’ d2 : b e g i n
258 i f ( g a m e s t a t u s [ 1 ] )
259 t i l e a d d r

<=
vc ou n t −

128 ;
260 e l s e
261 t i l e a d d r

<= 0 ;
262 end
263 e n d c a s e
264 / / Win & Lose
265 end e l s e i f ( t i l e y == 15 && t i l e x <= 18 &&

t i l e x >= 10) b e g i n
266 i f ( g a m e s t a t u s [ 3 ] ) b e g i n
267 i f ( g a m e s t a t u s [ 4 ] ) b e g i n
268 c a s e ( t i l e x )
269 5 ’ d10 : t i l e a d d r

<= vcount - 128;
270 5 ’ d11 : t i l e a d d r

<= vc ou n t − 112 ;
271 5 ’ d12 : t i l e a d d r

<= vcount + 160;
272 5 ’ d13 : t i l e a d d r

<= vc ou n t + 144 ;
273 5 ’ d14 : t i l e a d d r

<= vcount - 96;
274 5 ’ d15 : t i l e a d d r

<= vc ou n t + 128 ;
275 5 ’ d16 : t i l e a d d r

<= vcount + 112;
276 5 ’ d17 : t i l e a d d r

<= vc ou n t − 144 ;
277 5 ’ d18 : t i l e a d d r

<= vcount + 178;
278 endcase
279 end else begin
280 case ( t i l e x )
281 5 ’ d13 : t i l e a d d r

<= vc ou n t + 144 ;
282 5 ’ d14 : t i l e a d d r

<= vcount + 144;
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283 5 ’ d15 : t i l e a d d r
<= vc ou n t + 178 ;

284 d e f a u l t : t i l e a d d r
<= 0 ;

285 e n d c a s e
286 end
287 end e l s e b e g i n
288 t i l e a d d r <= 0 ;
289 end
290 / / B r i c k s
291 end e l s e i f ( t i l e x >= 1 && t i l e x <= 26 && t i l e y >=

5 && t i l e y <= 10) b e g i n
292 c a s e ( t i l e y )
293 / / B r i c k l i n e 1
294 5 ’ d5 : begin
295 if (br ick1[12]) begin
296 case ( t i l e x )
297 5 ’ d1 : t i l e a d d r <=

vc ou n t − 1 6 ;
298 5 ’ d2 : t i l e a d d r <=

vcount;
299 endcase
300 end else begin
301 case ( t i l e x )
302 5 ’ d1 : t i l e a d d r <=

0 ;
303 5 ’ d2 : t i l e a d d r <=

0;
304 endcase
305 end
306 if (br ick1[11]) begin
307 case ( t i l e x )
308 5 ’ d3 : t i l e a d d r <=

vc ou n t − 1 6 ;
309 5 ’ d4 : t i l e a d d r <=

vcount;
310 endcase
311 end else begin
312 case ( t i l e x )
313 5 ’ d3 : t i l e a d d r <=

0 ;
314 5 ’ d4 : t i l e a d d r <=

0;
315 endcase
316 end
317 if (br ick1[10]) begin
318 case ( t i l e x )
319 5 ’ d5 : t i l e a d d r <=

vc ou n t − 1 6 ;
320 5 ’ d6 : t i l e a d d r <=

vcount;
321 endcase
322 end else begin
323 case ( t i l e x )
324 5 ’ d5 : t i l e a d d r <=

0 ;
325 5 ’ d6 : t i l e a d d r <=

0;
326 endcase
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327 end
328 if (br ick1[9]) begin
329 case ( t i l e x )
330 5 ’ d7 : t i l e a d d r <=

vc ou n t − 1 6 ;
331 5 ’ d8 : t i l e a d d r <=

vcount;
332 endcase
333 end else begin
334 case ( t i l e x )
335 5 ’ d7 : t i l e a d d r <=

0 ;
336 5 ’ d8 : t i l e a d d r <=

0;
337 endcase
338 end
339 if (br ick1[8]) begin
340 case ( t i l e x )
341 5 ’ d9 : t i l e a d d r <=

vc ou n t − 1 6 ;
342 5 ’ d10: t i l e a d d r <=

vcount;
343 endcase
344 end else begin
345 case ( t i l e x )
346 5 ’ d9 : t i l e a d d r <=

0 ;
347 5 ’ d10: t i l e a d d r <=

0;
348 endcase
349 end
350 if (br ick1[7]) begin
351 case ( t i l e x )
352 5 ’ d11 : t i l e a d d r <=

vc ou n t − 1 6 ;
353 5 ’ d12 : t i l e a d d r

<= vcount;
354 endcase
355 end else begin
356 case ( t i l e x )
357 5 ’ d11 : t i l e a d d r <=

0 ;
358 5 ’ d12 : t i l e a d d r

<= 0;
359 endcase
360 end
361 if (br ick1[6]) begin
362 case ( t i l e x )
363 5 ’ d13 : t i l e a d d r <=

vc ou n t − 1 6 ;
364 5 ’ d14: t i l e a d d r <=

vcount;
365 endcase
366 end else begin
367 case ( t i l e x )
368 5 ’ d13 : t i l e a d d r <=

0 ;
369 5 ’ d14: t i l e a d d r <=

0;
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370 endcase
371 end
372 if (br ick1[5]) begin
373 case ( t i l e x )
374 5 ’ d15 : t i l e a d d r <=

vc ou n t − 1 6 ;
375 5 ’ d16: t i l e a d d r <=

vcount;
376 endcase
377 end else begin
378 case ( t i l e x )
379 5 ’ d15 : t i l e a d d r <=

0 ;
380 5 ’ d16: t i l e a d d r <=

0;
381 endcase
382 end
383 if (br ick1[4]) begin
384 case ( t i l e x )
385 5 ’ d17 : t i l e a d d r <=

vc ou n t − 1 6 ;
386 5 ’ d18: t i l e a d d r <=

vcount;
387 endcase
388 end else begin
389 case ( t i l e x )
390 5 ’ d17 : t i l e a d d r <=

0 ;
391 5 ’ d18: t i l e a d d r <=

0;
392 endcase
393 end
394 if (br ick1[3]) begin
395 case ( t i l e x )
396 5 ’ d19 : t i l e a d d r <=

vc ou n t − 1 6 ;
397 5 ’ d20: t i l e a d d r <=

vcount;
398 endcase
399 end else begin
400 case ( t i l e x )
401 5 ’ d19 : t i l e a d d r <=

0 ;
402 5 ’ d20: t i l e a d d r <=

0;
403 endcase
404 end
405 if (br ick1[2]) begin
406 case ( t i l e x )
407 5 ’ d21 : t i l e a d d r <=

vc ou n t − 1 6 ;
408 5 ’ d22: t i l e a d d r <=

vcount;
409 endcase
410 end else begin
411 case ( t i l e x )
412 5 ’ d21 : t i l e a d d r <=

0 ;
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413 5 ’ d22: t i l e a d d r <=
0;

414 endcase
415 end
416 if (br ick1[1]) begin
417 case ( t i l e x )
418 5 ’ d23 : t i l e a d d r <=

vc ou n t − 1 6 ;
419 5 ’ d24: t i l e a d d r <=

vcount;
420 endcase
421 end else begin
422 case ( t i l e x )
423 5 ’ d23 : t i l e a d d r <=

0 ;
424 5 ’ d24: t i l e a d d r <=

0;
425 endcase
426 end
427 if (br ick1[0]) begin
428 case ( t i l e x )
429 5 ’ d25 : t i l e a d d r <=

vc ou n t − 1 6 ;
430 5 ’ d26: t i l e a d d r <=

vcount;
431 endcase
432 end else begin
433 case ( t i l e x )
434 5 ’ d25 : t i l e a d d r <=

0 ;
435 5 ’ d26: t i l e a d d r <=

0;
436 endcase
437 end
438 end
439 / / B r i c k l i n e 2
440 5 ’ d6 : b e g i n
441 i f ( b r i c k 2 [ 1 2 ] ) b e g i n
442 c a s e ( t i l e x )
443 5 ’ d1 : t i l e a d d r <=

vcount - 32;
444 5 ’ d2 : t i l e a d d r <=

vc ou n t − 1 6 ;
445 e n d c a s e
446 end e l s e b e g i n
447 c a s e ( t i l e x )
448 5 ’ d1 : t i l e a d d r <=

0;
449 5 ’ d2 : t i l e a d d r <=

0 ;
450 e n d c a s e
451 end
452 i f ( b r i c k 2 [ 1 1 ] ) b e g i n
453 c a s e ( t i l e x )
454 5 ’ d3 : t i l e a d d r <=

vcount - 32;
455 5 ’ d4 : t i l e a d d r <=

vc ou n t − 1 6 ;
456 e n d c a s e
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457 end e l s e b e g i n
458 c a s e ( t i l e x )
459 5 ’ d3 : t i l e a d d r <=

0;
460 5 ’ d4 : t i l e a d d r <=

0 ;
461 e n d c a s e
462 end
463 i f ( b r i c k 2 [ 1 0 ] ) b e g i n
464 c a s e ( t i l e x )
465 5 ’ d5 : t i l e a d d r <=

vcount - 32;
466 5 ’ d6 : t i l e a d d r <=

vc ou n t − 1 6 ;
467 e n d c a s e
468 end e l s e b e g i n
469 c a s e ( t i l e x )
470 5 ’ d5 : t i l e a d d r <=

0;
471 5 ’ d6 : t i l e a d d r <=

0 ;
472 e n d c a s e
473 end
474 i f ( b r i c k 2 [ 9 ] ) b e g i n
475 c a s e ( t i l e x )
476 5 ’ d7 : t i l e a d d r <=

vcount - 32;
477 5 ’ d8 : t i l e a d d r <=

vc ou n t − 1 6 ;
478 e n d c a s e
479 end e l s e b e g i n
480 c a s e ( t i l e x )
481 5 ’ d7 : t i l e a d d r <=

0;
482 5 ’ d8 : t i l e a d d r <=

0 ;
483 e n d c a s e
484 end
485 i f ( b r i c k 2 [ 8 ] ) b e g i n
486 c a s e ( t i l e x )
487 5 ’ d9 : t i l e a d d r <=

vcount - 32;
488 5 ’ d10 : t i l e a d d r <=

vc ou n t − 1 6 ;
489 e n d c a s e
490 end e l s e b e g i n
491 c a s e ( t i l e x )
492 5 ’ d9 : t i l e a d d r <=

0;
493 5 ’ d10 : t i l e a d d r <=

0 ;
494 e n d c a s e
495 end
496 i f ( b r i c k 2 [ 7 ] ) b e g i n
497 c a s e ( t i l e x )
498 5 ’ d11: t i l e a d d r <=

vcount - 32;
499 5 ’ d12 : t i l e a d d r <=

vc ou n t − 1 6 ;
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500 e n d c a s e
501 end e l s e b e g i n
502 c a s e ( t i l e x )
503 5 ’ d11: t i l e a d d r <=

0;
504 5 ’ d12 : t i l e a d d r <=

0 ;
505 e n d c a s e
506 end
507 i f ( b r i c k 2 [ 6 ] ) b e g i n
508 c a s e ( t i l e x )
509 5 ’ d13: t i l e a d d r <=

vcount - 32;
510 5 ’ d14 : t i l e a d d r <=

vc ou n t − 1 6 ;
511 e n d c a s e
512 end e l s e b e g i n
513 c a s e ( t i l e x )
514 5 ’ d13: t i l e a d d r <=

