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1) Abstract

This design document describes the adaptation of Atari’s classic River Raid game on an Altera
DE1-SOC FPGA board. In our implementation, the graphics, audio and user inputs are handled by
the FPGA hardware, whereas game logic, which includes, level design, player movement, enemy
movement, collision detection and score keeping are done in software.

2) Design Overview

Figure 1 shows the organization of hardware modules and logic for the entire game. Figure 2
shows bit assignments for the memory layout used.

32bits Software Interface:
WriteTileMAP
WriteSpriteM AP
Playaudio

WriteVscroll

ReadStatus

ROW BUFFER || ROW BUFFER
o 1 VGA[RGE) L/R DOUT
24 -bit 216-bie

Audio Logic

AudicROM1
SpriteRAM SpriteROM Falette TileRAM TileRCM AudicROM2

AudioROM3
AudioROMS

Figure 1 : Hardware components
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Tile Map Bit assignment
| X ] Tile_Id (5b) | Pal_ld 2b ]

Sprite Map Bit assignment

Pos_X (8b) | Pos_Y (8b) [ Sprite_Id (Sb) Pal_id2b |
Palette bit assignment
R (8b) [ G (8b) [ B (8b) \

Sprite ROM and TileROM bit assignment
[b5 [ ba [ b3 [ b2 [ b1 [ bo |

Row RAM bit assignment
[ palid2b [ b5 [ ba [ b3 [ b2 [ b1 [ bo |

Figure 2 : Memaory bit assignment

a. Memory Organization

The memory bit assignment used in the hardware is organized as follows:

i. Tile Map RAM
1. Pal_Id (LSB): 2 bits Palette ID. This number selects palette from 4
available color palettes.
2. Tile_Id: 5 bits Tile ID. This selects tile from 32 available 16x16 tile
artworks.

ii. Sprite Map RAM
1. Pal_id (LSB) 2 bits Palette ID. This number selects palette from 4
available color palettes.
2. Sprite_ld: 5 bits Sprite ID. This selects tile from 32 available 16x16 sprite
artworks.
3. Pos_y: 8 bits Sprite Y coordinate.
4. Pos_x:9 bits Sprite X coordinate.

iii. Palette ROM
1. Blue (LSB): 8 bits. Blue color value.
2. Green (LSB): 8 bits. Green color value.
3. Red (LSB): 8 bits. Red color value.

iv. Tile/ Sprite ROM
1. px0_b5 to px0_b0: 6 bits color index. Next row defines pixel 1 value,
next pixel 2, and so on. 6 bits will give 64 different shades.
v. Row Buffer:
1. Color index: 6 bits (LSB)
2. Pal_ld: 2 bits Palette ID.
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b. Graphics Logic

Graphics Logic uses: VGA counter, Tile Map RAM, Tile ROM, Sprite Map RAM,
Sprite ROM and Palette ROM as shown in Figure 1. The original resolution of the game is
160 x 192 pixels. However, our design uses 320 x 240 resolution, which is then stretched
to fit 640 x 480 resolution by dividing horizontal and vertical counter by 2. The artwork
of the game is stored as 6bit/pixel sprites and tiles in Sprite and Tile ROMs. The size of
each sprite and tile is 16x16 pixels. The game has about 32 sprites and 32 tiles. Tiles are
used to generate the scrolling background of the game, whereas sprites are used for the
foreground objects of the game like player ship, enemy ship, missile, etc.
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The following are the main components of the graphics logic:

i)

ii)

VScroll->

16

VGA pixel selector:

VGA pixel selector selects pixel value from either sprite generator or tile
generator and outputs the 24bit RGB value to the VGA DAC. If the sprite
generator output has pixel value greater than 0, the VGA pixel selector
selects the output of the sprite generator. It selects output of the tile
generator otherwise.

Vertical Scrolling Tiles generator:

The visible background of the game is arranged as 20 (columns) x 15
(rows) tiles, since the graphics resolution is 320 x 240 and the tile size is
16x16. To make vertical scrolling easier, there is an additional invisible
row at the bottom of the screen making the background size 20 x 16
tiles as shown in Figure 3. The pseudo code for vertical scrolling is
shown below Figure 3. In the figure, VScroll is an 8bit variable can be
incremented or decremented to create scroll up or scroll down effect. As
the vertical scrolling increments (scroll up) or decrements (scroll down),
new tile map row data is sent by the software at the end of 16 vertical
pixel boundary.

20 20

16 Visible 20x15 tiles
Visible 20x15 tiles

New Tile map

Visible 20 x15 tiles

VScroll->

New Tile map

Figure 3 : Vertical Scrolling of background

TileMapRAM _address = hcount/16 + [(( vcount + VScroll)%256)/16]1*20
TileMapData = TileMapRam [TileMapRAM_address]

TileROM_address=TileMapData[7:2]*256+(hcount%16)+
[(vcount+VScroll)%16*16]

TilePixelVal = TileROM [TileROM_address];

In the pseudo code above, Tile map RAM address is calculated based on
hcount, vcount and VScroll. The Tile map RAM data is used to calculate
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iii)

c. Audio Logic

Tile ROM address. Tile ROM data is a 6 bit pixel value, which is mapped
to one of four color pallets selected by 2bit palette id (Pal_id) defined in
Tile map RAM in the VGA pixel selector to output a 24bit RGB color
value.

Sprite generator:

Sprite generator consists of four memory blocks: Sprite ROM, Sprite
RAM, and two Row Buffers (RAMs): Row Buffer0 and Row Bufferl. Refer
to 2.a.ii for sprite map bit field mapping. Sprite generator works by
iterating through 16 Sprite RAM entries and comparing Y position of the
sprite with next row to be drawn (vcount+1). If Y position of selected
sprite equals vcount+1, the sprite generator starts writing (buffering) 16
horizontal pixel values of that sprite on one of the Row buffers starting
at row buffer address defined by X position of the sprite. While the
sprite generator is buffering pixels to write for the next row, it also
outputs the pixels that had been previously buffered for the currently
active row. For this, two row buffers, Row Buffer 0/1, are read from and
written to in an alternating fashion. Furthermore, the iteration of Sprite
RAM and buffering sprite pixels to Row RAM causes sprites defined in
higher Sprite RAM location overlay on top of sprites defined in lower
Sprite RAM locations.

The game uses sample based audio logic. All audio samples used are 8bit 8 kHz
mono samples of varying lengths. The following table shows four audio ROMs used and
the trigger conditions for the samples. The audio DAC is configured by built in audio
configuration block and is clocked by clock source with proper frequency generated by
PLL block. The audio logic allows all sample to be played simultaneously.

Sample (8hkz,|Sample length Tigger Condition
mono)
1 |[Fly 23213 Play sound in loop while flying
2 |Fire 1599 Missile Fire
3 [Refuel 2039 When going over flue tank
4 [Explode 4095 When player or enemy is destroyed

Table 1: Audio Sample List
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d. Player Input (Joystick) Logic
The game is designed to be played with an Atari Joystick connected to DE1-SOC
GPIO_1 header. Figure 4 shows the pinout of Atari Joystick. Figure 5 shows pinout for
DE1-SOC GPIO_1 header. Table 2 shows GPIO_1 connection used for the Joystick. The
GPIOs have built in pull up resistors so external pull up resistors were not be necessary.
—QD TRIGGER - ORANGE
I @ UP - WHITE
e @ DHOWN - BLUE
[ e e _—’_{D LEFT - GREEN :.l'hl:s is the jm:_k the plug wires up
————(4)RIGHT - BROWN m;”m"'Tge ] ;o
= | | | |
{0 & ¢ 5 6
\J :
]
j COMMON - BLACK ? ﬁ ¢
Figure 4 : Atari Joystick pinout
GPIO 1
P2
e re e
GFIO 1 D4 L] [ GRIO 1 D35
GPIC_1_D% T ool B GEIC T D7
GFIC_1_D38 ? oo g GFIC_1_D3
Ve O —gPo T 13 S Sf4 ] crio 1 D1
GFIC 1 D12 5 [ GPIO 1 D13
GFIO 4 7 oo (5FIO 1 [
GEIC [i] 2] oo 2 [c]xi (o] i
GFIO ] 21 5 22 SFIO 1 1]
GO 1 020 23 7 RO 1 D21
GPI0_1 D77 75 | o O %6 | GPI0 1 D23
GFIC_T_074 27 | 6 o] %3 GPIO_1_D25
VCCIP30—spr e 4t S5 3 1 crio1 o7
W—O o3 GRI0_T_D20
T C_T D30 35 —0 00— =
GPTO 1 034 35 g by ﬁ% TR0 1 095
BOX Header Z20M —
Figure 5 : DE1-SOC GPIO pins
GPIO 0 Pins Pull up resistor Atari Joystick Pins
30 (GND) 3
21 (GPIO_1_DB18) internal 1 (UP)
22 (GPIO_1_DB19) internal 2 (DOWN)
23 (GPIO_1_DB20) internal 3 (LEFT)
24 (GPIO_1_DB21) internal 4 (RIGHT)
25 (GPIO_1 DB22) internal 6 (FIRE)

Table 2: GPIO_0 to Joystick pin assignments
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e. Software
The software for the game consists of linux driver defined in vga_ball.c, which handles
the low level communication with the hardware, driver APl defined in utils.c, which
handles the communication between the main program and the driver, the game logic
defined in rr.c, which defines the all game related functions, and the main game loop

defined in main.c. Figure 6 shows high level view of the hardware (FPGA) and software
interface.

i. Driver:
The data width of the data transfer to/from the software to/from the FPGA is 32
bits. Figure 6 shows commands and bit assignments of the data for each
command available on the driver. The functions of the commands (interface)
available on the driver are as follows:

® WriteTileMap command writes Tile_Id and Pal_Id (palette id) in Tile Map
RAM at address TileMap_Addr.

® WriteSpriteMap command writes Pal_Id, Sprite_Id, Pos_x (x position) and
Pos_y(y position) of the sprite in Sprite Map RAM at address
SpriteMap_Addr.
PlayAudio command plays audio sample assigned to Audio_|Id.
WriteVScroll command writes vertical scroll value.
ReadStatus command reads the joystick switch status and update frame
status. ReadStatus is called from the software in polling fashion.

WriteTileMap: virtual base + 0x00
| TileMap_Addr(bits) | Tile_Id (5bits) | Pal_Id (2bits) |

WriteSpriteMap: virtual base + 0x20
[ Pos_y(9bits) [ Pos_x(8bits) | SpriteMap_Addr(5bits) | Sprite_Id(5bits) | Pal_Id (2bits) |

PlayAudio: virtual base + 0x40

Audio_Id (2bits)

WriteVScroll; virtual base + 0x60

ReadStatus: virtual base + 0xB80

[ vSYNC(1bity | FIRE (1bit) |RIGHT (1bit) | LEFT (1bit) | DOWN (1bit) | UP (1bit)

Figure 6 :Software Hardware interface commands
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Game logic:

Figure 7 : Game Frame

e Gameplay overview:

The story line of the game is: The aliens have colonized the earth and cut
down all of our forest. The player is on a mission to destroy all aliens on his
stealth Tomahawk aircraft.

Figure 7 shows the main game screen. The game has ten full-screen
background tile arrangements stored in a txt file. New tile data are read from
the txt file and are written to Sprite RAM as the tiles scrolls down. When the file
data pointer reaches the end, it is reset so the background screen repeats again.

In the game, the player has to destroy randomly generated moving enemy
ships, by shooting missiles at them, and avoid colliding with them. The player
can fire up to two missiles at a time. The player earns a point for every missile
strike on an enemy. The player gets only one life, so if an enemy collides with the
player; the game restarts from the beginning. In addition to avoiding collision,
the player also has to maintain the fuel level by picking up moving fuel sprites
generated at random time. The fuel level and game score are shown on top left
of the screen. To make the game more interesting, enemies have attack mode
which can activate randomly. In attack mode, the enemies track and try to crash
themselves on to the player’s ship. Furthermore, to make the game more
interesting and challenging, more enemies are generated as the game
progresses.
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e Game loop:

The main game loop runs in a dedicated thread. Code snippet, CS1, below
shows the main game loop.

while (1) {
rr_read_hw_stat(&game) ;
if(game.play

rr_player_update(&game, &player);

rr_enemy_update (&game, &player);

rr_collision_detect(&game, &player);

if(rr_is_frame_update(&game)>0) {
rr_spriteMap_update(&game, &player);
rr_tile_update(&game, &tile);

L

CS 1 : Main Game loop (main.c)

In the game loop code -

rr_read_hw_stat(): Reads joystick and update_frame flag from the hardware.
rr_player_update(): Handles Joystick input and updates player’s position and
fuel level.

rr_enemy_update(): Creates new enemy ship (total of 5 enemies can exist at a
time). Updates enemy position. Sets enemy attack mode.

rr_collision_detect(): Checks collision between enemy sprites and missiles, and
enemy sprites and player sprite. Collision detection logic does a rectangular
boundary check to see if boundaries of 16x16 sprites overlap.
rr_spriteMap_update(): Writes all updated sprite values to Sprite RAM via sprite
RAM registers.

rr_tile_update(): Increments Vscroll register and writes Tile MAP RAM via tile
map RAM register.

rr_is_frame_update() function makes sure that sprite map and tile map are
updated during vertical blanking.
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3) Memory Budget

Table 3 below shows memory budget estimated for the game.

Category Per Size Quantity Size
Background Tile Map 8 bit 320 (20 row * 16 col) tiles 2,560 bits
Background Tile 16 * 16 * 5 (5bit color) 32 tile artwork 40,960 bits
Sprite Map 24 bit 32 sprites 768 bits
Sprite Assets 16 * 16 * 5 (5bit color) 32 sprite artwork 40,960 bits
Audio Sample 8 bit * 8KHz * 1 second 4 samples 256,000 bits
Palette 24bits (RGB) * 32 shades 4 palettes 3072 bits
Row RAM 8bits*512 2 Row buffers 8192 bits
Total (estimated) 352,512

Table 3: Memory Budget

Figure 8 shows the actual resources used by the final hardware design on the FPGA. Our design only
used 9% of the total block memory bits, 12% of RAM blocks and 2% of the logic blocks.

4) Improvements

Family :
Device :

Cyclone V
5CSEMA5F31C6

Timing Models : Final

Logic
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total

utilization (in ALMs)
registers : 898

pins : 362 / 457 ( 79 % )

virtual pins : @

block memory bits :
RAM Blocks
DSP Blocks :
HSSI RX PCSs : @

HSSI PMA RX Deserializers :

HSSI TX PCSs : @

HSSI PMA TX Serializers :

PLLs : 1 /7 6 ( 17 % )
DLLs : 1 / 4 ( 25 % )

1 767 / 32,070 ( 2 % )

353,104 / 4,065,280 ( 9 % )
: 49 / 397 (12 %)
0 /87 (0%)

Figure 8 : Total resources used for final hardware

From the memory usage, it is clear that we can easily improve the graphics of the game
by increasing the resolution of the VGA output as well as the pixels of the sprites and tiles.
Further, we can incorporate on chip SD RAM to store longer, 16-bit stereo high-resolution sound
samples to improve the gaming experience. We could also make the artwork for sprites and tiles

CSEE4840 Embedded Systems Design (Spring 2022)
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loadable from the software during the initialization of the game instead of using
memory-initialization mif files, which permanently embeds the artwork on the hardware.
Feature to scroll the game horizontally could also be added easily on the current design. This
way, other sprite and tile based games can be implemented just from the software on the same
hardware design.

5) Challenges and Lessons Learned

Test bench - One thing we learnt from doing the project is that there is no escaping test bench.
Learning how to properly setup and debug Verilog code using test bench early on is a must and
will save a lot of time.

Graphics update timing and frame rate - It took us a while to properly implement graphics
update routine to get smooth animation without any screen or sprites flickering. We were able
to achieve this by polling an update flag, which is asserted during VGA VSYNC period, and only
updating the sprites and tiles during that period.

6) Contribution

Both of us (Rojan and Xinhao) contributed equally on this project. List below shows how we
divided the work.

Hardware
o Tile Generator and Palette — Rojan, Xinhao
o Sprite Generator —Rojan, Xinhao
o Sprite and Tile artwork — Xinhao
o Audio—Rojan
Software
o Driver —Rojan
o Game functions — Rojan, Xinhao
o Score and Fuel - Xinhao
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7) References:

1) https://fileadmin.cs.Ith.se/cs/Education/EDA385/HT11/student_doc/final_reports/spaceshoot
er.pdf

2) https://www.atariarchives.org/creativeatari/Joytricks.php

3) https://people.ece.cornell.edu/land/courses/ece5760/DE1 SOC/DE1-SoC%20schematic.pdf
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8) Appendix A - Code:

vga_ball.h

/* module:vga_ball.h

* Team - River Raid

* Rojan Banmali (rb3199)
* Xinhao Su (xs2413)

*

* CSEE4840

* Stephen A. Edwards

* Columbia University

*/

#ifndef VGA_BALL_H

#define VGA_BALL_H

#include <linux/ioctl.h>

typedef union {

struct{
uint32_t pallD:2;
uint32_t tilelD:5;
uint32_t tileMAP_addr:9;
uint32_t unused:16;

1bits;

CSEE4840 Embedded Systems Design (Spring 2022)
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uint32_t raw32;

} tileMAP_t;

typedef union {
struct{
uint32_t pallD:2;
uint32_t spritelD:5;
uint32_t spriteMAP_addr:5;
uint32_t x:9;
uint32_tvy:8;
uint32_t unused:3;
tbits;
uint32_t raw32;

} spriteMAP_t;

typedef union {
struct{
uint32_t audiolD:2;
uint32_t unused:29;
1bits;

uint32_t raw32;

}audio_t;

typedef union {
struct{
uint32_t vscroll:8;

uint32_t unused:24;

CSEE4840 Embedded Systems Design (Spring 2022)
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1bits;

uint32_t raw32;

}vscroll_t;

typedef union {
struct{
uint32_t joystick_UP:1;

uint32_t joystick DOWN:1;
uint32_t joystick LEFT:1;
uint32_t joystick_RIGHT:1;
uint32_t joystick_FIRE:1;
uint32_t update_frame:1;

1bits;

uint32_t raw32;

} status_t;

typedef struct {

tileMAP_t tileMAP;
spriteMAP_t spriteMAP;
audio_t audio;
vscroll_t vscroll;

status_t  status;

}vga ball _arg_t;

CSEE4840 Embedded Systems Design (Spring 2022)

Page 15 of 442



Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

#define VGA_BALL_MAGIC 'q'

/* ioctls and their arguments */

#define VGA_BALL_WRITE_TILE_MAP  _IOW(VGA_BALL_MAGIC, 1, vga_ball_arg_t *)
#define VGA_BALL_WRITE_SPRITE_MAP _IOW(VGA_BALL_MAGIC, 2, vga_ball_arg_t *)
#define VGA_BALL_WRITE_AUDIO _IOW(VGA_BALL_MAGIC, 3, vga_ball_arg_t *)

#define VGA_BALL_WRITE_VSCROLL  _IOW/(VGA_BALL_MAGIC, 4, vga_ball_arg_t *)

#define VGA_BALL_READ_STATUS _IOR(VGA_BALL_MAGIC, 5, vga_ball_arg_t *)

ttendif

/* module:rr.c

* Team - River Raid

* Rojan Banmali (rb3199)
* Xinhao Su (xs2413)

*

* CSEE4840

* Stephen A. Edwards

* Columbia University

*/

#include "rr.h"
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//TODO: make this part of the enemy and missile object
static rr_missile_t missile[PLAYER _MAX_MISSILE];

static rr_enemy_t enemy_table[GAME_MAX_ENEMY];

static void fuel_sprite_update(rr_game_t *gm, rr_player_t *pl);
static void score_sprite_update(rr_game_t *gm);
//static void fuel_update(rr_player_t *pl);

static void player_stop_game (rr_game_t *gm, rr_player_t *pl);

/*
*rr_tile_init()

*

*/

void rr_tile_init(rr_game_t*gm, rr_tile_t* tl){

tl->line = 14;

tl->addr = 20*tl->line;
tl->vs.bits.vscroll = 0;
tl->bound=0;

set_vscroll(gm, &(tl->vs));
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/*
*rr_tile_update

*

*/

void rr_tile_update(rr_game_t*gm, rr_tile_t* tl){

int fdata;
uint8_t tileid;

gm->ticks++; //game timer

tl->vs.bits.vscroll-=gm->vspd;

if(tl->bound>15) {//tl->vs.bits.vscroll%16==0 //use bound variable instead of %
tl->bound=0;
tl->tm.raw32=0;

for(int i=0;i<20;i++){

if(fscanf(gm->tile_fp, "%d", &fdata)==EOF) {
fseek(gm->tile_fp, 0, SEEK_SET);
fscanf(gm->tile_fp, "%d", &fdata);

// break;

}

//printf("fdata: %d\n",fdata); //DEBUG

tileid = (uint8_t)fdata;
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/*

tl->tm.raw32 = tl->addr<<7 | tileid;

set_tileMAP(gm, &(tl->tm));

tl->addr++;
}
//tileid = rand()%32;
tl->line--;
if(tl->line<0) tl->line = 15;

tl->addr=tl->line*20;

}

tl->bound++;

set_vscroll(gm, &(tl->vs));

*rr_reset()

* Initialize player object

£

*/

CSEE4840 Embedded Systems Design (Spring 2022)
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void rr_reset (rr_game_t *gm, rr_player_t* pl){

//reset tilemap file;
fseek(gm->tile_fp, 0, SEEK_SET);
gm->ticks=0;

gm->score=0;

gm->vspd=1;

gm->reset_dash=1;

srand(time(NULL)); //seed randgom gen.

//init player sprite

pl->ship.posX=(SCREEN_MAX_X/2-8);
pl->ship.posY=SCREEN_MAX_Y-20;
pl->ship.vx=0;

pl->ship.vy=0;

pl->fire_pressed=0;
pl->ship.sp_num=PLAYER_SP_NUM;
pl->ship.sp_id=PLAYER _SP_ID;
pl->ship.sp_pid=PLAYER_SP_PID;
pl->fuel=PLAYER_MAX_FUEL;

pl->fuel_ticks=PLAYER_FUEL_TICKS;

//init. sprite RAM
for(int i=0;i<31;i++){
set_spriteMAP(gm, i,0,0, GAME_MIN_X, GAME_MIN_Y);

}
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//reset enemy
for(int i=0; i<GAME_MAX_ENEMY; i++){
enemy_tableli].ship.alive=0;

enemy_tableli].ship.die_ticks=0;

//TODO: not possible to do something like pl->missile[i] so using local missile array.
//TODO:remove this explicit use of missile array

for(int i=0; i<PLAYER_MAX_MISSILE;i++){

missile[i].ship.alive=0;

missile[i].ship.die_ticks=0;

missile[i].ship.posX=GAME_MIN_X;

missile[i].ship.posY=GAME_MIN_Y;

}

set_spriteMAP(gm, pl->ship.sp_num,
pl->ship.sp_id,
pl->ship.sp_pid,
pl->ship.posX,

pl->ship.posY);

set_audio(gm, AUDIO_FLYING);

}

/*
*rr_player_update

* Reads GPIO for Joystick

*
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*
*/
static int flashing_tick = O;

void rr_player_update(rr_game_t*gm, rr_player_t *pl)

//status_t status;

//Consume fuel
pl->fuel_ticks--;

if(pl->fuel_ticks<=0){

#ifdef DEBUG_PRINT
printf("Fuel--\n");

t#tendif

pl->fuel_ticks=PLAYER_FUEL_TICKS;

pl->fuel--;

if (pl->fuel <=5) {
flashing_tick++;

if (flashing_tick < 50) pl->ship.sp_pid = PLAYER_SP_EMTPY_PID; //change color if low on fuel

CSEE4840 Embedded Systems Design (Spring 2022) Page 22 of 442



Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

else pl->ship.sp_pid = PLAYER_SP_PID; //change color if low on fuel
flashing_tick = flashing_tick >= 100 ? 0 : flashing_tick;

}
if (pl->fuel > 5) pl->ship.sp_pid = PLAYER_SP_PID; //change color if low on fuel

if(pl->fuel<=0){

#ifdef DEBUG_PRINT
printf("Emtpy Fuel\n");//DEBUG

#tendif

player_stop_game(gm,pl);

}
//check update missile

//TODO: not possible to do something like pl->missile[i] so using local missile array.

for(int i=0; i<PLAYER_MAX_MISSILE;i++){

if(missile[i].ship.alive==0){
continue;

}

missile[i].ship.posY+=missile[i].ship.vy;

if (missile[i].ship.posY<=GAME_MIN_Y){
missile[i].ship.alive=0;
//DEBUG:printf("missile terminated\n");

}
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//read_status(gm, &status); //GPIO status

uint8_t st = Ox1F & (uint8_t)gm->hw_stat;//status.raw32;

pl->ship.vy= (st & JOYSTICK_DOWN) * (PLAYER_SPEED_Y) + !(st & JOYSTICK_UP) * (-PLAYER_SPEED_Y);

pl->ship.vx= !(st & JOYSTICK_RIGHT) * (PLAYER_SPEED_X) + !(st & JOYSTICK_LEFT) * (-PLAYER_SPEED_X);

pl->ship.posX = pl->ship.posX + pl->ship.vx;

pl->ship.posY = pl->ship.posY + pl->ship.vy;

if(pl->ship.posX > PLAYER_MAX_X) //clamp player x position
pl->ship.posX=PLAYER_MAX_X;
else if (pl->ship.posX < PLAYER_MIN_X)

pl->ship.posX=PLAYER_MIN_X;

if(pl->ship.posY > PLAYER_MAX_Y) //clamp player y position
pl->ship.posY=PLAYER_MAX_Y;
else if (pl->ship.posY < PLAYER_MIN _Y)

pl->ship.posY=PLAYER_MIN_Y;
//Check fire button and fire missile
if(!(st & JOYSTICK_FIRE) && !pl->fire_pressed) {

//DEBUG: printf("Fire pressed\n");

pl->fire_pressed=1;
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for(int i=0; i<PLAYER_ MAX_MISSILE;i++){
if(missile[i].ship.alive==1) continue;
missile[i].ship.alive = 1;
missile[i].ship.die_ticks=0;
missile[i].ship.posX=pl->ship.posX;
missile[i].ship.posY=pl->ship.posY;
missile[i].ship.vy=-MISSILE_VY;
missile[i].ship.vx=0;
missile[i].ship.sp_id = MISSILE_SP_ID;
missile[i].ship.sp_num = MISSILE_SP_NUM-i;

missile[i].ship.sp_pid = MISSILE_SP_PID;

set_audio(gm, AUDIO_FIRE);

/*DEBUG: printf("missile fired:%d, x:%d, y:%d\n",

missile[i].ship.sp_num,

missile[i].ship.posX,

missile[i].ship.posY);*/

break;

lelse if((st & JOYSTICK_FIRE)){

pl->fire_pressed=0;

return;
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/

*
*

*

*

*

Vv

*

rr_enemy_create

Create Enemy

/

oid rr_enemy_update(rr_game_t*gm, rr_player_t*pl ){

uintl6_t x,y;
int vx,vy;

uint8_t max_enemy=1;

gm->add_enemy_ticks++;

if(gm->add_enemy_ticks>100){ // add enemy every 100 ticks

gm->add_enemy_ticks=0;

//make things more interesting as ticks++

if(gm->ticks>6000){

max_enemy = 6;

gm->vspd = 2; //increase game speed
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else if (gm->ticks>3000)
max_enemy = 5;

else if (gm->ticks>2000)

{

max_enemy = 3;

}

else if (gm->ticks>1000)

max_enemy = 2;

//create enemy

for(int i=0; i<max_enemy;i++){

if(enemy_table[i].ship.alive==1) continue;

uint8_tr = (rand()%ENEMY_SP_TOTAL_NUM) + ENEMY_SP_ID_START; //ENEMY sprite_id 1-4

uint8_t sp_id;

if (r==ENEMY_SP_ID_START+ENEMY_SP_TOTAL_NUM-1) sp_id=FUEL_SP_ID; else sp_id=r; //make
last enemy fuel

uint1l6_t rand_posxy = rand()%1024;

if(rand_posxy & 0x01){ // position horizontally

X = rand_posxy>>1;

if(x & 0x01){
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y = GAME_MAX_Y; //come from top

vy=-ENEMY_SP_SPEED;

else{
y = GAME_MIN_Y; //come from bottom
vy=ENEMY_SP_SPEED;

}

if(x>GAME_MAX_X){
x=GAME_MAX_X;
vx=-ENEMY_SP_SPEED;
lelse{
vx=1;

}

telse{ //position vertically

y = rand_posxy>>1;

if(y & 0x01){
x = GAME_MAX_X; //come from RIGHT
vx = -ENEMY_SP_SPEED;

}

else{
x = GAME_MIN_X; //come from LEFT
vx=ENEMY_SP_SPEED;

}
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if(y>GAME_MAX_Y){
x=GAME_MAX_Y;
vy=-ENEMY_SP_SPEED;
} else{
vy=ENEMY_SP_SPEED;
}
}
//starting parm. for new enemy
enemy_table[i].ship.posX=x;
enemy_tablel[i].ship.posY=y;
enemy_tableli].ship.vx=vx;
enemy_tableli].ship.vy=vy;
enemy_table[i].ship.sp_id = sp_id;
enemy_tableli].ship.sp_pid = ENEMY_SP_PID;
enemy_tableli].ship.alive=1;
enemy_table[i].ship.die_ticks=0;
enemy_table[i].attack=0;

enemy_tableli].attack_ticks=ENEMY_ATTACK_TICKS;

int dx;

int dy;

//update enemy

//TODO: use various motion profile for enemies

for(int i=0; i<GAME_MAX_ENEMY; i++){

if(enemy_table[i].ship.alive==0 | |

CSEE4840 Embedded Systems Design (Spring 2022) Page 29 of 442



Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

(enemy_tableli].ship.alive==1 && enemy_tableli].ship.die_ticks>0)){
continue;

}

//Lame attack code

//TODO: enemies clutter up near the player. improve. maybe add motion profile.

enemy_tableli].attack_ticks--;

if(enemy_table[i].attack==0 &&
enemy_tableli].attack_ticks<=0 &&

enemy_tableli].ship.sp_id!=FUEL_SP_ID){

if (rand()%2==1) {enemy_tablel[i].attack=1;enemy_tableli].ship.sp_pid=ENEMY_ATTACK_SP_PID;}

}

if(enemy_table[i].attack ticks<=0){enemy_tablel[i].attack_ticks=ENEMY_ATTACK_TICKS;}

if (enemy_tableli].ship.posX>0 &&
enemy_table[i].ship.posX<SCREEN_MAX_X-SP_W &&
enemy_table[i].ship.posY>0 &&
enemy_table[i].ship.posY<SCREEN_MAX_Y-SP_L &&

enemy_table[i].attack){

dx = pl->ship.posX - enemy_tablel[i].ship.posX;

dy = pl->ship.posY - enemy_table[i].ship.posY;
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if (dx>ENEMY_SP_SPEED)
dx=ENEMY_SP_SPEED;
else if(dx<-ENEMY_SP_SPEED)

dx=-ENEMY_SP_SPEED;

if (dy>ENEMY_SP_SPEED| | dy==0)
dy=ENEMY_SP_SPEED;
else if(dy<-ENEMY_SP_SPEED)

dy=-ENEMY_SP_SPEED;

int miss = rand()%6; //miss tracking

if(miss>3) enemy_table[i].ship.vx=dx;

if(miss>2) enemy_table[i].ship.vy=dy;

if (enemy_table[i].ship.posX>=GAME_MAX_X) {enemy_tablel[i].ship.posX=GAME_MAX_X;
enemy_tableli].ship.vx=-ENEMY_SP_SPEED;}

else if (enemy_table[i].ship.posX<=GAME_MIN_X){enemy_table[i].ship.posX=GAME_MIN_X;
enemy_tableli].ship.vx=ENEMY_SP_SPEED;};

if (enemy_table[i].ship.posY>=GAME_MAX_Y) {enemy_table[i].ship.posY=GAME_MAX_Y;
enemy_tableli].ship.vy=-ENEMY_SP_SPEED;}

else if (enemy_table[i].ship.posY<=GAME_MIN_Y)
{enemy_table[i].ship.posY=GAME_MIN_Y;enemy_table[i].ship.vy=ENEMY_SP_SPEED;}
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enemy_table[i].ship.posX+=enemy_table[i].ship.vx;

enemy_table[i].ship.posY+=enemy_tableli].ship.vy;

//blink/toggle fuel sprite color
enemy_table[i].ticks++; enemy_table[i].ticks&=0x1F;
if(enemy_table[i].ticks==0) enemy_table[i].toggle”=1;

if(enemy_table[i]l.ship.sp_id==FUEL_SP_ID)enemy_tableli].ship.sp_pid =
ENEMY_SP_PID+enemy_table[i].toggle;

/*
* Update Sprite Map

*

*/

void rr_spriteMap_update(rr_game_t*gm, rr_player_t *pl){

//player sprites
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/*// animate explosion before stopping game
if(pl->ship.die_ticks>0){
pl->ship.die_ticks--;

if(pl->ship.die_ticks==EXPLODE_TICKS/2) {pl->ship.sp_id=ENEMY_COLSN2_SP_ID;}

if(pl->ship.die_ticks<=0){
gm->play=0;
pl->ship.posX=GAME_MIN_X;
pl->ship.posY=GAME_MIN_Y;
}
Y/

set_spriteMAP(gm,
pl->ship.sp_num,
pl->ship.sp_id,
pl->ship.sp_pid,
pl->ship.posX,

pl->ship.posY);

//enemy sprites

for(int i=0; i<GAME_MAX_ENEMY; i++){

if(enemy_table[i].ship.alive==0) {
continue;

} else if(enemy_table[i].ship.die_ticks>0){
enemy_tableli].ship.die_ticks--;

if(enemy_table[i].ship.die_ticks==EXPLODE_TICKS/2)
{enemy_table[i].ship.sp_id=ENEMY_COLSN2_SP_ID;}

//printf("Die Ticks:%d\n", enemy_table[i].ship.die_ticks);//DEBUG

CSEE4840 Embedded Systems Design (Spring 2022) Page 33 of 442



Team - River Raid

Xinhao Su (xs2413), Rojan Banmali (rb3199)

if(enemy_table[i].ship.die_ticks<=0){
enemy_table[i].ship.alive=0;
enemy_table[i].ship.posX=GAME_MIN_X;
enemy_tableli].ship.posY=GAME_MIN_Y;

gm->score++;

#ifdef DEBUG_PRINT
printf("Enemy:%d removed\n",i); //DEBUG

ttendif

set_spriteMAP(gm,
i+ENEMY_SP_NUM_START,
enemy_table[i].ship.sp_id,
enemy_tableli].ship.sp_pid,
enemy_table[i].ship.posX,

enemy_tableli].ship.posY);

//missile sprites

for(int i=0; i<PLAYER_MAX_MISSILE;i++){

if(missile[i].ship.alive==0){

continue;
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lelse if(missile[i].ship.die_ticks>0){
missile[i].ship.die_ticks--;

if (missile[i].ship.die_ticks<=0){
missile[i].ship.alive=0;
missile[i].ship.posX=GAME_MIN_X;

missile[i].ship.posY=GAME_MIN_Y;

set_spriteMAP(gm,
missile[i].ship.sp_num,
missile[i].ship.sp_id,
missile[i].ship.sp_pid,
missile[i].ship.posX,

missile[i].ship.posY);

fuel_sprite_update(gm, pl);
// fuel_update(&player);

score_sprite_update(gm);

if(gm->reset_dash)gm->reset_dash=0; //reset dashboard after reset

/*
* Collision detection

* Note: Collision could be detected during enemy_update or player_update
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*/

void rr_collision_detect(rr_game_t*gm, rr_player_t *pl){

for(int i=0; i<GAME_MAX_ENEMY; i++){
if(enemy_table[i].ship.alive==0 | | enemy_tablel[i].ship.die_ticks>0) continue;

//player-enemy collision detection

if (((enemy_table[i].ship.posX + SP_W >= pl->ship.posX)&&
(enemy_tableli].ship.posX<=pl->ship.posX + SP_W)&&
(enemy_table[i].ship.posY + SP_L >= pl->ship.posY)&&
(enemy_table[i].ship.posY<=pl->ship.posY + SP_L)))
{

//TODO: crash player ship

if(enemy_tableli].ship.sp_id==FUEL_SP_ID) {
enemy_table[i].ship.die_ticks=1;
if(pl->fuel<PLAYER_ MAX_FUEL) {

pl->fuel = pl->fuel + FUEL_REWARD > PLAYER_MAX_FUEL ? PLAYER_MAX_FUEL : pl->fuel +
FUEL_REWARD;

pl->fuel_ticks = PLAYER_FUEL_TICKS;

}
set_audio(gm, AUDIO_FUEL);
#ifdef DEBUG_PRINT

printf("Fuel++\n");//DEBUG
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ttendif

lelse{
//crash enemy ship

player_stop_game(gm,pl);

for(int j=0; j<PLAYER_MAX_MISSILE;j++){

if(missile[j].ship.alive==0) continue;

//missile-enemy collision detection
if (((enemy_table[i].ship.posX + SP_W >= missile[j].ship.posX)&&
(enemy_table[i].ship.posX<=missile[j].ship.posX + SP_W)&&
(enemy_tableli].ship.posY + SP_L >= missile[j].ship.posY)&&
(enemy_table[i].ship.posY<=missile[j].ship.posY + SP_L)))
{
#ifdef DEBUG_PRINT
printf("Missile Strike on enemy#:%d\n",j);//DEBUG

#tendif

set_audio(gm, AUDIO_EXPLODE);

//destroy missile. update during rr_player_update

//missile[j].ship.alive=0;

missile[j].ship.die_ticks=1;
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missile[j].ship.posX=GAME_MIN_X;

missile[jl.ship.posX=GAME_MIN_Y;

//crash enemy ship
enemy_tableli].ship.sp_id = ENEMY_COLSN_SP_ID;

enemy_table[i].ship.die_ticks = EXPLODE_TICKS;

/*

* Fuel Sprite Update
sk

*/

static int PREV_FUEL =-1;

void fuel_sprite_update(rr_game_t*gm, rr_player_t *pl) {
if (PREV_FUEL == pl->fuel && !gm->reset_dash) return;

else PREV_FUEL = pl->fuel;

#ifdef DEBUG_PRINT
printf("Fuel Level: %d\n", pl->fuel); //DEBUG

#endif

CSEE4840 Embedded Systems Design (Spring 2022) Page 38 of 442



Team - River Raid

Xinhao Su (xs2413), Rojan Banmali (rb3199)

uint8_t sp_num = FUEL_SP_NUM_END;

// The sign

set_spriteMAP(gm,
sp_num--,
FUEL_SIGN_SP_ID,
FUEL_PAL_ID,
FUEL_SIGN_X,

FUEL_SIGN_Y

if (pl->fuel >= 10) {
// The digit 1
set_spriteMAP(gm,
sp_num--,
DIGIT_O_SP_ID +1,
FUEL_PAL_ID,
FUEL_FIRST_DIGIT_X,
FUEL_SIGN_Y
);
// The digit 0
set_spriteMAP(gm,
sp_num--,
DIGIT_O_SP_ID,
FUEL_PAL_ID,
FUEL_SECOND_DIGIT X,

FUEL_SIGN_Y
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}

else if (pl->fuel < 10) {
// The first digit

set_spriteMAP(gm,

sp_num--,
DIGIT_O_SP_ID,
FUEL_PAL_ID,

FUEL_FIRST_DIGIT_X,

FUEL_SIGN_Y

// The first digit
set_spriteMAP(gm,
sp_num--,
DIGIT_O_SP_ID + pl->fuel,
FUEL_PAL_ID,
FUEL_SECOND_DIGIT X,

FUEL_SIGN_Y

/*
* Fuel Update

*

int FUEL_TICKS = 0;
void fuel_update(rr_player_t *pl) {

if (pl->fuel <= 0) return;
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if (FUEL_TICKS < FUEL_DEC_TICK) {
FUEL_TICKS++;

}

else {
FUEL_TICKS = 0;
pl->fuel--;

}

Y/

/*

* Score Sprite Update

*/

static int PREV_SCORE =-1;

void score_sprite_update(rr_game_t*gm) {
if (PREV_SCORE == gm->score && !gm->reset_dash) return;

else PREV_SCORE = gm->score;

uint8_t sp_num = SCORE_SP_NUM_END;

#ifdef DEBUG_PRINT
printf("Score Point: %d\n",gm->score);//DEBUG

#endif

// The sign
set_spriteMAP(gm,

sp_num--,
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SCORE_SIGN_SP_ID,
SCORE_PAL_ID,
SCORE_SIGN_X,

SCORE_SIGN_Y

int last_digit = (int)(gm->score % 10);

if (gm->score >=100) {
// The first digit
int first_digit = (int)(gm->score / 100);
int second_digit = (int)((gm->score % 100) / 10);
set_spriteMAP(gm,
sp_num--,
DIGIT_O_SP_ID + first_digit,
SCORE_PAL_ID,
SCORE_FIRST DIGIT_X,
SCORE_SIGN_Y
);
// The second digit
set_spriteMAP(gm,
sp_num--,
DIGIT_O_SP_ID + second_digit,
SCORE_PAL_ID,
SCORE_FIRST DIGIT_X,

SCORE_SIGN_Y

// The third digit
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set_spriteMAP(gm,
sp_num--,
DIGIT_O_SP_ID + last_digit,
SCORE_PAL_ID,
SCORE_SECOND_DIGIT_X,
SCORE_SIGN_Y
);
}
else if (gm->score < 100 && gm->score >= 10) {
// The first digit
int first_digit = (int)(gm->score / 10);
set_spriteMAP(gm,
sp_num--,
DIGIT_O_SP_ID + first_digit,
SCORE_PAL_ID,
SCORE_FIRST_DIGIT X,

SCORE_SIGN_Y

// The last digit

set_spriteMAP(gm,
sp_num--,
DIGIT_O_SP_ID + last_digit,
SCORE_PAL_ID,
SCORE_SECOND_DIGIT_X,
SCORE_SIGN_Y

);

} else if (gm->score < 10) {

set_spriteMAP(gm,
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sp_num--,
DIGIT_O_SP_ID + last_digit,
SCORE_PAL_ID,
SCORE_FIRST_DIGIT_X,

SCORE_SIGN_Y

/*
*rr_read_hw_stat

* Reads hardware status

*

*
*/
void rr_read_hw_stat(rr_game_t*gm){

status_t status;

read_status(gm, &status); //GPIO status

gm->hw_stat = status.raw32;

/*
* player_stop_game()

*
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*

*/

static void player_stop_game( rr_game_t *gm, rr_player_t *pl){

pl->ship.sp_id = ENEMY_COLSN_SP_ID;
pl->ship.sp_pid = PLAYER_SP_PID;
pl->ship.die_ticks = EXPLODE_TICKS;
gm->play=0; //stop game
gm->start_ticks=50;

set_audio(gm, AUDIO_EXPLODE);

/*
*rr_is_fbtn_pressed

* Check to see if fire button is pressed

*

*/

int rr_is_fbtn_pressed(rr_game_t*gm)
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intret=-1;

uint8_t st = Ox1F &gm->hw_stat;

if(!(st & JOYSTICK_FIRE)) ret = 1;

return ret;

}

/*
*rr_is_frame_update

* Check to see if frame update bit is high

*

*/

int rr_is_frame_update(rr_game_t*gm)

intret=-1;
uint8_t st = Ox1F &gm->hw_stat;

if(!(st & UPDATE_FRAME)) ret = 1;

return ret;

}
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vga_ball.c

/* module:vga_ball.c

* Team - River Raid

* Rojan Banmali (rb3199)
* Xinhao Su (xs2413)

*

* CSEE4840

* Stephen A. Edwards

* Columbia University

*/

/* * Device driver for the River Raid

*

* A Platform device implemented using the misc subsystem
*

* Stephen A. Edwards

* Columbia University

*

* References:

* Linux source: Documentation/driver-model/platform.txt
* drivers/misc/arm-charlcd.c

* http://www.linuxforu.com/tag/linux-device-drivers/

* http://free-electrons.com/docs/

*

* "make" to build
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* insmod vga_ball.ko

*

* Check code style with

* checkpatch.pl --file --no-tree vga_ball.c

*/

#include <linux/module.h>
#include <linux/init.h>
#include <linux/errno.h>
#include <linux/version.h>
#include <linux/kernel.h>
#include <linux/platform_device.h>
#include <linux/miscdevice.h>
#include <linux/slab.h>
#include <linux/io.h>
#include <linux/of.h>
#include <linux/of_address.h>
#include <linux/fs.h>

#include <linux/uaccess.h>

#include "vga_ball.h"

#define DRIVER_NAME "vga_ball"

/* Device registers */

#define DEV_TILE_MAP(x) (x)

#define DEV_SPRITE_MAP(x)  ((x)+4)

#define DEV_AUDIO(x) ((x)+8)
#define DEV_VSCROLL(x) ((x)+12)
#define DEV_STATUS(x) ((x)+16)
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/*
* Information about our device
*/
struct vga_ball_dev {
struct resource res; /* Resource: our registers */
void __iomem *virtbase; /* Where registers can be accessed in memory */
tileMAP_t tileMAP;
spriteMAP_t  spriteMAP;
audio_t audio;
vscroll_t vscroll;
status_t status;

} dev;

/*
* Write segments of a single digit
* Assumes digit is in range and the device information has been set up
*/
static void write_tileMAP(tileMAP_t *ptm)
{
iowrite32(ptm->raw32, DEV_TILE_ MAP(dev.virtbase));

dev.tileMAP = *ptm;

static void write_spriteMAP(spriteMAP_t *psm)

{
iowrite32(psm->raw32, DEV_SPRITE_MAP(dev.virtbase));

dev.spriteMAP = *psm;
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static void write_audio(audio_t *pa)
{
iowrite32(pa->raw32, DEV_AUDIO(dev.virtbase));

dev.audio = *pa;

static void write_vscroll(vscroll_t *pvs)

{

iowrite32(pvs->raw32, DEV_VSCROLL(dev.virtbase));

dev.vscroll = *pvs;

static void read_status(void)

{

dev.status.raw32 = ioread32(DEV_STATUS(dev.virtbase));

/*

* Handle ioctl() calls from userspace:

* Read or write the segments on single digits.