0;
515 5 ’ d14 : t i l e a d d r <=

0 ;
516 e n d c a s e
517 end
518 i f ( b r i c k 2 [ 5 ] ) b e g i n
519 c a s e ( t i l e x )
520 5 ’ d15: t i l e a d d r <=

vcount - 32;
521 5 ’ d16 : t i l e a d d r <=

vc ou n t − 1 6 ;
522 e n d c a s e
523 end e l s e b e g i n
524 c a s e ( t i l e x )
525 5 ’ d15: t i l e a d d r <=

0;
526 5 ’ d16 : t i l e a d d r <=

0 ;
527 e n d c a s e
528 end
529 i f ( b r i c k 2 [ 4 ] ) b e g i n
530 c a s e ( t i l e x )
531 5 ’ d17: t i l e a d d r <=

vcount - 32;
532 5 ’ d18 : t i l e a d d r <=

vc ou n t − 1 6 ;
533 e n d c a s e
534 end e l s e b e g i n
535 c a s e ( t i l e x )
536 5 ’ d17: t i l e a d d r <=

0;
537 5 ’ d18 : t i l e a d d r <=

0 ;
538 e n d c a s e
539 end
540 i f ( b r i c k 2 [ 3 ] ) b e g i n
541 c a s e ( t i l e x )
542 5 ’ d19: t i l e a d d r <=

vcount - 32;
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543 5 ’ d20 : t i l e a d d r <=
vc ou n t − 1 6 ;

544 e n d c a s e
545 end e l s e b e g i n
546 c a s e ( t i l e x )
547 5 ’ d19: t i l e a d d r <=

0;
548 5 ’ d20 : t i l e a d d r <=

0 ;
549 e n d c a s e
550 end
551 i f ( b r i c k 2 [ 2 ] ) b e g i n
552 c a s e ( t i l e x )
553 5 ’ d21: t i l e a d d r <=

vcount - 32;
554 5 ’ d22 : t i l e a d d r <=

vc ou n t − 1 6 ;
555 e n d c a s e
556 end e l s e b e g i n
557 c a s e ( t i l e x )
558 5 ’ d21: t i l e a d d r <=

0;
559 5 ’ d22 : t i l e a d d r <=

0 ;
560 e n d c a s e
561 end
562 i f ( b r i c k 2 [ 1 ] ) b e g i n
563 c a s e ( t i l e x )
564 5 ’ d23: t i l e a d d r <=

vcount - 32;
565 5 ’ d24 : t i l e a d d r <=

vc ou n t − 1 6 ;
566 e n d c a s e
567 end e l s e b e g i n
568 c a s e ( t i l e x )
569 5 ’ d23: t i l e a d d r <=

0;
570 5 ’ d24 : t i l e a d d r <=

0 ;
571 e n d c a s e
572 end
573 i f ( b r i c k 2 [ 0 ] ) b e g i n
574 c a s e ( t i l e x )
575 5 ’ d25: t i l e a d d r <=

vcount - 32;
576 5 ’ d26 : t i l e a d d r <=

vc ou n t − 1 6 ;
577 e n d c a s e
578 end e l s e b e g i n
579 c a s e ( t i l e x )
580 5 ’ d25: t i l e a d d r <=

0;
581 5 ’ d26 : t i l e a d d r <=

0 ;
582 e n d c a s e
583 end
584 end
585 / / B r i c k l i n e 3
586 5 ’ d7 : begin
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587 if (br ick3[12]) begin
588 case ( t i l e x )
589 5 ’ d1 : t i l e a d d r <=

vc ou n t − 4 8 ;
590 5 ’ d2 : t i l e a d d r <=

vcount - 32;
591 endcase
592 end else begin
593 case ( t i l e x )
594 5 ’ d1 : t i l e a d d r <=

0 ;
595 5 ’ d2 : t i l e a d d r <=

0;
596 endcase
597 end
598 if (br ick3[11]) begin
599 case ( t i l e x )
600 5 ’ d3 : t i l e a d d r <=

vc ou n t − 4 8 ;
601 5 ’ d4 : t i l e a d d r <=

vcount - 32;
602 endcase
603 end else begin
604 case ( t i l e x )
605 5 ’ d3 : t i l e a d d r <=

0 ;
606 5 ’ d4 : t i l e a d d r <=

0;
607 endcase
608 end
609 if (br ick3[10]) begin
610 case ( t i l e x )
611 5 ’ d5 : t i l e a d d r <=

vc ou n t − 4 8 ;
612 5 ’ d6 : t i l e a d d r <=

vcount - 32;
613 endcase
614 end else begin
615 case ( t i l e x )
616 5 ’ d5 : t i l e a d d r <=

0 ;
617 5 ’ d6 : t i l e a d d r <=

0;
618 endcase
619 end
620 if (br ick3[9]) begin
621 case ( t i l e x )
622 5 ’ d7 : t i l e a d d r <=

vc ou n t − 4 8 ;
623 5 ’ d8 : t i l e a d d r <=

vcount - 32;
624 endcase
625 end else begin
626 case ( t i l e x )
627 5 ’ d7 : t i l e a d d r <=

0 ;
628 5 ’ d8 : t i l e a d d r <=

0;
629 endcase
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630 end
631 if (br ick3[8]) begin
632 case ( t i l e x )
633 5 ’ d9 : t i l e a d d r <=

vc ou n t − 4 8 ;
634 5 ’ d10: t i l e a d d r <=

vcount - 32;
635 endcase
636 end else begin
637 case ( t i l e x )
638 5 ’ d9 : t i l e a d d r <=

0 ;
639 5 ’ d10: t i l e a d d r <=

0;
640 endcase
641 end
642 if (br ick3[7]) begin
643 case ( t i l e x )
644 5 ’ d11 : t i l e a d d r <=

vc ou n t − 4 8 ;
645 5 ’ d12: t i l e a d d r <=

vcount - 32;
646 endcase
647 end else begin
648 case ( t i l e x )
649 5 ’ d11 : t i l e a d d r <=

0 ;
650 5 ’ d12: t i l e a d d r <=

0;
651 endcase
652 end
653 if (br ick3[6]) begin
654 case ( t i l e x )
655 5 ’ d13 : t i l e a d d r <=

vc ou n t − 4 8 ;
656 5 ’ d14: t i l e a d d r <=

vcount - 32;
657 endcase
658 end else begin
659 case ( t i l e x )
660 5 ’ d13 : t i l e a d d r <=

0 ;
661 5 ’ d14: t i l e a d d r <=

0;
662 endcase
663 end
664 if (br ick3[5]) begin
665 case ( t i l e x )
666 5 ’ d15 : t i l e a d d r <=

vc ou n t − 4 8 ;
667 5 ’ d16: t i l e a d d r <=

vcount - 32;
668 endcase
669 end else begin
670 case ( t i l e x )
671 5 ’ d15 : t i l e a d d r <=

0 ;
672 5 ’ d16: t i l e a d d r <=

0;
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673 endcase
674 end
675 if (br ick3[4]) begin
676 case ( t i l e x )
677 5 ’ d17 : t i l e a d d r <=

vc ou n t − 4 8 ;
678 5 ’ d18: t i l e a d d r <=

vcount - 32;
679 endcase
680 end else begin
681 case ( t i l e x )
682 5 ’ d17 : t i l e a d d r <=

0 ;
683 5 ’ d18: t i l e a d d r <=

0;
684 endcase
685 end
686 if (br ick3[3]) begin
687 case ( t i l e x )
688 5 ’ d19 : t i l e a d d r <=

vc ou n t − 4 8 ;
689 5 ’ d20: t i l e a d d r <=

vcount - 32;
690 endcase
691 end else begin
692 case ( t i l e x )
693 5 ’ d19 : t i l e a d d r <=

0 ;
694 5 ’ d20: t i l e a d d r <=

0;
695 endcase
696 end
697 if (br ick3[2]) begin
698 case ( t i l e x )
699 5 ’ d21 : t i l e a d d r <=

vc ou n t − 4 8 ;
700 5 ’ d22: t i l e a d d r <=

vcount - 32;
701 endcase
702 end else begin
703 case ( t i l e x )
704 5 ’ d21 : t i l e a d d r <=

0 ;
705 5 ’ d22: t i l e a d d r <=

0;
706 endcase
707 end
708 if (br ick3[1]) begin
709 case ( t i l e x )
710 5 ’ d23 : t i l e a d d r <=

vc ou n t − 4 8 ;
711 5 ’ d24: t i l e a d d r <=

vcount - 32;
712 endcase
713 end else begin
714 case ( t i l e x )
715 5 ’ d23 : t i l e a d d r <=

0 ;
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716 5 ’ d24: t i l e a d d r <=
0;

717 endcase
718 end
719 if (br ick3[0]) begin
720 case ( t i l e x )
721 5 ’ d25 : t i l e a d d r <=

vc ou n t − 4 8 ;
722 5 ’ d26: t i l e a d d r <=

vcount - 32;
723 endcase
724 end else begin
725 case ( t i l e x )
726 5 ’ d25 : t i l e a d d r <=

0 ;
727 5 ’ d26: t i l e a d d r <=

0;
728 endcase
729 end
730 end
731 / / B r i c k l i n e 4
732 5 ’ d8 : b e g i n
733 i f ( b r i c k 4 [ 1 2 ] ) b e g i n
734 c a s e ( t i l e x )
735 5 ’ d1 : t i l e a d d r <=

vcount - 64;
736 5 ’ d2 : t i l e a d d r <=

vc ou n t − 4 8 ;
737 e n d c a s e
738 end e l s e b e g i n
739 c a s e ( t i l e x )
740 5 ’ d1 : t i l e a d d r <=

0;
741 5 ’ d2 : t i l e a d d r <=

0 ;
742 e n d c a s e
743 end
744 i f ( b r i c k 4 [ 1 1 ] ) b e g i n
745 c a s e ( t i l e x )
746 5 ’ d3 : t i l e a d d r <=

vcount - 64;
747 5 ’ d4 : t i l e a d d r <=

vc ou n t − 4 8 ;
748 e n d c a s e
749 end e l s e b e g i n
750 c a s e ( t i l e x )
751 5 ’ d3 : t i l e a d d r <=

0;
752 5 ’ d4 : t i l e a d d r <=

0 ;
753 e n d c a s e
754 end
755 i f ( b r i c k 4 [ 1 0 ] ) b e g i n
756 c a s e ( t i l e x )
757 5 ’ d5 : t i l e a d d r <=

vcount - 64;
758 5 ’ d6 : t i l e a d d r <=

vc ou n t − 4 8 ;
759 e n d c a s e
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760 end e l s e b e g i n
761 c a s e ( t i l e x )
762 5 ’ d5 : t i l e a d d r <=

0;
763 5 ’ d6 : t i l e a d d r <=

0 ;
764 e n d c a s e
765 end
766 i f ( b r i c k 4 [ 9 ] ) b e g i n
767 c a s e ( t i l e x )
768 5 ’ d7 : t i l e a d d r <=

vcount - 64;
769 5 ’ d8 : t i l e a d d r <=

vc ou n t − 4 8 ;
770 e n d c a s e
771 end e l s e b e g i n
772 c a s e ( t i l e x )
773 5 ’ d7 : t i l e a d d r <=

0;
774 5 ’ d8 : t i l e a d d r <=

0 ;
775 e n d c a s e
776 end
777 i f ( b r i c k 4 [ 8 ] ) b e g i n
778 c a s e ( t i l e x )
779 5 ’ d9 : t i l e a d d r <=

vcount - 64;
780 5 ’ d10 : t i l e a d d r <=

vc ou n t − 4 8 ;
781 e n d c a s e
782 end e l s e b e g i n
783 c a s e ( t i l e x )
784 5 ’ d9 : t i l e a d d r <=

0;
785 5 ’ d10 : t i l e a d d r <=

0 ;
786 e n d c a s e
787 end
788 i f ( b r i c k 4 [ 7 ] ) b e g i n
789 c a s e ( t i l e x )
790 5 ’ d11: t i l e a d d r <=

vcount - 64;
791 5 ’ d12 : t i l e a d d r <=

vc ou n t − 4 8 ;
792 e n d c a s e
793 end e l s e b e g i n
794 c a s e ( t i l e x )
795 5 ’ d11: t i l e a d d r <=

0;
796 5 ’ d12 : t i l e a d d r <=

0 ;
797 e n d c a s e
798 end
799 i f ( b r i c k 4 [ 6 ] ) b e g i n
800 c a s e ( t i l e x )
801 5 ’ d13: t i l e a d d r <=

vcount - 64;
802 5 ’ d14 : t i l e a d d r <=

vc ou n t − 4 8 ;
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803 e n d c a s e
804 end e l s e b e g i n
805 c a s e ( t i l e x )
806 5 ’ d13: t i l e a d d r <=

0;
807 5 ’ d14 : t i l e a d d r <=

0 ;
808 e n d c a s e
809 end
810 i f ( b r i c k 4 [ 5 ] ) b e g i n
811 c a s e ( t i l e x )
812 5 ’ d15: t i l e a d d r <=

vcount - 64;
813 5 ’ d16 : t i l e a d d r <=

vc ou n t − 4 8 ;
814 e n d c a s e
815 end e l s e b e g i n
816 c a s e ( t i l e x )
817 5 ’ d15: t i l e a d d r <=

0;
818 5 ’ d16 : t i l e a d d r <=

0 ;
819 e n d c a s e
820 end
821 i f ( b r i c k 4 [ 4 ] ) b e g i n
822 c a s e ( t i l e x )
823 5 ’ d17: t i l e a d d r <=

vcount - 64;
824 5 ’ d18 : t i l e a d d r <=

vc ou n t − 4 8 ;
825 e n d c a s e
826 end e l s e b e g i n
827 c a s e ( t i l e x )
828 5 ’ d17: t i l e a d d r <=

0;
829 5 ’ d18 : t i l e a d d r <=

0 ;
830 e n d c a s e
831 end
832 i f ( b r i c k 4 [ 3 ] ) b e g i n
833 c a s e ( t i l e x )
834 5 ’ d19: t i l e a d d r <=

vcount - 64;
835 5 ’ d20 : t i l e a d d r <=

vc ou n t − 4 8 ;
836 e n d c a s e
837 end e l s e b e g i n
838 c a s e ( t i l e x )
839 5 ’ d19: t i l e a d d r <=

0;
840 5 ’ d20 : t i l e a d d r <=

0 ;
841 e n d c a s e
842 end
843 i f ( b r i c k 4 [ 2 ] ) b e g i n
844 c a s e ( t i l e x )
845 5 ’ d21: t i l e a d d r <=

vcount - 64;
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846 5 ’ d22 : t i l e a d d r <=
vc ou n t − 4 8 ;

847 e n d c a s e
848 end e l s e b e g i n
849 c a s e ( t i l e x )
850 5 ’ d21: t i l e a d d r <=

0;
851 5 ’ d22 : t i l e a d d r <=

0 ;
852 e n d c a s e
853 end
854 i f ( b r i c k 4 [ 1 ] ) b e g i n
855 c a s e ( t i l e x )
856 5 ’ d23: t i l e a d d r <=

vcount - 64;
857 5 ’ d24 : t i l e a d d r <=

vc ou n t − 4 8 ;
858 e n d c a s e
859 end e l s e b e g i n
860 c a s e ( t i l e x )
861 5 ’ d23: t i l e a d d r <=

0;
862 5 ’ d24 : t i l e a d d r <=

0 ;
863 e n d c a s e
864 end
865 i f ( b r i c k 4 [ 0 ] ) b e g i n
866 c a s e ( t i l e x )
867 5 ’ d25: t i l e a d d r <=

vcount - 64;
868 5 ’ d26 : t i l e a d d r <=

vc ou n t − 4 8 ;
869 e n d c a s e
870 end e l s e b e g i n
871 c a s e ( t i l e x )
872 5 ’ d25: t i l e a d d r <=

0;
873 5 ’ d26 : t i l e a d d r <=

0 ;
874 e n d c a s e
875 end
876 end
877 / / B r i c k l i n e 5
878 5 ’ d9 : begin
879 if (br ick5[12]) begin
880 case ( t i l e x )
881 5 ’ d1 : t i l e a d d r <=

vc ou n t − 8 0 ;
882 5 ’ d2 : t i l e a d d r <=

vcount - 64;
883 endcase
884 end else begin
885 case ( t i l e x )
886 5 ’ d1 : t i l e a d d r <=

0 ;
887 5 ’ d2 : t i l e a d d r <=

0;
888 endcase
889 end
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890 if (br ick5[11]) begin
891 case ( t i l e x )
892 5 ’ d3 : t i l e a d d r <=

vc ou n t − 8 0 ;
893 5 ’ d4 : t i l e a d d r <=

vcount - 64;
894 endcase
895 end else begin
896 case ( t i l e x )
897 5 ’ d3 : t i l e a d d r <=

0 ;
898 5 ’ d4 : t i l e a d d r <=

0;
899 endcase
900 end
901 if (br ick5[10]) begin
902 case ( t i l e x )
903 5 ’ d5 : t i l e a d d r <=

vc ou n t − 8 0 ;
904 5 ’ d6 : t i l e a d d r <=

vcount - 64;
905 endcase
906 end else begin
907 case ( t i l e x )
908 5 ’ d5 : t i l e a d d r <=

0 ;
909 5 ’ d6 : t i l e a d d r <=

0;
910 endcase
911 end
912 if (br ick5[9]) begin
913 case ( t i l e x )
914 5 ’ d7 : t i l e a d d r <=

vc ou n t − 8 0 ;
915 5 ’ d8 : t i l e a d d r <=

vcount - 64;
916 endcase
917 end else begin
918 case ( t i l e x )
919 5 ’ d7 : t i l e a d d r <=

0 ;
920 5 ’ d8 : t i l e a d d r <=

0;
921 endcase
922 end
923 if (br ick5[8]) begin
924 case ( t i l e x )
925 5 ’ d9 : t i l e a d d r <=

vc ou n t − 8 0 ;
926 5 ’ d10: t i l e a d d r <=

vcount - 64;
927 endcase
928 end else begin
929 case ( t i l e x )
930 5 ’ d9 : t i l e a d d r <=

0 ;
931 5 ’ d10: t i l e a d d r <=

0;
932 endcase
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933 end
934 if (br ick5[7]) begin
935 case ( t i l e x )
936 5 ’ d11 : t i l e a d d r <=

vc ou n t − 8 0 ;
937 5 ’ d12: t i l e a d d r <=

vcount - 64;
938 endcase
939 end else begin
940 case ( t i l e x )
941 5 ’ d11 : t i l e a d d r <=

0 ;
942 5 ’ d12: t i l e a d d r <=

0;
943 endcase
944 end
945 if (br ick5[6]) begin
946 case ( t i l e x )
947 5 ’ d13 : t i l e a d d r <=

vc ou n t − 8 0 ;
948 5 ’ d14: t i l e a d d r <=

vcount - 64;
949 endcase
950 end else begin
951 case ( t i l e x )
952 5 ’ d13 : t i l e a d d r <=

0 ;
953 5 ’ d14: t i l e a d d r <=

0;
954 endcase
955 end
956 if (br ick5[5]) begin
957 case ( t i l e x )
958 5 ’ d15 : t i l e a d d r <=

vc ou n t − 8 0 ;
959 5 ’ d16: t i l e a d d r <=

vcount - 64;
960 endcase
961 end else begin
962 case ( t i l e x )
963 5 ’ d15 : t i l e a d d r <=

0 ;
964 5 ’ d16: t i l e a d d r <=

0;
965 endcase
966 end
967 if (br ick5[4]) begin
968 case ( t i l e x )
969 5 ’ d17 : t i l e a d d r <=

vc ou n t − 8 0 ;
970 5 ’ d18: t i l e a d d r <=

vcount - 64;
971 endcase
972 end else begin
973 case ( t i l e x )
974 5 ’ d17 : t i l e a d d r <=

0 ;
975 5 ’ d18: t i l e a d d r <=

0;
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976 endcase
977 end
978 if (br ick5[3]) begin
979 case ( t i l e x )
980 5 ’ d19 : t i l e a d d r <=

vc ou n t − 8 0 ;
981 5 ’ d20: t i l e a d d r <=

vcount - 64;
982 endcase
983 end else begin
984 case ( t i l e x )
985 5 ’ d19 : t i l e a d d r <=

0 ;
986 5 ’ d20: t i l e a d d r <=

0;
987 endcase
988 end
989 if (br ick5[2]) begin
990 case ( t i l e x )
991 5 ’ d21 : t i l e a d d r <=

vc ou n t − 8 0 ;
992 5 ’ d22: t i l e a d d r <=

vcount - 64;
993 endcase
994 end else begin
995 case ( t i l e x )
996 5 ’ d21 : t i l e a d d r <=

0 ;
997 5 ’ d22: t i l e a d d r <=

0;
998 endcase
999 end

1000 if (br ick5[1]) begin
1001 case ( t i l e x )
1002 5 ’ d23 : t i l e a d d r <=

vc ou n t − 8 0 ;
1003 5 ’ d24: t i l e a d d r <=

vcount - 64;
1004 endcase
1005 end else begin
1006 case ( t i l e x )
1007 5 ’ d23 : t i l e a d d r <=

0 ;
1008 5 ’ d24: t i l e a d d r <=

0;
1009 endcase
1010 end
1011 if (br ick5[0]) begin
1012 case ( t i l e x )
1013 5 ’ d25 : t i l e a d d r <=

vc ou n t − 8 0 ;
1014 5 ’ d26: t i l e a d d r <=

vcount - 64;
1015 endcase
1016 end else begin
1017 case ( t i l e x )
1018 5 ’ d25 : t i l e a d d r <=

0 ;
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1019 5 ’ d26: t i l e a d d r <=
0;

1020 endcase
1021 end
1022 end
1023 / / B r i c k l i n e 6
1024 5 ’ d10 : b e g i n
1025 i f ( b r i c k 6 [ 1 2 ] ) b e g i n
1026 c a s e ( t i l e x )
1027 5 ’ d1 : t i l e a d d r <=

vcount - 96;
1028 5 ’ d2 : t i l e a d d r <=

vc ou n t − 8 0 ;
1029 e n d c a s e
1030 end e l s e b e g i n
1031 c a s e ( t i l e x )
1032 5 ’ d1 : t i l e a d d r <=

0;
1033 5 ’ d2 : t i l e a d d r <=

0 ;
1034 e n d c a s e
1035 end
1036 i f ( b r i c k 6 [ 1 1 ] ) b e g i n
1037 c a s e ( t i l e x )
1038 5 ’ d3 : t i l e a d d r <=

vcount - 96;
1039 5 ’ d4 : t i l e a d d r <=

vc ou n t − 8 0 ;
1040 e n d c a s e
1041 end e l s e b e g i n
1042 c a s e ( t i l e x )
1043 5 ’ d3 : t i l e a d d r <=

0;
1044 5 ’ d4 : t i l e a d d r <=

0 ;
1045 e n d c a s e
1046 end
1047 i f ( b r i c k 6 [ 1 0 ] ) b e g i n
1048 c a s e ( t i l e x )
1049 5 ’ d5 : t i l e a d d r <=

vcount - 96;
1050 5 ’ d6 : t i l e a d d r <=

vc ou n t − 8 0 ;
1051 e n d c a s e
1052 end e l s e b e g i n
1053 c a s e ( t i l e x )
1054 5 ’ d5 : t i l e a d d r <=