* Note extensive error checking of arguments

*/

static long vga_ball_ioctl(struct file *f, unsigned int cmd, unsigned long arg)

{

vga_ball_arg_t vla;

switch (cmd) {

case VGA_BALL_WRITE_TILE_MAP:
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if (copy_from_user(&vla, (vga_ball_arg_t *) arg,
sizeof(vga_ball_arg_t)))
return -EACCES;
write_tileMAP(&vla.tileMAP);

break;

case VGA_BALL_WRITE_SPRITE_MAP:{
if (copy_from_user(&vla, (vga_ball_arg_t *) arg,
sizeof(vga_ball_arg_t)))
return -EACCES;

write_spriteMAP(&vla.spriteMAP);

break;
}
case VGA_BALL_WRITE_AUDIO:{
if (copy_from_user(&vla, (vga_ball_arg t *) arg,
sizeof(vga_ball_arg_t)))
return -EACCES;
write_audio(&vla.audio);
break;
}

case VGA_BALL_WRITE_VSCROLL:{

if (copy_from_user(&vla, (vga_ball_arg t *) arg,
sizeof(vga_ball_arg_t)))

return -EACCES;
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write_vscroll(&vla.vscroll);

break;

case VGA_BALL_READ_STATUS:
//TODO: read from hardware
read_status();
vla.vscroll = dev.vscroll;
vla.status = dev.status;
if (copy_to_user((vga_ball_arg_t *) arg, &vla,
sizeof(vga_ball_arg_t)))
return -EACCES;

break;

default:

return -EINVAL;

return O;

/* The operations our device knows how to do */
static const struct file_operations vga_ball_fops = {
.owner = THIS_MODULE,

.unlocked_ioctl = vga_ball_ioctl,
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/* Information about our device for the "misc" framework -- like a char dev */

static struct miscdevice vga_ball_misc_device = {

.minor = MISC_DYNAMIC_MINOR,
.name = DRIVER_NAME,
fops = &vga_ball_fops,

Iy

/*

* Initialization code: get resources (registers) and display
* a welcome message
*/
static int __init vga_ball_probe(struct platform_device *pdev)
{
//vga_ball_color_t beige = {{0xf9,0xe4,0xb7}};

//TODO: initialize driver

int ret;

/* Register ourselves as a misc device: creates /dev/vga_ball */

ret = misc_register(&vga_ball_misc_device);

/* Get the address of our registers from the device tree */
ret = of_address_to_resource(pdev->dev.of _node, 0, &dev.res);
if (ret) {

ret =-ENOENT;

goto out_deregister;

/* Make sure we can use these registers */
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if (request_mem_region(dev.res.start, resource_size(&dev.res),
DRIVER_NAME) == NULL) {
ret = -EBUSY;

goto out_deregister;

/* Arrange access to our registers */
dev.virtbase = of_iomap(pdev->dev.of_node, 0);
if (dev.virtbase == NULL) {

ret =-ENOMEM;

goto out_release_mem_region;

/* TODO: Set driver init parameters*/

return 0;

out_release_mem_region:

release_mem_region(dev.res.start, resource_size(&dev.res));
out_deregister:

misc_deregister(&vga_ball_misc_device);

return ret;

/* Clean-up code: release resources */
static int vga_ball_remove(struct platform_device *pdev)
{

iounmap(dev.virtbase);

release_mem_region(dev.res.start, resource_size(&dev.res));
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misc_deregister(&vga_ball_misc_device);

return O0;

/* Which "compatible" string(s) to search for in the Device Tree */
#ifdef CONFIG_OF
static const struct of device_id vga_ball_of match(] = {
{ .compatible = "cseed4840,vga_ball-1.0" },
{1,
Iy
MODULE_DEVICE_TABLE(of, vga_ball_of match);

ttendif

/* Information for registering ourselves as a "platform" driver */
static struct platform_driver vga_ball_driver = {
Jdriver ={
.name = DRIVER_NAME,
.owner =THIS_MODULE,
.of_match_table = of_match_ptr(vga_ball_of_match),

}I

.remove = exit_p(vga_ball_remove),

/* Called when the module is loaded: set things up */
static int __init vga_ball_init(void)
{

pr_info(DRIVER_NAME ": init\n");

return platform_driver_probe(&vga_ball_driver, vga_ball_probe);
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/* Calball when the module is unloaded: release resources */
static void __exit vga_ball_exit(void)
{

platform_driver_unregister(&vga_ball_driver);

pr_info(DRIVER_NAME ": exit\n");

module_init(vga_ball_init);

module_exit(vga_ball_exit);

MODULE_LICENSE("GPL");
MODULE_AUTHOR("Stephen A. Edwards, Columbia University");

MODULE_DESCRIPTION("VGA ball driver");

utils.c

/* module:utils.h

* Team - River Raid

* Rojan Banmali (rb3199)
* Xinhao Su (xs2413)

*

* CSEE4840

* Stephen A. Edwards

* Columbia University

*/
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ttinclude "rr.h"

/*
* game_init

*

*/

int game_init(rr_game_t *gm, game_thread_fp gfn, const char *drv_fn, const char *tile_fn){

//open driver file

printf("Game Userspace program started\n");

if ( (gm->driver_fd = open(drv_fn, O_RDWR)) ==-1) {
fprintf(stderr, "could not open %s\n", drv_fn);
perror("game_init driver fail\n");
exit(1);

}

printf("driver_fd:%d\n",gm->driver_fd);

//open tile map file

FILE *fp = fopen(tile_fn, "r");

if(fp == NULL)
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printf("Error opening tileMAP file\n");
exit(1);

}

gm->tile_fp=fp;

//set terminal

gm->term_old = (struct termios) {0};

if (tcgetattr(0, &(gm->term_old)) < 0)

perror("tcsetattr()");

gm->term_old.c_Iflag &= ~ICANON;
gm->term_old.c_lIflag &= ~ECHO;
gm->term_old.c_cc[VMIN] = 1;

gm->term_old.c_cc[VTIME] = 0;

if (tcsetattr(0, TCSANOW, &gm->term_old) < 0)

perror("tcsetattr ICANON");

gm->play=0;

//start game thread

pthread_create(&(gm->thread), NULL, gfn, NULL);

return O;

}

/*
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* game_init

£

*/

void game_close(rr_game_t *gm){

set_audio(gm, AUDIO_OFF);

fclose(gm->tile_fp);
pthread_cancel(gm->thread);

pthread_join(gm->thread, NULL);

//set to orignal terminal flag
gm->term_old.c_Iflag |= ICANON;
gm->term_old.c_Iflag |= ECHO;

if (tcsetattr(0, TCSADRAIN, &gm->term_old) < 0) perror ("tcsetattr YICANON");

/*
* read_status

*
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*/

int read_status(rr_game_t *gm, status_t *st) {

vga_ball_arg_t vla;

if (ioctl(gm->driver_fd, VGA_ BALL READ_STATUS, &vla)) {

perror("ioctl(VGA_BALL_READ_STATUS) failed");

return -1;

*st = vla.status;

return O;

/*
* print_status

*k

£

*/

void print_status(rr_game_t *gm) {

vga_ball_arg_tvla;

if (ioctl(gm->driver_fd, VGA_BALL_READ_STATUS, &vla)) {
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perror("ioctl(VGA_BALL_READ_STATUS) failed");

return;

printf("status: %d, %d, %d, %d, %d, %d\n",
vla.status.bits.joystick_UP,
vla.status.bits.joystick. DOWN,
vla.status.bits.joystick_LEFT,
vla.status.bits.joystick_RIGHT,
vla.status.bits.joystick_FIRE,
vla.status.bits.update_frame);

// printf("status: %d\n",vla.status.raw32);

/*
* set_vscroll

*

*
*/
/* Set the background color */
void set_vscroll(rr_game_t *gm, vscroll_t *scroll)
{
vga_ball_arg_t vla;
vla.vscroll = *scroll;
if (ioctl(gm->driver_fd, VGA_BALL WRITE_VSCROLL, &vla)) {

printf("driver_fd:%d\n",gm->driver_fd);
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perror("ioctl(VGA_BALL_WRITE_VSCROLL) failed:%d");

return;

/*
* set_tileMAP

*

£

*
*/
/* Set the tile MAP color */
void set_tileMAP(rr_game_t *gm, tileMAP_t *tm)
{
vga_ball_arg_tvla;
vla.tileMAP = *tm;
if (ioctl(gm->driver_fd, VGA_BALL_WRITE_TILE_MAP, &vla)) {
perror("ioctl(VGA_BALL_WRITE_TILE_MAP) failed");

return;

/*
* set_audio

*
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*/
/* Set the background color */
void set_audio(rr_game_t *gm, uint8_t cmd)
{
vga_ball_arg_t vla;
vla.audio.raw32 = (uint32_t)cmd;
if (ioctl(gm->driver_fd, VGA_BALL WRITE_AUDIO, &vla)) {
perror("ioctl(VGA_BALL_WRITE_AUDIO) failed");

return;

/*
* set_spriteMAP

*

£

*

*/

/* Set the tile MAP color */

void set_spriteMAP(rr_game_t *gm, uint8_t spNum, uint8_t spID, uint8 t pallD, int16_tx, intl6_tvy)

{

vga_ball_arg tvla;

spriteMAP_t sm;

sm.raw32 = ((spNum & 0x1F)<<26)|
((OX3FF & x)<<16) |

((OX1FF & y) <<7) |
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(spID<<2) |

(pallD & 0x03);

vla.spriteMAP = sm;

if (ioctl(gm->driver_fd, VGA_BALL_WRITE_SPRITE_MAP, &vla)) {

perror("ioctl(VGA_BALL_WRITE_SPRITE_MAP) failed");

return;

main.c

/* module:main.c

* Team - River Raid

* Rojan Banmali (rb3199)
* Xinhao Su (xs2413)

*

* CSEE4840

* Stephen A. Edwards

* Columbia University

*/

ttinclude "rr.h"

//objects

rr_player_t player;

rr_game_t game;
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rr_tile_t tile;

void *game_thread_f(void *);

struct timespec ts_t1, ts_t2;

long del_ms, elapsed_ms;

/*

* C main program

* Start game thread and handle keyboard,etc.

*

*/

int main()

{

game_init(&game, &game_thread_f, "/dev/vga_ball", "screen-arrange.txt");

printf("Type 'q' and return to quit\n");

//set echo off

char buf = 0;

clock_gettime(CLOCK_MONOTONIC,&ts_t1);

clock_gettime(CLOCK_MONOTONIC,&ts_t2);
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while (bufl='q'){
clock_gettime(CLOCK_MONOTONIC,&ts_t2);
del_ms = (ts_t2.tv_sec-ts_t1.tv_sec)*1000000 + (ts_t2.tv_nsec-ts_t1.tv_nsec)/1000;
elapsed_ms+=del_ms;

ts_tl=ts_t2;

//FOR TESTING

if (read(0, &buf, 1) < 0) perror ("read()");

switch(buf){

case 'k':{ //LEFT

break;
}

case ';"{//RIGHT

break;

}

case 'l':{ //DOWN

break;

case '0":{//UP

break;
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game_close(&game);

return 0;

}

/*
* Main Game loop.

*k

*/

void *game_thread_f(void *ignored)

{

rr_tile_init(&game, &tile);

while (1) {

rr_read_hw_stat(&game);
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if(game.play){

rr_player_update(&game, &player);
rr_enemy_update(&game, &player);
rr_collision_detect(&game, &player);
if(rr_is_frame_update(&game)>0) {
rr_spriteMap_update(&game, &player);
rr_tile_update(&game, &tile);

}

lelse{

if (rr_is_fbtn_pressed(&game)>0 && game.start_ticks<=0) { //wait for a few ticks
game.play=1;
printf("Begin Mission!\n");//DEBUG
rr_reset(&game, &player);
lelse if(game.start_ticks>0){
game.start_ticks--;

if (game.start_ticks<=0) set_audio(&game, AUDIO_OFF);

usleep(GAME_POLL_WAIT); //in usec

}

return NULL;
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rr.h

/* module:rr.h

* Team - River Raid

* Rojan Banmali (rb3199)
* Xinhao Su (xs2413)

*

* CSEE4840

* Stephen A. Edwards

* Columbia University

*/

#ifndef RR_H

#define _RR_H

#include <stdio.h>
#include <stdint.h>
#include <stdlib.h>
#include <time.h>
#include "vga_ball.h"
#include <sys/ioctl.h>
#include <sys/types.h>
#include <sys/stat.h>

#include <fcntl.h>
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#include <string.h>
#include <unistd.h>
#include <pthread.h>
#include <termios.h>

#include <time.h>

#define FPS 10

#define REF_PREIOD ((1/FPS)*1000000)

#define SCREEN_MAX_X 320
#define SCREEN_MAX_Y 240
#define SCREEN_MIN_X 0

#define SCREEN_MIN_Y 0

#define GAME_MAX_X 320+16
#define GAME_MAX_Y 240+16
#define GAME_MIN_X 0-18
#define GAME_MIN_Y 0-18
#define GAME_MAX_ENEMY 7

#define GAME_POLL_WAIT 2*5000

#define SP_W 16

#define SP_L 16

#define EXPLODE_TICKS 30

#define ENEMY_SP_ID_START 2

#define ENEMY_COLSN_SP_ID 7
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#define ENEMY_COLSN2_SP_ID 6
#define ENEMY_SP_TOTAL_NUM 5
#define ENEMY_SP_NUM_START 0
#define ENEMY_SP_PID 3

#define ENEMY_ATTACK_SP_PID 1
#define ENEMY_SP_SPEED 1
#define ENEMY_ATTACK_TICKS 300

#define FUEL_REWARD 2

#define FUEL_SP_ID 9

#define PLAYER_SP_ID 0

#define PLAYER_COLSN_SP_ID 7
#define PLAYER_SP_NUM 8
#define PLAYER_SP_EMTPY_PID 1

#define PLAYER_SP_PID 2

#define PLAYER_SPEED_X 2
#define PLAYER_SPEED_Y 2
#define PLAYER_MAX_X 320-18
#define PLAYER_MAX_Y 240-16
#tdefine PLAYER_MIN_X 0
#define PLAYER_MIN_Y 2
#define PLAYER_MAX_MISSILE 2
#tdefine PLAYER_MAX_FUEL 10

#define PLAYER_FUEL_TICKS 300
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#define MISSILE_SP_ID 1
#define MISSILE_SP_NUM 7
#define MISSILE_SP_PID 3

#define MISSILE_VY 4

//ReadStatus Mask

#define JOYSTICK_UP  0x01 //UP
#define JOYSTICK_DOWN 0x02 //DOWN
#define JOYSTICK_LEFT 0x04 //LEFT
#define JOYSTICK_RIGHT 0x08 //RIGHT
#define JOYSTICK_FIRE 0x10 //FIRE

#define UPDATE_FRAME 0x20 //update frame

#define AUDIO_SAMPLE_TICKS 35
#define AUDIO_OFF O

#define AUDIO_FLYING 0b00000001
#define AUDIO_FIRE 0b00000011
#define AUDIO_FUEL 0b00000101

#define AUDIO_EXPLODE 0b00001001

#define DIGIT_O_SP_ID 13

/* Fuel Related */

#define FUEL_SIGN_X 10
#define FUEL_SIGN_Y 24
#define FUEL_SIGN_SP_ID 12
#define FUEL_FIRST_DIGIT X 25

#define FUEL_SECOND_DIGIT_X 38
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#define FUEL_SP_NUM_END 11
#define FUEL_PAL_ID 3

#define FUEL_DEC_TICK 500

/* Score Related */

#define SCORE_SIGN_X 10

#define SCORE_SIGN_Y 40

#define SCORE_SIGN_SP_ID 11
#define SCORE_FIRST_DIGIT_X 25
#define SCORE_SECOND_DIGIT_X 38
#define SCORE_THIRD_DIGIT X 51
#define SCORE_SP_NUM_END 15

#define SCORE_PAL_ID 3

//Uncomment to print debug messages

//#define DEBUG_PRINT

typedef void *(*game_thread_fp)(void*);

typedef struct{
int posX;
int posY;
int vx;
int vy;
uint8_t sp_num;
uint8_tsp_id;
uint8_t sp_pid;

uint8_t alive;
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int16_t die_ticks;
uint8_t hitcount;

}rr_ship_t;

typedef struct{
rr_ship_t ship;

}rr_missile_t;

typedef struct{
rr_ship_t ship;
uint8_t fire_pressed;
int8_t fuel;
int16_t fuel_ticks;

}rr_player_t;

typedef struct{
rr_ship_t ship;
uint8_t ticks;
uint8_t toggle;
uint8_t attack;

int16_t attack_ticks;

rr_enemy_t;

typedef struct termios termios_t;

typedef struct{
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int driver_fd; //driver file desc.

FILE *tile_fp; //tileMap file pointer
//tile map file data

pthread_t thread; //thread

struct termios term_old;

uint64_t ticks;

uint8_t vspd;

uint32_t add_enemy_ticks;

intl6_t score;

int audio_ticks;

uint8_t play;

int start_ticks;

uint32_t hw_stat;

uint8 t reset_dash;

lrr_game_t;

typedef struct{
vscroll_t vs; //veritcal scroll
tileMAP_t tm; //tile map
int32_t addr;
int32_t line;
int bound;

hrr_tile_t;

//utils.c prototype

int game_init(rr_game_t *gm, game_thread_fp gfn, const char* drv_fn, const char* tile_fn);

void game_close(rr_game_t *gm);
int read_status(rr_game_t *gm, status_t *st);

int read_status(rr_game_t *gm, status_t *st);
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void print_status(rr_game_t *gm);

void set_vscroll(rr_game_t *gm, vscroll_t *scroll);
void set_tileMAP(rr_game_t *gm, tileMAP_t *tm);
void set_audio(rr_game_t *gm, uint8_t cmd);

void set_spriteMAP(rr_game_t *gm, uint8_t spNum, uint8_t spID, uint8_t pallD, int16_t x, int16_ty);

//rr.c prototype

void rr_reset(rr_game_t *gm, rr_player_t *pl);
void rr_tile_init(rr_game_t*gm, rr_tile_t* tl);
void rr_tile_update(rr_game_t*gm, rr_tile_t* tl);

void rr_player_update(rr_game_t*gm, rr_player_t *pl);

void rr_enemy_update(rr_game_t*gm, rr_player_t*pl);

void rr_spriteMap_update(rr_game_t*gm, rr_player_t *pl);

void rr_collision_detect(rr_game_t*gm, rr_player_t *pl);

intrr_is_fbtn_pressed(rr_game_t*gm);

void rr_read_hw_stat(rr_game_t*gm);

int rr_is_frame_update(rr_game_t*gm);

t#tendif

vga_ball.sv

/* module: RiverRaid Hardware

* Team - River Raid

CSEE4840 Embedded Systems Design (Spring 2022) Page 76 of 442



Team - River Raid

Xinhao Su (xs2413), Rojan Banmali (rb3199)

* Rojan Banmali (rb3199)

* Xinhao Su (xs2413)

*

* Avalon memory mapped slave

*

* CSEE4840
* Stephen A. Edwards

* Columbia University

*/

module vga_ball(
input logic clk,
input logic reset,
input logic [31:0] writedata,
input logic write,
input logic read,
input  chipselect,
input logic [7:0] address,
input logic [7:0] GPIO,
input left_chan_ready,

input right_chan_ready,

output logic [15:0] sample_data_|,
output logic sample_valid_|,
output logic [15:0] sample_data_r,
output logic sample_valid_r,

output logic [31:0] readdata,
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output logic [7:0] VGA_R, VGA_G, VGA_B,
output logic VGA_CLK, VGA_HS, VGA VS,
VGA_BLANK_n,

output logic VGA_SYNC_n);

logic [10:0] vga_hcount;
logic [9:0] vga_vcount;
logic [8:0] hcount;
logic [8:0] vcount;

logic [23:0] vga_rgb;

logic update_frame, update_vars;

logic [8:0] tileRAM_addr; //tile MAP rom address
logic [8:0] tileRAM_raddr; //tile MAP read address
logic  tileRAM_wren; //tile MAP write enable
logic [7:0] tileRAM_data; //tile MAP read RAM data

logic [7:0] tileRAM_wdata; //tile MAP write RAM data

logic [12:0] tileROM_addr; //3bit/pixel tile artwork tile ROM address
logic [4:0] tileROM_pix; //3bit tile ROM pixel output

logic [1:0] tile_pal_id;

//software interface vars
logic [7:0] vscroll;//, vscroll_;
logic [2:0] audio_cmd,;

logic audio_on;

logic [7:0] fg_data; // 3bit unused + 3bit pxl + 2bit pallD
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logic [5:0] fg_pix;

logic [1:0] fg_pallD;

logic [23:0] sp_rgb_out;

logic [23:0] tile_rgb_out;

//instantiate modules.

tileROM tileROM_1 (.clock(clk), .address(tileROM _addr),.q(tileROM_pix));

tileRAM tileRAM_1 (.clock(clk),
.address(tileRAM_addr),
.wren(tileRAM_wren),
.data(tileRAM_wdata),

.q(tileRAM_data));

vga_counters counters(.clk50(clk), .hcount(vga_hcount), .vcount(vga_vcount),.*);

audio audioO(.clk(clk),.command(audio_cmd),.*);

sprite_gen sprite_gen0(.clk(clk),
.reset(reset),
.chipselect(chipselect),
.address(address),
.writedata(writedata),
.write(write),
.hcount(hcount),

.vga_vcount(vga_vcount),
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.vcount(vcount),

fg_data(fg_data));

// sprite_pal_rom sprite_palO(
// .pallD(fg_pallD),

// .address(fg_pix),

// .rgb_out(sp_rgb_out)
/1);

colorPals colorPal_0(
.pallD(tile_pal_id),
.address({1'b0, tileROM_pix}),
.rgb_out(tile_rgb_out)

);

colorPals colorPal_1(
.pallD(fg_pallD),
.address(fg_pix),
.rgb_out(sp_rgb_out)
);

// Driver Read Write on posedge

always_ff @(posedge clk) begin

audio_cmd<=0;

if (reset) begin

//reset

readdata<=0;
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//vscroll_<=8'h0;

vscroll<= 8'h0;

end else if (chipselect && write)begin //WRITE from driver

case (address)
8'h0 :begin //Handled Below during negedge

end

8'h1:begin //Handled below during negedge

end

8'h2 : begin //PlayAudio {[2:0]audioClip_sel}
audio_on<=writedata[0];
audio_cmd<=writedata[3:1];

end

8'h3 : begin //WriteVScroll {[7:0]}
vscroll<=writedata[7:0];

end

endcase

end else if (chipselect && read) begin //READ from driver

case (address)

8'h4:begin

readdata[5:0]<={update_frame, GPIO[4:0]}; //TODO: readdata[5:0] = {update_frame,FIRE,RIGHT,
LEFT, DOWN, UP}
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end

endcase
end

end

//Write TileMap from software

always_ff @(negedge clk) begin

if (chipselect && write && address==0)begin //WRITE from driver
//WriteTileMap {[8:0]tileMap_waddr, [4:0]tilelD, [1:0]palID}

tileRAM_wdata <= writedata[6:0]; //{tileID, pallD}
tileRAM_addr <= writedata[16:7]; //{tileMAP_addr}
tileRAM_wren<=1;

end

else begin

//reset

tileRAM_wdata<= 8'h0; //TODO: set to high impedance?

tileRAM_addr <= tileRAM_raddr;

tileRAM_wren<=0;

end

end

// Update frame: TODO: Not used at the moment. Comeback later.
always_ff@(posedge clk) begin
if(reset | | (read && address==4 && update_frame))begin

update_frame<=0;
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end else if(lupdate_frame && vga_vcount==480)begin
update_frame<=1;
end

end

/*//Update scrolling during vertical blanking

always_ff@(posedge clk) begin

if (reset) begin
vscroll<=0;

end

else if (update_vars) begin
vscroll<=vscroll_;

end

end*/

//Tile scrolling

always_comb begin
if(hcount<320 && vcount<240)
tileRAM_raddr = (hcount>>4) + (((vcount+vscroll)%256)>>4)*20;
else tileRAM_raddr=0;

end

always_comb begin
if(hcount<320 && vcount<240)

tileROM_addr = (tileRAM_data[7:2]<<8) + (hcount%16) + (((vcount+vscroll)%16)<<4);
else tileROM_addr=0;

end
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assign fg_pix = fg_data[7:2];

assign fg_pallD = fg_data[1:0];

assign tile_pal_id = tileRAM_data[1:0];

//FINAL VIDEO OUTPUT!!
//TODO: Use palatte to assign RGB
//VGA stuff. Draw RGB: 0,0,0 during blanking.
always_comb begin
vga_rgb = {8'h0, 8'h0, 8'h0};
if (VGA_BLANK_n ) begin
if(fg_pix 1= 6'd0 && (vga_hcount>1))
vga_rgb =sp_rgb_out;
else
vga_rgb =tile_rgb_out;
end

end

assign {VGA_R, VGA_G, VGA B} =vga_rgb;

assign update_vars = (vga_hcount==0 && vga_vcount == 480); //update anim variables

assign hcount = vga_hcount[10:2]; //divide by 4

assign vcount = vga_vcount[9:1]; //divide by 2

endmodule

/*

* sprite_pal_rom
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%
*/

// module sprite_pal_rom (

// input logic [1:0] palID,

// input logic [2:0] address,
// output logic [23:0] rgb_out
/1);

// always_comb begin

// rgb_out =24'd0;

// if(pallD==0)begin //ship

// case(address)

// 0:rgb_out =24'h000000; //transparent
// 1l:rgb_out=24'h888888; //dark gray
//  2:rgb_out = 24'h5B5B5B; //gray light
//  3:rgb_out = 24'h353535; //gray lighter
// 4:rgb_out=24'h983939; //reddist 1

//  5:rgb_out =24'h9B190A; //reddist 2
// 6:rgb_out = 24'hE84AFA; //magentaish

//  7:rgb_out = 24'hFFFFFF; //white

// endcase

// end

// else if (pallD==1)begin //explosion
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// case(address)

// 0:rgb_out =24'h000000; //transparent

/1
/1
//
//
//
/1
//

1

2:

6:

7

rgb_out = 24'h592A0A; //
rgh_out = 24'h6A370F; //
: rgb_out = 24'h916018B; //
: rgb_out = 24'hA88524; //
: rgb_out = 24'h5A4C21; //
rgb_out = 24'h837927; //

: rgb_out = 24'hBOB549; //

// endcase

// end

// else if (pallD==2)begin //TODO: modify and use for tiles

// case(address)

//
//
/1
//
//
/1
//
/!

0

1:

2:

: rgb_out = 24'h000000; //transparent
rgb_out = 24'h888888; //dark gray
rgb_out = 24'h5B5B5B; //gray light

: rgb_out = 24'h353535; //gray lighter
: rgb_out = 24'h983939; //reddist 1

: rgb_out = 24'h9B190A; //reddist 2

: rgb_out = 24'hE84AFA; //magentaish

: rgb_out = 24'hFFFFFF; //white

// endcase

// end
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// else if(pallD==3)begin //TODO: modify and use for tiles
// case(address)

// 0:rgb_out =24'h000000; //transparent

// 1l:rgb_out=24'h888888; //dark gray

//  2:rgb_out = 24'h5B5B5B; //gray light

//  3:rgb_out=24'h353535; //gray lighter

// 4:rgb_out =24'h983939; //reddist 1

// 5:rgb_out=24'h9B190A; //reddist 2

// 6:rgb_out = 24'hE84AFA; //magentaish

//  7:rgb_out = 24'hFFFFFF; //white

// endcase

// end

// end

// endmodule

/*

* sprite_gen module

*k

*/

module sprite_gen(

input logic clk,
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input logic reset,
input chipselect,
input logic [7:0] address,

input logic [31:0] writedata,

input logic write,
input logic [8:0] hcount,
input logic [9:0] vga_vcount,

input logic [8:0] vcount,

output logic [7:0] fg_data);

logic [4:0] spriteRAM_addr; //sprite MAP address (for 16 sprites)
logic [4:0] spriteRAM_raddr; //sprite MAP read address (for 16 sprites)

logic [4:0] spriteRAM_waddr;

logic spriteRAM_wren; //sprite MAP write enable
logic [25:0] spriteRAM_data; //sprite MAP read RAM data

logic [25:0] spriteRAM_wdata; //sprite MAP write RAM data

logic [12:0] spriteROM_addr; //3bit/pixel tile artwork tile ROM address

logic [5:0] spriteROM_pix; //3bit sprite ROM pixel output

logic [8:0] row0_addr, rowl_addr, row_waddr,row_raddr;
logic [8:0] row0_addr_b, rowl_addr_b;

logic row0_wren, rowl_wren, row_wren;

logic rowO_wren_b,rowl_wren_b;

logic [7:0] row0_data,rowl_data, row0_wdata,rowl_wdata;
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logic drawpix;

logic [8:0] row_next;

//TODO:check width
logic signed [8:0] sp_posY;

logic signed [9:0] sp_posX;

logic signed [8:0] sp_dy;

logic signed [9:0] sp_dx;

logic [1:0] sp_pallD;

logic [4:0] sp_ID;

logic [3:0] spID_ptr;

//Write sprite Map from software

always_ff @(negedge clk) begin

if (chipselect && write && address==1)begin //WRITE from driver
//WriteSpriteMap {[3:0]spriteMap_waddr, PosX[9:0], PosY[8:0], [4:0]spritelD, [1:0]pallD}
spriteRAM_wdata <= writedata [25:0]; //{PosX, PosY, spritelD, pallD}
spriteRAM_waddr <= writedata [30:26]; //{spriteMAP_addr - 5bits}
spriteRAM_wren<=1;
end
else begin
//reset
spriteRAM_wdata<= 30'h0;
spriteRAM_waddr<= spriteRAM_raddr;

spriteRAM_wren<=0;

CSEE4840 Embedded Systems Design (Spring 2022) Page 89 of 442



Team - River Raid

Xinhao Su (xs2413), Rojan Banmali (rb3199)

end

end
//sprite ram read or write operation
always_comb begin
if(spriteRAM_wren)
spriteRAM_addr = spriteRAM_waddr;
else
spriteRAM_addr = spriteRAM_raddr;

end

//sprite gen state machine

enum {
IDLE, //await until hcount==0
READ_WAIT, // wait until drawpix
DRAW // draw

} state;

//Row to write

always_comb begin

if(vcount==262) //end of vcount after it wraps up to 0

row_next=0;
else
row_next=vcount+1;

end

//Sprite generator FSM:
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always_ff @(negedge clk) begin
if (reset)begin
state<=IDLE;
spriteRAM_raddr<=0; //TODO: For testing only.
end

else

case(state)

IDLE:begin
spriteRAM_raddr<=0;
spID_ptr<=0;
sp_dx<=0;

if(hcount==0) state<=READ_WAIT;

end

READ_WAIT:begin

if(drawpix)begin
state<=DRAW;
end else begin
if (spriteRAM_raddr==15)
state <=IDLE;
else spriteRAM_raddr<=spriteRAM_raddr+1;

end

end

CSEE4840 Embedded Systems Design (Spring 2022)

Page 91 of 442



Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

DRAW:begin

sp_dx<=sp_dx+1;

if(sp_dx==15)begin

sp_dx<=0;

if (spriteRAM_raddr<15)begin
spriteRAM_raddr<=spriteRAM_raddr+1;
state<=READ_WAIT;

end

else

state<=IDLE;

end

end

endcase

end

//mux: select row0 or row1l

always_comb begin

row0_wdata=0; rowl_wdata=0;
rowl_wren =0; row0_wren =0;
row0_wren_b=0;rowl_wren_b=0;

//write to row 0
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//read from row 1
if(vcount[0])begin
row0_addr = row_waddr;
row0_wren = row_wren && (spriteROM_pix!=0);
row0_wdata = {spriteROM_pix,sp_pallD[1:0]}; //3(unused)+3+2;
rowl_addr =row_raddr;
fg_data = row1_data; //3bit final foreground pix. TODO: include pallD in row
if(vga_vcount[0]) rowl_wren_b=1;
end
//write to row 1
//read from row 0
else begin
rowl addr = row_waddr;
rowl wren =row_wren && (spriteROM_pix!=0);
rowl_wdata = {spriteROM_pix,sp_pallD[1:0]}; //3(unused)+3+2;
row0_addr = row_raddr;
fg_data = row0_data; //3bit final foreground pix. TODO: include pallD in row

if(vga_vcount[0]) row0_wren_b =1;

end

end

assign row0_addr_b =row0Q_addr -1;

assign rowl_addr_b =rowl_addr-1;

//Wrap around
always_comb begin

if (hcount<320)
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row_raddr = hcount;
else row_raddr = 0;

end

//One ff delay to match lines
//assign row_waddr = sp_posX + sp_dx;
//assign row_wren = (state==DRAW && drawpix)? 1:0;
always_ff @(negedge clk)begin
row_waddr <=sp_posX + sp_dx;
row_wren <= (state==DRAW && drawpix)? 1:0;

end

assign {sp_posX[9:0],sp_posY[8:0],sp_ID[4:0],sp_pallD[1:0]} = spriteRAM_data;
assign sp_dy = (row_next - sp_posY);
assign spriteROM_addr = (sp_ID<<8) + sp_dx + (sp_dy<<4);

assign drawpix = (sp_dy>=0 && sp_dy<15 && sp_dx<16);

rowRAM2 rowO( .clock(clk),

.data_a(row0_wdata),

.address_a(row0_addr),

.wren_a(rowQ_wren),
.q_a(row0_data),

.data_b(8'd0),

.address_b(row0_addr_b),

.wren_b(row0_wren_b),
.q_b()

);
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rowRAM2 row1( .clock(clk),
.data_a(rowl_wdata),
.address_a(row1_addr),
.wren_a(rowl_wren),
.q_a(rowl_data),
.data_b(8'd0),
.address_b(rowl_addr_b),
.wren_b(rowl_wren_b),
.q_b()
);

spriteROM spriteROM _1 (.clock(~clk),.address(spriteROM_addr),.q(spriteROM_pix));

spriteRAM spriteRAM_1 (.clock(clk),
.address(spriteRAM_addr),
.wren(spriteRAM_wren),
.data(spriteRAM_wdata),

.q(spriteRAM_data));

endmodule

/*
* vga_counters module:

* generates video signal
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*
*

*/

module vga_counters(

input logic clk50, reset,

output logic [10:0] hcount, // hcount[10:1] is pixel column
output logic [9:0] vcount, // vcount[9:0] is pixel row

output logic VGA_CLK, VGA_HS, VGA_VS, VGA_BLANK_n, VGA_SYNC_n);

/*
* 640 X 480 VGA timing for a 50 MHz clock: one pixel every other cycle

*

* HCOUNT 1599 0 1279 15990

*

* | Video | | Video

* |SYNC| BP | <~ HACTIVE -->|FP|SYNC| BP |<-- HACTIVE

*1 | VGA_HS | |

*/

// Parameters for hcount

parameter HACTIVE =11'd 1280,

HFRONT_PORCH =11'd 32,
HSYNC =11'd 192,
HBACK_PORCH =11'd 96,
HTOTAL = HACTIVE + HFRONT_PORCH + HSYNC +

HBACK_PORCH; // 1600
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// Parameters for vcount

parameter VACTIVE =10'd 480,
VFRONT_PORCH =10'd 10,
VSYNC =10'd 2,

VBACK_PORCH =10'd 33,

VTOTAL  =VACTIVE + VFRONT_PORCH + VSYNC +

VBACK_PORCH; // 525

logic endOfLine;

always_ff @(posedge clk50 or posedge reset)
if (reset) hcount <= 0;
else if (endOfLine) hcount <= 0;

else hcount <= hcount + 11'd 1;

assign endOfLine = hcount == HTOTAL - 1;

logic endOfField;

always_ff @(posedge clk50 or posedge reset)

if (reset) vcount <= 0;

else if (endOfLine)

if (endOfField) vcount <=0;

else vcount <= vcount + 10'd 1;

assign endOfField = vcount == VTOTAL - 1;

// Horizontal sync: from 0x520 to 0x5DF (Ox57F)

// 101 0010 0000 to 101 1101 1111
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assign VGA_HS = !( (hcount[10:8] == 3'b101) &

I(hcount[7:5] == 3'b111));

assign VGA_VS = !( vcount[9:1] == (VACTIVE + VFRONT_PORCH) / 2);

assign VGA_SYNC_n = 1'b0; // For putting sync on the green signal; unused

// Horizontal active: O to 1279 Vertical active: 0 to 479

// 101 0000 0000 1280 0111100000 480

// 1100011 1111 1599 10 0000 1100 524

assign VGA_BLANK_n = !( hcount[10] & (hcount[9] | hcount[8]) ) &

I( veount[9] | (vcount[8:5] ==4'b1111) );

/* VGA_CLK is 25 MHz

*

*clk50 | || |__|

*
* hcount[0]
*/

assign VGA_CLK = hcount[0]; // 25 MHz clock: rising edge sensitive

endmodule

/*
* audio module:

*

* uses 8bit audio clips
*/

module audio (
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input clk, // 50MHz
input reset,
input audio_on, //run audio + flying sound
input logic [2:0]command, //0:fire, 1:fuel, 2:explode
input left_chan_ready,
input right_chan_ready,
output logic [15:0] sample_data_|,
output logic sample_valid_|,
output logic [15:0] sample_data_r,

output logic sample_valid_r

parameter DAC_RATE = 50000000/16000;
//Define audio sample sizes
//TODO: fill sample sizes appropriately
parameter AR_FLY_ADDR_ST=0;
parameter AR_FIRE_ADDR_ST=0;
parameter AR_FUEL_ADDR_ST=0;

parameter AR_EXPLODE_ADDR_ST=0;

parameter AR_FLY_ADDR_END=23213;

parameter AR_FIRE_ADDR_END=1599;

parameter AR_FUEL_ADDR_END=2039;

parameter AR_EXPLODE_ADDR_END=4095;

logic [11:0] dac_ctr;

logic dac_ready;
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logic [15:0] audio_out;

logic ar_fire_go;
logic ar_fuel_go;

logic ar_explode_go;

logic ar_fly_play;
logic [7:0] ar_fly_q;
logic [15:0] ar_fly_dout;

logic [14:0] ar_fly_rom_addr;

logic ar_fire_play;
logic [7:0] ar_fire_q;
logic [15:0] ar_fire_dout;

logic [10:0] ar_fire_rom_addr;

logic ar_fuel play;
logic [7:0] ar_fuel_gq;
logic [15:0] ar_fuel_dout;

logic [10:0] ar_fuel_rom_addr;

logic ar_explode_play;
logic [7:0] ar_explode_q;
logic [15:0] ar_explode_dout;

logic [11:0] ar_explode_rom_addr;

//TODO: this could be done using a single ROM.

audioROM_fly ar_fly(.address(ar_fly_rom_addr), .clock(clk), .q(ar_fly_q));
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audioROM _fire ar_fire(.address(ar_fire_rom_addr), .clock(clk), .q(ar_fire_q));
audioROM_fuel ar_fuel(.address(ar_fuel _rom_addr), .clock(clk), .q(ar_fuel_q));

audioROM_explode ar_explode(.address(ar_explode_rom_addr), .clock(clk), .q(ar_explode_q));

//Handle audio buffering and also background (flying) sound

always_ff @(posedge clk) begin

if(reset | | 'audio_on) begin
dac_ctr <=0;
sample_valid_I <= 0; sample_valid_r <=0;
audio_out<=0;
ar_fly_ rom_addr<=AR_FLY_ADDR_ST;

end

else if(audio_on && dac_ready && dac_ctr<DAC_RATE) begin

sample_valid_| <= 0; sample_valid_r <= 0;

dac_ctr<=dac_ctr+1;

end else if(audio_on && dac_ready && dac_ctr==DAC_RATE)begin //send DAC output
dac_ctr<=0;

ar_fly_rom_addr<=ar_fly_rom_addr+1;
if(ar_fly_rom_addr==AR_FLY_ADDR_END)begin
ar_fly_rom_addr<=AR_FLY_ADDR_ST;

end

//final output registers
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audio_out <= ar_fly_dout + ar_fire_dout + ar_fuel_dout + ar_explode_dout;

sample_valid_| <= 1; sample_valid_r<=1;

end

end

//AUDIO - FIRE

//fire audio rom

always_ff @(posedge clk) begin

if (reset || laudio_on)begin
ar_fire_play<=0;
end else if (ar_fire_go) begin

ar_fire_play<=1;

ar_fire_rom_addr<=AR_FIRE_ADDR_ST;

end

else if (lar_fire_go && ar_fire_play && dac_ready && dac_ctr==DAC_RATE) begin

ar_fire_rom_addr<=ar_fire_rom_addr+1;

if (ar_fire_rom_addr==AR_FIRE_ADDR_END) begin
ar_fire_play<=0;
end

end

end
//AUDIO - FUEL
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//fuel audio rom

always_ff @(posedge clk) begin

if (reset || !laudio_on)begin
ar_fuel_play<=0;

end else if (ar_fuel_go) begin
ar_fuel_play<=1;
ar_fuel_rom_addr<=AR_FUEL_ADDR_ST;

end

else if (lar_fire_go && ar_fuel play && dac_ready && dac_ctr==DAC_RATE) begin

ar_fuel_rom_addr<=ar_fuel_rom_addr+1;

if (ar_fuel rom_addr==AR_FUEL_ADDR_END) begin
ar_fuel_play<=0;
end
end

end

//AUDIO - EXPLODE
//explode audio rom

always_ff @(posedge clk) begin

if (reset | | laudio_on)begin
ar_explode_play<=0;

end else if (ar_explode_go) begin
ar_explode_play<=1;
ar_explode_rom_addr<=AR_EXPLODE_ADDR_ST;

end
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else if (lar_fire_go && ar_explode_play && dac_ready && dac_ctr==DAC_RATE) begin
ar_explode_rom_addr<=ar_explode_rom_addr+1;
if (ar_explode_rom_addr==AR_EXPLODE_ADDR_END) begin
ar_explode_play<=0;
end
end

end

assign ar_fly_dout={8'h0, ar_fly_q};
assign ar_fire_dout= {8'h0,ar_fire_q};//(ar_fire_play)? {8'h0,ar_fire_q}:0;
assign ar_fuel_dout= {8'h0,ar_fuel_q};//(ar_fuel_play)? {8'h0,ar_fuel_q}:0;

assign ar_explode_dout={8'h0,ar_explode_q};//(ar_explode_play)? {8'h0,ar_explode_q}:0;
assign ar_fire_go = command[0];

assign ar_fuel_go = command[1];

assign ar_explode_go = command[2];

assign dac_ready = (left_chan_ready && right_chan_ready);

assign sample_data_| = audio_out<<5;

assign sample_data_r = audio_out<<5;

endmodule

sprites.mif

Depth = 8192;

Width = 6;
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Address_radix=dec;
Data_radix=bin;
Content
BEGIN
[0..8191] : 000000;

0 : 000000 000000 000000 000000 000000 000000 000000 000000 000000 000000
000000 000000 000000 000000 000000 000000;