0;
1055 5 ’ d6 : t i l e a d d r <=

0 ;
1056 e n d c a s e
1057 end
1058 i f ( b r i c k 6 [ 9 ] ) b e g i n
1059 c a s e ( t i l e x )
1060 5 ’ d7 : t i l e a d d r <=

vcount - 96;
1061 5 ’ d8 : t i l e a d d r <=

vc ou n t − 8 0 ;
1062 e n d c a s e
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1063 end e l s e b e g i n
1064 c a s e ( t i l e x )
1065 5 ’ d7 : t i l e a d d r <=

0;
1066 5 ’ d8 : t i l e a d d r <=

0 ;
1067 e n d c a s e
1068 end
1069 i f ( b r i c k 6 [ 8 ] ) b e g i n
1070 c a s e ( t i l e x )
1071 5 ’ d9 : t i l e a d d r <=

vcount - 96;
1072 5 ’ d10 : t i l e a d d r <=

vc ou n t − 8 0 ;
1073 e n d c a s e
1074 end e l s e b e g i n
1075 c a s e ( t i l e x )
1076 5 ’ d9 : t i l e a d d r <=

0;
1077 5 ’ d10 : t i l e a d d r <=

0 ;
1078 e n d c a s e
1079 end
1080 i f ( b r i c k 6 [ 7 ] ) b e g i n
1081 c a s e ( t i l e x )
1082 5 ’ d11: t i l e a d d r <=

vcount - 96;
1083 5 ’ d12 : t i l e a d d r <=

vc ou n t − 8 0 ;
1084 e n d c a s e
1085 end e l s e b e g i n
1086 c a s e ( t i l e x )
1087 5 ’ d11: t i l e a d d r <=

0;
1088 5 ’ d12 : t i l e a d d r <=

0 ;
1089 e n d c a s e
1090 end
1091 i f ( b r i c k 6 [ 6 ] ) b e g i n
1092 c a s e ( t i l e x )
1093 5 ’ d13: t i l e a d d r <=

vcount - 96;
1094 5 ’ d14 : t i l e a d d r <=

vc ou n t − 8 0 ;
1095 e n d c a s e
1096 end e l s e b e g i n
1097 c a s e ( t i l e x )
1098 5 ’ d13: t i l e a d d r <=

0;
1099 5 ’ d14 : t i l e a d d r <=

0 ;
1100 e n d c a s e
1101 end
1102 i f ( b r i c k 6 [ 5 ] ) b e g i n
1103 c a s e ( t i l e x )
1104 5 ’ d15: t i l e a d d r <=

vcount - 96;
1105 5 ’ d16 : t i l e a d d r <=

vc ou n t − 8 0 ;
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1106 e n d c a s e
1107 end e l s e b e g i n
1108 c a s e ( t i l e x )
1109 5 ’ d15: t i l e a d d r <=

0;
1110 5 ’ d16 : t i l e a d d r <=

0 ;
1111 e n d c a s e
1112 end
1113 i f ( b r i c k 6 [ 4 ] ) b e g i n
1114 c a s e ( t i l e x )
1115 5 ’ d17: t i l e a d d r <=

vcount - 96;
1116 5 ’ d18 : t i l e a d d r <=

vc ou n t − 8 0 ;
1117 e n d c a s e
1118 end e l s e b e g i n
1119 c a s e ( t i l e x )
1120 5 ’ d17: t i l e a d d r <=

0;
1121 5 ’ d18 : t i l e a d d r <=

0 ;
1122 e n d c a s e
1123 end
1124 i f ( b r i c k 6 [ 3 ] ) b e g i n
1125 c a s e ( t i l e x )
1126 5 ’ d19: t i l e a d d r <=

vcount - 96;
1127 5 ’ d20 : t i l e a d d r <=

vc ou n t − 8 0 ;
1128 e n d c a s e
1129 end e l s e b e g i n
1130 c a s e ( t i l e x )
1131 5 ’ d19: t i l e a d d r <=

0;
1132 5 ’ d20 : t i l e a d d r <=

0 ;
1133 e n d c a s e
1134 end
1135 i f ( b r i c k 6 [ 2 ] ) b e g i n
1136 c a s e ( t i l e x )
1137 5 ’ d21: t i l e a d d r <=

vcount - 96;
1138 5 ’ d22 : t i l e a d d r <=

vc ou n t − 8 0 ;
1139 e n d c a s e
1140 end e l s e b e g i n
1141 c a s e ( t i l e x )
1142 5 ’ d21: t i l e a d d r <=

0;
1143 5 ’ d22 : t i l e a d d r <=

0 ;
1144 e n d c a s e
1145 end
1146 i f ( b r i c k 6 [ 1 ] ) b e g i n
1147 c a s e ( t i l e x )
1148 5 ’ d23: t i l e a d d r <=

vcount - 96;
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1149 5 ’ d24 : t i l e a d d r <=
vc ou n t − 8 0 ;

1150 e n d c a s e
1151 end e l s e b e g i n
1152 c a s e ( t i l e x )
1153 5 ’ d23: t i l e a d d r <=

0;
1154 5 ’ d24 : t i l e a d d r <=

0 ;
1155 e n d c a s e
1156 end
1157 i f ( b r i c k 6 [ 0 ] ) b e g i n
1158 c a s e ( t i l e x )
1159 5 ’ d25: t i l e a d d r <=

vcount - 96;
1160 5 ’ d26 : t i l e a d d r <=

vc ou n t − 8 0 ;
1161 e n d c a s e
1162 end e l s e b e g i n
1163 c a s e ( t i l e x )
1164 5 ’ d25: t i l e a d d r <=

0;
1165 5 ’ d26 : t i l e a d d r <=

0 ;
1166 e n d c a s e
1167 end
1168 end
1169 e n d c a s e
1170 end
1171 end
1172
1173 / / −−−−−−−−−−−−−−−−ROM colormap ROM . v−−−−−−−−−−−−−
1174 / / Ass ign s p e c i f i c c o l o r t o each p i x e l
1175 a s s i g n a d d r a d j = t i l e o u t p u t >> (30 − ({ hc ou n t

[ 1 0 : 1 ] , 1 ’ b0} - (192 + ( t i l e x * 32))));
1176 l o g i c [4:0] c o l o r a d d r;
1177 l o g i c [23:0] c o l o r o u t p u t;
1178 l o g i c [31:0] addr adj;
1179 colormap ROM c o l o r 1(.address(c o l o r a d d r),.c l o c k(c l k

),.q( c o l o r o u t p u t));
1180
1181 a l w a y s f f @(posedge c l k) begin
1182 / / −−−−−− S t a t i c e l e m e n t s −−−−−−
1183 if (( t i l e x <= 27 && t i l e y == 2)|| / /

Corners + Top
1184 (( t i l e x == 0 || t i l e x == 27) && t i l e y >= 3)

/ / S i d e
1185 )
1186 c o l o r a d d r <= {3 ’ b0 , a d d r a d j [ 1 : 0 ] } ;
1187 / / SCORE & S t a g e & Win / Lose
1188 e l s e i f ( ( t i l e x <= 16 && t i l e x >= 12 &&

t i l e y == 0) | |
1189 ( t i l e x <= 16 && t i l e x >= 13 && t i l e y ==

1) | |
1190 ( t i l e x <= 27 && t i l e x >= 23 && t i l e y ==

0) | |
1191 ( t i l e x == 27 && t i l e y == 1) | |
1192 ( ( t i l e x == 1 | | t i l e x == 2) && t i l e y ==

29) | | / / HP
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1193 ( t i l e y == 15 && t i l e x <= 18 && t i l e x >=
10) / / Win or Lose

1194 )
1195 c o l o r a d d r <= a d d r a d j [ 1 : 0 ] + 4 ;
1196 //−−−−−−Dynamic e l emen t s −−−−−−
1197 / / B r i c k l i n e s
1198 e l s e i f ( t i l e x >= 1 && t i l e x <= 26) b e g i n
1199 c a s e ( t i l e y )
1200 5 ’ d5 : c o l o r a d d r <=

addr adj[1:0] + 8 + (4*
br ick1[15:13]);

1201 5 ’ d6 : c o l o r a d d r <=
a d d r a d j [ 1 : 0 ] + 8 + (4*
b r i c k 2 [ 1 5 : 1 3 ] ) ;

1202 5 ’ d7 : c o l o r a d d r <=
addr adj[1:0] + 8 + (4*
br ick3[15:13]);

1203 5 ’ d8 : c o l o r a d d r <=
a d d r a d j [ 1 : 0 ] + 8 + (4*
b r i c k 4 [ 1 5 : 1 3 ] ) ;

1204 5 ’ d9 : c o l o r a d d r <=
addr adj[1:0] + 8 + (4*
br ick5[15:13]);

1205 5 ’ d10 : c o l o r a d d r <=
a d d r a d j [ 1 : 0 ] + 8 + (4*
b r i c k 6 [ 1 5 : 1 3 ] ) ;

1206 e n d c a s e
1207 end
1208 end
1209
1210 //−−−−−−− Disp lay −−−−−−−
1211 / / Pu t e v e r y t h i n g on s c r e e n
1212 always comb b e g i n
1213 {VGA R, VGA G, VGA B} = {8 ’h0, 8 ’ h0 , 8 ’ h0};
1214 if (VGA BLANK n)
1215 if ( c i r c l e ) / / B a l l
1216 {VGA R, VGA G, VGA B} = {8 ’ h f f , 8 ’ hff , 8 ’

h f f } ;
1217 e l s e i f ( p e d d l e ) / / Pad
1218 {VGA R, VGA G, VGA B} = {8 ’h0, 8 ’ h f f , 8 ’ h f f

};
1219 else if (waste) / / Gray n e e d l e s s area
1220 {VGA R, VGA G, VGA B} = {8 ’ h69 , 8 ’ h69, 8 ’

h69 } ;
1221 e l s e i f ( ( t i l e x <= 27 && t i l e y == 2) | | / / C o r n e r s

+ Top
1222 ( ( t i l e x == 0 | | t i l e x == 27)&& t i l e y >=

3) | | / / S ide
1223 ( t i l e x <= 16 && t i l e x >= 12 && t i l e y ==

0) | | / / SCORE
1224 ( t i l e x <= 16 && t i l e x >= 13 && t i l e y ==

1) | | / / Sco re Number
1225 ( t i l e x <= 27 && t i l e x >= 23

&& t i l e y == 0) | | / / STAGE
1226 ( t i l e x == 27 && t i l e y == 1) | | / /

S t a g e Number
1227 ( ( t i l e x == 1 | | t i l e x ==

2) && t i l e y == 29) | | / /
HP I n d i c a t o r
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1228 ( t i l e y == 15 && t i l e x <=
18 && t i l e x >= 10) | | / /
Win or Lose

1229 ( t i l e x >= 1 && t i l e x <= 26 &&
t i l e y >= 5 && t i l e y <=

10) / / B r i c k s
1230 )
1231 {VGA R, VGA G, VGA B} =

c o l o r o u t p u t ;
1232 e l s e / / Background
1233 {VGA R, VGA G, VGA B} = {8 ’h0, 8 ’ h0 , 8 ’ h0};
1234
1235 end
1236
1237 endmodule
1238
1239 module v g a c o u n t e r s(
1240 input l o g i c clk50 , r e s e t ,
1241 output l o g i c [10:0] hcount, / / h c ou n t [ 1 0 : 1 ] i s p i x e l

column
1242 output l o g i c [9:0] vcount, / / v c o u n t [ 9 : 0 ] i s p i x e l row
1243 output l o g i c VGA CLK, VGA HS, VGA VS, VGA BLANK n,

VGA SYNC n);
1244
1245 / *
1246 * 640 X 480 VGA t i m i n g f o r a 50 MHz c l o c k : one p i x e l e v e r y

o t h e r c y c l e
1247 *
1248 * HCOUNT 1599 0 1279 1599 0
1249 *
1250 * | Video | | Video
1251 *
1252 *
1253 * | SYNC | BP |<−− HACTIVE −−>|FP | SYNC | BP |<−− HACTIVE
1254 *
1255 * | | VGA HS | |
1256 * /
1257 / / Parame ter s f o r hc ou n t
1258 parameter HACTIVE = 11 ’ d 1280 ,
1259 HFRONT PORCH = 11 ’d 32,
1260 HSYNC = 11 ’ d 192 ,
1261 HBACK PORCH = 11 ’d 96,
1262 HTOTAL = HACTIVE + HFRONT PORCH + HSYNC

+
1263 HBACK PORCH; / / 1600
1264
1265 / / Parame ter s f o r v c o u n t
1266 parameter VACTIVE = 10 ’ d 480 ,
1267 VFRONT PORCH = 10 ’d 10,
1268 VSYNC = 10 ’ d 2 ,
1269 VBACK PORCH = 10 ’d 33,
1270 VTOTAL = VACTIVE + VFRONT PORCH + VSYNC

+
1271 VBACK PORCH; / / 525
1272
1273 l o g i c endOfLine;
1274
1275 a l w a y s f f @(posedge c lk50 or posedge r e s e t)
1276 if ( r e s e t) hcount <= 0;
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1277 else if (endOfLine) hcount <= 0;
1278 else hcount <= hcount + 11 ’ d 1 ;
1279
1280 a s s i g n endOfLine = h co un t == HTOTAL − 1 ;
1281
1282 l o g i c e n d O f F i e l d ;
1283
1284 a l w a y s f f @( posedge c l k 5 0 or posedge r e s e t )
1285 i f ( r e s e t ) v co un t <= 0 ;
1286 e l s e i f ( endOfLine )
1287 i f ( e n d O f F i e l d ) v co un t <= 0 ;
1288 e l s e vco un t <= vc ou n t + 10 ’d 1;
1289
1290 a s s i g n endOfField = vcount == VTOTAL - 1;
1291
1292 / / H o r i z o n t a l s ync : from 0 x520 t o 0x5DF (0 x57F )
1293 / / 101 0010 0000 t o 101 1101 1111
1294 a s s i g n VGA HS = !( (hcount[10:8] == 3 ’ b101 ) &
1295 ! ( h co un t [ 7 : 5 ] == 3 ’ b111));
1296 a s s i g n VGA VS = !( vcount[9:1] == (VACTIVE +

VFRONT PORCH) / 2);
1297
1298 a s s i g n VGA SYNC n = 1 ’ b0 ; / / For p u t t i n g sync on t h e

g r e e n s i g n a l ; unused
1299
1300 / / H o r i z o n t a l a c t i v e : 0 t o 1279 V e r t i c a l a c t i v e : 0

t o 479
1301 / / 101 0000 0000 1280 01 1110 0000 480
1302 / / 110 0011 1111 1599 10 0000 1100 524
1303 a s s i g n VGA BLANK n = ! ( h co un t [ 1 0 ] & ( h co un t [ 9 ] | hc ou n t

[ 8 ] ) ) &
1304 ! ( v co un t [ 9 ] | ( vc ou n t [ 8 : 5 ] == 4 ’

b1111) );
1305
1306 / * VGA CLK i s 25 MHz
1307 *
1308 * c l k 5 0 | | | | |
1309 *
1310 *
1311 * hc ou n t [ 0 ] | | |
1312 * /
1313 a s s i g n VGA CLK = hcount[0]; / / 25 MHz c l o c k : r i s i n g edge

s e n s i t i v e
1314
1315 endmodule

B.CODE FOR SOFTWARE

1
2 / * *************************************************** * / / *

********************* v g a b a l l . h *********************** * /
/ * *************************************************** * /

3
4 #ifndef _VGA_BALL_H
5 #define _VGA_BALL_H
6
7 #include <linux/ioctl.h>
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8
9 typedef struct {

10 unsigned short x b a l l ,y b a l l ,x pad,score ,brick1 ,
brick2 ,brick3 ,brick4 ,brick5 ,brick6 , s o u n d e f f e c t ,
game s ta tus;

11 } hardware data;
12
13
14 typedef struct {
15 hardware data data;
16 } v g a b a l l a r g t;
17
18 #define VGA_BALL_MAGIC ’ q ’
19
20 / * i o c t l s and t h e i r argument s * /
21 #define VGA_BALL_WRITE_BACKGROUND _IOW(VGA_BALL_MAGIC, 1,

vga_ball_arg_t *)
22 #define VGA_BALL_READ_BACKGROUND _IOR(VGA_BALL_MAGIC, 2,

vga_ball_arg_t *)
23
24 #endif
25
26
27
28 / * *************************************************** * / / *

********************* v g a b a l l . c *********************** * /
/ * *************************************************** * /

29
30 / * * Dev ice d r i v e r f o r t h e VGA v i d e o g e n e r a t o r
31 *
32 * A P l a t f o r m d e v i c e imp lemen ted u s i n g t h e misc s u b s y s t e m
33 *
34 * S t e p h e n A . Edwards
35 * Columbia U n i v e r s i t y
36 *
37 * R e f e r e n c e s :
38 * Linux s o u r c e : Documenta t ion / d r i v e r −model / p l a t f o r m . t x t
39 * d r i v e r s / misc / arm−c h a r l c d . c
40 * h t t p : / / www. l i n u x f o r u . com / t a g / l i n u x −d e v i c e − d r i v e r s /
41 * h t t p : / / f r e e − e l e c t r o n s . com / docs /
42 *
43 * ”make” t o b u i l d
44 * insmod v g a b a l l . ko
45 *
46 * Check code s t y l e w i t h
47 * c h e c k p a t c h . p l −− f i l e −−no− t r e e v g a b a l l . c
48 * /
49
50 #include <linux/module.h>
51 #include <linux/init.h>
52 #include <linux/errno.h>
53 #include <linux/version.h>
54 #include <linux/kernel.h>
55 #include <linux/platform_device.h>
56 #include <linux/miscdevice.h>
57 #include <linux/slab.h>
58 #include <linux/io.h>
59 #include <linux/of.h>
60 #include <linux/of_address.h>
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61 #include <linux/fs.h>
62 #include <linux/uaccess.h>
63 #include ” v g a b a l l . h ”
64
65 #define DRIVER_NAME ” v g a b a l l ”
66
67 / * Dev ice r e g i s t e r s * /
68 #define X_BALL(x) ((x) + 0)
69 #define Y_BALL(x) ((x)+ 2)
70 #define X_PAD(x) ((x) + 4)
71 #define SCORE(x) ((x) + 6)
72
73 #define BRICK1(x) ((x) + 8)
74 #define BRICK2(x) ((x) + 10)
75 #define BRICK3(x) ((x) + 12)
76 #define BRICK4(x) ((x) + 14)
77 #define BRICK5(x) ((x) + 16)
78 #define BRICK6(x) ((x) + 18)
79 #define SOUND_EFFECT(x) ((x) + 20)
80 #define GAME_STATUS(x) ((x) + 22)
81
82 / *
83 * I n f o r m a t i o n abou t our d e v i c e
84 * /
85 struct v g a b a l l d e v {
86 struct r e s o u r c e r e s; / * Resource : our r e g i s t e r s * /
87 void iomem * v i r t b a s e; / * Where r e g i s t e r s can be

a c c e s s e d i n memory * /
88 hardware data data;
89 } dev;
90
91 / *
92 * W r i t e s e g m e n t s o f a s i n g l e d i g i t
93 * Assumes d i g i t i s i n range and t h e d e v i c e i n f o r m a t i o n has

been s e t up
94 * /
95 static void write background(hardware data *data)
96 {
97 / / i o w r i t e 1 6 ( data −>red , BG RED ( dev . v i r t b a s e ) ) ;
98 i o w r i t e 1 6(data->x b a l l , X BALL(dev. v i r t b a s e));
99 i o w r i t e 1 6(data->y b a l l , Y BALL(dev. v i r t b a s e));

100 i o w r i t e 1 6(data->x pad, X PAD(dev. v i r t b a s e));
101 i o w r i t e 1 6(data->score , SCORE(dev. v i r t b a s e));
102
103 i o w r i t e 1 6(data->brick1 , BRICK1(dev. v i r t b a s e));
104 i o w r i t e 1 6(data->brick2 , BRICK2(dev. v i r t b a s e));
105 i o w r i t e 1 6(data->brick3 , BRICK3(dev. v i r t b a s e));
106 i o w r i t e 1 6(data->brick4 , BRICK4(dev. v i r t b a s e));
107 i o w r i t e 1 6(data->brick5 , BRICK5(dev. v i r t b a s e));
108 i o w r i t e 1 6(data->brick6 , BRICK6(dev. v i r t b a s e));
109
110
111 i o w r i t e 1 6(data-> s o u n d e f f e c t , SOUND EFFECT(dev.

v i r t b a s e));
112 i o w r i t e 1 6(data->game status , GAME STATUS(dev.

v i r t b a s e));
113 dev.data = *data;
114 }
115
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116 / *
117 * Handle i o c t l ( ) c a l l s from u s e r s p a c e :
118 * Read or w r i t e t h e s e g m e n t s on s i n g l e d i g i t s .
119 * Note e x t e n s i v e e r r o r c h e c k i n g o f arguments
120 * /
121 static long v g a b a l l i o c t l (struct f i l e *f, unsigned int cmd

, unsigned long arg)
122 {
123 v g a b a l l a r g t v l a;
124
125 switch (cmd) {
126 case VGA BALL WRITE BACKGROUND:
127 if (copy from user(&vla , ( v g a b a l l a r g t *)

arg,
128 sizeof( v g a b a l l a r g t)))
129 return -EACCES;
130 write background(&v l a.data);
131 break;
132
133 case VGA BALL READ BACKGROUND:
134 v l a.data = dev.data;
135 if ( c o p y t o u s e r(( v g a b a l l a r g t *) arg, &

vla ,
136 sizeof( v g a b a l l a r g t)))
137 return -EACCES;
138 break;
139
140 default:
141 return -EINVAL;
142 }
143
144 return 0;
145 }
146
147 / * The o p e r a t i o n s our d e v i c e knows how t o do * /
148 static const struct f i l e o p e r a t i o n s v g a b a l l f o p s = {
149 .owner = THIS MODULE,
150 .u n l o c k e d i o c t l = v g a b a l l i o c t l ,
151 };
152
153 / * I n f o r m a t i o n abou t our d e v i c e f o r t h e ” misc ” framework −−

l i k e a char dev * /
154 static struct m i s c d e v i c e v g a b a l l m i s c d e v i c e = {
155 .minor = MISC DYNAMIC MINOR,
156 .name = DRIVER NAME,
157 . fops = &v g a b a l l f o p s ,
158 };
159
160 / *
161 * I n i t i a l i z a t i o n code : g e t r e s o u r c e s ( r e g i s t e r s ) and

d i s p l a y
162 * a welcome message
163 * /
164 static int i n i t v g a b a l l p r o b e(struct p l a t f o r m d e v i c e *

pdev)
165 {
166 hardware data b e i g e = { 0xf9 , 0xe4, 0xb7, 0xb7,0xb7};
167 int r e t;
168
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169 / * R e g i s t e r o u r s e l v e s as a misc d e v i c e : c r e a t e s /
dev / v g a b a l l * /

170 r e t = m i s c r e g i s t e r(& v g a b a l l m i s c d e v i c e);
171
172 / * Get t h e a d d r e s s o f our r e g i s t e r s from t h e d e v i c e

t r e e * /
173 r e t = o f a d d r e s s t o r e s o u r c e(pdev->dev.of node , 0,