16 : 000000 000000 000000 000000 000000 000000 000000 000011 000011 000000
000000 000000 000000 000000 000000 000000;

32 : 000000 000000 000000 000000 000000 000000 000100 000101 000101 000100
000000 000000 000000 000000 000000 000000;

48 : 000000 000000 000000 000000 000000 000000 000110 000011 000011 000110
000000 000000 000000 000000 000000 000000;

64 : 000000 000000 000000 000000 000000 000100 000110 000011 000011 000110
000100 000000 000000 000000 000000 000000;

80 : 000000 000000 000000 000000 000100 000111 001000 001001 001001 001000
000111 000100 000000 000000 000000 000000;

96 : 000000 000000 000000 000100 000111 000111 001000 001001 001001 001000
000111 000111 000100 000000 000000 O0000O;

112 : 000000 001010 001011 001100 001100 001000 001000 000011 000011 001000
001000 001100 001100 001011 001010 000000;

128 : 001010001011 001101 001110001110 001000 001111 010000 010000 001111
001000 001110001110 001101 001011 001010;

144 : 001010001011 001011 001011 001011 001000 010000 001111 001111 010000
001000 001011 001011 001011 001011 001010;

160 : 001010 010001 010010 010010 010011 010011 010100 010100 010100 010100
010011 010011 010010 010010 010001 001010;

176 : 010101 010110 000000 000000 010111 010111 000000 000100 000100 000000
010111 010111 000000 000000 010110 010101,

192 : 010101 011000 000000 000000 011001 011001 0OO0000 000000 000000 000000
011001 011001 000000 000000 000100 010101;

208 : 000100 000000 000000 000000 011010 011010 000000 000000 000000 000000
011010011010 000000 000000 000000 000100;
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224 : 000000 000000 000000 000000 011011 011011 000000 000000 000000 000000
011011 011011 000000 000000 000000 OO000O;

240 : 000000 000000 000000 000000 000000 000000 000000 000000 000000 000000
000000 000000 000000 000000 000000 000000;

256 : 000000 000000 000000 000000 000000 000000 000000 001011 001100 001101
000000 000000 000000 000000 000000 000000;

272 : 000000 000000 000000 000000 000000 000000 000000 001110 001111 010000
000000 000000 000000 000000 000000 000000;

288 : 000000 000000 000000 000000 000000 000000 000000 010001 010010 000100
000000 000000 000000 000000 000000 000000;

304 : 000000 000000 000000 000000 000000 000000 000000 000001 000001 000011
000000 000000 000000 000000 000000 000000;

320 : 000000 000000 000000 000000 000000 000000 000000 000001 001001 000011
000000 000000 000000 000000 000000 000000;

336 : 000000 000000 000000 000000 000000 000000 000000 000100 001001 001000
000000 000000 000000 000000 000000 000000;

352 : 000000 000000 000000 000000 000000 000000 000000 000100 001001 001000
000000 000000 000000 000000 000000 000000;

368 : 000000 000000 000000 000000 000000 000000 000000 000001 000111 000001
000000 000000 000000 000000 000000 000000;

384 : 000000 000000 000000 000000 000000 000000 000000 000000 000001 000001
000000 000000 000000 000000 000000 000000;

400 : 000000 000000 000000 000000 000000 000000 000000 000000 000001 000100
000000 000000 000000 000000 000000 000000;

416 : 000000 000000 000000 000000 000000 000000 000000 000000 000001 000100
000000 000000 000000 000000 000000 000000;

432 : 000000 000000 000000 000000 000000 000000 000000 000000 001000 000100
000000 000000 000000 000000 000000 000000;

448 : 000000 000000 000000 000000 000000 000000 000000 000000 000001 000000
000000 000000 000000 000000 000000 000000;

464 : 000000 000000 000000 000000 000000 000000 000000 000000 000000 000000
000000 000000 000000 000000 000000 000000;

480 : 000000 000000 000000 000000 000000 000000 000000 000000 000000 000000
000000 000000 000000 000000 000000 000000;
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496 : 000000 000000 000000 000000 000000 000000 000000 000000 000000 000000
000000 000000 000000 000000 000000 000000;

512 : 000000 010011 000000 000000 000000 000000 000000 000000 000000 000000
000000 000000 000000 000000 010011 000000;

528 : 000000 010100 000000 000000 010101 010011 010011 010011 010011 010011
010011 010100 000000 000000 010100 000000;

544 : 000000 010100 000000 010101 010101 010011 010110 010110 010110 010110
010011 010100 010100 000000 010100 000000;

560 : 000000 010100 010101 010101 010101 010011010111 010111 010111 010111
010011 010100 010100 010100 010100 000000;

576 : 000000 010101 010101 010101 010101 010011 010011 010011 010011 010011
010011 010100 010100 010100 010100 000000;

592 : 000000 010101 010101 011000 010101 010011 010101 010101 010101 010101
010011 010100 011001 010100 010100 000000;

608 : 000000 010101 011000 011000 010101 010011 010011 010101 010101 010011
010011 010100 011001 011001 010100 000000;

624 : 000000 010101 011000 011000 010101 010011 010011 010011 010011 010011
010011 010100 011001 011001 010100 000000;

640 : 000000 010101 010101 011000 010101 010100 010100 010100 010100 010100
010100 010100 011001 010100 010100 000000;

656 : 000000 000000 010101 010101 010101 000000 010100 010011 010011 010100
000000 010100 010100 010100 000000 000000;

672 : 000000 000000 010101 010101 010101 000000 000000 010100 010100 000000
000000 010100 010100 010100 000000 000000;

688 : 000000 000000 000000 010101 010101 000000 000000 000000 000000 000000
000000 010100 010100 000000 000000 000000;

704 : 000000 000000 000000 010101 010101 000000 000000 000000 000000 000000
000000 010100 010100 000000 000000 000000;

720 : 000000 000000 000000 000000 010101 000000 000000 000000 000000 000000
000000 010100 000000 000000 000000 000000;

736 : 000000 000000 000000 000000 000000 000000 000000 000000 000000 000000
000000 000000 000000 000000 000000 000000;

752 : 000000 000000 000000 000000 000000 000000 000000 000000 000000 000000
000000 000000 000000 000000 000000 000000;
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768 : 000000 000000 000000 000000 010101 010101 010101 010101 010101 000000
000000 000000 000000 000000 000000 000000;

784 : 000000 000000 000000 010101 010101 010011 010101 010011 010101 010101
010101 010101 000000 000000 000000 00000O;

800 : 000000 000000 010101 010101 010101 010011 010101 010011 010101 011000
011000 011000 010101 010101 000000 000000;

816 : 000000 000000 010101 010101 010101 010101 010101 010101 010101 010101
010101 010101 010101 010101 010101 000000;

832 : 000000 000000 010011 010011 010011 010011 010011 010011 000000 000000
000000 000000 000000 000000 000000 000000;

848 : 000000 010011 010011 010100 010011 010111 010110 010011 010100 010100
010011 000000 000000 000000 000000 000000;

864 : 000000 010101 010011 010011 010011 010111 010110 010011 000000 000000
000000 000000 000000 000000 000000 000000;

880 : 000000 010101 010011 010011 010011 010111 010110 010011 000000 000000
000000 000000 000000 000000 000000 000000;

896 : 000000 010011 010011 010100 010011 010111 010110 010011 010100 010100
010011 000000 000000 000000 000000 000000;

912 : 000000 000000 010011 010011 010011 010011 010011 010011 000000 000000
000000 000000 000000 000000 000000 000000;

928 : 000000 000000 010100 010100 010100 010100 010100 010100 010100 010100
010100 010100 010100 010100 010100 000000;

944 : 000000 000000 010100 010100 010100 010011 010100 010011 010100 011001
011001 011001 010100 010100 000000 000000;

960 : 000000 000000 000000 010100 010100 010011 010100 010011 010100 010100
010100 010100 000000 000000 000000 000000;

976 : 000000 000000 000000 000000 010100 010100 010100 010100 010100 000000
000000 000000 000000 000000 000000 000000;

992 : 000000 000000 000000 000000 000000 000000 000000 000000 000000 000000
000000 000000 000000 000000 000000 000000;

1008 : 000000 000000 000000 000000 000000 000000 000000 000000 000000 000000
000000 000000 000000 000000 000000 000000;

1024 000000 000000 000000 000000 000000 000000 000000 010100 010100 010100
010100 010100 000000 000000 000000 000000;
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1040 000000 000000 000000 000000 010100 010100 010100 010100 010011 010100
010011 010100 010100 000000 000000 00000O;

1056 000000 000000 010100 010100 011001 011001 011001 010100 010011 010100
010011 010100 010100 010100 000000 000000;

1072 000000 010100 010100 010100 010100 010100 010100 010100 010100 010100
010100 010100 010100 010100 000000 000000;

1088 : 000000 000000 000000 000000 000000 000000 000000 000000 010011 010011
010011 010011 010011 010011 000000 000000;

1104 000000 000000 000000 000000 000000 010011 010100 010100 010011 010110
010111 010011 010100 010011 010011 000000;

1120 000000 000000 000000 000000 000000 000000 000000 000000 010011 010110
010111 010011 010011 010011 010101 000000;

1136 000000 000000 000000 000000 000000 000000 000000 000000 010011 010110
010111 010011 010011 010011 010101 000000;

1152 000000 000000 000000 000000 000000 010011 010100 010100 010011 010110
010111 010011 010100 010011 010011 000000;

1168 : 000000 000000 000000 000000 000000 000000 000000 000000 010011 010011
010011 010011 010011 010011 000000 00000O0;

1184 000000 010101 010101 010101 010101 010101 010101 010101 010101 010101
010101 010101 010101 010101 000000 00000O0;

1200 000000 000000 010101 010101 011000 011000 011000 010101 010011 010101
010011 010101 010101 010101 000000 00000O;

1216 000000 000000 000000 000000 010101 010101 010101 010101 010011 010101
010011 010101 010101 000000 000000 O0000O;

1232 000000 000000 000000 000000 000000 000000 000000 010101 010101 010101
010101 010101 000000 000000 000000 O0000O;

1248 000000 000000 000000 000000 000000 000000 000000 000000 000000 000000
000000 000000 000000 000000 000000 000000;

1264 000000 000000 000000 000000 000000 000000 000000 000000 000000 000000
000000 000000 000000 000000 000000 000000;

1280 : 000000 000000 000000 000000 000000 010100 010100 010100 010100 010100
010100 000000 000000 000000 000000 000000;

1296 000000 000000 000000 010100 010011 010011 011010 011010 011010 011010
010011 010011 010100 000000 000000 000000;
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1312 000000 000000 010100 010011 010011 011010011010 011010 011010 011010
011010010011 010011 010100 000000 00000O;

1328 000000 000000 010100 010100 010100 010100 010100 010100 010100 010100
010100 010100 010100 010100 000000 000000;

1344 000000 000000 000000 000000 000000 000000 010100 010011 010011 010100
000000 000000 000000 000000 000000 000000;

1360 : 000000 000000 010011 011001 010011 010011 010100 011010 011010 010100
010011 010011 011001 010011 000000 000000;

1376 000000 010011 011010 011000 011010 011010 010100 010011 010011 010100
011010 011010011000 011010 010011 000000;

1392 000000 010011 011010 011000011010 011010 010100 010011 010011 010100
011010 011010011000 011010 010011 000000;

1408 000000 000000 010011 011001 010011 010011 010100 011010 011010010100
010011 010011 011001 010011 000000 000000;

1424 000000 000000 000000 000000 000000 000000 010100 010011 010011 010100
000000 000000 000000 000000 000000 000000;

1440 000000 000000 010100 010100 010100 010100 010100 010100 010100 010100
010100 010100 010100 010100 000000 000000;

1456 000000 000000 010100 010011 010011 011010 011010 011010 011010011010
011010010011 010011 010100 000000 000000;

1472 000000 000000 000000 010100 010011 010011 011010 011010 011010011010
010011 010011 010100 000000 000000 O0000O;

1488 000000 000000 000000 000000 000000 010100 010100 010100 010100 010100
010100 000000 000000 000000 000000 000000;

1504 000000 000000 000000 000000 000000 000000 000000 000000 000000 000000
000000 000000 000000 000000 000000 000000;

1520 000000 000000 000000 000000 000000 000000 000000 000000 000000 000000
000000 000000 000000 000000 000000 000000;

1536 000000 000000 000000 000000 011011 011100011101 011110011111 100000
011011 000000 000000 000000 000000 000000;

1552 000000 000000 000000 011011 100001 100010 000100 010111 010110 000100
000001 000000 000000 000000 000000 000000;

1568 : 000000 000000 000000 100010 011111 000101 000100 001000 011000 001000
001111 011000 100010 000000 000000 000000;
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1584 000000 000000 011011011111 001000 011110010010 100010 011011 100010
011001 010111 011000 000000 000000 O0000O;

1600 : 000000 000000 011011 010110 011000 100010 011000 100010 000001 011001
010111 010111 011101 000000 000000 010111;

1616 : 000000 000000 000001 011000 001000 100010 011000 000001 100010 010111
011100 011000 010110 000000 000000 010111,

1632 000000 000000 000000 100010 001111 001000 011101 011000 011000 001000
000100 010110 000000 000000 000000 010111,

1648 000000 000000 000000 100010 010100 011100 011100 011110 001000 010111
010111 100010 100010 000000 000000 000000;

le64 000000 000000 000000 100010 000001 011000 001000 000100 001000 010111
100000 010001 100010 000000 000000 000000;

1680 : 000000 000000 000000 100010 000100 001000 011000 010111 001000 000100
011000 100010 100010 000000 000000 000000;

1696 : 000000 000000 000000 000000 000001 100010 001000 001000 000100 011001
001000 001111 000001 000000 000000 00000O;

1712 000000 000000 000000 000000 000000 100010 010010 011010 000100 001000
000011 010111 010110 000000 0O00O0 00000O;

1728 000000 000000 000000 000000 000000 000000 011011 010111 000001 000100
000000 000000 000000 000000 000000 000000;

1744 000000 000000 000000 000000 000000 000000 000000 000001 000000 000000
000000 000000 000000 000000 000000 000000;

1760 : 000000 000000 000000 000000 000000 000000 000000 000000 000000 000000
000000 000000 000000 000000 000000 000000;

1776 000000 000000 000000 000000 000000 000000 000000 000000 000000 000000
000000 000000 000000 000000 000000 000000;

1792 000000 000000 000000 000000 100011 100100 100100 100101 100011 100011
100011 100011 000000 000000 000000 0O000O;

1808 : 000000 000000 000000 100101 100110 100110 100110 100111 100110 100111
100100 100100 100100 101000 000000 000000;

1824 000000 000000 101000 100100 100110 100110 101001 101010 101001 101010
101010 100000 100000 100100 101000 000000;

1840 : 000000 000000 100100 100110 101001 001001 000010 101001 100110 101001
101010 101010 100000 100100 100100 000000;
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1856 : 000000 100011 100100 100110 001001 001001 000010 100110 100110 101001
101010 001001 101000 101001 100110 000000;

1872 000000 100100 100100 101010 101010 101010 001001 101001 101001 000010
100110101010 100111 101010 100111 000000;

1888 000000 100100 001011 000101 101010 101010 001001 100110 001001 101001
000010 001001 100110 000101 100110 000000;

1904 000000 101000 100110 000101 101010 101010 000010 000010 100110 001001
001001 000101 100110 100110 100100 000000;

1920 000000 100111 001011 001011 101010 101010 100110 001001 101001 001001
100110 101010 101010 100000 100011 000000;

1936 000000 000000 100000 100110 000101 101010 101010 000010 100110 100110
101001 101010 001011 100001 101000 000000;

1952 000000 000000 100100 000101 100110 000101 101010 001001 101010 101010
101010 100110 101000 001001 000000 000000;

1968 000000 000000 100011 100100 100110 100100 000101 101010 000101 001011
100110 100110 100110 000101 000000 000000;

1984 000000 000000 000000 100101 100110 101010 100110 100100 100100 100111
001001 000101 100100 010111 000000 000000;

2000 : 000000 000000 000000 000000 101000 100011 100011 100011 100100 100100
100111 100100 100101 000000 000000 000000;

2016 000000 000000 000000 000000 000000 000000 000000 000000 000000 100011
100011 101000 000000 000000 000000 000000;

2032 000000 000000 000000 000000 000000 000000 000000 000000 100010 000001
000000 000000 000000 000000 000000 000000;

2048 000000 000000 000000 000000 000000 000000 000000 000000 000000 000000
000000 000000 000000 000000 000000 000000;

2064 000000 000000 000000 000000 000000 000000 000000 000000 000000 000000
000000 000000 000000 000000 000000 000000;

2080 : 000000 000000 101011 101011 101011 101011 101011 000000 000000 101011
101011 101011 101011 101011 000000 000000O;

2096 000000 000000 101011 101011 101011 101011 101011 101011 101011 101011
101011 101011 101011 101011 000000 000000;

2112 000000 000000 101011 101011 000010 000010 101011 101011 101011 101011
000010 000010 101011 101011 000000 000000;
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2128 000000 000000 101011 101011 101100 101100 000010 000010 000010 000010
101101 101101 101011 101011 000000 000000;

2144 000000 000000 101011 101011 101100 101100 101100 101100 101101 101101
101101 101101 101011 101011 000000 000000;

2160 000000 000000 101011 101011 101100 101100 101100 101100 101101 101101
101101 101101 101011 101011 000000 00000QO;

2176 000000 000000 101011 101011 101100 101100 101100 101100 101101 101101
101101 101101 101011 101011 000000 00000QO;

2192 000000 000000 101011 101011 101011 101100 101100 101100 101101 101101
101101 101011 101011 101011 000000 000000;

2208 000000 000000 000000 101011 101011 101011 101100 101100 101101 101101
101011 101011 101011 000000 000000 0O000O;

2224 000000 000000 000000 000000 101011 101011 101011 101100 101101 101011
101011 101011 000000 000000 000000 000000;

2240 000000 000000 000000 000000 000000 101011 101011 101011 101011 101011
101011 000000 000000 000000 000000 000000;

2256 000000 000000 000000 000000 000000 000000 101011 101011 101011 101011
000000 000000 000000 000000 000000 000000;

2272 000000 000000 000000 000000 000000 000000 000000 000000 000000 000000
000000 000000 000000 000000 000000 000000;

2288 000000 000000 000000 000000 000000 000000 000000 000000 000000 000000
000000 000000 000000 000000 000000 000000;

2304 000000 000000 000000 000000 000000 010100 010100 010100 010100 010100
010100 000000 000000 000000 000000 000000;

2320 000000 000000 000000 000000 010100 010100 010100 010100 010100 010100
010100 010100 000000 000000 000000 000000;

2336 000000 000000 000000 010100 010011 010011 010100 010100 010100 010100
010100 010100 010100 000000 000000 000000;

2352 000000 000000 010100 010011 010011 010100 101110 101110101110 101110
010100 010100 010100 010100 000000 000000;

2368 000000 000000 010100 010011 010100 101110 101111 101111 101111 101110
101110 010100 010100 010100 000000 000000;

2384 000000 000000 010100 010011 010100101111 101111101111 101111 101111
101110 010100 010100 010100 000000 000000;
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2400 000000 000000 010100 010011 010100101111 101111 101111101111 101111
101110 010100 010100 010100 000000 000000;

2416 000000 000000 010100 010011 010100 101111 011010101111 101111 101111
101110 010100 010011 010100 000000 000000;

2432 000000 000000 010100 010011 010011 010100 101111 101111 101111 101110
010100 010011 010011 010100 000000 000000;

2448 000000 000000 000000 010100 010011 010011 010100 010100 010100 010100
010011 010011 010100 000000 000000 000000;

2464 000000 000000 000000 000000 010100 010011 010011 010011 010011 010011
010011 010100 000000 000000 000000 000000;

2480 000000 000000 000000 000000 000000 010100 010100 010100 010100 010100
010100 000000 000000 000000 000000 000000;

2496 000000 000000 000000 000000 000000 000000 000000 011010 010011 000000
000000 000000 000000 000000 000000 000000;

2512 000000 000000 000000 000000 000000 000000 000000 011010 010011 000000
000000 000000 000000 000000 000000 000000;

2528 000000 000000 000000 000000 000000 000000 000000 010100 010100 000000
000000 000000 000000 000000 000000 000000;

2544 000000 000000 000000 000000 000000 000000 110000 110001 000000 000000
000000 000000 000000 000000 000000 000000;

2560 000000 000000 000000 000000 000000 101011 101011 101011 101011 101011
101011 000000 000000 000000 000000 000000;

2576 000000 000000 000000 000000 101011 101011 101011 101011 101011 101011
101011 101011 000000 000000 000000 000000;

2592 000000 000000 000000 101011 101011 101011 110010 110010 110010 110010
101011 101011 101011 000000 000000 000000;

2608 000000 000000 000000 101011 101011 110011 110010 110010 110010 110010
110011 101011 101011 000000 000000 0O00QO;

2624 000000 000000 000000 101011 101011 110011 110010 110010 110010 110010
110011 101011 101011 000000 000000 OO000O;

2640 000000 000000 000000 101011 101011 110011 110011 110011 110011 110011
110011 101011 101011 000000 000000 0O000O;

2656 000000 000000 000000 101011 101011110011 110011 110100 110100 110011
110011 101011 101011 000000 000000 OO000O;
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2672 000000 000000 000000 101011 101011 110011 110011 110100 110100 110011
110011 101011 101011 000000 000000 000000;

2688 000000 000000 000000 101011 101011 110011 110011 110100 110100 110011
110011 101011 101011 000000 000000 000000;

2704 000000 000000 000000 101011 101011 110011 110011 110011 110011 110011
110011 101011 101011 000000 000000 0O00QO;

2720 000000 000000 000000 101011 101011 101011 101011 110101 110101 101011
101011 101011 101011 000000 000000 OO00QO;

2736 000000 000000 000000 101011 101011 101011 101011 110010 110010 101011
101011 101011 101011 000000 000000 0O000O;

2752 000000 000000 000000 000000 000000 101011101011 110101 110101 101011
101011 000000 000000 000000 000000 000000;

2768 000000 000000 000000 000000 000000 101011 101011 110101 110101 101011
101011 000000 000000 000000 000000 000000;

2784 000000 000000 000000 000000 000000 101011 101011 101011 101011 101011
101011 000000 000000 000000 000000 000000;

2800 : 000000 000000 000000 000000 000000 101011 101011 101011 101011 101011
101011 000000 000000 000000 000000 000000;

2816 000000 000000 000000 000000 000000 000000 000000 000000 000000 000000
000000 000000 000000 000000 000000 000000;

2832 000000 000000 000000 101011 101011 101011 101011 101011 101011 101011
101011 101011 101011 000000 000000 000000;

2848 000000 000000 101011 101011 101011 101011 101011 101011 101011 101011
101011 101011 101011 101011 000000 000000;

2864 000000 000000 101011 101011 110110 110110 000010 000010 000010 000010
110110110110 101011 101011 000000 000000;

2880 : 000000 000000 101011 101011 110110 110110 000010 000010 000010 000010
110110110110 101011 101011 000000 00000QO;

2896 000000 000000 101011 101011 101100 101100 101101 101101 101101 101101
101100 101100 101011 101011 000000 000000O;

2912 000000 000000 101011 101011 101100 101100 000010 000010 000010 000010
101100 101100 101011 101011 000000 000000;

2928 000000 000000 101011 101011 101100 101100 000010 000010 101101 000010
101100 101100 101011 101011 000000 000000;
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2944 000000 000000 101011 101011 101100 101100 000010 000010 000010 000010
101100101100 101011 101011 000000 000000;

2960 000000 000000 101011 101011 101100 101100 000010 000010 101101 101101
101100101100 101011 101011 000000 000000;

2976 000000 000000 101011 101011 101100 101100 101101 101101 101101 101101
101100 101100 101011 101011 000000 00000O;

2992 000000 000000 101011 101011 110110 110110 000010 000010 000010 000010
110110110110 101011 101011 000000 00000QO;

3008 : 000000 000000 101011 101011 110110 110110 000010 000010 000010 000010
110110110110 101011 101011 000000 00000QO;

3024 000000 000000 101011 101011 101011 101011 101011 101011 101011 101011
101011 101011 101011 101011 000000 000000;

3040 000000 000000 000000 101011 101011 101011 101011 101011 101011 101011
101011 101011 101011 000000 000000 0O000O;

3056 000000 000000 000000 000000 000000 000000 000000 000000 000000 000000
000000 000000 000000 000000 000000 000000;

3072 000000 000000 000000 000000 000000 000000 000000 000000 000000 000000
000000 000000 000000 000000 000000 000000;

3088 000000 000000 000000 000000 000000 000000 000000 000000 000000 000000
000000 000000 000000 000000 000000 000000;

3104 000000 101011 101011 101011 101011 101011 101011 101011 101011 101011
101011 101011 101011 101011 101011 000000;

3120 101011 101011 101011 101011 101011 101011 101011 101011 101011 101011
101011 101011 101011 101011 101011 101011,

3136 101011101011 110110 110110 110100 110100 110100 110100 110100 110100
110100 110100 110110 110110 101011 101011,

3152 101011 101011 110110 110110 110100 110100 110100 000010 000010 110100
110100 110100 110110 110110 101011 101011,

3168 : 101011 101011 000010 000010 110011 110011 110011 000010 000010 110011
110011 110011 000010 000010 101011 101011;

3184 101011 101011 000010 000010 110011 000010 000010 000010 000010 000010
000010 110011 000010 000010 101011 101011,

3200 101011 101011 000010 000010 110011 000010 000010 000010 000010 000010
000010 110011 000010 000010 101011 101011,
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3216 101011 101011 000010 000010 110011 110011 110011 000010 000010 110011
110011 110011 000010 000010 101011 101011,

3232 101011 101011 110110 110110 110100 110100 110100 000010 000010 110100
110100 110100 110110 110110 101011 101011,

3248 101011 101011 110110 110110 110100 110100 110100 110100 110100 110100
110100 110100 110110 110110 101011 101011,

3264 101011 101011 101011 101011 101011 101011 101011 101011 101011 101011
101011 101011 101011 101011 101011 101011;

3280 000000 101011 101011 101011 101011 101011 101011 101011 101011 101011
101011 101011 101011 101011 101011 000000;

329 000000 000000 000000 000000 000000 000000 000000 000000 000000 000000
000000 000000 000000 000000 000000 000000;

3312 000000 000000 000000 000000 000000 000000 000000 000000 000000 000000
000000 000000 000000 000000 000000 000000;

3328 000000 000000 000000 000000 000000 000000 000000 000000 000000 000000
000000 000000 000000 000000 000000 000000;

3344 000000 000000 000000 000000 101011 101011 101011 101011 101011 101011
101011 101011 000000 000000 000000 000000;

3360 000000 000000 000000 101011 101011 101011 101011 101011 101011 101011
101011 101011 101011 000000 000000 000000;

3376 000000 000000 101011 101011 101011 000010 110110 000010 000010 000010
000010 101011 101011 101011 000000 000000;

3392 000000 000000 101011 101011 000010 000010 110110 000010 000010 000010
000010 000010 101011 101011 000000 000000;

3408 000000 000000 101011 101011 000010 000010 101011 101011 101011 101011
000010 000010 101011 101011 000000 000000;

3424 000000 000000 101011 101011 000010 000010 101011 101011 101011 101011
000010 000010 101011 101011 000000 000000;

3440 000000 000000 101011 101011 000010 000010 101011 101011 101011 101011
000010 000010 101011 101011 000000 000000;

3456 000000 000000 101011 101011 000010 000010 101011 101011 101011 101011
000010 000010 101011 101011 000000 000000;

3472 000000 000000 101011 101011 000010 000010 101011 101011 101011 101011
000010 000010 101011 101011 000000 000000;
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3488 000000 000000 101011 101011 000010 000010 101011 101011 101011 101011
000010 000010 101011 101011 000000 000000;

3504 000000 000000 101011 101011 000010 000010 000010 000010 000010 110110
000010 000010 101011 101011 000000 000000;

3520 000000 000000 101011 101011 101011 000010 000010 000010 000010 110110
000010 101011 101011 101011 000000 000000;

3536 000000 000000 000000 101011 101011 101011 101011 101011 101011 101011
101011 101011 101011 000000 000000 OO00QO;

3552 000000 000000 000000 000000 101011 101011 101011 101011 101011 101011
101011 101011 000000 000000 000000 000000;

3568 000000 000000 000000 000000 000000 000000 000000 000000 000000 000000
000000 000000 000000 000000 000000 000000;

3584 000000 000000 000000 000000 000000 000000 000000 000000 000000 000000
000000 000000 000000 000000 000000 000000;

3600 : 000000 000000 000000 101011 101011 101011 101011 101011 101011 101011
101011 000000 000000 000000 000000 000000;

3616 000000 000000 000000 101011 101011 101011 101011 101011 101011 101011
101011 000000 000000 000000 000000 000000;

3632 000000 000000 000000 101011 101011 000010 110110 000010 000010 101011
101011 000000 000000 000000 000000 000000;

3648 000000 000000 000000 101011 101011 000010 110110 000010 000010 101011
101011 000000 000000 000000 000000 000000;

3664 000000 000000 000000 101011 101011 101011 101011 000010 000010 101011
101011 000000 000000 000000 000000 000000;

3680 000000 000000 000000 101011 101011 101011 101011 000010 000010 101011
101011 000000 000000 000000 000000 000000;

3696 000000 000000 000000 000000 000000 101011 101011 000010 000010 101011
101011 000000 000000 000000 000000 000000;

3712 000000 000000 000000 000000 000000 101011 101011 000010 000010 101011
101011 000000 000000 000000 000000 000000;

3728 000000 000000 000000 000000 000000 101011 101011 000010 000010 101011
101011 000000 000000 000000 000000 000000;

3744 000000 000000 000000 000000 000000 101011 101011 000010 000010 101011
101011 000000 000000 000000 000000 000000;
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3760 000000 000000 000000 000000 000000 101011 101011 000010 000010 101011
101011 000000 000000 000000 000000 000000;

3776 000000 000000 000000 000000 000000 101011 101011 000010 000010 101011
101011 000000 000000 000000 000000 000000;

3792 000000 000000 000000 000000 000000 101011 101011 101011 101011 101011
101011 000000 000000 000000 000000 000000;

3808 000000 000000 000000 000000 000000 101011 101011 101011 101011 101011
101011 000000 000000 000000 000000 000000;

3824 000000 000000 000000 000000 000000 000000 000000 000000 000000 000000
000000 000000 000000 000000 000000 000000;

3840 : 000000 000000 000000 000000 000000 000000 000000 000000 000000 000000
000000 000000 000000 000000 000000 000000;

3856 000000 000000 101011 101011 101011 101011 101011 101011 101011 101011
101011 101011 000000 000000 000000 000000;

3872 000000 000000 101011 101011 101011 101011 101011 101011 101011 101011
101011 101011 101011 000000 000000 000000;

3888 000000 000000 101011 101011 000010 000010 000010 000010 000010 000010
000010 101011 101011 101011 000000 000000;

3904 000000 000000 101011 101011 000010 000010 000010 000010 000010 000010
000010 000010 101011 101011 000000 000000;

3920 000000 000000 101011 101011 101011 101011 101011 101011 101011 101011
000010 000010 101011 101011 000000 000000;

3936 000000 000000 000000 101011 101011 101011 101011 101011 101011 101011
110110110110 101011 101011 000000 000000;

3952 000000 000000 101011 101011 101011 000010 000010 000010 000010 000010
000010 000010 101011 101011 000000 000000;

3968 000000 000000 101011 101011 000010 000010 000010 000010 000010 000010
000010 101011 101011 101011 000000 000000;

3984 000000 000000 101011 101011 110110110110 101011 101011 101011 101011
101011 101011 101011 000000 000000 OO00QO;

4000 000000 000000 101011 101011 000010 000010 101011 101011 101011 101011
101011 101011 101011 101011 000000 000000;

4016 000000 000000 101011 101011 000010 000010 000010 000010 000010 000010
000010 000010 101011 101011 000000 000000;
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4032 000000 000000 101011 101011 000010 000010 000010 000010 000010 000010
000010 000010 101011 101011 000000 000000;

4048 000000 000000 101011 101011 101011 101011 101011 101011 101011 101011
101011 101011 101011 101011 000000 000000;

4064 000000 000000 101011 101011 101011 101011 101011 101011 101011 101011
101011 101011 101011 101011 000000 00000QO;

4080 000000 000000 000000 000000 000000 000000 000000 000000 000000 000000
000000 000000 000000 000000 000000 000000;

4096 000000 000000 000000 000000 000000 000000 000000 000000 000000 000000
000000 000000 000000 000000 000000 000000;

4112 000000 000000 101011 101011 101011 101011 101011 101011 101011 101011
101011 101011 000000 000000 000000 0O0000;

4128 000000 000000 101011 101011 101011 101011 101011 101011 101011 101011
101011 101011 101011 000000 000000 0O000O;

4144 000000 000000 101011 101011 000010 000010 000010 000010 000010 000010
000010 101011 101011 101011 000000 000000;

4160 000000 000000 101011 101011 000010 000010 000010 000010 000010 000010
000010 000010 101011 101011 000000 000000;

4176 000000 000000 101011 101011 101011 101011 101011 101011 101011 101011
000010 000010 101011 101011 000000 000000;

4192 000000 000000 101011 101011 101011 101011 101011 101011 101011 101011
000010 000010 101011 101011 000000 000000;

4208 000000 000000 101011 101011 000010 000010 000010 000010 000010 110110
000010 000010 101011 101011 000000 000000;

4224 000000 000000 101011 101011 000010 000010 000010 000010 000010 110110
000010 000010 101011 101011 000000 000000;

4240 000000 000000 101011 101011 101011 101011 101011 101011 101011 101011
000010 000010 101011 101011 000000 000000;

4256 000000 000000 101011 101011 101011 101011 101011 101011 101011 101011
000010 000010 101011 101011 000000 000000;

4272 000000 000000 101011 101011 000010 000010 000010 000010 000010 000010
000010 000010 101011 101011 000000 000000;

4288 000000 000000 101011 101011 000010 000010 000010 000010 000010 000010
000010 101011 101011 101011 000000 000000;
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4304 000000 000000 101011 101011 101011 101011 101011 101011 101011 101011
101011 101011 101011 000000 000000 000000;

4320 000000 000000 101011 101011 101011 101011 101011 101011 101011 101011
101011 101011 000000 000000 000000 000000;

4336 000000 000000 000000 000000 000000 000000 000000 000000 000000 000000
000000 000000 000000 000000 000000 000000;

4352 000000 000000 000000 000000 000000 000000 000000 000000 000000 000000
000000 000000 000000 000000 000000 000000;

4368 000000 000000 101011 101011 101011 101011 101011 101011 101011 101011
101011 101011 101011 101011 000000 000000;

4384 000000 000000 101011 101011 101011 101011 101011 101011 101011 101011
101011 101011 101011 101011 000000 000000;

4400 000000 000000 101011 101011 000010 000010 101011 101011 101011 101011
000010 000010 101011 101011 000000 000000;

4416 000000 000000 101011 101011 000010 000010 101011 101011 101011 101011
000010 000010 101011 101011 000000 000000;

4432 000000 000000 101011 101011 000010 000010 101011 101011 101011 101011
000010 000010 101011 101011 000000 000000;

4448 000000 000000 101011 101011 000010 000010 101011 101011 101011 101011
000010 000010 101011 101011 000000 000000;

4464 000000 000000 101011 101011 000010 000010 000010 000010 000010 110110
000010 000010 101011 101011 000000 000000;

4480 000000 000000 101011 101011 000010 000010 000010 000010 000010 110110
000010 000010 101011 101011 000000 000000;

4496 000000 000000 101011 101011 101011 101011 101011 101011 101011 101011
000010 000010 101011 101011 000000 000000;

4512 000000 000000 101011 101011 101011 101011 101011 101011 101011 101011
000010 000010 101011 101011 000000 000000;

4528 000000 000000 000000 000000 000000 000000 000000 000000 101011 101011
000010 000010 101011 101011 000000 000000;

4544 000000 000000 000000 000000 000000 000000 000000 000000 101011 101011
000010 000010 101011 101011 000000 000000;

4560 000000 000000 000000 000000 000000 000000 000000 000000 101011 101011
101011 101011 101011 101011 000000 000000;
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4576 000000 000000 000000 000000 000000 000000 000000 000000 101011 101011
101011 101011 101011 101011 000000 000000;

4592 000000 000000 000000 000000 000000 000000 000000 000000 000000 000000
000000 000000 000000 000000 000000 000000;

4608 000000 000000 000000 000000 000000 000000 000000 000000 000000 000000
000000 000000 000000 000000 000000 000000;

4624 000000 000000 101011 101011 101011 101011 101011 101011 101011 101011
101011 101011 101011 101011 000000 00000QO;

4640 000000 000000 101011 101011 101011 101011 101011 101011 101011 101011
101011 101011 101011 101011 000000 000000;

4656 : 000000 000000 101011 101011 000010 000010 000010 000010 000010 000010
000010 000010 101011 101011 000000 000000;

4672 000000 000000 101011 101011 000010 000010 000010 000010 000010 000010
000010 000010 101011 101011 000000 000000;

4688 000000 000000 101011 101011 000010 000010 101011 101011 101011 101011
101011 101011 101011 101011 000000 000000;

4704 000000 000000 101011 101011 110110110110 101011 101011 101011 101011
101011 101011 101011 000000 000000 000000;

4720 000000 000000 101011 101011 000010 000010 000010 000010 000010 000010
000010 101011 101011 101011 000000 000000;

4736 000000 000000 101011 101011 101011 000010 000010 000010 000010 000010
000010 000010 101011 101011 000000 000000;

4752 000000 000000 000000 101011 101011 101011 101011 101011 101011 101011
110110110110 101011 101011 000000 000000;

4768 000000 000000 101011 101011 101011 101011 101011 101011 101011 101011
000010 000010 101011 101011 000000 000000;

4784 000000 000000 101011 101011 000010 000010 000010 000010 000010 000010
000010 000010 101011 101011 000000 000000;

4800 000000 000000 101011 101011 000010 000010 000010 000010 000010 000010
000010 101011 101011 101011 000000 000000;

4816 000000 000000 101011 101011 101011 101011 101011 101011 101011 101011
101011 101011 101011 000000 000000 OO00QO;

4832 000000 000000 101011 101011 101011 101011 101011 101011 101011 101011
101011 101011 000000 000000 000000 0O0000;
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4848 000000 000000 000000 000000 000000 000000 000000 000000 000000 000000
000000 000000 000000 000000 000000 000000;

4864 000000 000000 000000 000000 000000 000000 000000 000000 000000 000000
000000 000000 000000 000000 000000 000000;

4880 000000 000000 000000 000000 000000 101011 101011 101011 101011 101011
101011 000000 000000 000000 000000 000000;

4896 000000 000000 000000 000000 101011 101011 101011 101011 101011 101011
101011 000000 000000 000000 000000 000000;

4912 000000 000000 000000 101011 101011 101011 000010 000010 000010 101011
101011 000000 000000 000000 000000 000000;

4928 000000 000000 101011 101011 101011 000010 000010 000010 101011 101011
101011 000000 000000 000000 000000 000000;

4944 000000 000000 101011 101011 000010 000010 000010 101011 101011 101011
101011 101011 000000 000000 000000 000000;

4960 000000 000000 101011 101011 000010 000010 101011 101011 101011 101011
101011 101011 101011 000000 000000 000000;

4976 000000 000000 101011 101011 000010 000010 110110 000010 000010 000010
000010 101011 101011 101011 000000 000000;

4992 000000 000000 101011 101011 000010 000010 110110 000010 000010 000010
000010 000010 101011 101011 000000 000000;

5008 : 000000 000000 101011 101011 000010 000010 101011 101011 101011 101011
000010 000010 101011 101011 000000 000000;

5024 000000 000000 101011 101011 000010 000010 101011 101011 101011 101011
000010 000010 101011 101011 000000 000000;

5040 : 000000 000000 101011 101011 000010 000010 000010 000010 000010 000010
000010 000010 101011 101011 000000 000000;

5056 : 000000 000000 101011 101011 101011 000010 000010 000010 000010 000010
000010 101011 101011 101011 000000 000000;

5072 000000 000000 000000 101011 101011 101011 101011 101011 101011 101011
101011 101011 101011 000000 000000 OO00QO;

5088 : 000000 000000 000000 000000 101011 101011 101011 101011 101011 101011
101011 101011 000000 000000 000000 0O0000;

5104 000000 000000 000000 000000 000000 000000 000000 000000 000000 000000
000000 000000 000000 000000 000000 000000;
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5120 : 000000 000000 000000 000000 000000 000000 000000 000000 000000 000000
000000 000000 000000 000000 000000 000000;

5136 : 000000 000000 101011 101011 101011 101011 101011 101011 101011 101011
101011 101011 101011 000000 000000 000000;

5152 000000 000000 101011 101011 101011 101011 101011 101011 101011 101011
101011 101011 101011 101011 000000 00000QO;

5168 : 000000 000000 101011 101011 000010 000010 000010 000010 000010 110110
000010 000010 101011 101011 000000 000000;

5184 000000 000000 101011 101011 000010 000010 000010 000010 000010 110110
000010 000010 101011 101011 000000 000000;

5200 : 000000 000000 101011 101011 101011 101011 101011 101011 101011 101011
000010 000010 101011 101011 000000 000000;

5216 : 000000 000000 101011 101011 101011 101011 101011 101011 101011 101011
000010 000010 101011 101011 000000 000000;

5232 000000 000000 000000 000000 000000 000000 101011 101011 101011 000010
000010 000010 101011 101011 000000 000000;

5248 000000 000000 000000 000000 000000 101011 101011 101011 000010 000010
000010 101011 101011 101011 000000 000000;

5264 000000 000000 000000 000000 000000 101011 101011 000010 000010 000010
101011 101011 101011 000000 000000 000000;

5280 : 000000 000000 000000 000000 000000 101011 101011 000010 000010 101011
101011 101011 000000 000000 000000 000000;

5296 000000 000000 000000 000000 000000 101011 101011 000010 000010 101011
101011 000000 000000 000000 000000 000000;

5312 000000 000000 000000 000000 000000 101011 101011 000010 000010 101011
101011 000000 000000 000000 000000 000000;

5328 000000 000000 000000 000000 000000 101011 101011 101011 101011 101011
101011 000000 000000 000000 000000 000000;

5344 000000 000000 000000 000000 000000 101011 101011 101011 101011 101011
101011 000000 000000 000000 000000 000000;

5360 : 000000 000000 000000 000000 000000 000000 000000 000000 000000 000000
000000 000000 000000 000000 000000 000000;

5376 000000 000000 000000 000000 000000 000000 000000 000000 000000 000000
000000 000000 000000 000000 000000 000000;
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5392 000000 000000 000000 000000 101011 101011 101011 101011 101011 101011
101011 101011 000000 000000 000000 000000;

5408 000000 000000 000000 101011 101011 101011 101011 101011 101011 101011
101011 101011 101011 000000 000000 000000;

5424 000000 000000 101011 101011 101011 000010 000010 000010 000010 000010
000010 101011 101011 101011 000000 000000;

5440 000000 000000 101011 101011 000010 000010 000010 000010 000010 000010
000010 000010 101011 101011 000000 000000;

5456 000000 000000 101011 101011 000010 000010 101011 101011 101011 101011
000010 000010 101011 101011 000000 000000;

5472 000000 000000 101011 101011 000010 000010 101011 101011 101011 101011
000010 000010 101011 101011 000000 000000;

5488 : 000000 000000 101011 101011 101011 000010 110110 000010 000010 110110
000010 101011 101011 101011 000000 000000;

5504 000000 000000 101011 101011 101011 000010 110110 000010 000010 110110
000010 101011 101011 101011 000000 000000;

5520 : 000000 000000 101011 101011 000010 000010 101011 101011 101011 101011
000010 000010 101011 101011 000000 000000;

5536 000000 000000 101011 101011 000010 000010 101011 101011 101011 101011
000010 000010 101011 101011 000000 000000;

5552 000000 000000 101011 101011 000010 000010 000010 000010 000010 000010
000010 000010 101011 101011 000000 000000;

5568 : 000000 000000 101011 101011 101011 000010 000010 000010 000010 000010
000010 101011 101011 101011 000000 000000;

5584 000000 000000 000000 101011 101011 101011 101011 101011 101011 101011
101011 101011 101011 000000 000000 000000;

5600 : 000000 000000 000000 000000 101011 101011 101011 101011 101011 101011
101011 101011 000000 000000 000000 0O000O;

5616 : 000000 000000 000000 000000 000000 000000 000000 000000 000000 000000
000000 000000 000000 000000 000000 000000;

5632 000000 000000 000000 000000 000000 000000 000000 000000 000000 000000
000000 000000 000000 000000 000000 000000;

5648 000000 000000 000000 000000 101011 101011 101011 101011 101011 101011
101011 101011 000000 000000 000000 000000;
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5664 000000 000000 000000 101011 101011 101011 101011 101011 101011 101011
101011 101011 101011 000000 000000 000000;

5680 : 000000 000000 101011 101011 101011 000010 000010 000010 000010 000010
000010 101011 101011 101011 000000 000000;

5696 000000 000000 101011 101011 000010 000010 000010 000010 000010 000010
000010 000010 101011 101011 000000 000000;

5712 000000 000000 101011 101011 000010 000010 101011 101011 101011 101011
000010 000010 101011 101011 000000 000000;

5728 000000 000000 101011 101011 000010 000010 101011 101011 101011 101011
000010 000010 101011 101011 000000 000000;

5744 000000 000000 101011 101011 000010 000010 000010 000010 000010 110110
000010 000010 101011 101011 000000 000000;

5760 : 000000 000000 101011 101011 101011 000010 000010 000010 000010 110110
000010 000010 101011 101011 000000 000000;

5776 : 000000 000000 000000 101011 101011 101011 101011 101011 101011 101011
000010 000010 101011 101011 000000 000000;

5792 000000 000000 000000 000000 101011 101011 101011 101011 101011 000010
000010 000010 101011 101011 000000 000000;

5808 : 000000 000000 000000 000000 000000 101011 101011 101011 000010 000010
000010 101011 101011 101011 000000 000000;

5824 000000 000000 000000 000000 000000 101011 101011 000010 000010 000010
101011 101011 101011 000000 000000 000000;

5840 : 000000 000000 000000 000000 000000 101011 101011 101011 101011 101011
101011 101011 000000 000000 000000 000000;

5856 : 000000 000000 000000 000000 000000 101011 101011 101011 101011 101011
101011 000000 000000 000000 000000 000000;

5872 000000 000000 000000 000000 000000 000000 000000 000000 000000 000000
000000 000000 000000 000000 000000 000000;

5888 000000 000000 000000 000000 000000 000000 000000 000000 000000 000000
000000 000000 000000 000000 000000 000000;

5904 000000 000000 000000 000000 000000 000000 000000 000000 000000 000000
000000 000000 000000 000000 000000 000000;

5920 : 000000 000000 000000 101011 101011 101011 101011 000000 000000 101011
101011 101011 101011 000000 000000 0O000O;
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5936 000000 000000 101011 101011 101011 101011 101011 101011 101011 101011
101011 101011 101011 101011 000000 000000;

5952 000000 000000 101011 101011 000010 000010 101011 101011 101011 101011
000010 000010 101011 101011 000000 000000;

5968 000000 000000 101011 101011 000010 000010 101011 101011 101011 000010
000010 000010 101011 101011 000000 000000;

5984 000000 000000 101011 101011 101011 101011 101011 101011 000010 000010
000010 101011 101011 101011 000000 000000;

6000 : 000000 000000 000000 101011 101011 101011 101011 000010 000010 000010
101011 101011 101011 000000 000000 0O000O;

6016 : 000000 000000 000000 101011 101011 101011 000010 000010 000010 101011
101011 101011 101011 000000 000000 0O00QO;

6032 : 000000 000000 101011 101011 101011 000010 000010 000010 101011 101011
101011 101011 101011 101011 000000 000000;

6048 000000 000000 101011 101011 000010 000010 000010 101011 101011 101011
000010 000010 101011 101011 000000 000000;

6064 000000 000000 101011 101011 000010 000010 101011 101011 101011 101011
000010 000010 101011 101011 000000 000000;

6080 : 000000 000000 101011 101011 101011 101011 101011 101011 101011 101011
101011 101011 101011 101011 000000 000000;

6096 : 000000 000000 000000 101011 101011 101011 101011 000000 000000 101011
101011 101011 101011 000000 000000 000000;

6112 000000 000000 000000 000000 000000 000000 000000 000000 000000 000000
000000 000000 000000 000000 000000 000000;

6128 000000 000000 000000 000000 000000 000000 000000 000000 000000 000000
000000 000000 000000 000000 000000 000000;

END;

audioROM_fire.v

// megafunction wizard: %ROM: 1-PORT%
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// GENERATION: STANDARD
// VERSION: WM1.0

// MODULE: altsyncram

/) ==mmmms

// File Name: audioROM _fire.v

// Megafunction Name(s):

// altsyncram

/1

// Simulation Library Files(s):

// altera_mf

[ mm===== -

//************************************************************

// THIS IS A WIZARD-GENERATED FILE. DO NOT EDIT THIS FILE!