&dev.r e s);
174 if ( r e t) {
175 r e t = -ENOENT;
176 goto o u t d e r e g i s t e r;
177 }
178
179 / * Make s u r e we can use t h e s e r e g i s t e r s * /
180 if (request mem region(dev.r e s. s t a r t , r e s o u r c e s i z e

(&dev.r e s),
181 DRIVER NAME) == NULL) {
182 r e t = -EBUSY;
183 goto o u t d e r e g i s t e r;
184 }
185
186 / * Arrange a c c e s s t o our r e g i s t e r s * /
187 dev. v i r t b a s e = of iomap(pdev->dev.of node , 0);
188 if (dev. v i r t b a s e == NULL) {
189 r e t = -ENOMEM;
190 goto o u t r e l e a s e m e m r e g i o n;
191 }
192
193 / * S e t an i n i t i a l c o l o r * /
194 write background(&b e i g e);
195
196 return 0;
197
198 o u t r e l e a s e m e m r e g i o n:
199 re l ease mem reg ion(dev.r e s. s t a r t , r e s o u r c e s i z e(&

dev.r e s));
200 o u t d e r e g i s t e r:
201 m i s c d e r e g i s t e r(& v g a b a l l m i s c d e v i c e);
202 return r e t;
203 }
204
205 / * Clean −up code : r e l e a s e r e s o u r c e s * /
206 static int vga ba l l rem ove(struct p l a t f o r m d e v i c e *pdev)
207 {
208 iounmap(dev. v i r t b a s e);
209 re l ease mem reg ion(dev.r e s. s t a r t , r e s o u r c e s i z e(&

dev.r e s));
210 m i s c d e r e g i s t e r(& v g a b a l l m i s c d e v i c e);
211 return 0;
212 }
213
214 / * Which ” c o m p a t i b l e ” s t r i n g ( s ) t o s e a r c h f o r i n t h e Dev ice

Tree * /
215 #ifdef CONFIG_OF
216 static const struct o f d e v i c e i d v g a b a l l o f m a t c h[] = {
217 { .compat ib le = ” csee4840 , v g a b a l l −1 .0 ” },
218 {},
219 };
220 MODULE DEVICE TABLE(of , v g a b a l l o f m a t c h);
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221 #endif
222
223 / * I n f o r m a t i o n f o r r e g i s t e r i n g o u r s e l v e s as a ” p l a t f o r m ”

d r i v e r * /
224 static struct p l a t f o r m d r i v e r v g a b a l l d r i v e r = {
225 .d r i v e r = {
226 .name = DRIVER NAME,
227 .owner = THIS MODULE,
228 .o f m a t c h t a b l e = o f m a t c h p t r(

v g a b a l l o f m a t c h),
229 },
230 .remove = e x i t p(vga ba l l rem ove),
231 };
232
233 / * C a l l e d when t h e module i s l oa de d : s e t t h i n g s up * /
234 static int i n i t v g a b a l l i n i t(void)
235 {
236 p r i n f o(DRIVER NAME ” : i n i t \n ”);
237 return p l a t f o r m d r i v e r p r o b e(&v g a b a l l d r i v e r ,

v g a b a l l p r o b e);
238 }
239
240 / * C a l b a l l when t h e module i s un loaded : r e l e a s e r e s o u r c e s

* /
241 static void e x i t v g a b a l l e x i t(void)
242 {
243 p l a t f o r m d r i v e r u n r e g i s t e r(& v g a b a l l d r i v e r);
244 p r i n f o(DRIVER NAME ” : e x i t \n ”);
245 }
246
247 m o d u l e i n i t( v g a b a l l i n i t);
248 m o d u l e e x i t( v g a b a l l e x i t);
249
250 MODULE LICENSE(”GPL”);
251 MODULE AUTHOR(” S tephen A. Edwards , Columbia U n i v e r s i t y ”);
252 MODULE DESCRIPTION(”VGA b a l l d r i v e r ”);
253
254
255
256 / * *************************************************** * / / *

********************* h e l l o . c *********************** * / / *
*************************************************** * /

257
258 / *
259 * Userspace program t h a t communica tes w i t h t h e v g a b a l l

d e v i c e d r i v e r
260 * t h r o u g h i o c t l s
261 *
262 * S t e p h e n A . Edwards
263 * Columbia U n i v e r s i t y
264
265 * S o f t w a r e Par t o f B r e a k o u t Game Remas tered P r o j e c t
266 * CSEE 4840 , S p r i n g 2022 , Columbia U n i v e r s i t y
267 * /
268
269
270 #include <stdio.h>
271 #include ” v g a b a l l . h ”
272 #include <sys/ioctl.h>
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273 #include <sys/types.h>
274 #include <sys/stat.h>
275 #include <fcntl.h>
276 #include <string.h>
277 #include <unistd.h>
278 #include <stdlib.h>
279 #include <pthread.h>
280 #include <math.h>
281 #include <time.h>
282 #include ” usbkeyboa rd . h ”
283 #define BRICK_W 30
284 #define BRICK_H 15
285 #define BALL_R 10
286 #define PADDLE_W 90
287 #define PADDLE_H 20
288 #define PADDLE_R 10
289 #define PADDLE_L 70
290
291 #define SOUND_DEFULT 0
292 #define SOUND_HIT_BRICK 1
293 #define SOUND_WALL_PAD 2
294 #define SOUND_GAME_OVER 3
295
296
297 double h l o c a t i o n;
298 / / do ub l e s p e e d p a d d l e , b a l l h = 3 1 2 . 0 , b a l l v = 4 4 0 . 0 ,

speed h , s p e e d v ;
299 int b r i c k s t a t u s[7][10];
300 int r e s e t = 1;
301 int l i v e s = 3;
302 int game s tar t = 0;
303 int f i n a l s t a t u s = 0;
304 / / i n t s i z e ;
305 int v g a b a l l f d;
306 hardware data data = {0, 0, 0, 0, 0}; / / TODO
307 struct l i b u s b d e v i c e h a n d l e *mouse; / / a mouse d e v i c e

ha nd l e
308 p t h r e a d t mouse thread;
309 void *mouse thread f(void *);
310 int b a l l h = 195;
311 int b a l l v = 425;
312 int s o u n d e f f e c t = 0;
313 int g l o a b l s c o r e = 0;
314 int game stage = 0; / / 1 , 2
315 int game hp = 3;
316 int game over = 0; / / 0 d e f a u l t 1 game over 2 win
317 int game over sound = 1;
318 int r e s t a r t = 1;
319 int easy mode = 0;
320
321
322
323 / * Read and p r i n t t h e background c o l o r * /
324 void p r i n t b a c k g r o u n d c o l o r()
325 {
326 v g a b a l l a r g t v l a;
327
328 if ( i o c t l (v g a b a l l f d , VGA BALL READ BACKGROUND, &v l a))
329 {
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330 perror(” i o c t l (VGA BALL READ BACKGROUND) f a i l e d ”);
331 return;
332 }
333 / / p r i n t f (”%02x %02x %02x\n ” , v l a . da ta . red , v l a . da ta .

green , v l a . da ta . b l u e ) ;
334 }
335
336 / * S e t t h e background c o l o r * /
337 void s e t b a c k g r o u n d c o l o r(const hardware data *c)
338 {
339 v g a b a l l a r g t v l a;
340 v l a.data = *c;
341 if ( i o c t l (v g a b a l l f d , VGA BALL WRITE BACKGROUND, &v l a))
342 {
343 perror(” i o c t l (VGA BALL SET BACKGROUND) f a i l e d ”);
344 return;
345 }
346 }
347
348 / * The 4 ways o f h i t * /
349 / * r e t u r n f l a g = 0 i f n o t h i t on t h e b r i c k * /
350 / * r e t u r n f l a g = 1 i f h i t on t h e b r i c k from t o p * /
351 / * r e t u r n f l a g = 2 i f h i t on t h e b r i c k from bot tom * /
352 / * r e t u r n f l a g = 3 i f h i t on t h e b r i c k from l e f t * /
353 / * r e t u r n f l a g = 4 i f h i t on t h e b r i c k from r i g h t * /
354 / * use t h e f l a g t o d e t e r m i n e t h e b a l l v e l o c i t y change * /
355 / * t h e c o r r e s p o n d i n g b r i c k s t a t u s s h o u l d be changed i n t o 0

* /
356 int hitOnBrick(int b a l l v , int b a l l h , int brick width , int

b r i c k h e i g h t , int brick h , int b r i c k v)
357 {
358 int f l a g;
359 / / h : h o r i z o n t a l ; v : v e r t i c a l
360 / / h i t on t o p : f l a g = 1
361 if (b a l l h >= b r i c k h && b a l l h <= b r i c k h + b r i c k w i d t h

&& b a l l v >= b r i c k v - 5 && b a l l v <=b r i c k v / * b a l l h −
5 >= b r i c k h && b a l l h +5<= b r i c k h + b r i c k w i d t h &&

b a l l v + 5 > b r i c k v && b a l l v + 5 <=b r i c k v +
b r i c k h e i g h t * /)

362 {
363 f l a g = 1;
364 }
365 / / h i t on bo t tom : f l a g = 2
366 else if (b a l l h >= b r i c k h && b a l l h <= b r i c k h +

b r i c k w i d t h && b a l l v <= b r i c k v + b r i c k h e i g h t + 5 &&
b a l l v >= b r i c k v + b r i c k h e i g h t / * b a l l h − 5 >=

b r i c k h && b a l l h + 5 <= b r i c k h + b r i c k w i d t h &&
b a l l v <= b r i c k v + b r i c k h e i g h t + 5 && b a l l v − 5 >
b r i c k v * /)

367 {
368 f l a g = 2;
369 }
370 / / h i t from l e f t : f l a g = 3
371 else if (b a l l v >= b r i c k v && b a l l v <= b r i c k v +

b r i c k h e i g h t && b a l l h >= b r i c k h - 5 && b a l l h <=
b r i c k h / * b a l l h + 5 >= b r i c k h && b a l l h < b r i c k h +

b r i c k w i d t h − 5 * /)
372 {
373 f l a g = 3;
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374 }
375 / / h i t from r i g h t : f l a g = 4
376 else if (b a l l v >= b r i c k v && b a l l v <= b r i c k v +

b r i c k h e i g h t && b a l l h <= b r i c k h + b r i c k w i d t h + 5 &&
b a l l h >= b r i c k h + b r i c k w i d t h / * b a l l h − 5 <=

b r i c k h + b r i c k w i d t h && b a l l h > b r i c k h + 5 * /)
377 {
378 f l a g = 4;
379 }
380 / / doesn ’ t h i t on t h e b r i c k : f l a g = 0
381 else
382 {
383 f l a g = 0;
384 }
385
386 return f l a g;
387 }
388
389
390 / / conv game s t a t u s
391 long g e t g a m e s t a t u s(int game stage , int game hp, int