/1
// 21.1.0 Build 842 10/21/2021 S Lite Edition

//************************************************************

//Copyright (C) 2021 Intel Corporation. All rights reserved.

//Your use of Intel Corporation's design tools, logic functions

//and other software and tools, and any partner logic

//functions, and any output files from any of the foregoing
//(including device programming or simulation files), and any
//associated documentation or information are expressly subject

//to the terms and conditions of the Intel Program License
//Subscription Agreement, the Intel Quartus Prime License Agreement,
//the Intel FPGA IP License Agreement, or other applicable license

//agreement, including, without limitation, that your use is for
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//the sole purpose of programming logic devices manufactured by
//Intel and sold by Intel or its authorized distributors. Please
//refer to the applicable agreement for further details, at

//https://fpgasoftware.intel.com/eula.

// synopsys translate_off

‘timescale 1 ps/ 1 ps

// synopsys translate_on

module audioROM _fire (
address,

clock,

qa);

input [10:0] address;

input  clock;

output [7:0] q;
‘ifndef ALTERA_RESERVED_QIS
// synopsys translate_off
“endif

tril clock;
‘ifndef ALTERA_RESERVED_QIS
// synopsys translate_on

‘endif

wire [7:0] sub_wire0;

wire [7:0] q = sub_wire0[7:0];

altsyncram altsyncram_component (
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defparam

.address_a (address),
.clockO (clock),

.g_a (sub_wire0),
.aclr0 (1'b0),

.aclrl (1'b0),
.address_b (1'b1),
.addressstall_a (1'b0),
.addressstall_b (1'b0),
.byteena_a (1'b1),
.byteena_b (1'b1),
.clockl (1'b1),
.clocken0 (1'b1),
.clocken1 (1'b1),
.clocken2 (1'b1),
.clocken3 (1'b1),
.data_a ({8{1'b1}}),
.data_b (1'b1),
.eccstatus (),

.q_b (),

.rden_a (1'b1),
.rden_b (1'b1),
.wren_a (1'b0),

.wren_b (1'b0));

altsyncram_component.address_aclr_a = "NONE",

altsyncram_component.clock_enable_input_a = "BYPASS",

altsyncram_component.clock_enable_output_a = "BYPASS",

‘ifdef NO_PLI

altsyncram_component.init_file = "rr_audio_fire.rif"
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“else
altsyncram_component.init_file = "rr_audio_fire.hex"

“endif
altsyncram_component.intended_device_family = "Cyclone V",
altsyncram_component.lpm_hint = "ENABLE_RUNTIME_MOD=NOQO",
altsyncram_component.lpm_type = "altsyncram",
altsyncram_component.numwords_a = 1600,
altsyncram_component.operation_mode = "ROM",
altsyncram_component.outdata_aclr_a = "NONE",
altsyncram_component.outdata_reg_a = "UNREGISTERED",
altsyncram_component.widthad_a =11,
altsyncram_component.width_a =8,
altsyncram_component.width_byteena_a =1,

endmodule

/] ======= - -

// CNX file retrieval info

/= -

// Retrieval info: PRIVATE: ADDRESSSTALL_A NUMERIC "0"
// Retrieval info: PRIVATE: AclrAddr NUMERIC "0"

// Retrieval info: PRIVATE: AclrByte NUMERIC "0"

// Retrieval info: PRIVATE: AclrOutput NUMERIC "0"

// Retrieval info: PRIVATE: BYTE_ENABLE NUMERIC "0"

// Retrieval info: PRIVATE: BYTE_SIZE NUMERIC "8"

// Retrieval info: PRIVATE: BlankMemory NUMERIC "0"

// Retrieval info: PRIVATE: CLOCK_ENABLE_INPUT_A NUMERIC "0"
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// Retrieval info: PRIVATE: CLOCK_ENABLE_OUTPUT_A NUMERIC "0"

// Retrieval info: PRIVATE: Clken NUMERIC "0"

// Retrieval info: PRIVATE: IMPLEMENT_IN_LES NUMERIC "0"

// Retrieval info: PRIVATE: INIT_FILE_LAYOUT STRING "PORT_A"

// Retrieval info: PRIVATE: INIT_TO_SIM_X NUMERIC "0"

// Retrieval info: PRIVATE: INTENDED_DEVICE_FAMILY STRING "Cyclone V"
// Retrieval info: PRIVATE: JTAG_ENABLED NUMERIC "0"

// Retrieval info: PRIVATE: JTAG_ID STRING "NONE"

// Retrieval info: PRIVATE: MAXIMUM_DEPTH NUMERIC "0"

// Retrieval info: PRIVATE: MIFfilename STRING "rr_audio_fire.hex"

// Retrieval info: PRIVATE: NUMWORDS_A NUMERIC "1600"

// Retrieval info: PRIVATE: RAM_BLOCK_TYPE NUMERIC "0"

// Retrieval info: PRIVATE: RegAddr NUMERIC "1"

// Retrieval info: PRIVATE: RegOutput NUMERIC "0"

// Retrieval info: PRIVATE: SYNTH_WRAPPER_GEN_POSTFIX STRING "0"

// Retrieval info: PRIVATE: SingleClock NUMERIC "1"

// Retrieval info: PRIVATE: UseDQRAM NUMERIC "0"

// Retrieval info: PRIVATE: WidthAddr NUMERIC "11"

// Retrieval info: PRIVATE: WidthData NUMERIC "8"

// Retrieval info: PRIVATE: rden NUMERIC "0"

// Retrieval info: LIBRARY: altera_mf altera_mf.altera_mf_components.all
// Retrieval info: CONSTANT: ADDRESS_ACLR_A STRING "NONE"

// Retrieval info: CONSTANT: CLOCK_ENABLE_INPUT_A STRING "BYPASS"
// Retrieval info: CONSTANT: CLOCK_ENABLE_OUTPUT_A STRING "BYPASS"
// Retrieval info: CONSTANT: INIT_FILE STRING "rr_audio_fire.hex"

// Retrieval info: CONSTANT: INTENDED_DEVICE_FAMILY STRING "Cyclone V"
// Retrieval info: CONSTANT: LPM_HINT STRING "ENABLE_RUNTIME_MOD=NQ"
// Retrieval info: CONSTANT: LPM_TYPE STRING "altsyncram"

// Retrieval info: CONSTANT: NUMWORDS_A NUMERIC "1600"
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// Retrieval info: CONSTANT: OPERATION_MODE STRING "ROM"

// Retrieval info: CONSTANT: OUTDATA_ACLR_A STRING "NONE"

// Retrieval info: CONSTANT: OUTDATA_REG_A STRING "UNREGISTERED"
// Retrieval info: CONSTANT: WIDTHAD_A NUMERIC "11"

// Retrieval info: CONSTANT: WIDTH_A NUMERIC "8"

// Retrieval info: CONSTANT: WIDTH_BYTEENA_A NUMERIC "1"

// Retrieval info: USED_PORT: address 0 0 11 0 INPUT NODEFVAL "address[10..0]"
// Retrieval info: USED_PORT: clock 00 0 0 INPUT VCC "clock"

// Retrieval info: USED_PORT: ¢ 0 0 8 0 OUTPUT NODEFVAL "q[7..0]"

// Retrieval info: CONNECT: @address_ a00 110 address00110

// Retrieval info: CONNECT: @clock00000 clock 0000

// Retrieval info: CONNECT: 0080 @q_a0080

// Retrieval info: GEN_FILE: TYPE_NORMAL audioROM_fire.v TRUE

// Retrieval info: GEN_FILE: TYPE_NORMAL audioROM _fire.inc FALSE

// Retrieval info: GEN_FILE: TYPE_NORMAL audioROM_fire.cmp FALSE
// Retrieval info: GEN_FILE: TYPE_NORMAL audioROM _fire.bsf FALSE

// Retrieval info: GEN_FILE: TYPE_NORMAL audioROM _fire_inst.v FALSE
// Retrieval info: GEN_FILE: TYPE_NORMAL audioROM _fire_bb.v TRUE

// Retrieval info: LIB_FILE: altera_mf

audioROM_fly.v

// megafunction wizard: %ROM: 1-PORT%
// GENERATION: STANDARD
// VERSION: WM1.0

// MODULE: altsyncram
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/) ==mmmms -

// File Name: audioROM_fly.v

// Megafunction Name(s):

// altsyncram

//

// Simulation Library Files(s):

// altera_mf

[ m====== -

//************************************************************

// THIS IS A WIZARD-GENERATED FILE. DO NOT EDIT THIS FILE!

/1
// 21.1.0 Build 842 10/21/2021 S Lite Edition

//************************************************************

//Copyright (C) 2021 Intel Corporation. All rights reserved.

//Your use of Intel Corporation's design tools, logic functions
//and other software and tools, and any partner logic

//functions, and any output files from any of the foregoing
//(including device programming or simulation files), and any
//associated documentation or information are expressly subject
//to the terms and conditions of the Intel Program License
//Subscription Agreement, the Intel Quartus Prime License Agreement,
//the Intel FPGA IP License Agreement, or other applicable license
//agreement, including, without limitation, that your use is for
//the sole purpose of programming logic devices manufactured by
//Intel and sold by Intel or its authorized distributors. Please

//refer to the applicable agreement for further details, at
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//https://fpgasoftware.intel.com/eula.

// synopsys translate_off

‘timescale 1 ps /1 ps

// synopsys translate_on

module audioROM _fly (
address,

clock,

a);

input [14:0] address;

input  clock;

output [7:0] q;
‘ifndef ALTERA_RESERVED_QIS
// synopsys translate_off
“endif

tril clock;
‘ifndef ALTERA_RESERVED_QIS
// synopsys translate_on

“endif

wire [7:0] sub_wire0;

wire [7:0] q = sub_wire0[7:0];

altsyncram altsyncram_component (
.address_a (address),
.clockO (clock),

.g_a (sub_wire0),
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defparam

.aclr0 (1'b0),

.aclrl (1'b0),
.address_b (1'b1),
.addressstall_a (1'b0),
.addressstall_b (1'b0),
.byteena_a (1'b1),
.byteena_b (1'b1),
.clockl (1'b1),
.clocken0 (1'b1),
.clocken1 (1'b1),
.clocken2 (1'b1),
.clocken3 (1'b1),
.data_a ({8{1'b1}}),
.data_b (1'b1),
.eccstatus (),

-q_b (),

.rden_a (1'b1),
.rden_b (1'b1),
.wren_a (1'b0),

.wren_b (1'b0));

altsyncram_component.address_aclr_a = "NONE",

altsyncram_component.clock_enable_input_a = "BYPASS",

altsyncram_component.clock_enable_output_a = "BYPASS",

‘ifdef NO_PLI

altsyncram_component.init_file = "rr_audio_fly.rif"

“else

altsyncram_component.init_file = "rr_audio_fly.hex"

“endif
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endmodule

altsyncram_component.intended_device_family = "Cyclone V",

altsyncram_component.lpm_hint = "ENABLE_ RUNTIME_MOD=NQO",

altsyncram_component.lpm_type = "altsyncram",

altsyncram_component.numwords_a = 23214,

altsyncram_component.operation_mode = "ROM",

altsyncram_component.outdata_aclr_a = "NONE",

altsyncram_component.outdata_reg_a = "UNREGISTERED",

altsyncram_component.widthad_a =15,

altsyncram_component.width_a =38,

altsyncram_component.width_byteena_a =1;

/] = =

// CNX file retrieval info

/= =

// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:

// Retrieval info:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

ADDRESSSTALL_A NUMERIC "0"
AclrAddr NUMERIC "0"
AclrByte NUMERIC "0"

AclrOutput NUMERIC "0"

: BYTE_ENABLE NUMERIC "0"

BYTE_SIZE NUMERIC "8"

BlankMemory NUMERIC "0"
CLOCK_ENABLE_INPUT_A NUMERIC "0"
CLOCK_ENABLE_OUTPUT_A NUMERIC "0"
Clken NUMERIC "0"

IMPLEMENT_IN_LES NUMERIC "0"
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// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:

// Retrieval info:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

INIT_FILE_LAYOUT STRING "PORT_A"
INIT_TO_SIM_X NUMERIC "0"
INTENDED_DEVICE_FAMILY STRING "Cyclone V"
JTAG_ENABLED NUMERIC "0"

JTAG_ID STRING "NONE"

: MAXIMUM_DEPTH NUMERIC "0"

MIFfilename STRING "rr_audio_fly.hex"
NUMWORDS_A NUMERIC "23214"
RAM_BLOCK_TYPE NUMERIC "0"

RegAddr NUMERIC "1"

RegOutput NUMERIC "0"
SYNTH_WRAPPER_GEN_POSTFIX STRING "0"
SingleClock NUMERIC "1"

UseDQRAM NUMERIC "0"

WidthAddr NUMERIC "15"

WidthData NUMERIC "8"

rden NUMERIC "0"

LIBRARY: altera_mf altera_mf.altera_mf_components.all

CONSTANT: ADDRESS_ACLR_A STRING "NONE"

CONSTANT: CLOCK_ENABLE_INPUT_A STRING "BYPASS"

CONSTANT: CLOCK_ENABLE_OUTPUT_A STRING "BYPASS"

CONSTANT: INIT_FILE STRING "rr_audio_fly.hex"

CONSTANT: INTENDED_DEVICE_FAMILY STRING "Cyclone V"

CONSTANT: LPM_HINT STRING "ENABLE_RUNTIME_MOD=NO"

CONSTANT: LPM_TYPE STRING "altsyncram"

CONSTANT: NUMWORDS_A NUMERIC "23214"

CONSTANT: OPERATION_MODE STRING "ROM"

CONSTANT: OUTDATA_ACLR_A STRING "NONE"

CONSTANT: OUTDATA_REG_A STRING "UNREGISTERED"
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// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:

// Retrieval info:

shoot.mif

WIDTH = 16;

DEPTH = 4978;

CONSTANT: WIDTHAD_A NUMERIC "15"
CONSTANT: WIDTH_A NUMERIC "8"

CONSTANT: WIDTH_BYTEENA_A NUMERIC "1"

USED_PORT: address 0 0 15 0 INPUT NODEFVAL "address[14..0]"

USED_PORT: clock 0 0 0 0 INPUT VCC "clock"
USED_PORT: g 008 0 OUTPUT NODEFVAL "q[7..0]"
CONNECT: @address_a00 150 address00150
CONNECT: @clock00000clock0000
CONNECT:q0080@q_a0080

GEN_FILE: TYPE_NORMAL audioROM_fly.v TRUE
GEN_FILE: TYPE_NORMAL audioROM_fly.inc FALSE
GEN_FILE: TYPE_NORMAL audioROM_fly.cmp FALSE
GEN_FILE: TYPE_NORMAL audioROM_fly.bsf FALSE
GEN_FILE: TYPE_NORMAL audioROM_fly_inst.v FALSE
GEN_FILE: TYPE_NORMAL audioROM_fly_bb.v TRUE

LIB_FILE: altera_mf

ADDRESS_RADIX = HEX;

DATA_RADIX = DEC;

CONTENT BEGIN

0:-1;
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12:-1;
13:-1;
14 :-1;
15:-1;
16:-1;
17 :-1;
18 :-1;
19:-1;
la:-1;
1b:-1;
1c:-1;

1d:-1;
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le:-1;
1f:-1;
20:-1;
21:-1;
22 :-1;
23:-1;
24 :0;
25:-2;
26:0;
27 : -3;
28:3;
29:-7;
2a:10;
2b:-41;
2c:-142;
2d:-123;
2e:-133;
2f:-127;
30:-131;
31:-128;
32 :-130;
33:-129;
34:-129;
35:-129;
36:-129;
37:-129;
38 :-129;
39:-128;

3a:-129;
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3b:-128;
3c:-130;
3d:-126;
3e:-141;
3f:-257;
40:-142;
41 :-369;
42 :-513;
43 :-401;
44 : -433;
45 :-201;
46 : -252;
47 :-322;
48 : -270;
49 :-327;
4a:-235;
4b :-327;
4c :-627,;
4d : -471;
4e :-562;
Af : -486;
50 :-646;
51 :-645;
52 :-422;
53:-401;
54 :-209;
55:-324;
56 :-289;

57 :-273;
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58 :-247,
59 :-138;
5a:-129;
5b:-124;
5c:-135;
5d:-174;
5e :-344;
5f:-136;
60 : -120;
61:-79;
62 :-36;
63 :-78;
64 :-68;
65 :14;
66 : -39;
67 :-74;
68 :6;
69:71;
6a: 46;
6b : 225;
6c : 303;
6d : 546;
6e : 398;
6f : 259;
70:117,;
71:-28;
72 :11;
73 :-6;

74 :-4;

CSEE4840 Embedded Systems Design (Spring 2022) Page 143 of 442



Team - River Raid

Xinhao Su (xs2413), Rojan Banmali (rb3199)

75:
76:
77 :
78:
79:
7a:
7b:
7c:

7d:

7e

7f:
80:
81:

82:

83

84 .

85

86:
87:
88:
89:
8a:
8b:
8c:
8d:
8e:
8f:
90 :

91:

11;
-78;

-130;

370;
853;

1250;

:1323;

996;
513;
176;

-33;

:451;

526;

1 468;
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92 :.-787,;
93:-747;
94 :-841;
95 :-818;
96 : -746;
97 : -796;
98 :-597;
99 : -490;
9a:-534;
9b : -578;
9c :-265;
9d : -301;
9e:-119;
of : -261;
a0:-138;
al:-168;
a2 :-288;
a3:-171;
a4 . -121;
a5:-132;
a6 :-127;
a7 :-130;
a8 :-128;
a9 :-130;
aa:-129;
ab :-129;
ac:-129;
ad :-129;

ae:-129;
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

af : -129;
b0 :-129;
bl:-129;
b2 :-130;
b3:-128;
b4 :-131;
b5 :-126;
b6 :-133;
b7 :-122;
b8 :-143;
b9 : -70;
ba:13;
bb : -8;
bc:3;
bd: -4;
be:1;

bf : -2;
c0:0;
cl:-1;
c2:-1;
c3:-1;
cd:-1;
c5:-1;
c6:-1;
c7:-1;
c8:-1;
c9:-1;
ca:-1;

cb:-1;
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

ce:-1;
cf:-1;
do:-1;
di:-1;
d2:-1;
d3:-1;
da:-1;
d5:-1;
d6:-1;
d7:-1;
ds:-1;
do:-1;
da:-1;
db:-1;
dc:-1;
dd:-1;
de:-1;
df : -1;
e0:-1;
el:-1;
e2:-1;
e3:-1;
e4:-1;
e5:-1;
e6:-1;
e7:-1;

e8:-1;
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

e9:-1;
ea:-1;
eb:0;
ec:-2;
ed:1;
ee:-4;
ef:3;
fo:-8;
f1:13;

f2 : -66;
f3:-143;
f4:-122;
f5:-133;
f6:-126;
f7 :-131;
f8:-128;
f9:-130;
fa:-128;
fb:-131;
fc:-126;
fd : -133;
fe:-122;
ff : -140;
100 : -108;
101 : -226;
102 : -198;
103 : -118;
104 : -278;

105 :-218;
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

106 : -116;
107 : -237;
108 : -263;
109 : -296;
10a : -309;
10b : -255;
10c : -287;
10d : -309;
10e : -275;
10f : -256;
110 : -336;
111 :-239;
112 : -456;
113 :-723;
114 : -744;
115 :-784;
116 :-759;
117 :-776;
118 : -765;
119 :-772;
11a:-767;
11b:-772;
11c:-759;
11d: -664;
1le:-815;
11f : -645;
120 :-415;
121 :-541;

122 :-493;
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

123 :-564;
124 :-551;
125:-538;
126 : -484;
127 :-602;
128 :-448;
129 :-531;
12a:-506;
12b : -462;
12c : -445;
12d :-574;
12e:-548;
12f:-529;
130:-369;
131 :-324;
132 :-247;
133 :-300;
134 : -304;
135:-269;
136 : -245;
137 :-169;
138 :-258;
139 :-266;
13a:-315;
13b :-282;
13c:-265;
13d : -209;
13e:-113;

13f:-260;
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

140 : -240;
141 :-118;
142 :-211;
143 :-281;
144 :-123;
145 : -189;
146 : -235;
147 :-102;
148 : -256;
149 : -244;
14a:-131;
14b :-127;
14c : -239;
14d : -267;
14e : -294;
14f : -313;
150:-242;
151 :-311;
152 :-199;
153 :-367;
154 : -445;
155 : -506;
156 :-513;
157 : -536;
158 : -569;
159 : -534;
15a:-506;
15b : -479;

15c:-557;
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

15d : -505;
15e:-568;
15f : -549;
160 :-527;
161 :-483;
162 :-433;
163 :-503;
164 : -118;
165 :-379;
166 : -86;
167 : 520;
168 : 599;
169 : 501;
16a:498;
16b : -167;
16c¢:-281;
16d:-117;
16e: 2;
16f: -38;
170 :-102;
171 :-182;
172 :-318;
173 :-233;
174 :-288;
175:-162;
176 :-364;
177 : -673;
178 : -793;

179 :-730;
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

17a:-1002;
17b :-1293;
17c:-1261;
17d :-1518;
17e :-1334;
17f:-1298;
180 :-1293;
181 :-1275;
182 :-1279;
183 :-1059;
184 : -986;
185 :-770;
186 :-769;
187 :-770;
188 : -765;
189 :-774;
18a:-759;
18b : -784;
18c: -740;
18d : -882;
18e:-1027;
18f:-1160;
190 :-1338;
191 :-1322;
192 :-1298;
193 :-1125;
194 :-1228;
195 :-979;

196 :-1053;
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

197 :-1033;
198 : -1030;
199 : -826;
19a:-756;
19b : -767;
19c : -852;
19d : -789;
19e : -760;
19f : -774;
1a0: -766;
1al:-771;
132 :-768;
1a3:-770;
1a4 : -768;
1a5:-770;
1a6:-767;
1la7 :-772;
1a8 : -764;
1a9:-779;
laa: -855;
lab:-775;
lac:-749;
lad:-691;
lae : -599;
1af : -350;
1b0: -329;
1b1:-249;
1b2:-241;

1b3:-107;
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

1b4 : -232;
1b5 : -266;
1b6 : -125;
1b7 :-185;
1b8 :-284;
1b9:-161;
lba:-122;
1bb:-132;
lbc:-127;
1bd:-130;
lbe : -128;
1bf:-129;
1c0:-129;
1cl:-129;
1c2 :-129;
1c3:-129;
1c4 :-129;
1c5:-129;
1c6:-129;
1c7 :-129;
1c8:-129;
1c9:-130;
1ca:-128;
1cb:-131;
lcc:-126;
lcd:-133;
1lce:-121;
1cf: -154;

1d0 : -256;
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

1d1:-112;
1d2:-213;
1d3:-276;
1d4 : -138;
1d5 : -165;
1d6 : -289;
1d7 :-171;
1d8 : -135;
1d9 : -266;
1da :-294;
1db : -309;
1dc:-253;
1dd : -289;
1de : -308;
1df: -274;
1le0:-258;
lel:-334;
le2:-242;
le3:-458;
led . -828;
le5:-726;
le6:-817;
le7 :-808;
1e8:-936;
1e9:-1070;
lea: -834;
leb : -838;
lec:-741;

led : -795;
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

lee :-891;
lef:-842;
1f0 : -671;
1f1: -745;
1f2 : -545;
1f3 : -705;
1f4 : -779;
1f5:-510;
1f6 : -527,;
1f7 : -491;
1f8 : -595;
1f9 : -455;
1fa:-518;
1fb : -593;
1fc : -481;
1fd : -442;
1fe : -573;
1ff : -556;
200 : -508;
201 : -442;
202 : -359;
203:-267;
204 : -261;
205 : -158;
206 :8;
207 : -6;
208 : 8;
209 : -54;

20a:-114;
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

20b : -169;
20c : -237;
20d : -268;
20e : -300;
20f : -303;
210:-253;
211 :-294;
212 :-310;
213 :-263;
214 :-275;
215:-318;
216:-270;
217 : -266;
218 :-176;
219:-128;
21a:-288;
21b : -196;
21c:-136;
21d :-171;
21e:-128;
21f: -115;
220:-219;
221:-253;
222 :-309;
223:-194;
224 : -385;
225 :-508;
226 :-410;

227 :-637,;
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

228 :-543;
229 :-580;
22a:-488;
22b : -594;
22c : -656;
22d : -483;
22e :-530;
22f : -556;
230 :-555;
231:-526;
232 : -478,;
233:-443;
234 :-484;
235:-142;
236:-291;
237 :271,;

238 :1131;
239:1586;
23a:1643;
23b :1145;
23c:241;

23d :-284;
23e :-68;

23f:398;

240 : 561;

241 :190;

242 . -87;

243 :-188;

244 : -269;
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

245 :-254;

246 :-149;

247 1 -427;

248 . -753;

249 : -855;

24a:-1173;
24b : -1519;
24c:-1591;
24d : -1608;
24e :-1599;
24f : -1572;
250:-1615;
251:-1528;
252 :-1538;
253 :-1543;
254 : -1525;
255 :-1561;
256 :-1479;
257 :-1497,
258 :-1349;
259 :-1013;
25a:-1018;
25b : -1295;
25c :-1459;
25d : -1479;
25e : -1460;
25f:-1541;
260 :-1531;

261 :-1548;
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

262 :-1516;
263 :-1618;
264 : -1568;
265 :-1537;
266 :-1503;
267 : -1455;
268 : -1572;
269 :-1433;
26a :-1537;
26b :-1471;
26c :-1178;
26d : -1336;
26e : -1305;
26f: -1234;
270:-1318;
271 :-1365;
272 :-1293;
273 :-1294;
274 :-1342;
275 :-1300;
276 :-1284;
277 : -1340;
278 :-1308;
279 :-1296;
27a :-989;

27b :-1072;
27c:-774;

27d :-782;

27e :-741;
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

27f : -828;
280 : -436;
281 :-183;
282 :-280;
283 :-259;
284 :-190;
285 :-139;
286 : -140;
287 :-90;

288 :-148;
289 :-118;
28a:-136;
28b : -125;
28c :-131;
28d :-127;
28e : -130;
28f:-128;
290:-130;
291:-128;
292 :-130;
293:-128;
294 :-131;
295 :-123;
296 : -165;
297 :-290;
298 :-170;
299 :-141;
29a:-248;

29b : -165;
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Team - River Raid

Xinhao Su (xs2413), Rojan Banmali (rb3199)

29c:
29d :
29e:
29f .
2a0:
2al:
2a2:
2a3:
2a4 :
2a5:
2a6:
2a7:
2a8:
2a9:
2aa:
2ab:
2ac:
2ad:
2ae:
2af :

2b0:

2bl

2b2:
2b3:
2b4 :
2b5:
2b6:
2b7:

2b8 :

-269;
-253;
-203;
-295;
-283;
-237;
-40;

24;
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

2b9:-317;
2ba:-241;
2bb : -616;
2bc : -805;
2bd : -748;
2be : -788;
2bf : -676;
2c0 : -755;
2c1:-781;
2c2 :-754;
2c3 :-794;
2c4 : -708;
2¢5:-722;
2¢6 :-716;
2c7 :-714;
2c8 :-792;
2¢9 : -755;
2ca:-777;
2¢cb : -767;
2cc :-908;
2cd : -828;
2ce : -741;
2cf . -887;
2d0 : -860;
2d1 : -758;
2d2 :-771;
2d3:-772;
2d4 : -756;

2d5 : -848;
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

2d6 : -801;
2d7 :-753;
2d8 : -781;
2d9: -591;
2da : -753;
2db : -691;
2dc:-741;
2dd : -693;
2de : -756;
2df : -834;
2e0:-819;
2el:-751;
2e2 :-779;
2e3 :-763;
2e4 :-773;
2e5:-767;
2e6 : -870;
2e7 :-752;
2e8 :-790;
2e9:-737;
2ea:-832;
2eb : -892;
2ec:-1199;
2ed : -1355;
2ee :-1188;
2ef : -1394;
2f0 : -1463;
2f1:-1468;

2f2 :-1549;
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

23 :-1474;
2f4 : -1483;
2f5 : -1570;
2f6 : -1486;
2f7 : -1469;
28 : -1552;
2f9 : -1530;
2fa : -1540;
2fb : -1536;
2fc : -1541;
2fd : -1680;
2fe : -1584;
2ff : -1531;

300:-1451;
301 :-1527;
302 :-1543;
303 :-1534;
304 : -1460;
305 :-1418;
306 :-1128;
307 : -887;

308 :-927;

309 :-1037;
30a : -865;

30b : -910;

30c : -818;

30d :-914;

30e :-812;

30f : -754;
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

310:-792;
311:-862;
312 :-737;
313 :-809;
314 :-577;
315:-538;
316 :-487,;
317 :-322;
318 :-248;
319 :-316;
31a:-103;
31b: 16;
31c:-174;
31d:0;
31le:-91;
31f:-18;
320:11;
321 : 306;
322:171;
323:176;
324 :196;
325:-57;
326: 89;
327 :175;
328:293;
329 : 506;
32a:684;
32b:1217;

32c:1708;
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

32d : 2255;
32e:2100;
32f:1822;
330:2441;
331:2175;
332:343;
333:-419;
334 :492;
335:678;
336:79;
337 :114;
338:115;
339:-238;
33a:-700;
33b : -862;
33c:-830;
33d:-1213;
33e:-834;
33f:-735;
340 :-936;
341 :-1521;
342 :-1218;
343 :-1335;
344 :-1201;
345 :-733;
346 :-796;
347 :-748;
348 :-793;

349 :-598;
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

34a : -405;
34b : -703;
34c : -439;
34d : -425;
34e:-171;
34f : -230;
350:-181;
351 :-241;
352 :-484;
353:-210;
354 : -246;
355 :-340;
356 :-537;
357 :-499;
358 :-539;
359 :-681;
35a:-750;
35b : -609;
35c : -549;
35d : -584;
35e:-727;
35f:-687;
360 :-727,;
361:-775;
362 :-774,;
363 :-751;
364 : -690;
365 :-700;

366 :-361;
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Team - River Raid

Xinhao Su (xs2413), Rojan Banmali (rb3199)

367 :
368 :
369 :
36a:
36b:
36¢:
36d :
36e:
36f:
370:
371:
372:
373:
374 :
375:
376:
377
378:
379:
37a:
37b:
37c:
37d:
37e:
37f:

380:

381

382:

383:

-372;
-212;
-225;
-182;
-234;
-166;
-281;
-187;
-126;
-259;
-137;
-124;
-191;
-141;
-145;
-388;
-262;
46;

-130;
-256;
-291;
-242;
-144;
-122;
-104;

-144;

:-120;

-135;

-126;
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

384 :-131;
385:-128;
386 :-129;
387 :-129;
388 :-129;
389 :-129;
38a:-129;
38b:-129;
38c:-129;
38d:-129;
38e :-129;
38f:-129;
390:-129;
391:-129;
392 :-129;
393 :-129;
394 :-129;
395:-129;
396 :-129;
397 :-129;
398 :-129;
399 :-129;
39a:-129;
39b :-129;
39c:-129;
39d :-129;
39e :-129;
39f:-129;

3a0:-128;
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

3al:-133;
3a2 :-250;
3a3:-250;
3a4 :-100;
3a5:-244;
3a6:-176;
3a7:-136;
3a8 :-269;
3a9 :-259;
3aa:-317;
3ab : -286;
3ac:-258;
3ad : -302;
3ae :-303;
3af : -257;
3b0 : -286;
3b1:-316;
3b2:-257;
3b3:-284;
3b4 : -299;
3b5:-302;
3b6 : -215;
3b7 :-335;
3b8 :-262;
3b9 : -489;
3ba :-1355;
3bb :-1130;
3bc:-963;

3bd : -733;
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

3be : -796;
3bf : -740;
3c0:-850;
3cl:-808;
3c2:-755;
3c3:-778;
3c4 :-763;
3c5:-774;
3¢c6:-769;
3c7 :-700;
3c8:-264;
3¢9 :-225;
3ca:-369;
3cb :-204;
3cc: -255;
3cd : -274;
3ce : -305;
3cf: -301;
3d0:-216;
3d1:-177;
3d2:-126;
3d3:-212;
3d4 :-262;
3d5:-184;
3d6:-108;
3d7:-10;

3d8 : -156;
3d9:-17;

3da: 12;
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Team - River Raid

Xinhao Su (xs2413), Rojan Banmali (rb3199)

3db:
3dc:
3dd:
3de:
3df:
3e0:
3el:
3e2:
3e3:
3e4:
3e5:
3eb:
3e7:
3e8:
3e9:
3ea:
3eb:
3ec:
3ed:
3ee:
3ef:
3f0 :
3f1:
3f2:
3f3:
3f4:
3f5:
3f6 :

3f7:

-45;
-76;
32;
-115;

-102;
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

3f8 : -790;
3f9 :-675;
3fa:-671;
3fb : -793;
3fc: -635;
3fd : -574;
3fe : -543;
3ff : -601;
400:-619;
401 : -654;
402 : -658;
403 : -716;
404 : -801;
405 :-719;
406 : -700;
407 : -783;
408 : -763;
409 :-770;
40a:-779;
40b : -986;
40c : -940;
40d : -1038;
40e : -1022;
40f : -1349;
410:-1305;
411:-1327;
412 :-1322;
413 :-1197;

414 :-1168;
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

415 : -1060;
416 : -807;
417 : -852;
418 :-744;
419 :-811;
41a :-856;
41b : -678;
41c:-591;
41d : -543;
41e : -435;
41f . -172;
420:-218;
421 :-265;
422 :-291;
423 :-307;
424 :-273;
425 :-181;
426 :-157;
427 :613;
428 : 1748;
429 :1974,
42a:2043;
42b:1711;
42c:109;
42d :-1076;
42e :-219;
42f . 470;
430 : 89;

431 :-47,
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

432 :-259;

433 :-674;

434 :-791;

435 :-757;

436 :-837;

437 :-1303;
438 : -1560;
439 :-1534;
433 :-1536;
43b : -2033;
43c:-2361;
43d:-2264;
43e:-2358;
43f : -2034;
440 :-1676;
441 :-1786;
442 : -1707;
443 :-1636;
444 : -1494;
445 : -1606;
446 : -1593;
447 : -1516;
448 : -1556;
449 : -1509;
443 : -1467;
44b : -1504;
44c:-1462;
44d :-1291;

44e : -786;
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

44f . -937;
450 :-1087;
451 :-1032;
452 : -857;
453 :-973;
454 : -994;
455 :-933;
456 : -886;
457 : -798;
458 : -833;
459 : -814;
453 :-760;
45b : -867;
45c : -767;
45d : -654;
45e : -536;
45f : -426;
460 : -580;
461 :-547;
462 : -449;
463 : -403;
464 : -304;
465 : -307;
466 : -247;
467 : -190;
468 :-217;
469 : -277;
46a : -289;

46b : -312;
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

46¢ : -253;
46d : -257;
46e : -107;
46f : -225;
470 :-199;
471 :-116;
472 : -280;
473 :-216;
474 : -123;
475 :-131;
476 :-128;
477 : -130;
478 : -128;
479 :-130;
47a :-129;
47b : -129;
47c:-129;
47d : -129;
47e :-129;
47f . -129;
480:-129;
481 : -130;
482 :-128;
483 :-131;
484 : -126;
485 : -133;
486 :-122;
487 : -143;

488 : -53;
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

489:12;
48a : -8;
48b : 3;

48c : -4;
48d : 1;

48e : -2;
48f : 0;

490:-1;
491 . -1;
492 :-1;
493 :-1;
494 : -1;
495:-1;
496 :-1;
497 : -1;
498 : -1;
499 :-1;
493 :-1;
49b : -1;
49c: -1;
49d : -1;
49e : -1;
49f : -1;
430 :-1;
43l :-1;
432 :-1;
4a3:-1;
434 : -1;

435 : -1;
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

436 : -1;
4a7 :-1;
438 : -1;
439 : -1;
4aa:-1;
4ab : -1;
4ac:-1;
4ad: -1;
dae:-1;
4af : -1;
4b0: -1;
4bl :-1;
4b2 : -1;
4b3 :-1;
4b4 : -1;
4b5 : -1;
4b6 : -1;
4b7 :-1;
4b8 : -1;
4pb9 : -1;
4ba: -1;
4bb : -1;
4bc: -1;
4bd : -1;
4be : -1;
4bf : -1;
4c0:-1;
4cl:-1;

4c2 :-1;
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

4c3:-1;
4c4 ;. -1;
4c5:-1;
4c6:-1;
4c7 :-1;
4c8:-1;
4c9:-1;
4ca:-1;
4cb: -1;
4cc:-1;
4cd : -1;
4ce : -1;
4cf @ -1;
4d0: -1;
4d1:-1;
4d2 : -1;
4d3:-1;
4d4 : -1;
4d5 : -1;
4d6:-1;
4d7 : -1;
4d8:-1;
4d9: -1;
4da : -1;
4db : -1;
4dc: -1;
4dd : -1;
4de : -1;

Adf: -1;
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

4e0:-1;
4el:-1;
4e2 :-1;
4e3:-1;
4e4 : -1;
4e5:-1;
4e6:-1;
4e7 :-1;
4e8 :-1;
4e9:-1;
4ea:-1;
deb : -1;
dec:-1;
4ed : -1;
dee : -1;
def:-1;
40 : -1;
4f1 : -1;
4f2 : -1;
43 . -1;
af4 : -1;
4f5 : -1;
af6 : -1;
af7 : -1;
418 : -1;
49 : -1;
4fa:-1;
4fb : 0;

afc : -2;
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

4fd : 0;
afe : -3;
Aff : 3;
500:-7;
501:10;
502 :-41;
503:-142;
504 :-123;
505 :-133;
506 :-127;
507 : -131;
508 : -128;
509 : -130;
50a:-129;
50b : -130;
50c :-128;
50d : -130;
50e :-127;
50f : -132;
510:-125;
511:-135;
512:-117;
513 :-166;
514 :-251;
515:-105;
516 :-228;
517 :-285;
518 :-313;

519:-272;

CSEE4840 Embedded Systems Design (Spring 2022) Page 184 of 442



Team - River Raid

Xinhao Su (xs2413), Rojan Banmali (rb3199)

51a

51b:
51c:
51d:
5le:
51f:
520:
521:

522 :

523

524 :

525:

526:

527

528:
529:
52a:
52b:
52c:
52d:
52e:
52f:
530:
531:
532:

533:

534

535:

536:

1-263;

-178;
-226;
-277;
-286;
-323;
-223;
-372;

-840;

:-758;

-763;
-924;

-823;

:-739;

-972;
-948;
-1004;
-933;
-957;
-1299;
-1239;
-1235;
-1100;
-972;
-961;

-999;

:-918;

-776;

-766;
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537 :-774;
538 :-758;
539:-801;
53a:-852;
53b : -744;
53c:-792;
53d:-728;
53e :-693;
53f:-789;
540 :-755;
541 :-787,
542 :-708,;
543 :-669;
544 : -448,;
545 : -507;
546 :-337;
547 : -256;
548 :-210;
549 :-199;
54a:-215;
54b : -188;
54c :-324;
54d : -326;
54e :-76;

54f : 18;

550:-13;

551:13;

552 :-30;

553:-87;
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

554 : 25;

555 : -26;
556 :138;
557 :59;

558 : 38;

559 : 200;
55a:44;

55b:-13;
55c:42;

55d : 264;
55e:293;
55f : 387;
560 : 246;
561 :225;
562 : 400;
563 : 405;
564 :492;
565 :429;
566 : 548;
567 : 397,
568 : 525;
569 : 477,
56a : 250;
56b : 269;
56¢: 275;
56d : 50;

56e : 68;

56f: -26;

570:96;
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

571:11;
572 :-17;
573 :64;
574 :52;
575 :-33;
576 : -66;
577 : -33;
578 :-153;
579 :-301;
57a:-121;
57b : -186;
57c:243;
57d :2022;
57e :1330;
57f : -3473;
580 : -6485;
581 :-5216;
582 :-3950;
583 :-4204;
584 :-2432;
585:1130;
586 :981;
587 :-2125;
588 : -4069;
589 :-4501;
58a :-2910;
58b : -651;
58c: 601;