game over) {
392 int x[16];
393 for (int j = 0; j < 16; j++) {
394 x[ j] = 0;
395 }
396
397 x[15] = game stage;
398 if (game hp == 3) {
399 x[14] = 1;
400 x[13] = 1;
401 } else if (game hp == 2) {
402 x[13] = 1;
403 }
404
405 if (game over == 1) {
406 x[12] = 1;
407 } else if (game over == 2) {
408 x[12] = 1;
409 x[11] = 1;
410 }
411
412
413 long y = 0;
414 for (int i = 0; i < 16; i++){
415 y = y * 2 + x[ i];
416 }
417
418 / / p r i n t f (” g e t g a m e s t a t u s %d ” , y ) ;
419 return(y);
420 }
421
422
423
424 / / vec t o b i n a r y
425 long long conver t2b in( int x[13], int c o l o r) {
426 long long y = c o l o r; / / 000 001 010 011 100 101
427
428 / / 1 . c o l o r
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429 for (int i = 0; i < 13; i++){
430 y = y * 2 + x[ i];
431 }
432 return(y);
433 }
434
435 / / vec t o b i n a r y
436 long hex2hexadecimal(int s c o r e) {
437 int x[16];
438
439 for (int j = 0; j < 16; j++) {
440 x[ j] = 0;
441 }
442
443 int idx = 15; / / 12−15
444
445 / / p r i n t f (” o r i g i n a l s c o r e %d\n ” , s c o r e ) ;
446 while ( s c o r e > 0) {
447 int num = s c o r e % 10;
448
449 int c u r i d x = idx;
450 while (num > 0) {
451 x[c u r i d x] = num % 2;
452 num = (int)(num/2);
453 c u r i d x -= 1;
454 }
455 s c o r e = (int)( s c o r e / 10);
456 idx -= 4;
457 }
458
459 long y = 0;
460 for (int i = 0; i < 16; i++){
461 y = y * 2 + x[ i];
462 }
463
464 / / p r i n t f (” s c o r e %d , %l l d \n ” , score , y ) ;
465 return(y);
466 / / vec 2 10
467 }
468
469
470
471 int c h e c k c l e a r(int matrix[6][13],int x, int y){
472 for(int i = 0; i < x; i++){
473 for (int j = 0; j < y; j++) {
474 if (matrix[ i][ j] != 0){
475 return 0;
476 }
477 }
478 }
479 return 1;
480 }
481
482
483
484 int main()
485 {
486 v g a b a l l a r g t v l a;
487 int i;
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488 int j;
489
490 static const char f i l e n a m e[] = ” / dev / v g a b a l l ”;
491
492 p r i n t f(”VGA b a l l U s e r s p a c e program s t a r t e d \n ”);
493
494 if (( v g a b a l l f d = open( f i l ename , O RDWR)) == -1)
495 {
496 f p r i n t f( s tderr , ” c o u l d n o t open %s \n ”, f i l e n a m e);
497 return -1;
498 }
499
500 p r i n t f(” i n i t i a l s t a t e : ”);
501 p r i n t b a c k g r o u n d c o l o r();
502
503 / / i n p u t from d e v i c e
504 l i b u s b c o n t e x t *c t x = NULL; / / a l i b u s b s e s s i o n
505 l i b u s b d e v i c e **devs; / / p o i n t e r t o p o i n t e r o f

d e v i c e , used t o r e t r i e v e a l i s t o f d e v i c e s
506 int r; / / f o r r e t u r n v a l u e s
507 s s i z e t cnt; / / h o l d i n g number o f d e v i c e s

i n l i s t
508 r = l i b u s b i n i t (&c t x); / / i n i t i a l i z e a l i b r a r y

s e s s i o n
509 if (r < 0)
510 {
511 p r i n t f(”%s %d\n ”, ” I n i t E r r o r ”, r); / / t h e r e was an

e r r o r
512 return 1;
513 }
514 l i b u s b s e t d e b u g(ctx , 3); / / s e t

v e r b o s i t y l e v e l t o 3 , as s u g g e s t e d i n t h e
d o c u m e n t a t i o n

515 cnt = l i b u s b g e t d e v i c e l i s t (ctx , &devs); / / g e t t h e l i s t
o f d e v i c e s

516 if (cnt < 0)
517 {
518 p r i n t f(”%s \n ”, ” Get Device E r r o r ”); / / t h e r e was an

e r r o r
519 }
520
521 p r i n t f(”\n11111\n ”);
522 / / mouse = l i b u s b o p e n d e v i c e w i t h v i d p i d ( c t x , 12943 ,

33) ; / / open mouse
523 / / 081 f : e401
524 / / mouse = l i b u s b o p e n d e v i c e w i t h v i d p i d ( c t x , 0 x1c4 f , 0

x0002 ) ;
525 mouse = l i b u s b o p e n d e v i c e w i t h v i d p i d(ctx , 0x081f , 0

xe401);
526 p r i n t f(”\n2222\n ”);
527
528
529
530
531
532 if (mouse == NULL)
533 {
534 p r i n t f(”%s \n ”, ” Cannot open d e v i c e ”);
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535 l i b u s b f r e e d e v i c e l i s t (devs, 1); / / f r e e t h e l i s t ,
u n r e f t h e d e v i c e s i n i t

536 l i b u s b e x i t(c t x); / / c l o s e t h e s e s s i o n
537 return 0;
538 }
539 else
540 {
541 p r i n t f(”%s \n ”, ” Device opened ”);
542 l i b u s b f r e e d e v i c e l i s t (devs, 1); / / f r e e t h e l i s t ,

u n r e f t h e d e v i c e s i n i t
543 if ( l i b u s b k e r n e l d r i v e r a c t i v e(mouse, 0) == 1)
544 { / / f i n d o u t i f k e r n e l d r i v e r i s a t t a c h e d
545 p r i n t f(”%s \n ”, ” Ke rn e l D r i v e r A c t i v e ”);
546 if ( l i b u s b d e t a c h k e r n e l d r i v e r(mouse, 0) == 0) / /

d e t a c h i t
547 p r i n t f(”%s \n ”, ” Ke rn e l D r i v e r Detached ! ”);
548 }
549 r = l i b u s b c l a i m i n t e r f a c e(mouse, 0); / / c l a i m

i n t e r f a c e 0 ( t h e f i r s t ) o f d e v i c e ( mine had j u s t 1 )
550 if (r < 0)
551 {
552 p r i n t f(”%s \n ”, ” Cannot Claim I n t e r f a c e ”);
553 return 1;
554 }
555 }
556 p r i n t f(”%s \n ”, ” Claimed I n t e r f a c e ”);
557
558 p t h r e a d c r e a t e(&mouse thread , NULL, mouse thread f , NULL)

;
559
560
561
562 while(1) {
563 / / ===========
564 / / 0 . d e f i n e
565 int brick row = 6;
566 int b r i c k c o l = 13;
567 / / i n t b r i c k m a t r i x [ b r i c k r o w ] [ b r i c k c o l ] ; / / 1 has

b r i c k 0 empty
568 / / i n t b r i c k w i d t h = BRICK W ;
569 / / i n t b r i c k h e i g h t = BRICK H ;
570 int b a l l r a d i u s = BALL R;
571 int p a d d l e l e n g t h = PADDLE W;
572 int brick h , b r i c k v;
573 int game s ta tus;
574 int f l a g[6][13];
575 int f l a g p a d d l e = 0;
576 int m a t r i x c l e a r;
577
578 / / 1 . i n i t
579 / / i n i t i a l i z e
580
581 h l o c a t i o n = 275;
582 game s ta tus = 1;
583 game over sound = 1;
584 game s tar t = 0;
585
586
587 / / 1 . 2 b r i c k s
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588 / / s t a g e 1
589 int b r i c k m a t r i x[6][13] = {
590 {0,0,0,0,0,0,0,0,0,0,0,0,0},
591 {0,1,1,1,1,0,0,1,0,0,1,0,0},
592 {0,1,0,0,0,0,0,1,0,0,1,0,0},
593 {0,1,0,0,0,0,0,1,0,0,1,0,0},
594 {0,1,1,1,1,0,0,1,1,1,1,0,0},
595 {0,0,0,0,0,0,0,0,0,0,0,0,0}
596 };
597
598 / *
599 / / s i m i f i y s t a g e 1
600 f o r ( i n t i = 0; i < b r i c k r o w ; i ++){
601 f o r ( i n t j = 0; j < b r i c k c o l ; j ++) {
602 i f ( i == 5 && j == 9) {
603 b r i c k m a t r i x [ i ] [ j ] = 1;
604 }
605 e l s e i f ( i == 4 && j == 11) {
606 b r i c k m a t r i x [ i ] [ j ] = 1;
607 }
608 e l s e {
609 b r i c k m a t r i x [ i ] [ j ] = 0;
610 }
611 }
612 } * /
613
614
615 / / s t a g e 2 map
616 int s t a g e 2 m a t r i x[6][13] = {
617 {1,0,1,0,1,0,1,0,1,0,1,0,1},
618 {1,0,1,0,1,0,1,0,1,0,1,0,1},
619 {1,0,1,0,1,0,1,0,1,0,1,0,1},
620 {1,0,1,0,1,0,1,0,1,0,1,0,1},
621 {1,0,1,0,1,0,1,0,1,0,1,0,1},
622 {1,0,1,0,1,0,1,0,1,0,1,0,1}
623 };
624
625 / *
626 / / s i m i f i y s t a g e 2
627 f o r ( i n t i = 0; i < b r i c k r o w ; i ++){
628 f o r ( i n t j = 0; j < b r i c k c o l ; j ++) {
629 i f ( i == 5 && j == 9) {
630 s t a g e 2 m a t r i x [ i ] [ j ] = 1;
631 }
632 e l s e i f ( i == 4 && j == 11) {
633 s t a g e 2 m a t r i x [ i ] [ j ] = 1;
634 }
635 e l s e {
636 s t a g e 2 m a t r i x [ i ] [ j ] = 0;
637 }
638 }
639 } * /
640
641
642 / / 3 . easy mode
643 int e a s y m a t r i x[6][13] = {
644 {0,0,0,0,0,0,0,0,0,0,0,0,0},
645 {0,0,0,0,0,0,0,0,0,0,0,0,0},
646 {0,0,0,0,0,0,0,0,0,0,0,0,0},
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647 {0,0,0,0,0,0,0,0,0,0,0,0,0},
648 {0,0,0,0,0,0,0,0,0,0,1,0,0},
649 {0,0,0,0,0,0,0,0,0,0,0,0,0}
650 };
651
652
653
654 / / 1 . 3 b a l l
655 b a l l h = 208;
656 b a l l v = 425;
657 int s t e p = 1;
658 int speed h = 1;
659 int speed v = -2;
660 int b r i c k w i d t h = 32;
661 int b r i c k h e i g h t = 16;
662
663
664
665
666 / / i n i t da ta
667 data.x pad = 208; / / work
668 g l o a b l s c o r e = 0;
669 game stage = 0;
670 game over = 0;
671 game hp = 3;
672 s o u n d e f f e c t = 0;
673 easy mode = 0;
674
675 data. x b a l l = b a l l h;
676 data. y b a l l = b a l l v;
677 data.br ick1 = conver t2b in( b r i c k m a t r i x[0], 0 );
678 data.br ick2 = conver t2b in( b r i c k m a t r i x[1], 1 );
679 data.br ick3 = conver t2b in( b r i c k m a t r i x[2], 2 );
680 data.br ick4 = conver t2b in( b r i c k m a t r i x[3], 3 );
681 data.br ick5 = conver t2b in( b r i c k m a t r i x[4], 4 );
682 data.br ick6 = conver t2b in( b r i c k m a t r i x[5], 5 );
683 data. s c o r e = hex2hexadecimal( g l o a b l s c o r e);
684 data.game s ta tus = g e t g a m e s t a t u s(game stage ,

game hp, game over);
685
686 s e t b a c k g r o u n d c o l o r(&data); / / TODO
687
688
689 / / game l o g i t i c
690 while (1)
691 {
692
693 s o u n d e f f e c t = SOUND DEFULT;
694 if (game s tar t == 0) {
695 continue;
696 }
697
698
699
700
701 s o u n d e f f e c t = 0; / / i n i t
702
703 b a l l h += speed h * s t e p;
704 b a l l v += speed v * s t e p;
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705 / / da ta . x b a l l = ( i n t ) b a l l h * 4 ; / / TODO
706 / / da ta . green = 195;
707 data. x b a l l = b a l l h;
708 data. y b a l l = b a l l v;
709
710
711 / / p r i n t f (” %d , %d \n ” , da ta . x b a l l , da ta . y b a l l ) ;
712
713
714 / / check h i t w a l l
715 if (b a l l v <= 53) {
716 speed v = 0 - speed v;
717 s o u n d e f f e c t = SOUND WALL PAD;
718 }
719 if (b a l l h >= 411) {
720 speed h = 0 - speed h;
721 s o u n d e f f e c t = SOUND WALL PAD;
722 }
723 if (b a l l h <= 5) {
724 speed h = 0 - speed h;
725 s o u n d e f f e c t = SOUND WALL PAD;
726 }
727 / / check h i t pad
728 / / i f ( b a l l h <= da ta . x pad +20 && b a l l h >= da ta .