58d:293;
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

58e :-1036;
58f : -3065;
590 :-3534;
591 :-2559;
592 : -1566;
593 :-78;
594 :1310;
595 :1622;
596 : 680;
597 : 34;
598 :-133;
599 :-221;
59a:147;
59b : 807;
59c¢:1228;
59d : 1206;
59e:1378;
59f :2184;
5a0: 3165;
5al:3457;
5a2 : 3335;
5a3:2965;
5a4:2103;
5a5:911;
5a6 : 996;
5a7:1637;
5a8 : 1980;
5a9 : 1644;

5aa: 1128;
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5ab : 598;
5ac : -140;
5ad : -258;
5ae:-317;
5af : -228;
5b0: 76;
5b1:-117;
5b2:-219;
5b3:-738;
5b4 : -1407;
5b5 :-1468;
5b6 : -890;
5b7 :-777,
5b8 : -557;
5b9 : -683;
5ba : -745;
5bb :-1208;
5bc:-1593;
5bd : -1566;
5be : -1616;
5bf : -1425;
5c0:-1526;
5c¢1:-1549;
5c¢2:-1512;
5¢3:-1893;
5c4 : -2385;
5¢5 : -2023;
5¢6:-1538;

5c7 :-1534;
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

5c8 :-1442;
5c9 : -1546;
5ca :-1533;
5cb : -1535;
5cc:-1436;
5cd : -1561;
5ce :-1476;
5cf : -1449;
5d0 : -1407;
5d1:-1520;
5d2 :-1542;
5d3:-1536;
5d4 :-1535;
5d5 : -1446;
5d6 :-1537;
5d7 :-1541;
5d8 :-1528;
5d9 : -1458;
5da : -1470;
5db : -1066;
5dc :-1159;
5dd : -972;

5de : -760;

5df : -875;

5e0:-734;

5el:-792;

5e2 :-427;

5e3:-296;

5e4 :-352;
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

5e5 :-600;
5e6 :-453;
5e7 :-423;
5e8:-221;
5e9:-277;
5ea: -276;
5eb :-238;
5ec:-138;
5ed: -158;
S5ee :-201;
5ef : -265;
5f0:-194;
5f1:-123;
5f2 : -16;
5f3 :-89;
5f4 : 18;
5f5:-9;
5f6 : -95;
57 :12;
5f8 : -54;
5f9 : -356;
5fa:-243;
5fb : -264;
5fc : -300;
5fd : -301;
Sfe : -267;
5ff . -151;
600 : -125;

601 : -129;
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602 : -135;
603 : -25;
604 :7;
605 : -5;
606 : 2;
607 :-3;
608 :0;
609 : -2;
60a:-1;
60b : -1;
60c:-1;
60d: -1;
60e : -1;
60f: -1;
610:-1;
611:-1;
612 :-1;
613:-1;
614 :-1;
615:-1;
616 :-1;
617 :-1;
618 :-1;
619 :-1;
6la:-1;
61b:-1;
6lc:-1;
61d:-1;

6le:-1;
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61f:-1;
620:-1;
621:-1;
622 :-1;
623:-1;
624 :-1;
625:-1;
626 :-1;
627 :-1;
628 :-1;
629 :-1;
62a:-1;
62b:-1;
62c:-1;
62d:-1;
62e:-1;
62f:-1;
630:-1;
631:-1;
632:-1;
633:-1;
634 :-1;
635:-1;
636 :-1;
637 :-1;
638 :-1;
639:-1;
63a:-1;

63b:-1;
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

63c:-1;
63d:-1;
63e:-1;
63f:-1;
640:-1;
641:-1;
642 :-1;
643 :-1;
644 :-1;
645 :-1;
646 :-1;
647 :-1;
648 :-1;
649 :-1;
64a:-1;
64b : -1;
64c:-1;
64d: -1;
6de:-1;
64f: -1;
650:-1;
651:-1;
652 :-1;
653 :-1;
654 :-1;
655:-1;
656 :-1;
657 :-1;

658 :-1;
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659 :-1;
65a:-1;
65b :-1;
65c:-1;
65d:-1;
65e:-1;
65f:-1;
660 :-1;
661:-1;
662 :-1;
663 :-1;
664 :-1;
665 : 0;
666 : -2;
667 :1;
668 : -4;
669 : 3;
66a : -§;
66b :12;
66c¢ : -78;
66d : -144;
66e : -120;
66f:-137;
670:-120;
671 :-144,
672 :-15;
673 :-82;
674 :-152;

675 :-168;
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Xinhao Su (xs2413), Rojan Banmali (rb3199)

676

677 :
678 :
679 :
67a:
67b:
67c:
67d:
67e:
67f:
680 :
681 :
682 :
683 :
684 :
685 :
686 :
687 :
688 :
689 :
68a:
68b :
68c:
68d :
68e:
68f :
690 :
691 :

692 :

:-129;

-273;
-214;
-179;
-293;
-142;
-161;
-265;
-267;
-314;
-284;
-253;
-316;
-282;
-283;
-198;
-302;
-230;
-1053;
-1283;
-1300;
-1328;
-1159;
-1215;
-1098;
-1082;
-777;
-810;

-842;
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693 : -750;
694 : -778,;
695 : -764;
696 :-770;
697 :-771;
698 : -760;
699 : -675;
69a :-781;
69b : -759;
69c : -780;

69d : -755;
69e : -789;
69f : -740;

6a0:-1071;
6al :-984;
6a2:-715;
6a3 :-807;
6a4 :-729;
6a5 :-709;
6a6 : -580;
6a7 :-589;
6a8 :-287;
6a9 : -188;
6aa:-236;
6ab :-211;
6ac:-137;

6ad : -64;

bae : -49;

6af : -48;
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Xinhao Su (xs2413), Rojan Banmali (rb3199)

6b0 :
6b1l:
6b2 :
6b3:
6b4 :
6b5 :
6b6 :
6b7:
6b8 :
6b9 :
6ba:
6bb :
6bc:
6bd :
6be :
6bf :
6c0:
6cl:
6c2 :
6c3:
6c4 :
6¢5 :
6¢6 :
6¢c7 :
6c8 :

6c9 :

6ca

6cb :

bcc:

-142;
5;

3;

-190;
-206;

-318;

:-163;

23;

-351;
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6cd : -29;
6ce : 4;
6cf : -3;
6d0: -7;
6d1:-147;
6d2 : -40;
6d3:7;
6d4:-1;
6d5:-7;
6d6 : -165;
6d7 :-197;
6d8 :-287;
6d9 : -356;
6da: -383;
6db : -569;
6dc : -706;
6dd : -758;
6de : -770;
6df : -777;
6e0 : -748;
6el : -841;
6e2 :-807;
6e3:-795;
6e4 :-851;
6e5 :-751;
6e6 : -709;
6e7 : -666;
6e8 :-738;

6e9 : -548;
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

bea : -461;
6eb : -418;
6ec : -340;
6ed:-314;
6ee : 409;
6ef : 1932;
6f0 : 2539;
6f1:2397;
62 : 2418;
6f3 : 581;
6f4 : -1520;
6f5 : -937;
6f6 : 582;
6f7 : 163;
6f8 : -185;
6f9 :-61;
6fa : -546;
6fb : -956;
6fc : -956;
6fd : -1107;
6fe : -1473;
6ff : -1511;
700 : -1403;
701 :-1417;
702 : -1594;
703 :-2218;
704 : -2115;
705 :-1619;

706 : -1484;
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

707 : -1426;
708 : -1245;
709 :-1310;
70a : -855;
70b : -376;
70c : -2609;
70d : -250;
70e : -209;
70f : -216;
710 :-251;
711 :-278;
712 :-308;
713 :-289;
714 : -225;
715 :-111;
716 : -239;
717 : -257;
718 : -135;
719 :-122;
71a :-232;
71b : -265;
71c:-119;
71d : -194;
71e :-283;
71f : -150;
720:-151;
721 :-286;
722 :-188;

723 :-125;
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

724 : -259;
725 :-241;
726 :-102;
727 :-247,
728 :-170;
729 : -140;
72a:-274;
72b : -255;
72c:-327,;
72d : -264;
72e : -340;
72f : -446;
730 : -486;
731 :-538;
732 : -440;
733 :-383;
734 :-521;
735 : -489;
736 :-362;
737 :-503;
738 : -428;
739:-371;
73a:-392;
73b :-381;
73c : -388;
73d : -383;
73e :-387;
73f:-378;

740 : -246;
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

741 :-291;
742 :-395;
743 : -380;
744 : -388;
745 : -383;
746 : -386;
747 : -385;
748 : -385;
749 : -386;
74a :-383;
74b : -388;
74c : -378,;
74d : -416;
74e : -536;
74f : -451;
750 : -365;
751 : -425;
752 :-528;
753 :-560;
754 : -554;
755 : -515;
756 :-493;
757 :-263;
758 : -257;
759 : -301;
75a :-304;
75b :-261;
75c : -249;

75d:-122;
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

75e :-197;
75f : -288;
760 :-132;
761 :-176;
762 :-241;
763 :-111;
764 : -138;
765 :-125;
766 : -130;
767 :-131;
768 : -124;
769 :-142;
76a :-47;
76b:11;
76¢ :-7;
76d: 3;
76e : -3;
76f:1;
770:-2;
771:0;
772 :-1;
773 :-1;
774 :-1;
775 :-1;
776 :-1;
777 : -1;
778 :-1;
779 : -1;

77a:-1;

CSEE4840 Embedded Systems Design (Spring 2022) Page 205 of 442



Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

77b : -1;
77c:-1;
77d : -1;
77e :-1;
77f:-1;
780 :-1;
781 :-1;
782 :-1;
783 :-1;
784 :-1;
785 :-1;
786 :-1;
787 :-1;
788 :-1;
789 :-1;
78a:-1;
78b : -1;
78c:-1;
78d:-1;
78e:-1;
78f:-1;
790:-1;
791:-1;
792 :-1;
793 :-1;
794 :-1;
795 :-1;
796 :-1;

797 : -1;
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

798 : -1;
799 :-1;
79a:-1;
79b: -1;
79c:-1;
79d : -1;
7%e : -1;
79f:-1;
7a0: -1;
7al:-1;
7a2 :-1;
7a3 :-1;
734 : -1,
7a5:-1;
7a6 : -1;
7a7 :-1;
7a8 : -1;
7a9 :-1;
7aa:-1;
7ab :-1;
7ac:-1;
7ad: -1;
7ae : -1;
7af : -1;
7b0: -1;
7b1:-1;
7b2 :-1;
7b3:-1;

7b4 : -1;
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

7b5:-1;
7b6 : -1;
7b7 : -1;
7b8 : -1;
7b9 : -1;
7ba:-1;
7bb : -1;
7bc:-1;
7bd : -1;
7be : -1;
7bf : -1;
7c0:-1;
7cl:-1;
7c2:-1;
7c3:-1;
7c4 :-1;
7c5:-1;
7¢c6:-1;
7c7 :-1;
7c8:-1;
7¢9:-1;
7ca:-1;
7cb:-1;
7cc:-1;
7cd : -1;
7ce:-1;
7cf:-1;
7d0: -1;

7d1:-1;
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

7d2 :-1;
7d3:-1;
7d4 : -1;
7d5:-1;
7d6:-1;
7d7 : -1;
7d8 :-1;
7d9:-1;
7da:-1;
7db : -1;
7dc:-1;
7dd : -1;
7de : -1;
7df : -1;
7e0:-1;
7el:-1;
7e2 :-1;
7e3:-1;
7e4:-1;
7e5:-1;
7e6 :-1;
7e7 :-1;
7e8:-1;
7e9 :-1;
7ea:-1;
7eb:-1;
7ec:-1;
7ed :-1;

7ee : -1;
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

7ef:-1;
7f0:-1;
7f1:-1;
72 :-1;
7f3:-1;
7f4 : -1,
7f5:-1;
7f6 : -1;
717 : -1;
7f8 : -1;
7f9: -1;
7fa:-1;
7fb : -1;
7fc:-1;
7fd : -1;
7fe : -1;
7ff . -1;
800:-1;
801:-1;
802 :-1;
803 :-1;
804 :-1;
805:-1;
806 :-1;
807 :-1;
808 :-1;
809 :-1;
80a:-1;

80b: -1;
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

80c:-1;
80d: -1;
80e :-1;
80f: -1;
810:-1;
811:-1;
812:-1;
813:-1;
814 :-1;
815:-1;
816:-1;
817 :-1;
818 :-1;
819:-1;
8la:-1;
81b:-1;
81c:-1;
81d:-1;
8le:-1;
81f:-1;
820:-1;
821:-1;
822 :-1;
823:-1;
824 :-1;
825:-1;
826 :-1;
827 :-1;

828 :-1;
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

829:-1;
82a:-1;
82b:-1;
82c:-1;
82d:-1;
82e:-1;
82f:-1;
830:-1;
831:-1;
832:-1;
833:-1;
834:-1;
835:0;
836 :-2;
837:1;
838 :-4;
839:3;
83a:-§;
83b:13;
83c:-74;
83d :-142;
83e:-122;
83f:-133;
840 :-126;
841 :-131;
842 :-128;
843 :-130;
844 :-129;

845 :-129;

CSEE4840 Embedded Systems Design (Spring 2022) Page 212 of 442



Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

846 :-129;
847 :-129;
848 :-129;
849 :-129;
84a:-129;
84b : -129;
84c:-129;
84d :-129;
84e:-129;
84f : -129;
850:-128;
851 :-237;
852 :-263;
853:-103;
854 :-229;
855 :-195;
856 :-123;
857 : -266;
858 :-257;
859 :-313;
85a:-291;
85b : -257;
85c : -298;
85d :-307;
85e : -258;
85f :-283;
860 : -315;
861 :-268;

862 :-269;
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

863 :-315;
864 : -281;
865 : -259;
866 : -307;
867 :-297;
868 : -255;
869 : -296;
86a : -307;
86b : -263;
86¢:-272;
86d : -355;
86e : -585;
86f : -358;
870 :-268;
871 :-270;
872 :-191;
873 :-201;
874 :-317,
875 :-523;
876 : -654;
877 :-312;
878 : -340;
879 :-563;
87a:-134;
87b : -319;
87c : -495;
87d : -478;
87e :-507;

87f:-331;
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

880 :-748;
881 :-841;
882 :-471;
883 :-545;
884 :-562;
885 :-707;
886 :-421;
887 :-811;
888 : -705;
889 : -506;
88a :-788;
88b : -795;
88c : -949;
88d : -439;
88e :-541;
88f : -534;
890 : -435;
891:-762;
892 : -860;
893 :-722;
894 : -566;
895 : -608;
896 : -889;
897 : -766;
898 : -806;
899 :-801;
89a : -683;
89b :-517;

89c : -663;
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

89d :-762;
89e :-591;
89f : -413;
8a0:-902;
8al : -836;
8a2:-617;
8a3 :-653;
8a4 :-516;
8a5 :-755;
8a6 :-517;
8a7 :-693;
8a8:-775;
8a9 : -636;
8aa:-314;
8ab : -390;
8ac :-573;
8ad : -832;
8ae : -693;
8af : -460;
8b0 : -594;
8b1:-803;
8b2 : -498;
8b3 :-490;
8b4 : -558;
8b5:-611;
8b6 : -384;
8b7 :-515;
8b8:-772;

8b9 : -653;
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Team - River Raid

Xinhao Su (xs2413), Rojan Banmali (rb3199)

8ba:-1134;
8bb : -584;
8bc : -316;
8bd : -633;
8be : -762;
8bf : -770;
8c0:-474;
8cl:-738;
8c2 :-811;
8c3 :-396;
8c4 :-222;
8¢5 :-1045;
8c6 : -801;
8c7:-191;
8c8 :-584;
8c9 : -1685;
8ca:-1011;
8cb : -240;
8cc:-223;
8cd : -493;
8ce :-228;
8cf : -155;
8d0 : -1248;
8d1:-752;
8d2 : -66;
8d3:-92;
8d4 : -952;
8d5 :-1189;

8d6: -472;
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

8d7 :-1528;
8d8 : -1344;
8d9 :-920;
8da : -495;
8db : -585;
8dc:-671;
8dd :-1157;
8de:-1174;
8df:-1618;
8e0 :-945;
8el:-99;
8e2 :-1186;
8e3:-1127;
8e4 : -416;
8e5:-321;
8e6 :-1146;
8e7 :-1039;
8e8 :-530;
8e9 :-1080;
8ea : -1208;
8eb : -918;
8ec : -295;
8ed : -661;
8ee :-1541;
8ef : -1031;
8f0:-1242;
8f1:-1988;
8f2 :-1785;

8f3 : -1668;
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

8f4 : -1476;
8f5 : -348;
8f6 :-1333;
8f7 : -1444;
8f8 : -984;
8f9 :-511;
8fa:-391;
8fb : -1521;
8fc : -1454;
8fd : -1810;
8fe : -1247;
8ff : -1452;
900 : -700;
901 :-14;
902 : -1895;
903 :-867;
904 : -1336;
905 :-2217;
906 : -2098;
907 : -936;
908 : -249;
909 : -2892;
90a : -1474;
90b : -1073;
90c : -842;
90d : -464;
90e : -423;
90f : -472;

910:-2198;
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Team - River Raid

Xinhao Su (xs2413), Rojan Banmali (rb3199)

911

912 :
913:
914 :
915:
916:
917:
918:
919:
91a:
91b:
91c:
91d:
9le:
91f:
920:
921:
922:
923:
924 :
925:
926:
927 :
928:
929:
92a:
92b:
92c:

92d:

:-195;

-1569;
-1361;
-291;
-1910;
-139;
-2319;
-956;
-401;
-1034;
-184;
-1526;
951;
-110;
-332;
1511;
-1080;
-1435;
-2740;
-1696;
-1081;
-1020;
-62;
-100;
-550;
185;
1014;
-482;

450;
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Team - River Raid

Xinhao Su (xs2413), Rojan Banmali (rb3199)

92e

92f:
930:
931:
932:
933:
934 :
935:
936:
937:
938:
939:
93a:
93b:
93c:

93d:

93e

93f:
940 :
941 :
942 :
943 :
944 .
945 :
946 :
947 :
948 :
949 :

943 :

:-204;

-227;
37;
389;
-1388;
-108;
176;
-743;
-112;
-305;
1637;
151,
-164;
135;
-2277;

-1740;

1 468;

224;
-1759;
-772;
-2205;
-385;
-1239;
-2576;
2151;
1703;
-1054;
-1500;

-2474;
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Team - River Raid

Xinhao Su (xs2413), Rojan Banmali (rb3199)

94b :
94c:
94d :
9e:
94f :
950 :
951:
952 :
953:
954 :
955:
956 :
957 :
958 :
959 :
95a:
95b :
95c:
95d:
95e:
95f :
960 :
961 :
962 :
963 :
964 :
965 :
966 :

967 :

-3851;
-3479;
-2167;
-976;
26609;
1970;
1977;
632;
-1584;
-356;
-2807;
-647;
-670;
943;
563;
3;
576;
776;
1946;
-581;
-597;
3758;
37,
-1057;
3058;
44,
665;
-1999;

-775;
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

968 : 3662;
969 : -1324;
96a : -2005;
96b : -2610;
96c¢ : 1409;
96d : 526;

96e : -3147;
96f : 464;

970:-1763;
971 :-1984;
972 :-2158;
973 :1804;
974 : 426;

975 :-3425;
976 :-3137;
977 :-1214;
978 : 1114;
979 : -878,;

97a :-2592;
97b : 3780;
97c : 200;

97d :-3953;
97e : -2434;
97f: 411;

980 : -3356;
981 : -1430;
982 :32009;
983 :4229;

984 :1414;

CSEE4840 Embedded Systems Design (Spring 2022) Page 223 of 442



Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

985 : -829;

986 : -16;

987 : -816;

988 : -3530;
989 :-1816;
98a : -1956;
98b :-2510;
98c:-3713;
98d :-4331;
98e : 1798;
98f :-122;

990:-1017;
991 : 3620;
992 : 4916;
993 : 4015;
994 :2672;
995 :1784;
996 : -738;

997 : 2306;
998 : 5771,
999 : -745;

99a : -2586;
99b : -5421;
99c : -5203;
99d : -243;
99e : 3951;
99f : 5650;

9a0: 1832;

9al:4307;
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Team - River Raid

Xinhao Su (xs2413), Rojan Banmali (rb3199)

9a2 :4051;
9a3:-1301;
9a4 : 4487;
9a5 :4143;
9a6 : -3980;
9a7 :-2449;
9a8 : -2861;
9a9 :-192;
9aa : -800;
9ab : 1083;
9ac : 4953;
9ad: 22;
9ae : -3091;
9af : -2160;
9b0 : -785;
9b1 :1876;
9b2 : -6608;
9b3:-447;
9b4 : 6049;
9b5 : -4752;
9b6 : -354;
9b7 :7093;
9b8 : 7991,
9b9 :-921;
9ba : -7977;
9bb :-7281;
9bc :-7613;
9bd : -1686;

9be :-1311;
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Team - River Raid

Xinhao Su (xs2413), Rojan Banmali (rb3199)

9bf :
9¢c0:
9cl:
9c2:
9c3:
9c4 :
9¢5:
9¢c6 :
9c7 :
9c8:
9¢9:
9ca:
9cb :
9cc:
9cd :
9ce:
Ocf :
9d0:
9d1:
9d2:
9d3:
9d4 :
9d5:
9d6 :
9d7:
9d8:
9d9:
9da:

9db :

-1058;
5424,
-611;
980;
6037;
4965;
2735;
-7968;
-11183;
-7455;
4981,
8345;
4200;
4564;

-2181;

CSEE4840 Embedded Systems Design (Spring 2022)

Page 226 of 442



Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

9dc : -2499;
9dd : 1296;
9de : -1570;
9df : 5150;
9e0: 4692;
9el :3569;
9e2 :1418;
9e3:-6288;
9e4 : -8202;
9e5 : -6859;
9eb : -4675;
9e7 :-2999;
9e8:-3137;
9e9 : 2580;
9ea : 619;
9eb :-2631;
9ec : 3073;
9ed : 5301;
9ee : 5569;
9ef : -3500;
9f0 : -3435;
9f1:-5016;
9f2 :-2362;
9f3 : -2665;
9f4 : 4172;
9f5 : 5936;
9f6 : 2698;
9f7 : -2274;

9f8 : -596;
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

9f9 : 4255;
9fa : 3678;
9fb : 2595;
9fc : 2474;
ofd : 2225;
9fe : -1418;
off : -7668;
a00 : -8707;
a01:-7391;
a02 : 10945;
a03:6314;
a04 : 15812;
a05 : 5206;
a06 : -13890;
a07 : -14845;
a08:-11814;
a09 : 8536;
ala: 12164,
alb : 5923;
a0c : -8111;
a0d : -15063;
ale : -15741;
a0f : -10748;
al0 :-7500;
all: 12496;
al2:4932;
al3:5138s;
al4d :-3692;

al5:3492;
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Team - River Raid

Xinhao Su (xs2413), Rojan Banmali (rb3199)

al6:

al7:

al8:

al9g:

ala

alb:
alc:
ald:
ale:
alf:
a20:
a2l:

a22:

a23

a24 .

a25:

a26:

a27

a28:
a29:
ala:
a2b:
a2c:
a2d:
ale:

a2f:

a30

a3l:

a32:

11785;
662;
-11209;

-16135;

: -7846;

-4637;
-2697;
16451;
13083;
6277,
10120;
-6889;

6073;

: 3983;

-4759;
-10181;

2414;

:-2777,;

-2821;
3447;

15705;
12744;
13962;
14105;
12627;

15757;

:-280;

-2339;

-12560;
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Team - River Raid

Xinhao Su (xs2413), Rojan Banmali (rb3199)

a33:-11132;
a34:-8633;
a35:-15497;
a36:-2308;
a37:11028;
a38:9290;
a39:15562;
a3a:11761;
a3b:15086;
a3c:-620;
a3d : 5375;
a3e :3887;
a3f:-15021;
a40 :-12598;
a41 :-13340;
ad2 :-4624;
a43 :9997;
ad4 : 11121;
a45 : 14261,
a46 :2823;
ad7 :-14285;
a48 :-6769;
a49 :2729;
ada:9333;
adb : 7375;
adc :-7062;
add : -14240;
ade : -5106;

adf : -12018;
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Team - River Raid

Xinhao Su (xs2413), Rojan Banmali (rb3199)

a50:

a51

ab2:

ab3:

a54:

a55:

ab6:

a57:

a58:

a5b9

aba:
a5b:

abc:

a5d

abe:
a5f:

a60 :

a6l

a62 :

ab3:

ab4 :

a6b5

abb6 :

ab7:

a68 :

a69 :

aba

a6b :

abc:

-1586;

:4159;

528;
-10216;
-16858;
-11764;
-14629;
-6754;

-9732;

:-15497;

-13241,
-6978;

-4195;

:9909;

-7194;
-14735;

6582;

:-7501;

-15555;
-15765;

-4989;

: 3789;

-18643;
-3472;
14402;

13286;

:13675;

13795;

13127,
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Team - River Raid

Xinhao Su (xs2413), Rojan Banmali (rb3199)

a6d : 14293;
a6e : 10807;
a6f : 16104;
a70:3934;
a71:-1230;
a72 :16366;
a73:12125;
a74 :14535;
a75 : 13056;
a76 :13819;
a77 :13543;
a78 : 13356;
a79 :14184;
a7a:4917;
a7b :-11690;
a/c:-5238;
a7d :-12283;
a7e :-14918;
a7f:-14852;
a80 : -7404;
a81:11863;
a82 :2594;
a83:6256;
a84 : 15544,
a85:1109;
a86 :-9632;
a87:-11328;
a88 :-16451;

a89 :291;
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Team - River Raid

Xinhao Su (xs2413), Rojan Banmali (rb3199)

a8a: 14551;
a8b : 3665;
a8c : 2469;
a8d : -647;
a8e :-4233;
a8f:-13813;
290 :-14881;
a91 :-14120;
292 : -14061;
293 :-15307;
a94 :-7392;
a95 :-11690;
a96 : -15900;
a97 : -10559;
298 : 91;
a99 :-5243;
a9a:-15710;
a9b :-13282;
a9c : -2619;
a9d : -6150;
a9e :-14239;
aof : -13031;
2a0:-14174;
aal: 4336;
aa2:2512;
aa3:-16471;
aad : 8340;
aa5 : 14640;

aab : 10360;
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

aa7:13311;
aa8 :12826;
2a9:15212;
aaa: -1565;

aab : -8446;

aac : 5538;

aad :-12937;
aae : -14420;
aaf :-14329;
ab0:-14628;
abl:-14669;
ab2:-14619;
ab3:-14739;
ab4 :-14378;
ab5 :-14992;
ab6 : -13870;
ab7:-15618;
ab8 :-7776;
ab9:13371;
aba: 13464;
abb : 13531;
abc:14282;
abd : 12931;
abe : 14509;
abf : -84009;

ac0:6724;

acl:10107;
ac2 :-15604;

ac3:-13944;
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Team - River Raid

Xinhao Su (xs2413), Rojan Banmali (rb3199)

ac4 :
ac5:
acb :
ac’/:
ac8 :
ac9 :
aca:
acb :
acc:
acd :
ace:
acf:

ado :

adl

ad2:
ad3:

ad4 :

ad5

adé6 :
ad7:
ad8:
ad9:
ada:
adb :
adc:
add :
ade:
adf :

ae0:

-12818;
-16281;
-2056;
9884;
1100;
15179;
6138;
-15077;
-12746;
-15687;
-10774;
-11685;

-14783;

:-15506;

-946;
1532;

-2675;

:3239;

6921;
11012;
-10524;
-15046;
-14445;
-14682;
-14563;
-14739;
-14580;
-14160;

-5529;
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Team - River Raid

Xinhao Su (xs2413), Rojan Banmali (rb3199)

ael :-12740;
ae2 :-9859;
ae3:171;
aed : 4068;
ae5:4052;
aeb : -4740;
ae7 :-7608;
ae8 :-691;
ae9 :-5442;
aea:-14203;
aeb :-13062;
aec : -14870;
aed:-14127;
aee :-12561;
aef : -10250;
af0:2199;
afl:6178;
af2 : 3832;
af3 :1563;
afd :-2204;
af5 : -5039;
af6 : -5348;
af7 : -14088;
af8 : -12180;
af9 : -460;
afa : -4925;
afb : -8749;
afc : -7165;

afd : -7054;
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

afe : -2618;
aff : -6224;
b0O0 : -14890;
b01 : -8636;
b02 : -2394;
b03 :-13379;
b04 : -14631;
b05 : -14803;
b06 : -13243;
b07 : -11879;
b08 : -15344;
b09 : -10769;
b0Oa : -7555;
bOb : -11952;
bOc : -9570;
b0d : -8280;
b0Oe : -10069;
bOf : -7866;
b10 : -8351;
b1l :-10121;
b12 :-5483;
b13 :-6456;
b14 :-3899;
b15 : 2565;
b16 :-1313;
b17 : -385;
b18 : 5434;
b19 :-6745;

bla:-9435;

CSEE4840 Embedded Systems Design (Spring 2022) Page 237 of 442



Team - River Raid

Xinhao Su (xs2413), Rojan Banmali (rb3199)

blb

blc:
bld:
ble:
bilf:
b20:
b21:
b22:
b23:
b24 :
b25:
b26 :
b27:
b28:
b29:
b2a:
b2b:
b2c:
b2d:
b2e:
b2f :
b30:
b31:
b32:
b33:

b34 :

b35

b36:

b37:

1 2242;

1348;
2311;
3168;
8317;
9258;
-335;
5308;
11185;
2769;
3838;
3984;
-1764;
853;
-1183;
-5380;
864;
3125;
5587;
1902;
-2312;
1786;
3702;
-5510;
-9978;

-5292;

:-8936;

-12088;

-4885;
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Team - River Raid

Xinhao Su (xs2413), Rojan Banmali (rb3199)

b38

b39:
b3a:
b3b:
b3c:
b3d:
b3e:
b3f:
b40 :
b41:
b42 :
b43 :
b44 :
b45 :
b46 :
ba7 :
b48 :
b49 :
bda:
bdb :

b4c :

bad

b4e

baf :
b50:
b51:
b52:
b53:

b54 :

:-8243;

-10850;
-8732;
-2580;
484;
-5219;
-5000;
2725;
6055;
-7202;
-12770;
-6446;
-2523;
-2937;
-11877;
-7174;
-935;
-2081;
-3189;
-895;

5611;

14751,

: 4435;

6823;
74;
-972;
305;
6354;

4133;
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

b55 : -2456;
b56 : -1620;
b57 : -2176;
b58 : -6184;
b59 : -8525;
b5a :-5343;
b5b : 1303;
b5c:-1091;
b5d : -524;
b5e : -2079;
b5f : -555;
b60 : -5360;
b61 : -5568;
b62 : 4396;
b63 :233;
b64 : -2245;
b65 : 5614;
b66 : -5760;
b67 :-11362;
b68 : -7505;
b69 : -7195;
b6a :-5881;
bbb : -2814;
b6c : -362;
b6d : 1849;
b6e : -4159;
b6f : -8059;
b70:-3541;

b71 :-1007;
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

b72 :-11350;
b73 :-7531;
b74 :-259;

b75 :-5257;
b76 : -6622;
b77 :-3755;
b78 : -5636;
b79 : -5000;
b7a :-5780;

b7b :-7423;
b7c:-6524;

b7d:-4371;
b7e :-1370;
b7f : 1644;

b80 : -1215;
b81:-2101;
b82 : -2802;
b83 : -2595;
b84 : -4533;
b85 : -3232;
b86 : -3418;
b87 :-1242;
b88 : -4045;
b89 : -7405;
b8a :-7310;

b8b : -6207;
b8c :-4100;

b8d : -1330;

b8e :-2424;
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

b8f:-2771;
b90 : -7304;
b9l :-7778;
b92 :-8531;
b93 :-10553;
b94 : -4278;
b95:-1217;
b96 : -4256;
b97 : -120;
b98 : 2155;
b99 :-3187;
b9a : 465;
b9b : 3259;
b9c : 4587;
b9d : 8205;
b9e : 6169;
bof : 2253;
ba0 : 5118;
bal: 1631;
ba2 :-368;
ba3 :1200;
ba4 : -35;
ba5 : 1781;
ba6 :3711;
ba7 :3195;
ba8 : 4990;
ba9 : 4663;
baa : 6480;

bab : 8863;
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bac : 6067;
bad : 6379;
bae:7212;
baf : 4204;
bb0 : 3369;
bb1l:4975;
bb2 : 3886;
bb3:2518;
bb4 :2292;
bb5 : 167;

bb6 : 3487;
bb7 : 5224,
bb8 : 2558;
bb9 :7147;
bba : 9497;
bbb : 5711;
bbc : 8506;
bbd : 8321;
bbe : 2217,
bbf : 8849;
bc0 : 9910;
bcl : 847;

bc2 : 2392;
bc3 : 2030;
bc4 : -464;
bc5 : -164;
bcb : 2476;
bc7 : 5857;

bc8 : 8214;
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bc9 : 5913;
bca : 1206;
bcb : 3342;
bcc: 1116;
bed : -2101;
bce : 1141,
bcf : 6148;
bdO : 8681;
bd1: 7537;
bd2 : 3063;
bd3 : 2816;
bd4 : 4022;
bd5 : 2186;
bd6 : -2282;
bd7 : 3744;
bd8 : 5038;
bd9 : 2703;
bda : 2066;
bdb : 2429;
bdc : 1666;
bdd : 280;
bde : 490;
bdf : 2836;
be0 : 2667;
bel : 3627;
be2 :4118;
be3 : 2886;
be4 : 853;

be5 : 261;
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beb6 : 4388;
be7:1197,;
be8 :-651;
be9 : 336;
bea : 1964;
beb : 2202;
bec :-4633;
bed : -4891;
bee : 199;
bef : 2074;
bf0 : -2578;
bfl : -3445;
bf2 : 530;
bf3 : -905;
bf4 : -4172;
bf5 : -936;
bf6 : 3400;
bf7 : 2551;
bf8 : -2428;
bf9 :-1216;
bfa : 2838;
bfb : -767;
bfc : -2691;
bfd : -319;
bfe : 2864;
bff : -368;
00 : -3752;
c01:-5283;

c02 : -3566;

CSEE4840 Embedded Systems Design (Spring 2022) Page 245 of 442



Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

c03 : -6026;
c04 : -4604;
c05:10;
c06 : -1361;
c07 : -5426;
c08 : 658;
c09:-1279;
c0a : -5544;
cOb : -4878;
cOc : -3096;
c0d : -162;
cOe : -2366;
cOf : -6874;
cl0:-6137;
cl1:-3888;
cl2:-5995;
cl3:-7255;
cl4 :-5442;
cl5: 288;
cl6:736;
cl7 :-1523;
c18:-3682;
c19:-124;
cla: 245;
clb : -2896;
clc:-325;
cld:3372;
cle :-963;

clf : -3334;
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c20: 355;

c21:-5466;
c22:-7214;
c23:-4767;
€24 :-6351;
€25 :-4001;
c26:-2764;
€27 :-6022;
c28 :-6556;
c29:-7470;
c2a:-8235;
c2b : -7964;
c2c : -8899;
c2d :-5751;
c2e:-3631;
c2f : -3970;
c30:-19;

c31:-3301;
c32:-6812;
€33 :-7210;
c34:-7199;
c35:-7254;
c36 :-8374;
c37 :-6729;
c38 :-960;

c39:-1074;
c3a:-2862;
c3b : -5349;

c3c:-5570;
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c3d:-1429;
c3e :-2998;
c3f:-3820;
c40:928;

c41 :-3046;
c42 :-2746;
c43:-2481;
c44 : -6894;
c45 : -8681;
c46 :-7118;
c47 : -4685;
c48 : -4080;
c49 :-2045;
cda :-2685;
cdb : -7637;
clc:-7226;
c4d :-6017;
cde :-6123;
c4f :-2254;
¢50 : -5403;
c51:-4697;
€52 :-2345;
c53 : -4895;
c54 :-4373;
c55 : -5889;
c56 : -6634;
c57 :-4171;
c58 :-3628;

€59 :-7908;
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c5a :-7809;
c5b :-2619;
c5c:-2579;
c5d : -5408;
c5e : -9328;
c5f:-6819;
c60 : -5088;
c61 :-5097;
€62 :-9404;
c63:-6417;
c64 : -2036;
€65 :-3062;
c66 : 187;

c67 :-4291;
c68 :-5629;
€69 :-6514;
c6a :-3910;
cbb : -990;

cbc:-421;

c6d : -2306;
cbe : -4686;
cbf:-2811;
c70:-2294;
c71:-2661;
c72:-3971;
c73:-3019;
c74 :-4681;
c75:-5148;

€76 :-5570;
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c77 :-3976;
€78 :-4894;
c79 : -5780;
c7a:-4736;
c7b : -3095;
c7c:-4076;
c7d :-1760;
c7e:-2874;
c7f:-4137;
c80:-3417;
c81 :-838;
€82 :1371;
c83 : 1556;
c84 :579;
c85:-1292;
c86 : 2588;
c87 : 663;
c88 :-3871;
c89 :-3844;
c8a : -905;
c8b:-1751;
c8c:-2226;
c8d : -1076;
c8e : 68;
c8f :-1296;
€90 : -1658;
c91:-987,;
c92 :-543;

c93:-203;
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c94 :
c95:
€96 :
€97 :
€98 :
c99:
c9a:
c9b:
c9c:
c9d :
cYe:
cof :
cal:
cal:
ca2:
ca3:
cad:
ca5:
cab6:
ca7:
ca8:
ca9g:
caa:
cab:
cac:
cad:
cae:

caf :

cb0

-4242;
-2779;
-300;
314;
-3239;
-3331;
-2816;

-3012;

84;
-3953;
-1799;
500;
1524;
-779;
-1618;
-951;
-2262;
787;
1079;
609;
-1268;

-3247;

1 -829;
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cbl:2114;
cb2 :-2813;
cb3 :-1397;
cb4 : 5241;
cb5 :1242;
cb6 : 2240;
cb7 :-709;
cb8:-173;
cb9 :491;
cba : -484;
cbb :3172;
cbc : -505;
cbd : -40;
cbe : -264;
cbf : -6305;
cc0:-2088;
ccl:1163;
cc2 :-4530;
cc3:-2711;
ccd . -3894;
cc5 : 2855;
cc6: 2322;
cc7 :77;
cc8 :2907;
cc9 : -9950;
cca : 3207,
ccb : -2300;
ccc : -843;

ccd : -1318;
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cce:

-3875;

ccf : -2489;

cdO :
cdl:
cd2:
cd3:
cd4 :
cd5:
cd6 :
cd7:
cd8:
cd9:

cda:

cdb

cdc:
cdd :
cde:
cdf :
ce0:
cel:

ce2:

ce3

ced:

ce5:

ce6 :

ce7:

ce8:

ce9:

cea:

-6627;
2375;
-7066;
-7431;
-930;
-5296;
7482;
608;
-3412;
568;

-171;

:-1864;

-2631;
-7141;
-7002;
-434;

-4813;
-1144;

-1309;

:-3615;

51;
-751;
-3996;
-1056;
382;
-2098;

1969;

CSEE4840 Embedded Systems Design (Spring 2022)

Page 253 of 442



Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

ceb:-1723;
cec :-5240;
ced:242;
cee : -8304;
cef : -996;
cf0: -5662;
cfl:-5152;
cf2 : 1987;
cf3 :-2003;
cf4 : -2569;
cf5 :-1695;
cf6 : -4299;
cf7 :-2219;
cf8 : 365;
cf9 : -2395;
cfa:-2731;
cfb : -3418;
cfc:-1723;
cfd : 3307;
cfe :-2625;
cff : -3621;
d0o0 : -3972;
do1 : -4830;
d02 : -3309;
d03 : -2746;
d04 : -6480;
do5 : -4972;
d06 : -1718;

d07 : -264;
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d08 : -2220;
d09 : -1806;
dOa : -2950;
dOb : -2916;
dOc : -1265;
dod: 1771;
dOe : 1809;
dof:-217;
d10:-3129;
d11:-2654;
d12:132;
d13:-3747;
d14 :-6801;
d15 :-2577;
d16 :-4437;
di7 :827;
d18:2535;
d19:-3583;
dla: 1058;
dib:-2242;
dlc:-2097;
dld: -453;
dle: 85;
dif: 1209;
d20:-§;
d21:422;
d22 : -1016;
d23:-2995;

d24 : 250;
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d25 :-3965;
d26 : -2590;
d27 :-2966;
d28:-3323;
d29 : -605;

d2a:-348;

d2b:-176;

d2c: -745;

d2d:-196;

d2e :243;

d2f:-781;

d30:-2535;
d31:-4975;
d32 :-5257;
d33:-2537;
d34:-2735;
d35:-2617;
d36:-2312;
d37:-1367;
d38:-2304;
d39:-3201;
d3a:-1259;
d3b :-5286;
d3c:-1521;
d3d:-1079;
d3e:-5518;
d3f: 1578;

d40 : -4474;

d41:-1720;
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d42:-1961;
d43 :-4645;
d44 :-2662;
d4s5 : -4860;
da6 : -744;

d47 : -495;

d48 :-1202;
d49 :-2484;
d4a : -1160;
d4b : -1680;
d4c:-3611;
dad : 777;

d4e : -3135;
daf : -5088;
d50:719;

d51:-2911;
d52 :-1272;
d53:-1388;
d54 :-1873;
d55 : -3568;
d56 : 1399;
d57 :-1300;
d58 :-195;

d59 : -2865;
d5a:-1838;
d5b : 791;

d5c : -2575;
d5d : 102;

d5e: 1205;
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d5f:-1223;
d60 : -2216;
d6l :-643;

d62 :-3182;
d63:-712;

dé4 : -952;

d65 :-2817;
d66 : -4454;
d67 : -65;

d68 : -889;

d69 : -2602;
déa :-1213;
déb : -2761;
déc :-1532;
déd : -532;
dée : -1615;
def : -185;

d70 : -1945;
d71:-2689;
d72:-1027;
d73 :-3957;
d74:-1363;
d75 :-1462;
d76 :-3551;
d77 : -194;

d78:-2897;
d79 : 876;

d7a:-1977;

d7b :-2241;
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d7c:-2103;
d7d:-1149;
d7e :-2150;
d7f:-2134;
d80 : 2247;
d81:-2226;
d82 :728;

d83 :583;

ds4 : -1492;
d85 : -2444;
d86:-712;

d87 :-1869;
d88:-2143;
d89 :-719;

d8a: 1203;
d8b : -1378;
d8c : -1490;
d8d :942;

d8e : -3310;
dsf:-2921;
doo0 : -1866;
dol:-1863;
d92:-1619;
do93:-531;

do4 : -1065;
dos5 : -870;

d96 : -1686;
d97 :-672;

do8 : -3406;
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d99 : -2306;
d9a : -2766;
d9b : -998;

d9c : -1740;
dod : -2237;
d9e : -991;

dof : -3241;
da0:-2238;
dal:-1941;
da2 :-3135;
da3:-2719;
dad : -2724;
da5 :-2497;
da6:-1212;
da7:-1872;
da8 : -1526;
da9 :-2998;
daa :-1501;
dab :-2373;
dac:-1863;
dad : -2875;
dae : -1640;
daf : -2199;
db0 :-2326;
dbl:-1679;
db2 :-2078;
db3:-290;

db4 : -1001;

db5 : -2097;
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db6 : -1548;
db7 :-295;

db8 :-1188;
db9 : -1534;
dba :-2624;
dbb : -59;

dbc : -1459;
dbd : -1784;
dbe : -1563;
dbf : -1338;
dcO: -1483;
dcl:-1483;
dc2 :-538;

dc3:-1272;
dc4d : -997;

dc5 : -322;

dc6 :-1427;
dc7:-1127;
dc8:-673;

dc9:-1324;
dca: -875;

dcb : -1557;
dcc:-461;

dcd :-1103;
dce:-1157;
dcf:-1163;
ddO0 : -545;
ddl:-1379;

dd2 :-1348;
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dd3

dd4 :
dd5:
dd6 :
dd7:
dd8:
dd9 :
dda:
ddb:

ddc

ddd :
dde:
ddf:

de0

del:
de2:
de3:
ded :
de5:
de6 :
de7:
de8:
de9:
dea:
deb:
dec:
ded:
dee:

def:

:282;

-595;
-867;
-316;
-1465;
-1178;
-599;
-692;

-651;

:-167;

-189;
-218;

-460;

:-532;

-685;
-952;
-419;