x pad −20 && b a l l v == 429 /* b a l l v +5 >= 430 &&
b a l l v + 5 <= 4 4 0 * / ) {

729 if (b a l l h <= data.x pad +20 && b a l l h >= data.x pad
-20 && b a l l v >= 425 && b a l l v <= 430 / * b a l l v +5

>= 430 && b a l l v + 5 <= 440 * /){
730 speed v = 0 - speed v;
731 s o u n d e f f e c t = SOUND WALL PAD;
732 }
733
734 / / p r i n t f (” easy mode , %d ” , easy mode ) ;
735 / / ea sy mode
736 if (easy mode == 1) {
737 for(int i = 0; i < brick row; i++){
738 for (int j = 0; j < b r i c k c o l; j++) {
739 b r i c k m a t r i x[ i][ j] = e a s y m a t r i x[ i][ j] ;
740 }
741 }
742 }
743
744
745 / / check h i t b r i c k
746 for (int i = 0; i < 6; i++) {
747 for (int j = 0; j < 13; j++) {
748 if (b r i c k m a t r i x[ i][ j] == 1)
749 {
750 / / p r i n t f (”%d \n ” , b r i c k m a t r i x [ i ] [ j ] ) ;
751 b r i c k h = b r i c k w i d t h * j;
752 b r i c k v = b r i c k h e i g h t * i + 80;
753 f l a g[ i][ j] = hitOnBrick(b a l l v , b a l l h ,

brick width , b r i c k h e i g h t , brick h ,
b r i c k v);

754 / / up da t e f l a g
755 if ( f l a g[ i][ j] == 1) {
756 speed v = 0 - speed v;
757 b r i c k m a t r i x[ i][ j] = 0;
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758 }
759 if ( f l a g[ i][ j] == 2) {
760 speed v = 0 - speed v;
761 b r i c k m a t r i x[ i][ j] = 0;
762 }
763 if ( f l a g[ i][ j] == 3) {
764 speed h = 0 - speed h;
765 b r i c k m a t r i x[ i][ j] = 0;
766 }
767 if ( f l a g[ i][ j] == 4) {
768 speed h = 0 - speed h;
769 b r i c k m a t r i x[ i][ j] = 0;
770 }
771 / / h i t b r i c k
772 if ( f l a g[ i][ j] != 0) {
773 s o u n d e f f e c t = SOUND HIT BRICK;
774 g l o a b l s c o r e += 10;
775 }
776 }
777 }
778 }
779
780
781 / / check game over TODO
782 if (b a l l v >= 475) {
783 game hp -= 1;
784
785 b a l l h = data.x pad;
786 b a l l v = 425;
787 game s tar t = 0;
788 speed h = 1;
789 speed v = -2;
790 }
791
792 if (game hp == 0) {
793 s o u n d e f f e c t = SOUND GAME OVER;
794 data. s o u n d e f f e c t = s o u n d e f f e c t;
795 game over = 1;
796 break;
797 }
798
799
800 / / p r i n t f (”%d %d , %d , %d \n ” , da ta . b r i c k 3 , da ta . b r i c k 4

, da ta . b r i c k 5 , da ta . b r i c k 6 ) ;
801
802
803 m a t r i x c l e a r = c h e c k c l e a r(br ick matr ix , 6, 13);
804
805 / / win
806 if (m a t r i x c l e a r == 1 && game stage == 1) {
807 game over = 2;
808 s o u n d e f f e c t = 4;
809 data.br ick1 = conver t2b in( b r i c k m a t r i x[0], 0 );
810 data.br ick2 = conver t2b in( b r i c k m a t r i x[1], 1 );
811 data.br ick3 = conver t2b in( b r i c k m a t r i x[2], 2 );
812 data.br ick4 = conver t2b in( b r i c k m a t r i x[3], 3 );
813 data.br ick5 = conver t2b in( b r i c k m a t r i x[4], 4 );
814 data.br ick6 = conver t2b in( b r i c k m a t r i x[5], 5 );
815 data. s o u n d e f f e c t = s o u n d e f f e c t;
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816 data. s c o r e = hex2hexadecimal( g l o a b l s c o r e);
817 data.game s ta tus = g e t g a m e s t a t u s(game stage ,

game hp,game over);
818 break;
819 }
820
821 / / 2 rd s t a g e
822 if ( m a t r i x c l e a r == 1) {
823 data.x pad = 208;
824 b a l l h = data.x pad;
825 b a l l v = 425;
826 game s tar t = 0;
827 s t e p = 2; / / b a l l s t e p
828 speed h = 1;
829 speed v = -2;
830 game stage = 1;
831 s o u n d e f f e c t = 0;
832 easy mode = 0;
833
834 for(int i = 0; i < brick row; i++){
835 for (int j = 0; j < b r i c k c o l; j++) {
836 b r i c k m a t r i x[ i][ j] = s t a g e 2 m a t r i x[ i][ j] ;
837 }
838 }
839 }
840
841 / / a s s i g n da ta
842 data.br ick1 = conver t2b in( b r i c k m a t r i x[0], 0 );
843 data.br ick2 = conver t2b in( b r i c k m a t r i x[1], 1 );
844 data.br ick3 = conver t2b in( b r i c k m a t r i x[2], 2 );
845 data.br ick4 = conver t2b in( b r i c k m a t r i x[3], 3 );
846 data.br ick5 = conver t2b in( b r i c k m a t r i x[4], 4 );
847 data.br ick6 = conver t2b in( b r i c k m a t r i x[5], 5 );
848 data. s o u n d e f f e c t = s o u n d e f f e c t;
849 data. s c o r e = hex2hexadecimal( g l o a b l s c o r e);
850 data.game s ta tus = g e t g a m e s t a t u s(game stage ,

game hp,game over);
851
852
853 s e t b a c k g r o u n d c o l o r(&data); / / TODO
854 u s l e e p(15000); / / 1000000
855
856 }
857
858 if (game over == 2) {
859 data.game s ta tus = g e t g a m e s t a t u s(game stage ,

game hp, game over);
860 s e t b a c k g r o u n d c o l o r(&data);
861 } else if (game over == 1) {
862 data.game s ta tus = g e t g a m e s t a t u s(game stage ,

game hp, game over);
863 s e t b a c k g r o u n d c o l o r(&data);
864 }
865
866
867 / / r e s e t sound a v i o d t o o long
868 u s l e e p(250000);
869 s o u n d e f f e c t = 0;
870 data. s o u n d e f f e c t = s o u n d e f f e c t;
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871 int o r i g i n a l b a l l x = b a l l h;
872 int o r i g i n a l p a d x = data.x pad;
873 / / s e t b a c k g r o u n d c o l o r (& da ta ) ;
874
875 r e s t a r t = 0;
876 while ( r e s t a r t == 0) {
877 data.x pad = o r i g i n a l p a d x;
878 data. x b a l l = o r i g i n a l b a l l x;
879 r e s t a r t = 0;
880 s e t b a c k g r o u n d c o l o r(&data);
881 }
882 }
883
884 return 0;
885 }
886
887
888
889 / / read t h e mouse
890 void *mouse thread f(void * ignored)
891 {
892 p r i n t f(” mouse t h r e a d s t a r t e d \n ”);
893
894 v g a b a l l a r g t v l a;
895
896
897 while (1)
898 {
899 unsigned char buf f[64];
900 int s i z e = 8;
901 l i b u s b i n t e r r u p t t r a n s f e r(mouse, 0x81, buff , 0x0008, &

s i z e , 0);
902
903 int t s p e e d = 0;
904 int p a d d i f f = 0;
905 int s t e p = 2;
906 int s c r e e n l e f t = 16;
907 int s c r e e n r i g h t = 400;
908
909 / / p r i n t f (” b u f f [ 0 ] , b u f f [ 1 ] , b u f f [ 2 ] %d , %d , %d,%d , %d , %d

,%d ,%d \n ” , b u f f [ 0 ] , b u f f [ 1 ] , b u f f [ 2 ] , b u f f [ 3 ] , b u f f
[ 4 ] , b u f f [ 5 ] , b u f f [ 6 ] , b u f f [ 7 ] ) ;

910
911 / / l e f t : 0 127 0 128 128 15
912 / / r i g h t : 255 127 0 128 128 15
913 / / up : 127 0 0 128 128 15
914 / / down 127 255 0 128 128 15
915 / / A : 127 127 0 128 128 47
916 / / r e s t a r t : 127 127 0 128 128 15 32
917 / / X + Y : 127 127 0 128 128 15 9
918 / / X : 127 127 0 128 128 31
919 / / Y : 127 127 0 128 128 143
920 if (buf f[0] == 0) {
921 / / 0 127 0 128 128 15
922 / / l e f t
923 p a d d i f f = - s t e p;
924
925 / / b a l l move w i t h pad
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926 if (game s tar t == 0 && ( s c r e e n l e f t < b a l l h - s t e p))
{

927 b a l l h -= s t e p;
928 }
929
930 } else if (buf f[0] == 255) {
931 / / r i g h t
932 / / 255 127 0 128 128 15
933 p a d d i f f = s t e p;
934
935 / / b a l l move w i t h pad
936 if (game s tar t == 0 && (b a l l h + s t e p < s c r e e n r i g h t)

) {
937 b a l l h += s t e p;
938 }
939
940 / / } e l s e i f ( b u f f [ 0 ] == 127 && b u f f [ 1 ] == 0) {
941 } else if (buf f[0] == 127 && buf f[1] == 127 && buf f[5]

== 47) {
942 game s tar t = 1;
943 / / p r i n t f (” s t a r t \n ”) ;
944
945 / / } e l s e i f ( b u f f [ 0 ] == 127 && b u f f [ 1 ] == 255) {
946 } else if (buf f[0] == 127 && buf f[1] == 127 && buf f[5]

== 15 && buf f[6] == 32) {
947 r e s t a r t = 1;
948 / / p r i n t f (” r e s t a r t \n ”) ;
949 } else if (buf f[0] == 127 && buf f[1] == 127 && buf f[5]

== 159 && (game s tar t == 1)) {
950 / / p r i n t f (” easy ”) ;
951 easy mode = 1;
952 / /
953 }
954
955 / / p r i n t f (”%d , %d , %d , %d\n ” , b u f f [ 0 ] , b u f f [ 1 ] , b u f f [ 2 ] ,

b u f f [ 3 ] ) ;
956
957
958 / / da ta . x b a l l = 195;
959 / / da ta . y b a l l = 300;
960 / / 30 − 360
961 / / a v o i d pad h i t p a l l
962 if (( s c r e e n l e f t < data.x pad + p a d d i f f) && (data.

x pad + p a d d i f f < s c r e e n r i g h t))
963 {
964 data.x pad = data.x pad + p a d d i f f; / / work
965 }
966
967 data. x b a l l = b a l l h;
968 data. y b a l l = b a l l v;
969 s e t b a c k g r o u n d c o l o r(&data); / / TODO
970 }
971 }
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