-559;
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dfo : -702;
dfl:-284;
df2 : -737;
df3:-529;
df4 : -225;
df5 :-130;
df6 : -548;
df7 : -595;
df8 : -541;
df9 : -458;
dfa : -486;
dfb : -335;
dfc:-576;
dfd : -510;
dfe : -324;
dff : -384;

e00 :-525;
e01:-692;
e02 : -621;
e03:-461;
e04 : -638;
e05:-471;
€06 : -484;
e07 :-298;
e08 :-362;
e09 : -444;
e0a : -508;
eOb : -341;

eOc : -476;
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e0d : -333;
eOe : -573;
e0f : -387;
el0:-360;
ell:-330;
el2:-368;
el3:-436;
el4d : -258;
el5: -487,;
el6 :-654;
el7 :-315;
el8:-350;
el9:-387;
ela:-362;
elb:-349;
elc:-401;
eld:-332;
ele:-382;
elf:-337;
e20:-340;
e21:-391;
e22 :-364;
e23:-250;
e24 :-190;
e25:-320;
e26:-318;
e27 :-412;
e28:-331;

e29 :-246;
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e2a:-160;
e2b:-312;
e2c:-360;
e2d:-363;
eZe : -356;
e2f:-273;
e30:-347;
e31:-397;
e32:-382;
e33:-371;
e34 :-335;
e35:-218;
e36:-263;
e37 :-226;
e38 :-340;
e39:-277,;
e3a:-363;
e3b : -366;
e3c:-398;
e3d:-374;
e3e :-396;
e3f:-266;
e40:-265;
e4l:-431;
ed?2 :-264,;
ed3:-247,;
ed4 . -302;
e45:-222;

ed6 : -380;
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ed7 :-588;
e48 :-613;
e49 : -430;
eda :-551;
edb : -646;
edc :-370;
edd :-237;
ede :-332;
e4f : -268;
e50:-284;
e51:-182;
e52 : -476;
e53:-660;
e54 :-773;
e55:-734;
e56 :-610;
e57 :-678;
e58 : -355;
e59:-315;
e5a :-298;
e5b:-162;
e5c: -235;
e5d : -260;
e5e : -303;
e5f:-183;
e60 :-511;
e61:-816;
e62 :-370;

e63 :-462;
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e64 : -844;
e65 : -545;
e66 :-399;
e67 :-343;
e68 :-217;
e69 :-707;
eba :-817;
e6b : -408;
e6c:-273;
ebd : -256;
ebe : -270;
e6f : -340;
e70:-297;
e71:-213;
e72 :-726;
e73:-674;
e74 :-621;
e75 :-658;
e76:-619;
e77 :-367,
e78 :-185;
e79 :-165;
e7a:-177;
e7b :-165;
e7c:-225;
e7d : -337;
e7e :-767,
e7f:-737;

e80 :-594;
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e81 :-259;
e82 :-749;
e83 :-423;
e84 : -45;
e85 :-226;
e86 :-287;
e87 :-607;
e88 :-676;
e89 : -826;
e8a :-515;
e8b : -575;
e8c : -276;
e8d : -416;
e8e : -424;
e8f :-150;
€90 : -710;
e91 : -456;
€92 :-676;
€93 :-595;
e94 : -283;
e95 : -355;
e96 : -209;
e97:-241;
e98 : -574;
e99 :-278;
e9a :-186;
e9b : -674;
e9c :-341;

e9d : -848;

CSEE4840 Embedded Systems Design (Spring 2022) Page 268 of 442



Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

e9e : -296;
e9f : -620;
eal:-172;
eal :-189;
ea2:-352;
ea3 :-126;
ea4 :-304;
ea5 :-230;
eab : -695;
ea7 :-896;
ea8 :-674;
ea9 :-758;
eaa:-527;
eab : -216;
eac:-135;
ead :-199;
eae :-161;
eaf : -188;
eb0 : -838;
ebl:-781;
eb2 :-635;
eb3:-426;
eb4 : -360;
eb5 : 2;
eb6:-57;
eb7:-154;
eb8:-171;
eb9:-933;

eba:-763;
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ebb : -806;
ebc : -577;
ebd : -150;
ebe : -456;
ebf:-61;

ec0:188;
ecl:-143;
ec2 :-226;
ec3:-228;
ecd :-677;
ec5:-973;
ecb6 : -682;
ec”7 :-419;
ec8 : -606;
ec9 : -300;
eca: -65;

ecb :-73;

ecc:-119;
ecd : -443;
ece:-971;
ecf : -666;
ed0 : -965;
edl :-736;
ed?2 :-700;
ed3:-287;
ed4 : -153;
ed5 :-104;
ed6 : -96;

ed7 :-352;
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ed8:-414;
ed9 : -686;
eda:-1099;
edb :-1104;
edc:-732;
edd : -726;
ede : -609;
edf : -256;
eel:-62;
eel:-3;
ee? :-387;
ee3 :-67;
eed : -441;
ee5 : -845;
eeb : -882;
ee7 :-840;
ee8 :-398;
ee9 : -708;
eea:-278;
eeb :-379;
eec : -426;
eed:-13;
eee :-143;
eef :-97;
ef0 : -659;
efl :-791;
ef2 : -848;
ef3:-951;

ef4 : -811;
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ef5:-677;
ef6 : -308;
ef7 :-363;
ef8 : -745;
ef9 : -575;
efa : -460;
efb : -888;
efc: -879;
efd : -698;
efe : -69;
eff : -21;
f00 : -175;
fo1:18;
f02 : -65;
f03 :-333;
fo4 :-911;
fO5 : -883;
f06 : -863;
f07 :-832;
f08 : -574;
f09 : -335;
fOa: -82;
fOb : 281;
fOc : 233;
fod : -252;
fOe : -25;
fof : -327;
f10 : -899;

f11 :-898;
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f12 :-795;
f13 : -305;
f14 : -599;
f15 : -750;
f16 : -105;
£17 : -26;
f18 :-251;
f19:-182;
fla:-215;
fib : -230;
flc:-318;
fld : -638;
fle :-1157;
fif:-163;
f20 :-634;
f21:-477;
f22 :-391;
f23:-387;
f24 : -316;
f25:-657;
f26 : -145;
f27 . -192;
28 :-727;
f29 :-681;
f2a:-737;
f2b : -162;
f2c : -266;
f2d : -799;

f2e : 45;
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f2f : 92;
f30 : -806;
f31:-480;
f32 :-624;
f33:-516;
£34 : -604;
f35:-775;
f36 :-541;
f37:-221;
f38:-276;
f39:-135;
f3a:-124;
f3b : 90;
f3c:-438;
£3d:-1171;
f3e :-697;
f3f :-376;
f40 : -630;
f41 : -936;
f42 : -470;
f43 : 126;
f44 : -318;
f45 : -305;
f46 : -697;
f47 . -991;
f48 : -472;
f49 : -662;
f4a : -1032;

f4b : -651;
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f4c: 177;
fad : -323;
fde : 54;
faf : 52;
f50:17;
f51:-333;
f52 : -658;
f53:79;
f54 : -205;
f55 : -508;
f56 :-241;
f57 : -365;
f58 : -117;
f59 :-428;
f5a : 49;
f5b : -255;
f5c: -709;
f5d : -582;
f5e : -656;
f5f : -699;
f60 : -629;
f61: 6;
f62 : -185;
f63 :-293;
f64 : -406;
f65 :-297;
f66 : -287;
f67 : -537;

f68 : -898;
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f69 :-442;
féa : -620;
feb : -647;
féc:-751;
fed : -711;
fée : -490;
fof : -94;

f70:-114;
f71:-208;
f72 . -265;
f73 :-281;
f74 :-612;
f75 :-743;
f76 : -458;
f77 . -475;
f78 : -759;
f79 : -401;
f7a : -845;
f7b : -500;
f7c:-274;
f7d : -270;
f7e : -205;
f7f . 13;

f80 : -196;
f81:-123;
f82 :-236;
f83 :-349;
f84 : -595;

f85 : -468;
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f86 : -925;
f87 : -920;
f88 : -434;
f89 :-369;
f8a:-392;
f8b : -386;
f8c : -340;
f8d : -340;
f8e : -542;
f8f : -482;
f90 : -288;
fo1:-129;
f92 : -294;
f93 :-357;
f94 : -340;
f95 . -818;
f96 : -780;
f97 . -188;
f98 : -542;
f99 . -886;
f9a :-592;
fob : -306;
f9c : 36;
fod : -28;
f9e : -194;
fof . -217;
fa0 : -6;
fal:-633;

fa2 : -745;
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fa3 : -578;
fad : -461;
fa5 :-716;
fa6:-121;
fa7 :-287,
fa8:3;

fa9:622;
faa : -455;
fab : -349;
fac:-234;
fad :-527;
fae : -670;
faf : -259;
fb0 : -360;
fbl : -740;
fb2 :-328;
fb3 : -551;
fb4 : -887;
fb5 : -779;
fb6 : -573;
fb7 : -675;
fb8 : -270;
fb9 : -143;
fba : -139;
fbb : -316;
fbc : -365;
fbd : -185;
fbe : -282;

fbf : -766;
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fcO: -831;
fcl:-859;
fc2 : -740;
fc3:-332;
fc4 : -310;
fc5:-182;
fc6 : -300;
fc7 :117;

fc8:122;

fc9 :-123;
fca : -624;
fcb : -691;
fcc:-867;
fcd : -779;
fce : -899;
fcf : -869;
fdO : -766;
fd1:-315;
fd2 : -663;
fd3:-141;
fd4 : -40;

fd5 :-226;
fd6 : -212;
fd7 : -169;
fd8 : -604;
fd9 : -763;
fda : -678;
fdb : -769;

fdc:-372;
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fdd : -150;
fde : -187;
fdf : -146;
fe0 : -136;
fel: 2;
fe2 : 58;
fe3 :-136;
fed : -338;
fe5 : -442;
fe6 : -937;
fe7 : -672;
fe8 : -682;
fe9 : -805;
fea : -697;
feb : -143;
fec : -585;
fed : -244;
fee : -63;
fef : -192;
ff0 : 125;
ff1:-222;
ff2 : -267;
ff3 : -520;
ff4 . -701;
ff5: -275;
ff6 . -744;
ff7 : -267,;
ff8 : -401;

ff9 : -670;
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ffa : -701;
ffb : -548;
ffc : -594;
ffd : -666;
ffe : -418;
fff : -644;
1000 : -625;
1001 : -652;

1002 :

68;

1003 : -178;
1004 : -210;
1005 :-211;
1006 : -285;
1007 : -282;
1008 : -585;
1009 : -431;
100a : -805;
100b : -606;
100c : -628;
100d : -613;
100e : -667;
100f : -346;
1010 : -204;
1011 : -236;
1012 :-573;
1013 :-333;
1014 : -289;
1015 :-147;

1016 : -284;
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1017 : -330;
1018 : -306;
1019 : -643;
101a: -803;
101b : -695;
101c:-633;
101d : -640;
101e : -400;
101f : -370;
1020 : -205;
1021 :67;

1022 :57;

1023 :-29;

1024 : -145;
1025 : -245;
1026 : -181;
1027 : -593;
1028 : -851;
1029:-811;
102a:-624;
102b : -701;
102c : -423;
102d : -244;
102e : -277;
102f : -410;
1030:-113;
1031 : -349;
1032 : -560;

1033 :-438;
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1034 :-801;
1035 : -455;
1036 :-179;
1037 : -607;
1038 : -444,
1039 :-338;
103a:-130;
103b :-121;
103c : -544;
103d : -556;
103e : -49;

103f : -356;
1040 : -389;
1041 : -414;
1042 :-219;
1043 :-552;
1044 : -827;
1045 : -426;
1046 : -535;
1047 : -551;
1048 : -362;
1049 : -350;
104a:-231;
104b : -104;
104c : -221;
104d : -193;
104e :-62;

104f : -375;

1050 : -628;
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1051 :-718;
1052 :-793;
1053 : -754;
1054 :-772;
1055 :-414;
1056 : -383;
1057 : -367;
1058 : -160;
1059 : 31;

105a : -295;
105b : -334;
105c : -573;
105d : -471;
105e : -716;
105f : -783;
1060 : -369;
1061 : -160;
1062 : -611;
1063 : -297;
1064 : -167;
1065 : -430;
1066 : -324;
1067 : -445;
1068 : -610;
1069 : -650;
106a : -437;
106b : -384;
106c¢ : -349;

106d : -357;
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106e : 32;

106f : -431;
1070 : -467;
1071 :-152;
1072 . -587,;
1073 : -664;
1074 : -648;
1075 : -618;
1076 : -421;
1077 : -277;
1078 : -270;
1079 : -179;
107a:-229;
107b : -179;
107c : -107;
107d : -187;
107e : -437;
107f:-719;
1080 :-421;
1081 :-327;
1082 : -118;
1083 : -187;
1084 : -52;

1085 : -170;
1086 : -692;
1087 : -625;
1088 : -599;
1089 : -708;

108a :-812;
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108b : -565;
108c : -213;
108d : -185;
108e : -345;
108f : -234;
1090 : -45;

1091 : -284;
1092 : -674;
1093 : -329;
1094 : -262;
1095 : -234;
1096 : -406;
1097 : -261;
1098 : -203;
1099 : -273;
109a : -708;
109b : -693;
109c : -448;
109d : -800;
109e : -756;
109f : -375;
10a0:-110;
10al :-398;
10a2 : -167;
10a3:-20;

10a4 : -234;
10a5:-371;
10a6 : -340;

10a7 : -534;
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10a8 : -697;
10a9 : -588;
10aa : -663;
10ab : -240;
10ac : -510;
10ad : -234;
10ae : -141;
10af : -251;
10b0 : -405;
10b1 :-637;
10b2 : -638;
10b3 : -466;
10b4 : -621;
10b5 : -671;
10b6 : -298;
10b7 : -333;
10b8 : -155;
10b9 : -47;

10ba : -600;
10bb : -397;
10bc : -481;
10bd : -820;
10be : -527;
10bf : -259;
10c0 : -260;
10c1 : -445;
10c2 : -225;
10c3:-121;

10c4 : -248;
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10c5 : -531;
10c6 : -473;
10c7 : -415;
10c8 : -612;
10c9 : -640;
10ca : -534;
10cb : -357;
10cc : -178;
10cd : -34;

10ce : -130;
10cf : -265;
10d0 : -505;
10d1 : -514;
10d2 : -509;
10d3 : -774;
10d4 : -575;
10d5 : -373;
10d6 : -61;

10d7 : -209;
10d8 : -270;
10d9 :-191;
10da : -300;
10db : -591;
10dc : -615;
10dd : -338;
10de : -232;
10df : -208;
10e0 : -200;

10el :-132;
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10e2 :-191;
10e3 : -630;
10e4 : -794;
10e5 : -745;
10e6 : -806;
10e7 : -475;
10e8 : -384;
10e9 : -181;
10ea : -81;

10eb : -173;
10ec : -143;
10ed : -250;
10ee : -389;
10ef : -660;
10f0 : -646;
10f1:-789;
10f2 : -753;
10f3 :-617;
10f4 : -657;
10f5 : -199;
10f6 : -169;
10f7 : -130;
10f8 : -192;
10f9 : -142;
10fa : -321;
10fb : -400;
10fc : -382;
10fd : -374;

10fe : -526;
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10ff : -725;

1100:-161;
1101 : -478;
1102 : -548;
1103 :-301;
1104 : -269;
1105 : -287;
1106 : -472;
1107 : -283;
1108 : -154;
1109 :-71;

110a:-216;
110b : -518;
110c : -329;
110d : -256;
110e : -636;
110f : -813;
1110:-481;
1111 :-258;
1112 :-533;
1113 : -460;
1114 :-194;
1115:-199;
1116 :-313;
1117 : -180;
1118 :-277;
1119 :-432;
111a:-234;

111b : -253;
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111c:-361;
111d : -649;
111e :-264;
111f:-325;
1120 : -406;
1121 :-598;
1122 : -405;
1123 :-72;
1124 :-267;
1125 :-142;
1126 :-333;
1127 :-377,
1128 : -335;
1129 : -446;
112a:-382;
112b : -394,
112c :-693;
112d:-387;
112e:-454;
112f:-679;
1130:-514;
1131 :-224;
1132 :-451;
1133 :-389;
1134:9;
1135:-229;
1136 :-418;
1137 :-268;

1138 :-264;
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1139 :-370;
113a:-465;
113b :-290;
113c:-547;
113d:-478;
113e:-105;
113f:-304;
1140 :-184;
1141 :-187;
1142 :-108;
1143 : -344;
1144 :-211;
1145 : -185;
1146 : -462;
1147 : -705;
1148 : -369;
1149 : -536;
114a:-631;
114b : -349;
114c : -454;
114d : -369;
114e :-393;
114f : -287;
1150:-199;
1151 :-171;
1152 :-122;
1153 :-253;
1154 :-371;

1155 :-316;
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1156 : -269;
1157 : -141;
1158 : -376;
1159 :-152;
115a:-331;
115b : -367;
115c : -284;
115d : -286;
115e :-253;
115f: -426;
1160 : -364;
1161 :-393;
1162 : -261;
1163 : -249;
1164 :-219;
1165 :-190;
1166 :-391;
1167 : -696;
1168 : -409;
1169 :-412;
116a :-438;
116b : -407;
116c : -270;
116d:-129;
116e : -246;
116f : -395;

1170:

98;
1171 :-150;

1172 :-382;
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1173 : -433;
1174 : -570;
1175 :-694;
1176 : -430;
1177 : -332;
1178 : -428;
1179 : -248;
117a:-388;
117b : -366;
117c :-374;
117d :-376;
117e :-337;
117f : -406;
1180 :-327;
1181 :-139;
1182 :-96;

1183 :-164;
1184 : -248;
1185 : -400;
1186 : -379;
1187 : -385;
1188 : -590;
1189 :-591;
118a :-403;
118b : -215;
118c :-189;
118d : -185;
118e : -236;

118f:-159;
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1190 : -343;
1191 :-639;
1192 : -636;
1193 : -648;
1194 :-623;
1195 : -404;
1196 :-372;
1197 : -273;
1198 :-190;
1199 :-161;
119a : -208;
119b : -310;
119c : -379;
119d : -408;
119e : -288;
119f:-103;
11a0:-139;
11a1:-128;
1182 :-172;
11a3:-206;
11a4 : -394;
11a5:-375;
1136 : -394;
11a7 :-416;
11a8 : -345;
1139 :-381;
11aa:-239;
11ab:-298;

11ac: -405;
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11ad:-154;
11lae:-153;
11af:-185;
11b0: -155;
11b1 :-335;
11b2 : -306;
11b3:-369;
11b4 : -399;
11b5:-258;
11b6 : -360;
11b7 :-392;
11b8 : -380;
11b9 : -326;
11ba: -424;
11bb :-274;
11bc:-251;
11bd : -488;
11be: -157;
11bf : -356;
11c0 : -426;
11cl :-346;
11c2 :-279;
11c3 :-106;
11c4 :-193;
11c5:-112;
11c6:-344;
11c7 : -457,
11c8 : -335;

11c9:-372;

CSEE4840 Embedded Systems Design (Spring 2022) Page 296 of 442



Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

11ca: -385;
11cb : -390;
1lcc:-170;
1lcd : -241;
11ce :-157;
11cf:-116;
11d0:-138;
11d1:-132;
11d2 : -346;
11d3:-374;
11d4 : -412;
11d5:-331;
11d6 : -576;
11d7 : -589;
11d8:-320;
11d9: -166;
11da:-367;
11db : -280;
11dc:-192;
11dd : -210;
11de :-205;
11df: -289;
11e0:-276;
11lel:-332;
11e2 : -304;
11e3:-196;
11e4 :-369;
11e5:-216;

11e6 : -345;
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11e7 : -386;
11e8:-391;
11e9:-372;
1lea:-203;
1leb :-390;
1llec:-390;
1led:-352;
llee :-243;
11ef : -256;
11f0 : -106;
11f1:-222;
11f2 : -264;

1113 :-157;

11f4 : -99;

11f5:-307;
11f6 : -404;
11f7 : -377;
11f8 : -388;
11f9 : -368;
11fa : -146;
11fb : -305;
11fc:-387;
11fd : -334;
11fe : -406;
11ff: -371;

1200 : -398;
1201 :-371;
1202 : -405;

1203 : -333;

CSEE4840 Embedded Systems Design (Spring 2022) Page 298 of 442



Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

1204 : -87;

1205 : -408;
1206 : -306;
1207 : -122;
1208 : -185;
1209 :-272;
120a :-379;
120b : -380;
120c : -343;
120d : -371;
120e : -191;
120f : -430;
1210 :-121;
1211 :-100;
1212 :-175;
1213 :-257;
1214 :-362;
1215:-391;
1216 :-381;
1217 :-170;

1218 :-174;

1219 :-74;

121a:-180;
121b : -401;
121c:-219;
121d : -269;
121e : -267;
121f: -434;

1220:-316;
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1221 :-389;
1222 :-402;
1223 :-455;
1224 :-337;
1225 :-324;
1226 :-433;
1227 :-252;
1228 :-179;
1229 :-278;
122a:-244;
122b : -306;
122c:-298;
122d:-352;
122e :-341;
122f :-411;
1230:-353;
1231 :-465;
1232 :-194;
1233 :-318;
1234 :-277;
1235 :-96;

1236 :-158;
1237 :-226;
1238 :-341;
1239 :-379;
123a:-180;
123b : -329;
123c:-263;

123d : -236;
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123e :-303;
123f:-270;
1240 :-287;
1241 : -448;
1242 :-361;
1243 :-392;
1244 : -397;
1245 :-211;
1246 :-202;
1247 :-281;
1248 : -239;
1249 : -375;
1243 :-384;
124b : -410;
124c : -430;
124d:-219;
124e :-231;
124f : -365;
1250 :-374;
1251 :-391;
1252 : -385;
1253 :-375;
1254 : -334;
1255 :-213;
1256 :-382;
1257 . -388;
1258 : -236;
1259 :-103;

125a:-255;
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125b : -386;
125c :-390;
125d:-262;
125e :-361;
125f: -390;
1260 : -389;
1261 :-360;
1262 : -349;
1263 : -405;
1264 :-363;
1265 :-351;
1266 : -375;
1267 :-257;
1268 : -386;
1269 : -384;
126a :-325;
126b : -363;
126¢ :-351;
126d : -236;
126e :-291;
126f:-179;
1270:-217;
1271 : -256;
1272 :-312;
1273 :-69;
1274 : -263;
1275 :-159;
1276 : -358;

1277 :-343;
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1278 :-241;
1279 :-242;
127a :-104;
127b : -236;
127c:-292;
127d :-413;
127e : -344;
127f:-283;
1280 :-328;
1281 :-174;
1282 : -400;
1283 :-237,;
1284 :-210;
1285 : -400;
1286 :-371;
1287 : -344;
1288 :-384;
1289 : -260;
128a :-369;
128b : -395;
128c :-372;
128d : -407;
128e :-297;
128f : -306;
1290 :-353;
1291 :-385;
1292 :-262;
1293 :-267;

1294 : -153;
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1295 : -339;
1296 :-377;
1297 : -325;
1298 : -362;
1299 : -396;
129a:-368;
129b : -352;
129c : -359;
129d : -194;
129e : -452;
129f: -392;
12a0:-391;
12a1:-373;
12a2 : -404;
12a3:-355;
1234 : -446;
12a5:-308;
12a6:-211;
12a7 :-382;
12a8 : -325;
12a9 :-340;
12aa:-267;
12ab : -265;
12ac:-285;
12ad : -446;
12ae:-260;
12af : -203;
12b0 : -363;

12b1:-67;
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12b2 : -251;
12b3:-226;
12b4 : -356;
12b5 : -388;
12b6:-219;
12b7 :-287;
12b8 :-274;
12b9 : -208;
12ba: -358;
12bb : -372;
12bc:-231;
12bd : -317;
12be : -345;
12bf: -348;
12c0:-308;
12c1:-124;
12c2 :-248;
12c3 : -442;
12c4 : -368;
12¢5:-391;
12c6 :-238;
12c7 : -298;
12¢8 :-381;
12c9 : -402;
12ca:-327;
12cb :-161;
12cc : -256;
12cd : -368;

12ce : -349;
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12cf: -376;
12d0 : -325;
12d1:-162;
12d2 : -383;
12d3:-397;
12d4 : -235;
12d5:-171;
12d6 : -124;
12d7 : -281;
12d8 :-427;
12d9 : -304;
12da:-131;
12db : -419;
12dc: -321;
12dd : -302;
12de : -323;
12df : -155;
12e0:-117;
12el1:-191;
12e2 :-239;
12e3:-81;

12e4 : -320;
12e5 :-254;
12e6 :-196;
12e7 : -306;
12e8:-410;
12e9:-198;
12ea:-247;

12eb : -439;
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12ec:-335;
12ed : -464;
12ee :-276;
12ef : -301;
12f0 : -465;
12f1:-320;
122 : -472;
123 :-284;
12f4 . -243;
12f5:-312;
12f6 : -156;
127 : -276;
1218 : -399;
12f9 : -238;
12fa: -319;
12fb : -339;
12fc : -104;

12fd : -294;
12fe : -341;
12ff : -425;

1300 : -409;
1301 :-252;
1302 : -364;
1303 :-165;
1304 : -430;
1305 : -360;
1306 : -165;
1307 : -161;

1308 : -77,
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1309 : -115;
130a : -238;
130b : -437;
130c : -294;
130d : -110;
130e :-332;
130f : -354;
1310:-402;
1311 :-365;
1312 :-354;
1313 :-365;
1314 :-353;
1315 :-367;
1316 : -346;
1317 : -409;
1318 :-316;
1319 :-374;
131a:-273;
131b : -180;
131c : -406;
131d: -375;
131e:-278;
131f : -340;
1320:-415;
1321 :-350;
1322 : -440;
1323:-217;
1324 :-160;

1325:-431;
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1326 :-369;
1327 :-353;
1328 :-369;
1329 :-388;
132a:-393;
132b :-363;
132c : -456;
132d : -224;
132e :-380;
132f:-413;
1330:-368;
1331 :-396;
1332 :-259;
1333 :-360;
1334 :-457,;
1335:-327,;
1336 :-268;
1337 :-125;
1338 :-199;
1339 :-350;
133a:-150;
133b : -162;

133c:

64;

133d:-145;
133e :-120;
133f:-134;
1340 :-126;
1341 :-131;

1342 :-129;
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1343 :-129;
1344 :-130;
1345 :-127;
1346 :-133;
1347 :-123;
1348 : -141;
1349 : -85;
134a:13;
134b : -8;
134c: 3;
134d : -4;
134e:1;
134f : -2;
1350:0;
1351:-1;
1352 :-1;
1353 :-1;
1354 :-1;
1355:-1;
1356 :-1;
1357 :-1;
1358 :-1;
1359 :-1;
135a:-1;
135b : -1;
135c:-1;
135d :-1;
135e:-1;

135f:-1;
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1360:-1;
1361:-1;
1362 :-1;
1363 :-1;
1364 :-1;
1365:-1;
1366 :-1;
1367 :-1;
1368 :-1;
1369 :-1;
136a:-1;
136b : -1;
136¢:-1;
136d:-1;
136e :-1;
136f:-1;
1370:-1;
1371:-1;

END;

colorPals.sv

module colorPals (
input logic [1:0] pallD,
input logic [5:0] address,

output logic [23:0] rgb_out

CSEE4840 Embedded Systems Design (Spring 2022) Page 311 of 442



Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

always_comb begin
rgb_out = 24'd0;
if (pallD==0) begin
case(address)

0: rgb_out = 24'h000000;
1: rgb_out =24'h1d2b53;
2:rgb_out = 24'h7e2553;
3:rgb_out =24'h008751;
4:rgb_out = 24'hab5236;
5: rgb_out = 24'h5f574f;
6: rgb_out = 24'hc2c3c7;
7:rgb_out = 24'hfff1e8;

8: rgb_out = 24'hff004d;
9: rgb_out = 24'hffa300;
10: rgb_out = 24'hffec27;
11: rgb_out = 24'h00e436;
12: rgb_out = 24'h29adff;
13: rgb_out = 24'h83769c;
14: rgb_out = 24'hff77a8;
15: rgb_out = 24'hffccaa;
16: rgb_out = 24'h291814;
17:rgb_out =24'h111d35;
18: rgb_out = 24'h422136;
19: rgb_out =24'h125359;
20: rgb_out = 24'h742f29;
21: rgb_out = 24'h49333b;

22:rgb_out = 24'ha28879;
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23: rgb_out = 24'hf3ef7d;
24:rgb_out = 24'hbe1250;
25: rgb_out = 24'hff6c24;
26: rgb_out = 24'ha8e72¢;
27: rgb_out = 24'h00b543;
28:rgb_out = 24'h065ab5;
29: rgb_out = 24'h754665;
30: rgb_out = 24'hff6e59;
31: rgb_out = 24'hff9d81;
default: rgb_out = 24'h000000;
endcase

end

else if (pallD==1) begin
case(address)

0: rgb_out = 24'h000000;
1: rgb_out = 24'h000000;
2: rgb_out = 24'hffffff;
3: rgb_out = 24'h595a5b;
4: rgb_out = 24'h0c0cOc;
5:rgb_out = 24'hcacaca;
6: rgb_out = 24'ha8b3bc;
7:rgb_out = 24'hb0b9c7;
8:rgb_out =24'h2f3133;
9: rgb_out = 24'hcc0000;
10: rgb_out = 24'h858b92;
11: rgb_out = 24'halc7c6;
12: rgb_out = 24'h8fa4a8;

13: rgb_out = 24'hd3e9e5;
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14: rgb_out = 24'h869693;
15: rgb_out = 24'h89c5bb;
16: rgb_out = 24'hd2d3d6;
17: rgb_out = 24'hbbc7d2;
18: rgb_out = 24'h323539;
19: rgb_out = 24'h96a0a9;
20: rgb_out = 24'h342d2e;
21: rgb_out = 24'h45494d;
22: rgb_out = 24'h2b2f31;
23:rgb_out = 24'h2c2f32;
24:rgb_out =24'h141617,
25: rgb_out =24'h151420;
26:rgb_out = 24'h610f1a;
27:rgb_out = 24'hff7149;
28: rgb_out = 24'h0b2458;
29:rgb_out = 24'h0c5c67;
30: rgb_out =24'h12916b;
31:rgb_out = 24'h27e931;
32: rgb_out = 24'hfff34f;
33:rgb_out = 24'hf6c23b;
34:rgb_out=24'he97b21;
35: rgb_out = 24'hd44b49;
36: rgb_out =24'ha21839;
37:rgb_out =24'h5d0933;
38:rgb_out = 24'h3e0346;
39:rgb_out =24'h7d1475;
40: rgb_out = 24'hba2e89;
41: rgb_out = 24'hf481b0;

42:rgb_out = 24'heeb8b4;
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43: rgb_out = 24'h9756¢7;
44: rgb_out = 24'h2c226¢;
45: rgb_out =24'h110733;
46: rgb_out = 24'h2424af;
47: rgb_out = 24'h4b7cdb;
48: rgb_out = 24'h6acaf4;
49: rgb_out = 24'h86ffed;
50: rgb_out = 24'hfff7e9;
51: rgb_out = 24'hffd8a5;
52:rgb_out =24'hdd9c60;
53:rgb_out=24'h752314;
54: rgb_out = 24'h4b0503;
55: rgb_out = 24'h2c0008;
56: rgb_out = 24'h35281f;
57:rgb_out = 24'h3c3c3g¢;
58: rgb_out = 24'h7f7{7f;
59: rgb_out = 24'hb8a7b9;
default: rgb_out = 24'h000000;
endcase

end

else if (pallD==2) begin
case(address)
0: rgb_out = 24'h000000;
1: rgb_out = 24'h000000;
2: rgb_out = 24'hffffff;
3:rgb_out = 24'h595a5b;
4: rgb_out = 24'h0c0cOc;

5: rgb_out = 24'hcacaca;
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6: rgb_out = 24'ha8b3bc;
7:rgb_out = 24'hb0b9c7,;
8:rgb_out =24'h2f3133;
9: rgb_out = 24'hf0f5f6;
10: rgb_out = 24'h858b92;
11: rgb_out = 24'halc7c6;
12: rgb_out = 24'h8fa4a8;
13: rgb_out = 24'hd3e9e5;
14: rgb_out = 24'h869693;
15: rgb_out = 24'h89c5bb;
16: rgb_out = 24'hd2d3d6;
17: rgb_out = 24'hbbc7d2;
18: rgb_out = 24'h323539;
19: rgb_out = 24'h96a0a9;
20: rgb_out = 24'h342d2e;
21: rgb_out = 24'h45494d;
22:rgb_out =24'h2b2f31;
23:rgb_out = 24'h2c2f32;
24:rgb_out =24'h141617;
25: rgh_out = 24'h151420;
26: rgb_out = 24'h610f1a;
27: rgb_out = 24'hff7149;
28:rgb_out = 24'h0b2458;
29:rgb_out = 24'h0c5c67;
30: rgb_out = 24'h12916b;
31:rgb_out =24'h27e931;
32:rgb_out = 24'hfff34f;
33:rgb_out = 24'hf6c23b;

34:rgb_out =24'he97b21;
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35: rgb_out = 24'hd44b49;
36: rgh_out = 24'ha21839;
37:rgb_out = 24'h5d0933;
38:rgb_out = 24'h3e0346;
39: rgb_out =24'h7d1475;
40: rgb_out = 24'hba2e89;
41: rgb_out = 24'hf481b0;
42:rgb_out = 24'heeb8b4;
43: rgb_out = 24'h9756¢7,
44: rgb_out = 24'h2c226e;
45: rgb_out =24'h110733;
46: rgb_out = 24'h2424af;
47:rgb_out = 24'h4b7cdb;
48: rgb_out = 24'h6acaf4;
49: rgb_out = 24'h86ffed;
50: rgb_out = 24'hfff7e9;
51: rgb_out = 24'hffd8a5;
52:rgb_out = 24'hdd9c60;
53:rgb_out =24'h752314;
54: rgb_out = 24'h4b0503;
55:rgb_out = 24'h2c0008;
56: rgb_out = 24'h35281f;
57:rgb_out =24'h3c3c3c;
58: rgb_out = 24'h7f7f7f;
59:rgb_out = 24'hb8a7b9;
default: rgb_out = 24'h000000;
endcase

end
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else if (pallD==3) begin
case(address)

0: rgb_out = 24'h000000;
1: rgb_out = 24'h000000;
2: rgb_out = 24'hffffff;
3:rgb_out = 24'h595a5b;
4: rgb_out = 24'h0c0c0c;
5: rgb_out = 24'hcacaca;
6: rgb_out = 24'ha8b3bc;
7:rgb_out =24'hb0b9c7;
8:rgb_out = 24'h2f3133;
9: rgb_out = 24'hf0f5f6;
10: rgb_out = 24'h858b92;
11: rgb_out = 24'h685a34;
12: rgb_out = 24'hfcfc7f;
13: rgb_out = 24'h9d8a34;
14: rgb_out = 24'hb2a859;
15: rgb_out = 24'hfefe6a;
16: rgb_out = 24'hcebe3d;
17:rgb_out = 24'h9d8533;
18: rgb_out = 24'hfefe50;
19: rgb_out = 24'h838383;
20: rgb_out = 24'h4d4d4d;
21:rgb_out = 24'ha3a3a3;
22:rgb_out = 24'h4b79f1;
23:rgb_out =24'h1c598c;
24:rgb_out = 24'he84af4;
25: rgb_out = 24'had256c;

26: rgb_out = 24'hc4cdc4;
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27: rgb_out = 24'h010000;
28: rgh_out = 24'h482200;
29: rgb_out = 24'h1f0e00;
30: rgb_out = 24'h341700;
31: rgb_out = 24'h0c0500;
32:rgb_out =24'h020100;
33:rgb_out = 24'h1f0d00;
34: rgb_out = 24'h602a00;
35: rgh_out = 24'h361509;
36: rgb_out =24'hd95427;
37:rgb_out = 24'h7a2f16;
38:rgb_out = 24'hde6621;
39: rgb_out = 24'he3791c;
40: rgb_out = 24'h0d0502;
41: rgb_out = 24'hf6ce88;

42:rgb_out = 24'hed9%e11];
43: rgb_out = 24'h434a5f;
44: rgb_out = 24'h11a5d4;
45: rgb_out = 24'h2cc5f6;

46: rgb_out = 24'he1240f;
47:rgb_out = 24'hf05a5a;

48: rgb_out = 24'h040200;
49: rgb_out = 24'h110700;
50: rgb_out = 24'h959ab1;
51:rgb_out = 24'hfc683b;

52:rgb_out = 24'hdedble;
53:rgb_out =24'hdcele7;
54:rgb_out = 24'hcfc6bs;

default: rgb_out = 24'h000000;
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endcase
end

end

endmodule

rr_audio_explode.hex

:020000040000FA
:2000000082838587888788878987898789868A816265483C413E403E403E403F403F3F452F
:2000200047494FADAFAEAFAEAFAE4AFAES04D586869807F807F807F807F80807F80819FAOSF
:20004000B9C5C1C4C1C3C1C3C1C3C1C4BFCDD2DAESE3E3E3E3E3E3E3E2E4E1IESDBC6C3AAAQ
:20006000ACAAACAAACAAACAAABAAABA8766B3D2D342F33303331323231342E4E60779289D4
:200080008FSASESBSESBEF8A90889CB8C7EAESE7E6GEGE7ESE7ESESE4EQEOBBAB85808480AB
:2000A000848084808480838183868C8F939193929292929391948F977B6348313834373500
:2000C000363636363637353941474E4DAEADAEADAEADAE4ADAFAC516D809BO9ASA9BIA9BI99CD
:2000EO0009B999B999B9A8D8173707270727072717271717171777F888B898A898A898A8ACY
:20010000898A898B857B706B6D6C6D6D6C6D6C6D6B6E6A748FASBOB5B7B6B7B6B6B6B6B669
:20012000B6B6B6BBBEC2C0OC1COC1COC1ICOC1COC1COCIC6CED3D3D3D3D2D3D2D2D2D2D2D2EB
:20014000D2C7B7ACADACACACACACACACACACABAESS66464646464646464646464646464ABE
:20016000535959595959595959595A595A57679CC1C3C2C2C2C2C2C2C2C2C2C2C1C2C3C383
:20018000C3C3C3C3C3C3C3C3C3C3C2C4BB7D4CAB4B4B4BAB4C4ABACACACACACAEG97F8080F7
:2001A0008080808080808080808082ACCECCCDCCCDCCCDCCCCCCCCCCCCCBBBAEAEAEAEAECA
:2001COO0AEAEAEAEAEAEAEADAEABASASASA9ASA9A9A9A9A9A8A9A8A9917F81808180818008
:2001E000818081808180816C5F6160616061616161616161606254454645464646464647FC
:200200004547454942639895979697969797969796979697979BOA9BOASBOA9OBOA9BOA9BAS

:200220009A9B99A0BDCOBFCOBFCOBFCOBFCOBECOBECOBB91868A878A87898789878987892E
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:20024000878ABCCFC8CDCIOCCCOCCCICBCACACBCICD6738483E453F44404441434342453EBD

:200260007FA49AA09BOFOCOE9DODODODOESCAD88777B797A797A7ATATATATAT797B7792A8F8

:20028000A2A6A3A5A4A5A4A4A5A3A6A0AC74404C454A4749484849474A464C4175A59AA053

:2002A0009C9F9DOE9E9DOE9COF9AA4795059555856575756585559535C4D89C8BBC2BECOFF

:2002CO00BFBFBFBFBFBEBFBEBFBDBBBBBBBBBBBBBABBBABBBOBCBSBEA78ASESCSES8CEDSCF7

:2002EOOO8E8C8E8B8F899368323C363A3839383939393A393A383F484747474747474747E2

:2003000047484748474A4CAC4C4C4C4ACACACADACADABAFA86C938C908D8FSESF8FSE8F8D79

:20032000908C936B464C494B4A4B4A4B4B4B4BAB4B4C3D30343233323332333333333334C0

:20034000325E7973777576757675767676767676797B7A7B7A7B7A7B7A7B7A7B7A7B775121

:2003600042464346444644464446444743539CAFABADABADABADACADACACACACACACABACA2

:20038000ACABACABACABACABACABACOF89878787878787878787888788879BB4B4B5B4B4D9

:2003A000B4B4B4B4B4B4B4B4B28EGE6F6E6GF6E6F6E6F6FE6F6F6F6E728692929292929292C9

:2003C0009292929291928D807B7B7B7B7B7B7B7B7B7B7B7B7B786F6B6C6C6C6C6C6C6C6CB4

:2003E0006C6C6C6B7CA4AB7B6B6B6B6B6B6B6B6B6B6B5B7A4816E6F6F6F6F6F6F6F6F6F6F06

:200400006F6F685C555656565656565656565656565F6B727171727172727272717271724E

:200420007E8D96969696959695969597949792765641444343444345434543454248596C18

:200440007775767676767675767577747C8EAOABASAAASA9ASA9A9A9A9A8A9A8A9A8A9A836

:20046000ASA8A9A9A9A9A8AAA6AD8BEGE49373F3A3E3B3E3C3D3C3D3D3D40424546464646EB

:200480004646464646474647474748484848484848484849484948454341414141414141A3

:2004A000414141424141414140414141414041404240433D516071837E817F808080808089

:2004C00080807F8C929DA5A1A4A1A4A2A3A2A3A2A3A19793898688868886888688868885C5

:2004E0008C9B9FBOBOBOBOBOBOAFBOAFB1AEB2A3978F7D817E807F807F7F807F807E93990C

:20050000A6B5B0B3B1B3B1B2B1B2B1B2B1ABABASA4A4A5A4A5A3A5A3A6A1A8937B775456A5

:2005200054555555565456545753696F788B888A888989898989898989858583818281811B

:2005400082818281828182817F7F7E7E7E7E7E7E7E7E7D7E7D7E726F6C5F626061606160BB

:2005600061606260667E7A8E9A96999798979897989798999B9A9DODSDI9DIDI9DODIDODSDY97

:200580009D9D8B8B8476787777777777777777777674747271717171717171717171717448B

:2005A00074747677777777777777777776798D8D93A6A4A5A4A5A4A5A4A5A3A69B828977E2

:2005C00065686667666766686668657A8E86A1AFACADACADACADACADACAC8B8385625C5E6A
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:2005E0005D5D5D5D5D5D5D5E5C5656554E4E4E4FAEAFAEAFAEAFAES45E5A616A69696969DC

:2006000069696969696A605A5D534D4E4EAEAEAEAE4EAFADS547779799CA4A2A3A2A3A2A223

:20062000A3A2A4967F877C6464646464646464656465605E5F5B5858585858585858595882

:20064000595D5E5D6263636363636363636363636363636363636363636463646265828B0C

:20066000849AAFABADACACACACADACADASA5A4A59E9DODIDODSD9D9D9DODID877B81765FF0

:200680005F605F605F605F605F61656665696C6B6B6B6B6B6B6B6B6C666264625C5A5C5ADB

:2006A0005C5A5C5A5C5A5E696B68707A78797979797978797784908D8ESDASA1A4A2A4A2B9

:2006C000A4A2A4A095939590848585858585858584867D7576766D66696668676867686626

:2006E0006A797B797D8D8D8D8D8CE8DECEESC8F827A7B7C71676A686A696A696A696A6C6CCC

:200700006C6D6F6F6F6F6F6F6F6E706D818B898897A6A1A5A2A4A2A4A2A4A0979798968CB2

:200720008C8C8C8CBC8C8CBCBC3BSASABABA888988898889888A878F9A98999BA9A8ASA9B6

:20074000A9A9A%A8A9A7888685886F606562656265626561717B7A797F929092909190914D

:2007600090928B76787778635D5F5D5F5E5F5E5F5E707474727B8A878987898789878A83A9

:2007800076777678696466656665666566656A6B6B6B6C717170717071707170737C7B7C93

:2007A0007B828886878787878787869095939494A1A1A1A1A1A0A1A0A29A80838085736081

:2007C0006562646264636462696C6C6C6C7374747474747474747471717171706D6E6D6E75

:2007EO0006D6E6D6E6C838C898B8AA3A7ABA7TATABGA7ABAB9E878C888D7F6B6E6D6E6D6E6D10

:200800006E6D83898788879EA3A2A2A2A2A2A1A39A8D918E91877B7D7C7D7C7D7C7D7C7976

:2008200079797979757575757575757574797D7C7D7C808584858485848584868A898A89FD

:200840008A8E8F8F8F8F8F8F8F8F807C7E7C7F726A6C6B6C6B6C6B6C6762636264615A5ABF

:200860005B5A5B5A5B5A5C5F605F605F6364646465646565647E8883888293A8A6A7A6A633

:20088000A6A6A6A5A4A4AAAAA4A2A3A2A3A2A3A2A39E8ESESFEESF81797B7A7B7A7B7A7BBF

:2008A0007C7D7D7D7D7E807F807F807F807E89928F918F919EA2AO0A1AOA29FA398868787C3

:2008C0008689786C6F6D6F6D6E6D6F77797879777C83828383838383838181818181817FB3

:2008EQ007F7F7F7F7F7F7F7E7D7E7D7E7D7D7B7C7B7C7B7D7A828F8ESF8F8DI96A3A0A2A04C

:20090000A29FA39B807F807E81795E5E5E5ES5ES5E5E5E6A6D6C6C6C6D797B7A7B7A7B7A7B16

:200920007A7A7A7A7AT7A797A797A797A797B726B6C6C6C6D665D5F5D5F5D5F5D65717070D3

:20094000706F7483818281828182807675757575756B686968696869696767676767676662

:20096000656565656565656564656465646563646364636463656E6F6F6F6F6E767B797A5B
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:20098000797A7A79808483838382868D8C8C8C8CCBC8CBCBC8CBCEC8C8C8DED8DED8DED59

:2009A0008D8D8D8D8D8D8D8DEDEDEDEDEDE8DSDSESFSESFSESE8F9090908F918F9282797BA8

:2009C0007A7B7B79666665666566646E7E7B7D7B7D7B8C94919392939293979797979797F9

:2009E000999D9C9C9COCICOB8I9868787868883717271727172717E8382838283839193930D

:200A0000939393948F8A8C8B8B8B8C868384838483847F777978797879736C6E6D6E6GD6ECS

:200A20006C69696969696A686565656565656564646464646464636263626363637D8280BA

:200A4000828082809AA19FAO9FOFAO8D858885888589776C6F6E6EGEGE767C7A7C7A7C7A23

:200A6000818987888788878C8F8E8SF8E8F8E9196959595959595959595959595959595956D

:200A8000959594979A9A9A9A9A9A9A9F9F9F9FOEA09B9394939493939389878888888888B7

:200AA00089898989898989898A8A8A898A87808080808080807975777677757A8A8A8A8ACD

:200AC000898B88969F9DI9E9SDIE9CIA9A9A999A999A97959696969695919191919190918E62

:200AE0008C8C8C8B8D897C7C7D7C7D7C7E756C6E6C6E6C707E7E7E7E7D7F7C84908ESF8ELS

:200BO0008F8D86868686868687837D7F7E7F7ES808A8BSASBSASBS8A8D979797979796929192

:200B20009291929192918D8C8C8C8C8D827D7F7E7F7E7E7F7470717071716F6E6E6E6EGEDO

:200B40006E6E6D6B6C6B6C6BO6EGF6F6F6F6F6F6F7173737373737374747474747474747584

:200B600075767576726C6D6D6D6D6D6D6C646664666469737273737373727580808080814D

:200B8000807E7E7E7E7E7E7E7E7B7B7B7B7B7B7B7B7B7B7B7B7B7B7B7B7B7B7B7B7E7D7EDO

:200BA0007D7E7D7E7D80808180817E73737373737373746A64666566666A696A696A6A6AEQ

:200BCO00696C6E6D6E6D6E6F706F706F706F7070727172717482828282828182808B93913A

:200BE0009292908889888988898889837E7F7E7F7F807F807F807F807F80808180817E778E

:200C000078787878787779736E706F6F6F706F706F706F706F70707070706F6D6D6D6D6DB2

:200C20006E6D6E6B6B6A6B69727C7A7C7A7B7A7C79858C8B8B8C82787B797A797A797B709D

:200C4000676A6869696A6A6A6A6A6A6A6A6B6B6B6C6A797E7C7D7D7D7D7E7C8A908ESFSEFC

:200C60008A88898889888988898482838283898A898A898A898A898F909090908F8F8F8F38

:200C80008F8F8F8F8F8DSESDBE898284838483848384817A797A797E8281818181818180C2

:200CA00083898889883B3B3B3B3B3BEBESBEBSCEESESE8D8381828182818281837A74757581

:200CC00074727272727272727272706E706E727D7C7C7C7C7C7C7C7C858B888B867B7B7BF9

:200CE0007B7B7B7C7B7C726C6E6D6F7070707070717071707373747279848283828383831D

:200D000083828D9391938C8586868686868686867D797B797F8483838383838383838A8D2D
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:200D20008C8C8E8F8F8F8F8F8F8F8F8F90919191837E807E7F7F7F7F7F7E6F6D6EGE7D8016
:200D40007F807F807F807F81909191918D8SESDSESDSESDSESDEDSASASASBEDEDED8D8D8C57
:200D60008D8C8D8D908ES1887D7E7E7E7E7D7E7D7F786B6E6B757E7C7D7C7C7C7C7D7B838A
:200D80008D8B8C8B3C8B3B3B3BSCEB8C3B8BEB8B8A817F807F7F7F7F7F7F807773747477D0
:200DA0007777777777777777777A7A7A7B7C7C7C7C7C7D7C7D7C7D7E7F7E838685858585A8
:200DC00086858685878C8C8C838182818281818181827D7678767676767676767676767646
:200DE00075757479807F7F7F7F7F7F7F7F7F878A888B8BSB8B8B8BSBSBEB8B8B8D8D8D8C60
:200E00008B8B3B3B3BSB8B8B3B8A89898989898989898989898988898889827D7E7E7E7EED
:200E20007E7E7E7E7E75737477787778777878787878797B7C7B787979797979797979798F
:200E40007876767A7E7D7E7D7E7D7E7D7E7D82858486868686868686868686868889868366
:200E6000848383838383838384827F7F80818081808080808080808182817E7E7E7E7E7ESB
:200E80007E7E7E7E7E7B7B7A7979797979797979797A7978777B7F7E7F7E7ETE7E7E7F7EDF
:200EA0008185848585858585858585858585858685858585858584848484848484848280A6
:200EC000808080808080808080807D7D7F8080808080808080808081838383838383838300
:200EE000838383838383848382828282828282828282828080807F7F7F7F7F7F7F7F7F7FCD
:200FO0007F7F7F7E7E7E7E7E7E7E7E7E7E7E7E7D7D7D7D7D7D7D7D7D7D7D7D7D7D7D7D7ELE
:200F20007E7E7E7E7E7E7E7E7E7E7E7ETE7ETE7E7E7ETETETE7E7E7ETETETE7E7F7F7F7FED
:200FA0007F7F7F7F7F7F7F7F7F7F7F7F7F7F7F7F7F7F7F80808080808080808080808080A4
:200F6000808180808080808080808080808080808080808080808080808080808080808070
:200F8000808080808080808080808080808080808080808080808080808080808080808051
:200FAO0080808080807F7F7F7F7F7F7F7F7F7F7F7F7F7F7F7F7F7F7F7F7F7F7F7F7F7F7FAC
:200FCOO07F7F7F7F7F7F7F7F7F7F7F7F7F7F7F7F7F7F7F7F7F7F7F7F807F8080808080802A
:200FE0008080808080808080808080808080808080808080808080807F807F80807F807FF5

:00000001FF

audioROM_fuel.v
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// megafunction wizard: %ROM: 1-PORT%
// GENERATION: STANDARD
// VERSION: WM1.0

// MODULE: altsyncram

//: =
// File Name: audioROM_fuel.v

// Megafunction Name(s):

// altsyncram

//

// Simulation Library Files(s):

// altera_mf

/] = =

//************************************************************

// THIS IS A WIZARD-GENERATED FILE. DO NOT EDIT THIS FILE!

/1
// 21.1.0 Build 842 10/21/2021 S Lite Edition

// 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k >k >k >k >k 3k 3k 3k 3k %k %k 3k 3k 3k 3k 3k 3k >k >k %k >k 3k 3k 3k 3%k 3%k %k 3k >k >k 3k 3k 3k >k %k %k >k 3k 3k 3k 5%k %k %k %k >k >k 3k 3k k%

//Copyright (C) 2021 Intel Corporation. All rights reserved.
//Your use of Intel Corporation's design tools, logic functions
//and other software and tools, and any partner logic
//functions, and any output files from any of the foregoing
//(including device programming or simulation files), and any
//associated documentation or information are expressly subject
//to the terms and conditions of the Intel Program License

//Subscription Agreement, the Intel Quartus Prime License Agreement,
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//the Intel FPGA IP License Agreement, or other applicable license
//agreement, including, without limitation, that your use is for
//the sole purpose of programming logic devices manufactured by
//Intel and sold by Intel or its authorized distributors. Please
//refer to the applicable agreement for further details, at

//https://fpgasoftware.intel.com/eula.

// synopsys translate_off

‘timescale 1 ps/ 1 ps

// synopsys translate_on

module audioROM_fuel (
address,

clock,

q);

input [10:0] address;

input  clock;

output [7:0] q;
‘ifndef ALTERA_RESERVED_QIS
// synopsys translate_off
“endif

tril clock;
‘ifndef ALTERA_RESERVED_QIS
// synopsys translate_on

‘endif

wire [7:0] sub_wire0;

wire [7:0] g = sub_wire0[7:0];
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altsyncram

defparam

altsyncram_component (

.address_a (address),
.clockO (clock),

.q_a (sub_wire0),
.aclr0 (1'b0),

.aclrl (1'b0),
.address_b (1'b1),
.addressstall_a (1'b0),
.addressstall_b (1'b0),
.byteena_a (1'b1),
.byteena_b (1'b1),
.clockl (1'b1),
.clocken0 (1'b1),

.clockenl (1'b1),

.clocken2 (1'b1),
.clocken3 (1'b1),
.data_a ({8{1'b1}}),
.data_b (1'b1),
.eccstatus (),

-q_b (),

.rden_a (1'b1),
.rden_b (1'b1),
.wren_a (1'b0),

.wren_b (1'b0));

altsyncram_component.address_aclr_a = "NONE",

altsyncram_component.clock_enable_input_a = "BYPASS",

altsyncram_component.clock_enable_output_a = "BYPASS",
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‘ifdef NO_PLI

‘else

“endif

endmodule

altsyncram_component.init_file = "rr_audio_fuel.rif"

altsyncram_component.init_file = "rr_audio_fuel.hex"

altsyncram_component.intended_device_family = "Cyclone V",
altsyncram_component.lpm_hint = "ENABLE_RUNTIME_MOD=NOQ",
altsyncram_component.lpm_type = "altsyncram",
altsyncram_component.numwords_a = 2048,
altsyncram_component.operation_mode = "ROM",
altsyncram_component.outdata_aclr_a = "NONE",
altsyncram_component.outdata_reg a = "UNREGISTERED",
altsyncram_component.widthad_a =11,
altsyncram_component.width_a =8,

altsyncram_component.width_byteena_a=1;

/=

// CNX file retrieval info

/] =

// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:

// Retrieval info:

PRIVATE: ADDRESSSTALL_A NUMERIC "0"
PRIVATE: AclrAddr NUMERIC "0"
PRIVATE: AclrByte NUMERIC "0"
PRIVATE: AclrOutput NUMERIC "0"
PRIVATE: BYTE_ENABLE NUMERIC "0"

PRIVATE: BYTE_SIZE NUMERIC "8"
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// Retrieval info: PRIVATE: BlankMemory NUMERIC "0"

// Retrieval info: PRIVATE: CLOCK_ENABLE_INPUT_A NUMERIC "0"

// Retrieval info: PRIVATE: CLOCK_ENABLE_OUTPUT_A NUMERIC "0"

// Retrieval info: PRIVATE: Clken NUMERIC "0"

// Retrieval info: PRIVATE: IMPLEMENT_IN_LES NUMERIC "0"

// Retrieval info: PRIVATE: INIT_FILE_LAYOUT STRING "PORT_A"

// Retrieval info: PRIVATE: INIT_TO_SIM_X NUMERIC "0"

// Retrieval info: PRIVATE: INTENDED_DEVICE_FAMILY STRING "Cyclone V"
// Retrieval info: PRIVATE: JTAG_ENABLED NUMERIC "0"

// Retrieval info: PRIVATE: JTAG_ID STRING "NONE"

// Retrieval info: PRIVATE: MAXIMUM_DEPTH NUMERIC "0"

// Retrieval info: PRIVATE: MIFfilename STRING "rr_audio_fuel.hex"

// Retrieval info: PRIVATE: NUMWORDS_A NUMERIC "2048"

// Retrieval info: PRIVATE: RAM_BLOCK_TYPE NUMERIC "0"

// Retrieval info: PRIVATE: RegAddr NUMERIC "1"

// Retrieval info: PRIVATE: RegOutput NUMERIC "0"

// Retrieval info: PRIVATE: SYNTH_WRAPPER_GEN_POSTFIX STRING "0"

// Retrieval info: PRIVATE: SingleClock NUMERIC "1"

// Retrieval info: PRIVATE: UseDQRAM NUMERIC "0"

// Retrieval info: PRIVATE: WidthAddr NUMERIC "11"

// Retrieval info: PRIVATE: WidthData NUMERIC "8"

// Retrieval info: PRIVATE: rden NUMERIC "0"

// Retrieval info: LIBRARY: altera_mf altera_mf.altera_mf_components.all
// Retrieval info: CONSTANT: ADDRESS_ACLR_A STRING "NONE"

// Retrieval info: CONSTANT: CLOCK_ENABLE_INPUT_A STRING "BYPASS"
// Retrieval info: CONSTANT: CLOCK_ENABLE_OUTPUT_A STRING "BYPASS"
// Retrieval info: CONSTANT: INIT_FILE STRING "rr_audio_fuel.hex"

// Retrieval info: CONSTANT: INTENDED_DEVICE_FAMILY STRING "Cyclone V"

// Retrieval info: CONSTANT: LPM_HINT STRING "ENABLE_RUNTIME_MOD=NO"
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// Retrieval info: CONSTANT: LPM_TYPE STRING "altsyncram"

// Retrieval info: CONSTANT: NUMWORDS_A NUMERIC "2048"

// Retrieval info: CONSTANT: OPERATION_MODE STRING "ROM"

// Retrieval info: CONSTANT: OUTDATA_ACLR_A STRING "NONE"

// Retrieval info: CONSTANT: OUTDATA_REG_A STRING "UNREGISTERED"
// Retrieval info: CONSTANT: WIDTHAD_A NUMERIC "11"

// Retrieval info: CONSTANT: WIDTH_A NUMERIC "8"

// Retrieval info: CONSTANT: WIDTH_BYTEENA_A NUMERIC "1"

// Retrieval info: USED_PORT: address 00 11 0 INPUT NODEFVAL "address[10..0]"
// Retrieval info: USED_PORT: clock 0 0 0 0 INPUT VCC "clock"

// Retrieval info: USED_PORT: g 0 0 8 0 OUTPUT NODEFVAL "q[7..0]"

// Retrieval info: CONNECT: @address_a 00 11 0 address00 110

// Retrieval info: CONNECT: @clock0 0000 clock 0000

// Retrieval info: CONNECT: 0080 @g_a0080

// Retrieval info: GEN_FILE: TYPE_NORMAL audioROM_fuel.v TRUE

// Retrieval info: GEN_FILE: TYPE_NORMAL audioROM_fuel.inc FALSE

// Retrieval info: GEN_FILE: TYPE_NORMAL audioROM_fuel.cmp FALSE
// Retrieval info: GEN_FILE: TYPE_NORMAL audioROM_fuel.bsf FALSE

// Retrieval info: GEN_FILE: TYPE_NORMAL audioROM_fuel_inst.v FALSE
// Retrieval info: GEN_FILE: TYPE_NORMAL audioROM_fuel_bb.v TRUE

// Retrieval info: LIB_FILE: altera_mf

spriteRAM.v

// megafunction wizard: %RAM: 1-PORT%

// GENERATION: STANDARD
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// VERSION: WM1.0

// MODULE: altsyncram

/[ ======= - =

// File Name: spriteRAM.v

// Megafunction Name(s):

// altsyncram

//

// Simulation Library Files(s):

// altera_mf

/] = = = =

//************************************************************

// THIS IS A WIZARD-GENERATED FILE. DO NOT EDIT THIS FILE!

/1
// 21.1.0 Build 842 10/21/2021 S Lite Edition

//************************************************************

//Copyright (C) 2021 Intel Corporation. All rights reserved.

//Your use of Intel Corporation's design tools, logic functions

//and other software and tools, and any partner logic

//functions, and any output files from any of the foregoing
//(including device programming or simulation files), and any
//associated documentation or information are expressly subject

//to the terms and conditions of the Intel Program License
//Subscription Agreement, the Intel Quartus Prime License Agreement,
//the Intel FPGA IP License Agreement, or other applicable license
//agreement, including, without limitation, that your use is for

//the sole purpose of programming logic devices manufactured by
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//Intel and sold by Intel or its authorized distributors. Please
//refer to the applicable agreement for further details, at

//https://fpgasoftware.intel.com/eula.

// synopsys translate_off
‘timescale 1 ps/ 1 ps
// synopsys translate_on
module spriteRAM (
address,
clock,
data,

wren,

qa);

input [4:0] address;

input clock;

input  [25:0] data;

input wren;

output [25:0] g;
‘ifndef ALTERA_RESERVED_QIS
// synopsys translate_off
“endif

tril clock;
‘ifndef ALTERA_RESERVED_QIS
// synopsys translate_on

‘endif

wire [25:0] sub_wire0;
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wire [25:0] g = sub_wire0[25:0];

altsyncram

defparam

altsyncram_component (

.address_a (address),
.clockO (clock),
.data_a (data),
.wren_a (wren),

.g_a (sub_wire0),
.aclr0 (1'b0),

.aclrl (1'b0),
.address_b (1'b1),
.addressstall_a (1'b0),
.addressstall_b (1'b0),
.byteena_a (1'b1),

.byteena_b (1'b1),

.clockl (1'b1),
.clocken0 (1'b1),
.clockenl (1'b1),
.clocken2 (1'b1),
.clocken3 (1'b1),
.data_b (1'b1),
.eccstatus (),
-q_b (),

.rden_a (1'b1),
.rden_b (1'b1),

.wren_b (1'b0));

altsyncram_component.clock_enable_input_a = "BYPASS",

altsyncram_component.clock_enable_output_a = "BYPASS",
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altsyncram_component.intended_device_family = "Cyclone V",
altsyncram_component.lpm_hint = "ENABLE_RUNTIME_MOD=NO",
altsyncram_component.lpm_type = "altsyncram",
altsyncram_component.numwords_a = 32,
altsyncram_component.operation_mode = "SINGLE_PORT",
altsyncram_component.outdata_aclr_a = "NONE",
altsyncram_component.outdata_reg_a = "UNREGISTERED",
altsyncram_component.power_up_uninitialized = "FALSE",

altsyncram_component.read_during_write_mode_port_a =
"NEW_DATA_NO_NBE_READ",

altsyncram_component.widthad _a =35,
altsyncram_component.width_a = 26,

altsyncram_component.width_byteena_a=1;

endmodule

[ mm===== - -
// CNX file retrieval info

Jf ======= =
// Retrieval info: PRIVATE: ADDRESSSTALL_A NUMERIC "0"

// Retrieval info: PRIVATE: AclrAddr NUMERIC "0"

// Retrieval info: PRIVATE: AclrByte NUMERIC "0"

// Retrieval info: PRIVATE: AclrData NUMERIC "0"

// Retrieval info: PRIVATE: AclrOutput NUMERIC "0"

// Retrieval info: PRIVATE: BYTE_ENABLE NUMERIC "0"
// Retrieval info: PRIVATE: BYTE_SIZE NUMERIC "8"

// Retrieval info: PRIVATE: BlankMemory NUMERIC "1"

// Retrieval info: PRIVATE: CLOCK_ENABLE_INPUT_A NUMERIC "0"
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// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:

// Retrieval info:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

CLOCK_ENABLE_OUTPUT_A NUMERIC "0"
Clken NUMERIC "0"

DataBusSeparated NUMERIC "1"
IMPLEMENT_IN_LES NUMERIC "0"

INIT_FILE_LAYOUT STRING "PORT_A"

- INIT_TO_SIM_X NUMERIC "0"

INTENDED_DEVICE_FAMILY STRING "Cyclone V"
JTAG_ENABLED NUMERIC "0"

JTAG_ID STRING "NONE"

MAXIMUM_DEPTH NUMERIC "0"

MIFfilename STRING "spriteMAP.mif"
NUMWORDS_A NUMERIC "32"
RAM_BLOCK_TYPE NUMERIC "0"
READ_DURING_WRITE_MODE_PORT_A NUMERIC "3"
RegAddr NUMERIC "1"

RegData NUMERIC "1"

RegOutput NUMERIC "0"
SYNTH_WRAPPER_GEN_POSTFIX STRING "0"
SingleClock NUMERIC "1"

UseDQRAM NUMERIC "1"
WRCONTROL_ACLR_A NUMERIC "0"
WidthAddr NUMERIC "5"

WidthData NUMERIC "26"

rden NUMERIC "0"

LIBRARY: altera_mf altera_mf.altera_mf_components.all

CONSTANT: CLOCK_ENABLE_INPUT_A STRING "BYPASS"

CONSTANT: CLOCK_ENABLE_OUTPUT_A STRING "BYPASS"

CONSTANT: INTENDED_DEVICE_FAMILY STRING "Cyclone V"

CONSTANT: LPM_HINT STRING "ENABLE_RUNTIME_MOD=NO"
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// Retrieval info
// Retrieval info
// Retrieval info
// Retrieval info
// Retrieval info
// Retrieval info

// Retrieval info

: CONSTANT: LPM_TYPE STRING "altsyncram"

: CONSTANT: NUMWORDS_A NUMERIC "32"

: CONSTANT: OPERATION_MODE STRING "SINGLE_PORT"
: CONSTANT: OUTDATA_ACLR_A STRING "NONE"

: CONSTANT: OUTDATA_REG_A STRING "UNREGISTERED"

: CONSTANT: POWER_UP_UNINITIALIZED STRING "FALSE"

: CONSTANT: READ_DURING_WRITE_MODE_PORT_A STRING

"NEW_DATA_NO_NBE_READ"

// Retrieval info

// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:

// Retrieval info:

: CONSTANT: WIDTHAD_A NUMERIC "5"

CONSTANT: WIDTH_A NUMERIC "26"

CONSTANT: WIDTH_BYTEENA_A NUMERIC "1"
USED_PORT: address 00 5 0 INPUT NODEFVAL "address[4..0]"
USED_PORT: clock 0 0 0 0 INPUT VCC "clock"

USED_PORT: data 0 0 26 0 INPUT NODEFVAL "data[25..0]"
USED_PORT: g 0026 0 OUTPUT NODEFVAL "q[25..0]"
USED_PORT: wren 0 0 0 O INPUT NODEFVAL "wren"
CONNECT: @address_ a0050address0050

CONNECT: @clock00000 clock0000

CONNECT: @data_a00260data00260

CONNECT: @wren_a0000wren0000

CONNECT: q00260@g_a00260

GEN_FILE: TYPE_NORMAL spriteRAM.v TRUE

GEN_FILE: TYPE_NORMAL spriteRAM.inc FALSE
GEN_FILE: TYPE_NORMAL spriteRAM.cmp FALSE
GEN_FILE: TYPE_NORMAL spriteRAM.bsf FALSE
GEN_FILE: TYPE_NORMAL spriteRAM_inst.v FALSE
GEN_FILE: TYPE_NORMAL spriteRAM_bb.v TRUE

LIB_FILE: altera_mf
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tileRAM.v

// megafunction wizard: %RAM: 1-PORT%
// GENERATION: STANDARD
// VERSION: WM1.0

// MODULE: altsyncram

/= = _
// File Name: tileRAM.v

// Megafunction Name(s):

// altsyncram

//

// Simulation Library Files(s):

// altera_mf

[/ ======= -

//************************************************************

// THIS IS A WIZARD-GENERATED FILE. DO NOT EDIT THIS FILE!

/1
// 21.1.0 Build 842 10/21/2021 S Lite Edition

//************************************************************

//Copyright (C) 2021 Intel Corporation. All rights reserved.
//Your use of Intel Corporation's design tools, logic functions
//and other software and tools, and any partner logic

//functions, and any output files from any of the foregoing
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//(including device programming or simulation files), and any
//associated documentation or information are expressly subject

//to the terms and conditions of the Intel Program License
//Subscription Agreement, the Intel Quartus Prime License Agreement,
//the Intel FPGA IP License Agreement, or other applicable license
//agreement, including, without limitation, that your use is for

//the sole purpose of programming logic devices manufactured by
//Intel and sold by Intel or its authorized distributors. Please

//refer to the applicable agreement for further details, at

//https://fpgasoftware.intel.com/eula.

// synopsys translate_off
‘timescale 1 ps/ 1 ps
// synopsys translate_on
modaule tileRAM (
address,
clock,
data,

wren,

qa);

input [8:0] address;

input clock;

input [7:0] data;

input wren;

output [7:0] q;
‘ifndef ALTERA_RESERVED_QIS

// synopsys translate_off
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“endif

tril clock;
‘ifndef ALTERA_RESERVED_QIS
// synopsys translate_on

‘endif

wire [7:0] sub_wire0;

wire [7:0] q = sub_wire0[7:0];

altsyncram altsyncram_component (
.address_a (address),
.clockO (clock),
.data_a (data),
.wren_a (wren),
.g_a (sub_wire0),
.aclr0 (1'b0),
.aclrl (1'b0),
.address_b (1'b1),
.addressstall_a (1'b0),
.addressstall_b (1'b0),
.byteena_a (1'b1),
.byteena_b (1'b1),
.clockl (1'b1),
.clocken0 (1'b1),
.clockenl (1'b1),
.clocken2 (1'b1),
.clocken3 (1'b1),
.data_b (1'b1),

.eccstatus (),
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-q_b (),

.rden_a (1'b1),

.rden_b (1'b1),

.wren_b (1'b0));

defparam

altsyncram_component.clock_enable_input_a = "BYPASS",
altsyncram_component.clock_enable_output_a = "BYPASS",
altsyncram_component.init_file = "mif/tile_RAM_init.mif",
altsyncram_component.intended_device_family = "Cyclone V",
altsyncram_component.lpm_hint = "ENABLE_ RUNTIME_MOD=NO",
altsyncram_component.lpm_type = "altsyncram",
altsyncram_component.numwords_a = 320,
altsyncram_component.operation_mode = "SINGLE_PORT",
altsyncram_component.outdata_aclr_a = "NONE",
altsyncram_component.outdata_reg_a = "UNREGISTERED",
altsyncram_component.power_up_uninitialized = "FALSE",

altsyncram_component.read_during_write_mode_port_a =
"NEW_DATA_NO_NBE_READ",

altsyncram_component.widthad a =9,
altsyncram_component.width_a =8,

altsyncram_component.width_byteena_a =1;

endmodule

/] = =
// CNX file retrieval info

[ memmm= -
// Retrieval info: PRIVATE: ADDRESSSTALL_A NUMERIC "0"
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// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:

// Retrieval info:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

AclrAddr NUMERIC "0"

AclrByte NUMERIC "0"

AclrData NUMERIC "0"

AclrOutput NUMERIC "0"

BYTE_ENABLE NUMERIC "0"

BYTE_SIZE NUMERIC "8"

BlankMemory NUMERIC "0"
CLOCK_ENABLE_INPUT_A NUMERIC "0"
CLOCK_ENABLE_OUTPUT_A NUMERIC "0"
Clken NUMERIC "0"

DataBusSeparated NUMERIC "1"
IMPLEMENT_IN_LES NUMERIC "0"
INIT_FILE_LAYOUT STRING "PORT_A"
INIT_TO_SIM_X NUMERIC "0"
INTENDED_DEVICE_FAMILY STRING "Cyclone V"
JTAG_ENABLED NUMERIC "0"

JTAG_ID STRING "NONE"

MAXIMUM_DEPTH NUMERIC "0"
MIFfilename STRING "tileMAP_RAM_Init.mif"
NUMWORDS_A NUMERIC "320"
RAM_BLOCK_TYPE NUMERIC "0"
READ_DURING_WRITE_MODE_PORT_A NUMERIC "3"
RegAddr NUMERIC "1"

RegData NUMERIC "1"

RegOutput NUMERIC "0"
SYNTH_WRAPPER_GEN_POSTFIX STRING "0"
SingleClock NUMERIC "1"

UseDQRAM NUMERIC "1"

WRCONTROL_ACLR_A NUMERIC "0"
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// Retrieval info

// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:

// Retrieval info:

: PRIVATE: WidthAddr NUMERIC "9"

PRIVATE: WidthData NUMERIC "8"

PRIVATE: rden NUMERIC "0"

LIBRARY: altera_mf altera_mf.altera_mf_components.all
CONSTANT: CLOCK_ENABLE_INPUT_A STRING "BYPASS"
CONSTANT: CLOCK_ENABLE_OUTPUT_A STRING "BYPASS"
CONSTANT: INIT_FILE STRING "tileMAP_RAM_Init.mif"
CONSTANT: INTENDED_DEVICE_FAMILY STRING "Cyclone V"
CONSTANT: LPM_HINT STRING "ENABLE_RUNTIME_MOD=NO"
CONSTANT: LPM_TYPE STRING "altsyncram"

CONSTANT: NUMWORDS_A NUMERIC "320"

CONSTANT: OPERATION_MODE STRING "SINGLE_PORT"
CONSTANT: OUTDATA_ACLR_A STRING "NONE"

CONSTANT: OUTDATA_REG_A STRING "UNREGISTERED"
CONSTANT: POWER_UP_UNINITIALIZED STRING "FALSE"

CONSTANT: READ_DURING_WRITE_MODE_PORT_A STRING

"NEW_DATA_NO_NBE_READ"

// Retrieval info

// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:

// Retrieval info:

: CONSTANT: WIDTHAD_A NUMERIC "9"

CONSTANT: WIDTH_A NUMERIC "8"

CONSTANT: WIDTH_BYTEENA_A NUMERIC "1"
USED_PORT: address 0 0 9 0 INPUT NODEFVAL "address|[8..0]"
USED_PORT: clock 0 0 0 0 INPUT VCC "clock"
USED_PORT: data 0 0 8 0 INPUT NODEFVAL "data[7..0]"
USED_PORT: g 0 0 8 0 OUTPUT NODEFVAL "g[7..0]"
USED_PORT: wren 0 0 0 0 INPUT NODEFVAL "wren"
CONNECT: @address a0090address0090
CONNECT: @clock00000clock0000

CONNECT: @data_a0080data0080

CONNECT: @wren_a0000wren0000
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// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:

// Retrieval info:

CONNECT: 0080 @q_a0080
GEN_FILE: TYPE_NORMAL tileRAM.v TRUE
GEN_FILE: TYPE_NORMAL tileRAM.inc FALSE
GEN_FILE: TYPE_NORMAL tileRAM.cmp FALSE
GEN_FILE: TYPE_NORMAL tileRAM.bsf FALSE
GEN_FILE: TYPE_NORMAL tileRAM_inst.v FALSE
GEN_FILE: TYPE_NORMAL tileRAM_bb.v TRUE

LIB_FILE: altera_mf

tile_RAM_init.mif

WIDTH=8;

DEPTH=320;

ADDRESS_RADIX=UNS;

DATA_RADIX=UNS;

CONTENT BEGIN
0:76;
1:76;
2:76;
3:60;
4:76;
5:76;
6:60;

7 :60;
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8:

9:

10:

11:

12 :

13:

14 :

15:

16:

17 :

18:

19:

20:

21:

22:

23:

24 .

25:

26:

27 :

28 :

29:

30:

31:

32:

33:

34:

35:

36:

60;

76;

76;
76;
76;
60;
76;
76;
60;
60;
60;
76;
76;
76;
60;
60;
76;
76;
60;
76;
60;
76;
76;
76;
60;
60;
76;
76;

60;
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37:

38:

39:

40:

41 :

42

43

44 .

45

46 :

47

48 :

49 :

50:

51:

52:

53:

54

55:

56:

57:

58:

59:

60 :

61:

62 :

63:

64 :

65:

76;
60;
76;
76;
60;
76;
60;
76;
76;
60;
60;
60;
76;
76;
60;
76;
60;
76;
76;
60;
76;
60;
76;
60;
60;
60;
60;
60;

76;
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66 :

67 :

68 :

69 :

70 :

71:

72 :

73 :

74 :

75:

76 :

77 :

78 :

79 :

80:

81:

82:

83:

84 .

85:

86 :

87:

88 :

89 :

90 :

91:

92:

93:

94 .

60;
76;
60;
76;
60;
60;
60;
60;
60;
76;
60;
76;
60;
76;
76;
76;
76;
60;
56;
76;
60;
60;
60;
76;
76;
76;
76;
60;

56;
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95:

96 :

97 :

98 :

99 .

100:

101 :

102:

103:

104 :

105:

106 :

107 :

108 :

109:

110:

111:

112

113:

114 :

115:

116

117:

118:

119:

120:

121:

122:

123:

76;
60;
60;
60;
76;
76;
76;
76;
120;
76;
76;
120;
120;
120;
76;
76;
76;

1 76;
120;
76;
76;
:120;
120;
120;
76;
76;
76;
76;

76;
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124 :

125:

126:

127 :

128:

129:

130:

131:

132:

133:

134 :

135:

136:

137:

138:

139:

140:

141:

142 :

143 :

144 :

145:

146 :

147 :

148 :

149 :

150:

151:

152:

76;
76;
76;
76;
76;
76;
76;
76;
76;
76;
76;
76;
76;
76;
76;
76;
32;
20;
20;
20;
20;
20;
20;
20;
20;
20;
20;
20;

20;
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153:

154 :

155:

156:

157 :

158:

159:

160 :

161:

162 :

163:

164 :

165:

166 :

167 :

168:

169 :

170:

171:

172

173:

174 :

175:

176 :

177 :

178:

179:

180:

181:

20;
20;
20;
20;
20;
20;
20;
12;
72;
72;
72;
72;
4,

72;
72;
72;
52;
4;

72;
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182:

183:

184 :

185:

186:

187 :

188 :

189:

190:

191:

192:

193:

194 :

195:

196:

197 :

198 :

199:

200 :

201:

202 :

203:

204 :

205 :

206 :

207 :

208 :

209:

210:

104;
104;
80;
4,

52;

104;
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211

212

213:

214 :

215:

216:

217 :

218:

219:

220:

221:

222

223:

224 .

225:

226:

227

228:

229 :

230:

231:

232:

233:

234 :

235:

236

237:

238:

239:

14,

24;

72;

104;

104;

CSEE4840 Embedded Systems Design (Spring 2022)

Page 351 of 442



Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

240:12;
241 : 80;
242 : 4,
243 :72;
244 : 88;
245 : 4,
246 :52;
247 : 4,
248 : 4;
249 : 24;
250 : 4,
251:72;
252 :4;
253 : 4,
254 :72;
255:4;
256 :4;
257 : 4,
258 : 4,
259:72;
260:12;
261 : 80;
262 : 4;
263 : 4;
264 :72;
265 : 4;
266 :72;
267 :104;

268 : 104,
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269:

270:

271 :

272 .

273

274 :

275 :

276:

277 :

278 :

279 :

280 :

281:

282:

283:

284 :

285:

286:

287 .

288 :

289:

290:

291:

292:

293:

294 :

205:

296:

297 :

72;
4;

72;

CSEE4840 Embedded Systems Design (Spring 2022)

Page 353 of 442



Team - River Raid

Xinhao Su (xs2413), Rojan Banmali (rb3199)

298:

299 :

300:

301:

302:

303:

304 :

305:

306 :

307 :

308 :

309:

310:

311:

312:

313:

314 :

315:

316:

317 :

318:

319:

END;

72;

52;

44;

124;
124;
124;
124;
124;
124;
124;
124;
124,
124;
124;
124;
124;
124;
124;
124,
124;
124;

124;

rr_audio_fire.hex

:020000040000FA
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:2000000090BD74465154B39FAD4FACSEBF674A4AD5EB8964753468EBB5DACAC5FBBO74E4AF97

:200020004C94C074475150ADA44C51477DC28CA9514990BF71494F52ABA94F504873C09138

:200040004A504A87C37D494F4AD97BE6B494F509DB9634B4E4AF9EBC674A4D58AFB15B4B4EC3

:2000600053A4B8634B4C5BB0OBO5B4C4D52A2BA654A504C93C17348514986C2834752477566

:20008000C0944A524768B9A44F50495DACB77445544685C08846544575B9AC6147534BA1FC

:2000A000BA734555456EBCOCAF4D4FACOBBC744455446BB7A5534C504A93BD974B51495F64

:2000CO00AEB67242574371B5B1674555457CBD994D4FAD4F97BD8E48524A56A1BC824653B3

:2000EO0004A569FBC8047524C519ABD8F49524B55A3BC8647514E4C8EBE99514C52498AB8B8

:20010000A95F47564482B6AF6F4458446BACB88848524E4D8DBD9A534B554678B7AD69478B

:20012000554B5497BES04F4D544681B4B277445749579CB9A15B4858456DAAB9874A51529D

:20014000496FB4B07048544FAD90B7AB6A47564D508FBOA96BA45584B538EBBAS56945594A6F

:200160005390BAA66846574D5194B6AA624C5154487EBOB57C4B51554778AEB39550505411

:200180004D5DASAFAB604E52534B7EB2B18347564F5159AAB0A252544F564A7AB2B08946DE

:2001A0005A4C5750A5ABB36B4C5550515EADACAS53554F564B68B0OACA655544F574A7EB217

:2001CO00AD9A4A594C5A487DB2ADI9EADS574E584A74B1ACA3535452535356A5ABB1724B58BA

:2001E0004F574F9FADBO894A5A4D5A497CB1AAA65B5254535456A4ABB18D4ASA4E5A4AC6AET

:20020000ACACA9634E594E5B497FAEADOD53545551584C8DAFAE924E57535455519BADAELS

:200220009A52555552594C90AEACIOF5952584F5B4A83AFAAASG654E5BAF5C4B74AFA7AF6EA]

:200240004E58535556539AACAC995256555458506EB1A5B1714E595357545593B2A3AF6448

:200260005356565556569EACA8AS55C55565656555BA5A9AAA35A56565755585497ADA7A6FA

:200280005E55565755585285B2A1B1755258565658536BB0A2B090535955585559548EBO6A

:2002A000A2B0705259565857565EA6A7AA9F5A57575856595373AEA2AD9C5A565857585904

:2002C000546EADA3ACOB59585759565A5465A6A8 A5AB6A545A575958595793AEA0B0835326

:2002E0005B565A565B5370A9A6A6A86D535C565B565C5485ADA2AA9D5ES575B575B575C542B

:200300008EACA2AA9B5E585B585B575D538AACA2A8A164565D575C575D5472A8A4A5A66D88

:20032000555D585C585B595A93ACA0AB995F575D575E565F5373A5A6A2AA8E575C5B5A5CA2

:20034000585E556EA4A6A0AC7ES565C5B5A5D585F56689EA89EACSASASB5D5A5D5A5D5A5E85

:2003600098A7A2A4A36A575E5A5C5C5B5D5968A2A3A3A49E625A5D5C5C5C5B5E5875A7A186

:20038000A4A39B5C5E5B5D5B5E5B5F5871A89FA5A0A4685A5F5B5E5B5F5B605990A5A1A17E
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:2003A000A68557615A605B5F5B605A67A0A2A2A0A578566359625A615A62596AA0A2A1A098
:2003C000A47557625B615C605D5F5F5E95A3A19FAS58A5A615E5F5F5E605C62597DA69DA3A4
:2003EO0009DAS5755A625D605F5F605E615B7AA69BA39CA6785A625E615F605F60615D73A5AE
:200400009BA29CA4915E615F6160615F615F625C84A59AA39AA5825D626061616161616125
:20042000616090A39AA19AA4815E6360626162616260635D74A29BA09BA194626261626298B
:20044000626262626262618EA299A099A28B60636263636263626361655E83A2999F9A9F91
:200460009667616562646265626562656168969E999E99A08E646365626562666266626757
:20048000616B969E989E989F9066636563656465646565646661869E999A9BI989E826067D6
:2004A0006466656665666566656762889E979A99989C856069646865676567656765676510
:2004C0006D9798999899979C79626A6469656965696569656964709897989799959C7F635B
:2004E0006A666967686867696769676A64789995989698959A79656B676A686A686969698D
:2005000069696A686F95959695969597906A6A696A6A6A6A6A6A6A6A6B696C687B989296B1
:20052000939693978D6B6B6B6B6B6B6B6B6B6B6B6B6C6B6C6B8A96919592959197826A6D3B
:200540006B6D6C6D6C6C6D6C6D6CEDE6CEFE6A7CI9590939192929194796B6F6D6F6D6EGEGEBA
:200560006E6E6F6E706E716D7CO08ESESESDSESC8F7D71747374747475757576767677773A
:20058000777877808885868585858485817B7C7C7C7C7D7D7D7D7D7E7E7E7ETE7E7F7F807B
:2005A00080808080807F807F807F807B7374747474747475747574757476747A8A898A89D3
:2005C000898989888A8175787677777877787878787879797979797A79818684858484836A
:2005E000838282807F807F807F807F807F807F807F807F807F807F807F807F807F80807F02
:20060000807F807F807F807F807F80807F80807F807F7F807F807F807F807F807F807F80E9
:200620007F807F807F80807F80807F807F80807F807F807F80808080807F807F807F807FC7

:00000001FF

rowRAM?2.v

// megafunction wizard: %RAM: 2-PORT%
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// GENERATION: STANDARD
// VERSION: WM1.0

// MODULE: altsyncram

J) ==mmmms -

// File Name: rowRAM2.v

// Megafunction Name(s):

// altsyncram
//

// Simulation Library Files(s):

// altera_mf
/] = =

//************************************************************

// THIS IS A WIZARD-GENERATED FILE. DO NOT EDIT THIS FILE!

/1
// 21.1.0 Build 842 10/21/2021 S Lite Edition

//************************************************************

//Copyright (C) 2021 Intel Corporation. All rights reserved.

//Your use of Intel Corporation's design tools, logic functions

//and other software and tools, and any partner logic

//functions, and any output files from any of the foregoing
//(including device programming or simulation files), and any
//associated documentation or information are expressly subject

//to the terms and conditions of the Intel Program License
//Subscription Agreement, the Intel Quartus Prime License Agreement,
//the Intel FPGA IP License Agreement, or other applicable license

//agreement, including, without limitation, that your use is for
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//the sole purpose of programming logic devices manufactured by
//Intel and sold by Intel or its authorized distributors. Please
//refer to the applicable agreement for further details, at

//https://fpgasoftware.intel.com/eula.

// synopsys translate_off
‘timescale 1 ps/ 1 ps
// synopsys translate_on
module rowRAM2 (
address_a,
address_b,
clock,
data_a,
data_b,
wren_a,
wren_b,
q_a,
q_b);

input  [8:0] address_a;
input  [8:0] address_b;
input  clock;

input [7:0] data_a;
input [7:0] data_b;
input wren_a;

input  wren_b;
output [7:0] q_a;

output [7:0] q_b;
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‘ifndef ALTERA_RESERVED_QIS

// synopsys translate_off

“endif
tril clock;
tri0 wren_a;
trio wren_b;

‘ifndef ALTERA_RESERVED_QIS
// synopsys translate_on

‘endif

wire [7:0] sub_wire0;
wire [7:0] sub_wirel;
wire [7:0] q_a = sub_wire0[7:0];

wire [7:0] q_b = sub_wirel[7:0];

altsyncram altsyncram_component (
.address_a (address_a),
.address_b (address_b),
.clockO (clock),
.data_a (data_a),
.data_b (data_b),
.wren_a (wren_a),
.wren_b (wren_b),
.g_a (sub_wire0),
.g_b (sub_wirel),
.aclr0 (1'b0),
.aclrl (1'b0),
.addressstall_a (1'b0),

.addressstall_b (1'b0),
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.byteena_a (1'b1),

.byteena_b (1'b1),

.clockl (1'b1),

.clocken0 (1'b1),

.clocken1 (1'b1),

.clocken2 (1'b1),

.clocken3 (1'b1),

.eccstatus (),

.rden_a (1'b1),

.rden_b (1'b1));

defparam

altsyncram_component.address_reg_b = "CLOCKQ",
altsyncram_component.clock_enable_input_a = "BYPASS",
altsyncram_component.clock_enable_input_b = "BYPASS",
altsyncram_component.clock_enable_output_a = "BYPASS",
altsyncram_component.clock_enable_output_b = "BYPASS",
altsyncram_component.indata_reg b = "CLOCKQ",
altsyncram_component.intended_device_family = "Cyclone V",
altsyncram_component.lpm_type = "altsyncram",
altsyncram_component.numwords_a =512,
altsyncram_component.numwords_b =512,
altsyncram_component.operation_mode = "BIDIR_DUAL_PORT",
altsyncram_component.outdata_aclr_a = "NONE",
altsyncram_component.outdata_aclr_b = "NONE",
altsyncram_component.outdata_reg_a = "UNREGISTERED",
altsyncram_component.outdata_reg b = "UNREGISTERED",
altsyncram_component.power_up_uninitialized = "FALSE",

altsyncram_component.read_during_write_mode_mixed_ports = "DONT_CARE",
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altsyncram_component.read_during_write_mode_port_a =
"NEW_DATA_NO_NBE_READ",

altsyncram_component.read_during_write_mode_port_b =
"NEW_DATA_NO_NBE_READ",

altsyncram_component.widthad_a =9,
altsyncram_component.widthad_b =9,
altsyncram_component.width_a = 8,
altsyncram_component.width_b =8,
altsyncram_component.width_byteena_a =1,
altsyncram_component.width_byteena_b =1,

altsyncram_component.wrcontrol_wraddress_reg b = "CLOCKO";

endmodule

[ ======= -
// CNX file retrieval info

/] = =
// Retrieval info: PRIVATE: ADDRESSSTALL_A NUMERIC "0"

// Retrieval info: PRIVATE: ADDRESSSTALL_B NUMERIC "0"

// Retrieval info: PRIVATE: BYTEENA_ACLR_A NUMERIC "0"

// Retrieval info: PRIVATE: BYTEENA_ACLR_B NUMERIC "0"

// Retrieval info: PRIVATE: BYTE_ENABLE_A NUMERIC "0"

// Retrieval info: PRIVATE: BYTE_ENABLE_B NUMERIC "0"

// Retrieval info: PRIVATE: BYTE_SIZE NUMERIC "8"

// Retrieval info: PRIVATE: BlankMemory NUMERIC "1"

// Retrieval info: PRIVATE: CLOCK_ENABLE_INPUT_A NUMERIC "0"
// Retrieval info: PRIVATE: CLOCK_ENABLE_INPUT_B NUMERIC "0"

// Retrieval info: PRIVATE: CLOCK_ENABLE_OUTPUT_A NUMERIC "0"
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// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:

// Retrieval info:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

CLOCK_ENABLE_OUTPUT_B NUMERIC "0"
CLRdata NUMERIC "0"

CLRg NUMERIC "0"

CLRrdaddress NUMERIC "0"

CLRrren NUMERIC "0"

CLRwraddress NUMERIC "0"

CLRwren NUMERIC "0"

Clock NUMERIC "0"

Clock_A NUMERIC "0"

Clock_B NUMERIC "0"

IMPLEMENT_IN_LES NUMERIC "0"
INDATA_ACLR_B NUMERIC "0"

INDATA_REG_B NUMERIC "1"
INIT_FILE_LAYOUT STRING "PORT_A"
INIT_TO_SIM_X NUMERIC "0"
INTENDED_DEVICE_FAMILY STRING "Cyclone V"
JTAG_ENABLED NUMERIC "0"

JTAG_ID STRING "NONE"

MAXIMUM_DEPTH NUMERIC "0"

MEMSIZE NUMERIC "4096"

MEM_IN_BITS NUMERIC "0"

MIFfilename STRING ""

OPERATION_MODE NUMERIC "3"
OUTDATA_ACLR_B NUMERIC "0"
OUTDATA_REG_B NUMERIC "0"
RAM_BLOCK_TYPE NUMERIC "0"
READ_DURING_WRITE_MODE_MIXED_PORTS NUMERIC "2"
READ_DURING_WRITE_MODE_PORT_A NUMERIC "3"

READ_DURING_WRITE_MODE_PORT_B NUMERIC "3"
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// Retrieval info: PRIVATE: REGdata NUMERIC "1"

// Retrieval info: PRIVATE: REGq NUMERIC "0"

// Retrieval info: PRIVATE: REGrdaddress NUMERIC "0"

// Retrieval info: PRIVATE: REGrren NUMERIC "0"

// Retrieval info: PRIVATE: REGwraddress NUMERIC "1"

// Retrieval info: PRIVATE: REGwren NUMERIC "1"

// Retrieval info: PRIVATE: SYNTH_WRAPPER_GEN_POSTFIX STRING "0"

// Retrieval info: PRIVATE: USE_DIFF_CLKEN NUMERIC "0"

// Retrieval info: PRIVATE: UseDPRAM NUMERIC "1"

// Retrieval info: PRIVATE: VarWidth NUMERIC "0"

// Retrieval info: PRIVATE: WIDTH_READ_A NUMERIC "8"

// Retrieval info: PRIVATE: WIDTH_READ_B NUMERIC "8"

// Retrieval info: PRIVATE: WIDTH_WRITE_A NUMERIC "8"

// Retrieval info: PRIVATE: WIDTH_WRITE_B NUMERIC "8"

// Retrieval info: PRIVATE: WRADDR_ACLR_B NUMERIC "0"

// Retrieval info: PRIVATE: WRADDR_REG_B NUMERIC "1"

// Retrieval info: PRIVATE: WRCTRL_ACLR_B NUMERIC "0"

// Retrieval info: PRIVATE: enable NUMERIC "0"

// Retrieval info: PRIVATE: rden NUMERIC "0"

// Retrieval info: LIBRARY: altera_mf altera_mf.altera_mf_components.all
// Retrieval info: CONSTANT: ADDRESS_REG_B STRING "CLOCKOQ"

// Retrieval info: CONSTANT: CLOCK_ENABLE_INPUT_A STRING "BYPASS"
// Retrieval info: CONSTANT: CLOCK_ENABLE_INPUT_B STRING "BYPASS"
// Retrieval info: CONSTANT: CLOCK_ENABLE_OUTPUT_A STRING "BYPASS"
// Retrieval info: CONSTANT: CLOCK_ENABLE_OUTPUT_B STRING "BYPASS"
// Retrieval info: CONSTANT: INDATA_REG_B STRING "CLOCKO"

// Retrieval info: CONSTANT: INTENDED_DEVICE_FAMILY STRING "Cyclone V"
// Retrieval info: CONSTANT: LPM_TYPE STRING "altsyncram"

// Retrieval info: CONSTANT: NUMWORDS_A NUMERIC "512"
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// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:

// Retrieval info:

CONSTANT: NUMWORDS_B NUMERIC "512"

CONSTANT: OPERATION_MODE STRING "BIDIR_DUAL_PORT"
CONSTANT: OUTDATA_ACLR_A STRING "NONE"

CONSTANT: OUTDATA_ACLR_B STRING "NONE"

CONSTANT: OUTDATA_REG_A STRING "UNREGISTERED"
CONSTANT: OUTDATA_REG_B STRING "UNREGISTERED"

CONSTANT: POWER_UP_UNINITIALIZED STRING "FALSE"

CONSTANT: READ_DURING_WRITE_MODE_MIXED_PORTS STRING "DONT_CARE"

CONSTANT: READ_DURING_WRITE_MODE_PORT_A STRING

"NEW_DATA_NO_NBE_READ"

// Retrieval info:

CONSTANT: READ_DURING_WRITE_MODE_PORT_B STRING

"NEW_DATA_NO_NBE_READ"

// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:

// Retrieval info:

CONSTANT: WIDTHAD_A NUMERIC "9"

CONSTANT: WIDTHAD_B NUMERIC "9"

CONSTANT: WIDTH_A NUMERIC "8"

CONSTANT: WIDTH_B NUMERIC "8"

CONSTANT: WIDTH_BYTEENA_A NUMERIC "1"

CONSTANT: WIDTH_BYTEENA_B NUMERIC "1"

CONSTANT: WRCONTROL_WRADDRESS_REG_B STRING "CLOCKO"
USED_PORT: address_a 009 0 INPUT NODEFVAL "address_a[8..0]"
USED_PORT: address_b 0 09 0 INPUT NODEFVAL "address_b[8..0]"
USED _PORT: clock 0 0 0 0 INPUT VCC "clock"

USED_PORT: data_a 0 0 8 0 INPUT NODEFVAL "data_a[7..0]"
USED_PORT: data_b 008 0 INPUT NODEFVAL "data_b[7..0]"
USED_PORT: g_a 0 0 8 0 OUTPUT NODEFVAL "qg_a[7..0]"
USED_PORT: q_b 008 0 OUTPUT NODEFVAL "q_b[7..0]"
USED_PORT: wren_a 000 O INPUT GND "wren_a"

USED_PORT: wren_b 0000 INPUT GND "wren_b"

CONNECT: @address a0090address a0090
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// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:

// Retrieval info:

rr_audio_fly.hex

CONNECT: @address_b0090address b0090
CONNECT: @clock00000 clock0000
CONNECT: @data_ a0080data_ a0080
CONNECT: @data_b0080data_b 0080
CONNECT: @wren_a0000wren_a0000
CONNECT: @wren_b0000wren_ b000O
CONNECT: q_a0080@gq_a0080

CONNECT: q_b0080@g_b0080

GEN_FILE: TYPE_NORMAL rowRAM2.v TRUE
GEN_FILE: TYPE_NORMAL rowRAM2.inc FALSE
GEN_FILE: TYPE_NORMAL rowRAM2.cmp FALSE
GEN_FILE: TYPE_NORMAL rowRAM2.bsf FALSE
GEN_FILE: TYPE_NORMAL rowRAMZ2_inst.v FALSE
GEN_FILE: TYPE_NORMAL rowRAM?2_bb.v TRUE

LIB_FILE: altera_mf

:020000040000FA

:200000007C7C7C7D7C85909192929393939393919391948B807F7E7D7C7D7B7C7B7C7B7C1E

:200020007B7D7B7B7B7A7C7C7B7C7B7C7B7C7C7C7C7C7B7C7B7C7B7C7C7C7C7B7A7B7A7B52

:200040007B7A7B7A7B7B7C7B7C7B7C7C7C7C7B7C7B7C7B7C7B7C7C7D7D7D7D7D7D7C7E7D25

:200060007E7D7E80807F8080818180818180818081808180807F807F807F807F7F7F7E7F8A

:200080007E7F7F7E7F7E818382838283838283837F7E7D7E7D7E7D7D7C7D7C7D7C7D7C7D7F

:2000A0007C7D7D7D7D7D7D7E838F929090908F908E908F8F8F877D7A7576757476747476F4

:2000C000746E746B7073717270796E696870656A6865627997989E9395989A9DA090939B68
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:2000E000919E95839B828D97949496867F66283D33414640443E3B434B404E4E5156495584

:200100005D544F5B574F495466635E65595F6A686D5C636B715F6C69686E6B676B6CA3EOED

:20012000CED5CAD4CAE4AEGEFEAEGF1IEIDFDDES8DCE3DEDSDDD7D0OD5DOD3CFCAC6C2C6C4C5D7

:20014000C5B9BFBCBCOD8ASE8388828355494640423D4041423FA343443E403A3F434544F3

:2001600047454848494B474A4D4E50534E525156535955595D5660828B8BO08C918E8F9258

:20018000928D8D8C92908C8CES8DSASESB8C85898789888A888A8986898988858261585B9D

:2001A00055555357555557545B5B5C5D5D60605F5F62626663666667646D67686865656CAE

:2001C000667AA9A6AFACB3ADCOE1DBE3DFDDDDDFDBDDD7D5D5DOCFCECCC8C8CAC2C1COCO8F

:2001EOOOBECOBFBAB6B6B3B3B3BOAEAAAFI906B726E6E6A6F65403E3D373B3B3936393839C4

:200200003A393E423D3F454345434849484A494C4B4F4F4F545055555A5877898289878C51

:200220008B8F8CSE8DSESD8I98C898A888A8A898888898A8A898C888A88868487868888838F

:2002400089858383878785868686808776565B545855575658575A5B5A5A5D605E5E5C5F3D

:200260005E5E6061678E969A9CAOAO0A7CACICDCCCDCCCECCCBCACEC6C2C3BFC1BBBCBIOB6EE

:20028000B5B1B2BOB2AEAEAEABABA7A7A3A795716F6B6C706E706F6F6E706F71706F6D6901

:2002A000696B696D573E433B3D3F3E3E414246444344464A4A4D4BACAD504F505066807A4B

:2002€00081818484858484878884868785868585868587848787838584878485808281858A

:2002E0008382818482857D696F6C6C6E6D6D6E7070716E737072707573757574757377766B

:20030000777575757378777594A7A6A7A8AAAAC7D1CECFCED2CECFCCCBCBC8C6C2C3C1BD47

:20032000BABCB9B6B8B4B3B093898A868583837C5D50514D4E4D5554555A585B595D5D5D75

:200340005E5A585859585A595A5A5D5F5C5F60606263635F626263626565646667676A64A6

:2003600070898D909191928D9390909490908F91908ESE8C8F8BSESC8DSESBSC8D8C8C84D8

:200380006B65656465626564676566666C6967696A676867696B6D6CO6EGE6D6F706EGE6F37

:2003A000707073707174727272726F839999A1A0A29EB4CABFC3C3C3C1BEC2COBCBCBBB7BD

:2003C000B5B2B2B1AEAEACASABASASA6ABA3A4A1A1877677766F726750555453595A5957F3

:2003E0005859595B555255535756565855595858595B5F5C5B5D5C63616364666362626194

:20040000676A66678087888D8787898F8A888DOAAAASASAAADASAAACAGAL4A6ACA6A9ABA935

:20042000ABA6A7A6A6A6A6A7A5A8A5A0A1A1A39585755354514D4A474947474D4CA484CAES7

:200440004F4CAF52534F555453535B565B58607B7F838384828C9A9AA09D9C999A9C9CI9B0O6

:200460009E9C99969A9B96959994959892949595939583716E6B6C6A6EGE6B6C70707474C3
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:200480007573757777777764575A575A54595959595B5E5C5E5F60615F62636166646667F6

:2004A00068696B6A6C6A6B7A84838684858788888A86A0C3C2C3C2C2BECOBBBCBBBIB8B65B

:2004C000B5B2B1BOAEADACA7ASA8A6A4A1A3A1A19D9DOD9B94756F6E6B6B6A6B686A6B5CES

:2004E0005657555758595959595B5B5D5D5E5F6161647981828585858899999B9B9B9CICCH

:200500009D9B9B999A99999797969695959394919491938D797371716F6F6E6GEGE6F6E71DE

:2005200077767777787879787978756F646969696A6A6B6C696C6B6C6DED6E6CEFE6F7070C2

:20054000707171727172737375737B8683868588868887878689999COEQEOE9E9CODIBICCY

:20056000989A958A8986868685848584838383838282818381828180746F6F6D6D6C6D6D73

:200580006C6D6D6E6F6F6F7070707072717273737374737573848F91929294929DA0SFOFB4

:2005A0009F9F9E9EODI9DOA9CO99A999898979796949493949181777874766E6868676866E4

:2005C0006867696F6E70707271737273726F6C6E6C6D6D6F6F706F70707170727272727133

:2005E000747473747574757476757677767980818183828383848384828A8D8C8D8D8CEC24

:200600008C8B8CB8ASBSASBBA8989888A888887898687827C7E7C7C7B7C7B7C77747374738B

:20062000747473757475757576767677767778777877797979787977828F8F929293919622

:200640009A999999999898989797959594959395959594959396887E7D7D7C7D7B7B7B7CC9

:200660007B7C7C7B7E7D838687888481818185837F7D7E80817F838587868687868C745E6A

:20068000645E5C5F5A5C555959555B59575858565653575955575E626064635E656C6E6EC3

:2006A0006B706E6C726F6E7373767874726E686B67676C6B6E696D6A6D6E6GF6E73756E6B6F

:2006€0006D726D6B6D6D717175716E7372716E7371747572707475777976757B878E8D8D72

:2006E0008C918E92919094929492958F8E9CB2AEBSBODCFCF3F7F3F3EOESE4ESE2E3D1B2B3

:20070000AFAFASA6A4A1A1A19D9CIESF9COBOASC999996949293928ESESF8A888A858971E9

:200720004B4941413F423F3F40434543434446474A494E4D4F515355565858595A5A619803

:20074000A7A3A5A2A2A1A1A0A09E9DICI9BI9BI99A7564635E5F5C5E5B5D5D5F5D606161629C

:200760006264656566666869686A6A6B6B6D6C6C6CE6BOEGE6F6F7071707171737373747EE6

:200780008283848385848685878586868586868691ADABB1ADBEESE7ES8DEDCDADOD6D4D268

:2007A000D1C8ABA7A4A19F9C9COA9997989899979896979696949290908F8ESESD8FSCSFEF

:2007C000835C555250514F514F51515153535555575858595A5B5B5D5D5F5E6060626163F3

:2007E00064647481808483858585868686848684858386786B6B6968696869686A696B6A0F

:200800006C6B6D6C6E6D6F6EGF706F7170717271737273737475757576757676777678779C
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

:2008200078777F848686878788878887888788878888888997989A999FCOC5BFC1COCOBEOB

:20084000BDBCBABAB7ABASA4A1A09E9E9SCICO9A9A9BICIA9A9A989997959492929291918FBA

:20086000908C6D5C5D595A5759575A585B5A5C5C5C5E5F5E6060616263646365646666673D

:200880006868696A696F777679787A7A797B7A7B7B7A7B7A7B7C7870716F706F70707170D9

:2008A00071717271737273737474747574767675777677767877787878797879787A7A7982

:2008CO007A7A7A7A7A7E8787898889898989898A888988898988888D8F8FO08BODAFADAFB9

:2008EOO0O0AFAFAFAFACADACAAAB6A2A1AO9ESESCICOA9BIA9A9BIA9A98999798959492939119

:20090000928F927B656561616060606060606261636264636564666667686769696A6B6AB2

:200920006C6C6B6D6CO6E6D6E70737473757475757676767677767776787774757475757558

:20094000747575767576777677777778777878797879787A7A797A7A7A7B7A7B7A7B7B7B8F

:200960007B7B7C7C7B7C7C7C7F868989898A8A898A898A8A8A8989888989898B88817C8DDA

:20098000A1A2A5A3A5A4A5A3A4A2A2A19E9F9D9DI9COBOB99999999999998989797979393B8

:2009A00091929092856D696866666566656666676767686769686A696B6A6C6C6B6DE6CEELD

:2009C0006D6F6E6F6F706F71707171727474747574767675767677767776787778767777A4

:2009E000767778777877787878797879787A797A797A797B7B7B7A7B7A7B7A7C7B7C7B7CCA

:200A00007C7B7C7D7C7D7C7D7C7D7C7E8489888A898A89898A898A88888988898888837E65

:200A20007F7B84999E9EAO9FAO9FAO9E9FODICIBI9A9A9898989697959694969694959593CF

:200A40009490918F8F8B766D6D6A6B696A696A696B6B6A6C6C6B6D6COEGEGEGFE6F6F6F7032

:200A60006F717170727271737273747374737575777776787778777978797978797A797ACD

:200A8000797879787978797879797A797A797A7A7B7B7A7B7A7B7A7C7B7C7B7C7B7C7B7C14

:200AA0007C7D7C7D7C7D7C7D7D7C7D7D7D7D7D828989898A898A8A898A89898889888983DA

:200ACO007E7E7E7E7D80929A999C9B9CI9BICIBOA9A999896969595959394929391939292D3

:200AE0009191918F8F8D8E7C71706F6E6E6D6D6E6D6E6D6D6F6E6F706F7070717171727124

:200B0000737372737374737474757475757675767776787879787A797A7A797A7B7B7B7B00

:200B20007B7B7A7B797A797A797A797B7A7A7B7A7B7B7A7C7B7C7B7C7C7C7B7C7B7D7C7C5B

:200B40007D7C7D7C7D7C7D7C7E7D7E7E7D7E7D7E7D7E80888889888A8A898A888989898856

:200B6000867E7E7C7E7F7D7F7D8C96969798979897979697969593939292929190908F8FBA

:200B80008ESO8F8ESESE8D8D84747471727170717071707170727172727273737374737424

:200BA000737574757476757676777776777778787778777979787A7A7B7B7A7C7B7C7B7C39
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

:200BC0O007C7C7B7C7D7C7D7A7B7B7A7B7A7B7A7C7C7B7C7B7C7B7C7C7C7B7D7C7D7D7D7CAO0

:200BE0007D7D7C7D7C7D7D7D7E7D7E7D7E7E7D7E7D7E7D7F7E8086878888898988898889DC

:200C0000878986807D7C7D7C7E7B7D7B848F9091929290929091919191909090908E908EA1

:200C20008F8D8ESC8D8C8F8B8C89797875767674767573757375757575757675767577751F

:200C400078767676767677737B7F807D7F8081828281818081817E807F7D817F80828082E7

:200C60008181838284838285868582777375747475747476757776767677797B7A7C7D7C10

:200C80007C7D7E7C7F817C7D7D7B7D7C7D7B7A787B79777978767574757A7A7C7A79777A09

:200CA0007877757274706C68696667656466656A757A7D7E7F80828181848485868689875C

:200CCO0089898F8F8F8D8F909091958A848383868586858788858685858283807F7D7D7C2B

:200CEO007A787877737570716D706A7FADAFACABAG6AB6A2A09D9B9898969492918F8EBE8F54

:200D00008F908F9192919493959495969994756B6D6A6A6B6D6D6F717274757678787A7BCD

:200D20007E7E7F7F818181807F7D7D7B7A797878777574727270706D6D6D6B6A6D71706FE2

:200D40006F6D6E6CE6D6B6B6CE696261605F606163646667747B7D7E818383868689898C8D46

:200D60008E8F909191939395949696989189898989888A898B8B89898787858583828180FB

:200D80007E7E7D7B7B787976767575727370738489898A888988878684848382817F808082

:200DA0008181838384848687878889898B8A8C8C8E8078787878797B7A7C7C7E7E808181F6

:200DC00082838385858686848583838181807F7D7D7C7A7B7979777776747573737271737F

:200DE0007678767777767575747473716B6B6A6B6B6D6EGE71707B838588898B8A8SCEC8EES

:200E00008E908F919292929393949494959287858585848585868585848482818280807E96

:200E20007E7D7D7B7B797A7878777776757573747372797C7D7D7B7C7B7B7B7A7A79787992

:200E40007A797B7B7C7D7D7F7E8081818282848484868587837F7F7F7E807F81808283828D

:200E60008484858586868787858684848382828080807E7E7E7C7C7B7B797A79787877777A

:200E80007676767A7C7B7C7B7A7B797A797876717272737474757676777D898A8DSESFSFES

:200EA0009091909191919292929293929393928683828281828182838280817F807F7D7E17

:200ECO0007D7C7C7B7B7A7A797978797777777677767575747575787778787677767775761C

:200EE000767677777879797A7A7C7C7D7C7E7D7F7F8081808281828280808181828183823E

:200F00008383848584858586858686848583848283828081807F7F7E7E7D7D7C7D7B7C7CAS

:200F20007A7B797A7A787D7F7F7F7E7F7E7ETETC7E7AT677767777787879797A7D898ESE23

:200F400090909191929292919291929291919291887F817E7F7E7F7E7F7F7E7F7F7F7E7E87
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

:200F60007C7D7C7C7B7C7B7B7A7B7A797A797879787877787877777776787778787778784F

:200F800076777677777878797A7A797B7A7C7C7C7D7D7E7D7F7E807F808081807F807F81D0

:200FA00081808281828183838382848483838283828282818180807F807E7E7F7D7E7D7E14

:200FC0007C7D7D7D7C7C7B7C7B7D8181808180817F80807F7C797A797A7A7A7B7B7B7C7C76

:200FE000878F8E91909291929291929092909190928B807E7E7C7D7D7C7D7C7D7D7C7E7CFB

:201000007D7C7D7B7C7C7B7C7B7B7A7B7B7B7B7A7A7A797A797A7979797879787A7A7A7985

:201020007A797A797A797A797B7A7B7A7C7C7C7C7D7C7E7D7E7E7E7F7E7F7F807F807F7F24

:201040007E7F7F807F8080808181808180818182818180818180807F807F7F7E7F7E7F7D96

:201060007E7D7E7D7E7D7C7D7D7C7D7C7E808282818282808180817E7B7C7A7C7B7C7B7DB1

:201080007B7D7C84908F9191929192919291929191918E817D7D7C7B7B7B7B7C7C7B7C7B8E

:2010A0007C7C7B7C7B7C7B7C7B7C7B7C7B7B7A7B7A7B7A7B7B7A7B7A7B7B7B7A7B7A7B7AD1

:2010C0007C7C7B7C7B7C7B7C7B7C7C7C7D7D7C7D7C7E7D7E7D7E7E7F7F7F7F7F7F7F80806A

:2010EO00807E7F7E7F7E7F7F7F7E7F7E807F807F80807F80807F807F807E7F7E7F7F7F7EOF

:201100007F7E7F7E7E7D7E7D7E7D7E7D7E7D7D7E808182818281828281827E7D7D7C7D7DF7

:201120007C7D7D7D7E7C838E919192929393929292929191847E7E7B7C7A7B7A7B7A7B7A0B

:201140007B7A7C7B7C7B7C7C7C7B7C7C7C7C7C7B7C7B7C7B7C7B7C7C7C7C7C7C7C7B7C7B1B

:201160007C7C7B7D7E7E7E7E7D7E7D7E7D7E7D7E7D7E7E7ETE7ETF7E7F7F7E7F7E7F7F7FB5

:201180007E807F807F7D7E7D7E7D7E7D7E7D7E7F7E7F7F7E7F7E7F7D7E7D7E7D7E7C7E7D8F

:2011A0007D7D7C7D7B7C7B7B7B7C7C7C7C7B7D7C7C7C7A7D7F7F7E7E7F7C7D7979767673BE

:2011C000757574756F73737470738185828284858482808486817F67676463607ECAC8C925

:2011E000CCCOC5C4C4C5COBCBCBCBEB6B3B2AEAEBOAEBOADASASA3ASA3A2ABABASASAAABSC

:20120000A8ADAAABA8BA7A2A5A1A5955542403C3A3C3F3C3C3A3B3D3C3F403F444544434575

:201220004C494C504D51525153545855555A575958595A5A5C5E5F5F5D5D616061636260AB

:2012400064636564686467666869698497999CA0A09CAO9EAO9BIOEATIAOALIAOA4856A6C6601

:201260006561605F6263626362626363636B716D717072727070717271716968676C677341

:20128000A3B1B2B4B6BOB7B6B5B4B3B4B1B2B0OB1B1AFADABABASAAA7ASAAA7A2AFDCE3E2EL

:2012A000E1DFDDDADSD5D6D2DOCECBC89F7E59474641403E3F3E3F4040424245454749494B

:2012C0004C4C4D4E5051535454565757595A5A5C5B5D5D5F5F6162626363656566676867AE

:2012E0006969696B6A6C6C6D6D6EGEGF706F8196979A999B9B9A9BI99A989B9999989A8B61
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

:201300007673716F6E6E6E6C6E6D6E6DEF6E707075797B7C7C7D7D7E7F7E7F7E7C7675752C

:201320007476759DB2B1B6B5B8B6B7B6B5B5B3B3B1B1AFAFAEACACAAASASAG6A7A4AASA3A39A

:20134000B4BAB9BAB8BOB7B5B6B3B4B0B29775726E5D5251504F4F4F504F51515354555595

:20136000575759585B5B5B5D5E5E5F5F606261636365646666676769686A696B6A6C6B6D1D

:201380006D6D6EGEGF6F707071717271727373747279848587878888898889888889888AF1

:2013A000888A867B787876767576757675757676767676797F8181828382838284838380A0

:2013C0007A7A79797B7791ACADBOB1B1B2B1B1BOBOAFADADABABABASABAG6A7A4ASA4A2A2ED

:2013EOO00AOAO9EA4ABABAB6A7ASA6A3A5A1A496746D6A6867615C5A5B595B5A5C5C5D5D5DF7

:201400005F605F6161626264636466656766686869696A6A6A6C6B6D6D6D6E6GEGF6F706FCE

:201420007170717172737273737473747574757576757776787D7D7F7F7E807F80807F80BA

:201440008081808181817C7B7A7A797A797A7A797A797B7A7B7B7C828485858686868586BD

:201460008586817C7C7C7B7C7A87A5A8ABABADACADACACAAAAASABA7AB6ABASA3A3ATIA2A00D

:20148000A09F9ESDODI9CIBOEI9CICICOA9B999A95796A6B666765656463616363626463652E

:2014A0006566656766686769696A696B6A6C6B6D6D6D6EGE6F6E70707071707272717373A3

:2014C0007274747374747575757675767776777678777877787879787A7A7B7B7B7C7B7B27

:2014E0007C7B7C7D7C7D7D7E7D7D7B7B7C7B7C7C7B7C7B7C7B7D7D7C7D7D82858685878631

:201500008786878686827E7E7E7D7D7C809CAS5A5A7A7A7A7A6A6A5A5A4A3A2A2A0A09F9F18

:201520009D9D9B9C9B999998989897989795979595816D6E6A6A6968686969686867686847

:2015400069696A6A6B6B6B6C6C6D6D6EGEGF6F6F706F7170717271727273727374737474AA

:20156000757574767576757776777677787778787779787979797A7A797A797B7B7C7D7C69

:201580007D7C7D7C7D7C7E7E7D7E7D7E7E7C7D7B7D7D7C7D7C7D7D7C7D7C7D7D7D7F85869D

:2015A0008586858785878586807E7D7E7D7D7E7C929E9FAOA1A1A1AIAOAO9FOFODIESCOB2D

:2015C0009C9A9A9999989797969694959494949592958874706F6D6D6C6D6C6D6C6D6D6B5SE

:2015E0006C6C6D6D6E6GD6EGEGF706F707071707272727273727373747375757475757675C6

:2016000076757776777777787778777978797879787A797A7A797A797B7B7A7B7A7B7B7DB1

:201620007C7D7D7E7D7E7D7E7D7E7D7E7F7E7F7E7C7D7C7D7D7C7D7C7D7D7D7D7D7D7D7E03

:201640007E84858685868685868586817D7F7E7D7D7D7C889A999C9BO9DODOBICIBOBOA991C

:20166000999898989696959594949392939192919192918E7974727270707070716F71708B

:201680007170706F71707170727172717372737474747375747574767576757676777677E3
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

:2016A0007678777877777978797879797A7A7A797A7ATATATB7A7B7A7B7A7B7B7C7C7B7CF8

:2016C0007B7C7E7D7E7D7F7E7F7E7F7E7F7E7F7F7F7F7E7E7C7E7C7E7C7E7D7E7D7E7E7D52

:2016E0007E7D7E7D83858586858686868685817D7F7D7E7D7D7D8294959797989798979702

:201700009696969595949493939292919190908F8F8FSESE8E8176777474747373737374C8

:20172000737474757373727473747374747574747675767676767776777777777677777806

:2017400078777777777977797C7F828181838386848586868B89888D898C8B8D898E8D773B

:2017600074767B73736D6C766C72726B7168656F6D6B6C5F67675C645A6A68576A5F617217

:20178000645D6E756E78706771686F7673786E6D6A7171797A7368767285B6C8C3C5C5BB57

:2017A000CBBCC1B7B8COBOBFB6BABCBAADADB7B2AAAAA8B69FI9F9968605F5A5757565759D3

:2017C0O005F5A575A5A5E5C6361605A56665E5A5E605D5F635F6C66656764696667666869EE

:2017E000656A6C686C6B69636C716B89A0B5CCCDDOCCDOD2CBD7DA4CDCICCC8CAC6C8CACA26

:20180000C1C1BFBFBBBCBFBBB8B8B3B4B7B1A96C4C473D3D3836393B3D3F403F4142404492

:201820003F46464846454D4D4C4B5352535D59575F5E5C585A585C5E5C6060646993A59D39

:20184000A5A6A6A4A9A7AAABA2A8A6A2A8A09DA39EA29BO9AA197A09889858B868383848328

:201860008287838681846F5257555550534F51505055585D5C5F575A5C5F5E5E605D615F42

:20188000616166656968676A67696B686C65809BB1CIC5C8CCCCCACICDC8CH6C5C2C1C1BE36

:2018A000BDBDBBB6B9B6B8B3AFBOAFAEAAACAAAAAAATO67F7B7977757673747671765D475F

:2018C00047484748474749484C494DA4EADAD5359585A5C5B595C5D5C5A5F5E5D5F61625F89

:2018E000849C9BA1A0A2A2A1A5A2A3A2A3A5A2A09F9F9F9DOCOCOBOA958D868784838285CD

:201900008183817E81858281817F8380817F81808281808080836353585255545454555556

:2019200057595A5A5B5B5D5D5C605F615F616166626D8D98A5A6A9ABASAAA7ASABABASA500

:20194000A2A3A4A2A0A09E9DOCOESBICI79797999995949396918480827F7E807D7E7E7D3D

:201960007E797D7C7B7A7D797C7B7E7C7B7A5B5257565A5658575C595D5B565959656A6F3A

:201980006C746D8BAAASAFAFAFAEAFAFBOACAEABASACABABA7ABA6AB6A49A746A6A66656060

:2019A00063646464656668646664666868696A6A6A6C6D6B6D6C6A6EGEGEGEGFE6F6EGF6FF1

:2019C0007271726E7170727273727372757374767574737777949EA2A3A4A7A5A4A5A3A5A1

:2019EO000A3A1A19EAOSDI9ESASE9A9BI98979798959A8770746D706D706C6A6667676767672B

:201A000069676968686A6B676B6B6A6D6E6C6D6D6EED7170717473737376747675737374F7

:201A200073727575777580A4AAABABADADADABASACAAASASABABA6ASASA3A49C8FEESC8DED
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

:201A4000898A8788888788868873626764656163626465626665666566666768676A686897

:201A60006A6C6A6D6B6D6D6E706F726F71717170727071757474757386959496969896974B

:201A8000969897939593949394939392928F908ES8FS8DSESESDSF8D8C3C8C8B8A888886895B

:201AA0008772686A68686768686868686868696B696B6A6D6D6E6CE6F717371727272737386

:201AC0007172727272737273727595A1A1A5A3A7A6A6A4A5A3A3A2A1A0A0A09E9BO0898AEE

:201AE00086888686838585828383828382828384828181818181807F806B66686566636654

:201B00006666676668686A696A6A6C6B6B6B6D6C6EGE6F6E6F706E7170736E7B89898DSEBF

:201B20008FSESESESES8FS8ESD88D8DSBECSBSBSASBSCEBS8B8ASB89878B878889878988888648

:201B4000878685848285838584838284828380827E6E6C6C6A6B6B6B686B6B6E6F70707171

:201B60007271717071706F7272716F73718599989C9BOESE9DODIDOBOCI99AOA989A8E8461

:201B8000848182818080807F807E7F7F7F81808081817F7E807F807F817E7F7E817E7E7FAD

:201BA000O7E7E7F7F7D7F7E80796A6B6A6C6B6A6B6B6B6D6A6C6E6CE6E706D706F71707481DA

:201BCO008386888A8F9091918F90918F908F8FSDSESFSD8E837B7C7B7A7B797A7A7A797A33

:201BEOO0797A7A79777877797879787A7879797A787B797B7B7A7A7A7A7C7B7B7B7A7C7CBO

:201C00007D7D7E7E7E7D7B7D7D7C7C7C7C7B7D7B859C9DA0A1AOALIAO9FIFAOSE9E9BODS534

:201C200088888584838381828181808177737471737273727372747274747374737574767A

:201C4000757577757777767878767877787878787979787A797A78797A7A797A7A7B7A7B7C

:201C60007A7B8388878989898A8989898A8989898788878788868787868685868685858593

:201C8000858585847B7A787876777678767677767876787778787978787979797A79797912

:201CA000797B7B7B7C7B7C7B7C7B7B7B7B7B7B7C7B7B7C7E9199999B9A9A9A9A999A999957

:201CC000978B83828180807F7F7F7E7E7D7E7D7E7D7E7E7D7E7C/E7E7D7E7D7D7676757635

:201CE00075767777787779797A797B7A7A7C7C7D7D7F7F8182818283817877767477747694

:201D000073767370707376747778777877757676757271787477726F6E7070696F706A6C6C

:201D20006A686966636769635F64636468605C625F5C5D695E63686664606368666C6E6617

:201D40007870767878807C8380787B7C7B81777D7873716A6C716F7982848B87898A898B0D

:201D60008A858B817C7673747B757773A2E1DSDCD8D6D1DOCDCECAC4C1C1BFBCBABABABI01

:201D8000B8B5B3AEB3AEADACACACASA4A3AOA1I9EA3CS5CECBCECCCBCCCBC49481817A7E78CD

:201DA000787551413F3D3D3D403D43414345454545454849494D4D4E4F51515251545655BC

:201DC000555656565859595B5C5D5D5D5F62626262636464656868686A696B6C6B6E716FC2
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

:201DEO00736C8DB8B2B5B3B4B1BOAFAEACABABASASASA894746F6D6B6A686B7374767476BF

:201E000076777777777878716F706F716F726E7BA6BOB3B5B5B6B5B6B6B5B3B3B2BOAFAE6G2

:201E2000ADAEAAACASA9A7A7ASASA3A4A1A2A19F9FODIOESEBS5C2C1C2C2BFC19E8080797AF8

:201E400076757573745E4F504C4E4D4D4E4ES04F5252535455565658585A5A5C5C5D5E5F4D

:201E60005F616162636464656567666869686A696B6A6C6D6D6D6EGEGF6F7070717172712A

:201E800072737374737A8C909092919391939192909290918F8F8C7A7675737472747A7CCB

:201EA0007C7D7D7E7E7E7F7E7F7D7875767575767576789DAFADB2B1B3B1B3B1B1BOAFAE31

:201ECOO0ADACABAAAAABABABGAB6A4AAA2A2ATA0A09FODIDOCOBIBI9A2A9AAA9AAS775726E29

:201EE0006C6C6B696A69696A645A5B5A595A5A5C5B5D5C5E5F5F60606261636463656666A6

:201F000066676769686A6A6A6B6B6C6D6C6EED6F6F6E706F71707171727373727473747500

:201F20007475757676757776787F848385838584858485848584858583847C7978797879E3

:201F4000787E82818382838482848284817C7A7A797A79797A7992ASAAADADAFADAEACADOS

:201F6000ABACASAAABABA7ASA5A3A3A1A2A0A09E9F9CODOCOC9A99999997989C9D96746CBC

:201F80006A6867666666666667666866636163626463646466656767686869686A696B6A75

:201FA0006C6C6C6D6EGD6EGEGF706F707170727172727373727473747475747575767576F8

:201FC0007677767877787877797879787B7C7D7C7D7C7D7E7D7E7E7D7E7D7E7D7E7D7C7AAS

:201FEO007C7B7C7A7F84848584868586848586847E7C7C7B7C7C7B7D7988A3A5A8A7A9A8F6

:20200000ASA8A8ADACACABABASAAASA7ABATATA6A4A4A3A2A0A29FOFOESFOESESCICOA8055

:2020200070726D6F6A625F605D605F605F606062626162636364646665666566676A696908

:202040006B6B696A696C6C6CE6E6D6D6CO6E6DO6E6C6E70706F707270707072717073717173B7

:202060007072727373747375747673737475757776757476757577747674757775757477D0

:2020800075777678777679787D80807E7E80817F7E7F7D7776777675787574767B979C9FA2

:2020A0009EAOAOA19EASDIOE3EOEODDDCDSDIOD5D3DOCECDCBC8C7CAC2C1BEBEBBBAB7B6B6AB

:2020C000A48F8C89878584846554514F504D504E4F4F51515353545456575859595A5A5DBA

:2020EO0005D5D5F5F6061626263646466656768686769696B6A6C6C6D6D6C6EEGD6F6F706FF2

:2021000070707171717273747473747474757576767576777877787877797879797A797913

:202120007A7A7B7A7B7A7C7B7C7B7D81848485858686858685837E7E7D7E7E7D7E7D7E7DBC

:20214000929C9D9ESFAO9ESFOEAFB8B6B8B6B7B6B5B4B3B2BOBOAEADADAAAAABABABASA33C

:20216000A49A8681807D7D7C7B7A7A71636462626262636363646565666667676867696864
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

:202180006A6A6A6B6C6B6D6CO6EGEGEGF6E706F717071727172727372747374747574757540

:2021A00076757777777777787778777978797879797A797A797B7A7B7A7B7A7B7C7B7C7B01

:2021C0007C7B7D7C7D7D7C7D7C7D7D7D7D7E82848585868685868586837E7F7D7E7D7E7D09

:2021EO0007E7E7D8999999BOA9BOASASA9EASA4ASA4A4A2A2A0A19FOFODIESDICOA9BI99999B

:20220000989795847C7A7978777777767676746E6C6D6C6D6C6D6D6E6D6F6E6GF706F707008

:202220007170727271737273747374747574757576757675777677767878787778787978FE

:20224000797879797A797A797A7B7A7B7A7B7A7B7B7C7C7B7C7B7C7B7C7C7D7C7D7D7C7D21

:202260007C7D7D7E7E7D7E7D7E7D7E7D7E7D7E7F7D81848585868685868585827F7E7F7D5E

:202280007E7D7E7E7F7E8394949795969596969599979897979596959594939291918F9042

:2022A0008D8F8E8E807476737371706E7170706F6F6E6A6B6A6B6A67696867666A696665F3

:2022C000636868656565626266655E636763605E5A5F625F686B66676568666B6B6A686966

:2022E0006F696E6F6D6F757075757476767B78757471757777787178747472797186CDDASC

:20230000D4D5D2D1CFCACI9C7C6CAC2COBCBCB7B8B1B1ADB1AEB2BOB2B1ADADACACABAAAT74

:20232000A7A6A8A4A6A3A3A4A3A2B1966D6D6868666667686A6A6C6C6F6F71707070707078

:20234000706F6F6E6E6ASFSFS5ESD5C5C5A5A58595857575657565354535253525252515014

:2023600051505151535456575A5B5E5F636566696B6E70717477787B7C7F80818484878812

:20238000898B8C8D8F908F91919293929191908ESE8B8B898786858282807F7D7B7A797626

:2023A00078A0B4B1B4B3B3B2BOAFADAAASA6AS5A2A29FOE9CODI9BICODIEATIAOA2A2A2A3A490

:2023CO00A3A3A1A3A1A4A2A5A3A6A3A89A7AT7876757475757577787B7A7D7C7E7D7C7C7BBE

:2023E0007A7A7778757672686363615F5F5D5D5D5B5B5A5A595959585857555655565556BC

:20240000555554565658595C5D5F60636467676A6B6E6E717274767679797C7D7E80818175

:2024200084848686888889898B8B8D8D8DSC8CB8A898887858583838280807F7E7D7A7B79F5

:202440007877777492ABABAEADADACABAAASAB6A6A3A3AO09FOESDIESEODOEIDAOALIA2A2A2C]

:20246000A2A3A2A3A0A0A09FAO9FAOAOAO9F7B6A6F7475757576787779797C7D7D7D7C7C2C

:202480007B7A7A79797777766D6866656464636262616160615F605F60605F5F5D5E5D5C55

:2024A0005D5C5D5D5E5E606162646467676A6A6C6D6F6F727274747678787A7A7C7C7E7F8E

:2024C000808081818383858586878788878887878686848484838280807F7F7D7D7D7B7CA8

:2024E000797A787A77797586A4A7A9A8A9A8A8A7A5A5A3A1A19FOFOF9ESFODIFODIESEALD1

:20250000A1A0A1A0A1A1A09F9E9CODI9DICOCIOEB66D6EE86D74777778777A797B7C7D7E7C86
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

:202520007D7C7C7B7A7A797978736B69696768676767676666666666666566656665666508

:2025400063646364636464666668686A6B6C6D6D6F70707272747576777879787A7A7C7BAE

:202560007D7D7E7E807F818082828383848485858384828381828180807E7F7E7D7D7D7C4B

:202580007D7C7B7B7A7A7A797A787F9CA2A3A5A4A5A4A4A1A29FA09DIESDIESCODIDIDICD6

:2025A0009C9BOE9DIESDIESDIODI9C9AS9999A979A8D726E6D6B6B6B7478787A797B7C7C7C02

:2025C0007E7E7E7D7E7D7D7D7B7D78706E6D6D6C6C6C6C6C6BEC6A6BEA6BEA6CE6A6BECEBCS

:2025E0006C6C6A6A6A6A696A6A6B6C6C6C6EGE7070707272737474767577767878797A79D0

:202600007B7C7B7D7C7D7D7E7E7F80808181818282828282828081817F807F807E7F7E7DD3

:202620007E7E7C7D7C7D7B7C7C7B7C7A7B7C92A09EA2A1A1A1AOAO9FSESDOBOCIBOBOBO9C1

:202640009A9A989999999A999A989A98999596949691796F706D6D6C6C6C73797A7B7C7D7D

:202660007C7E7D7F7F8080807F7F7E7E7671727070706F70707070706F706F706F706F70A7

:202680006F707170716F6F6F6E6F6E706F70707171727274737575757676777877797979E9

:2026A0007A797B7A7C7C7B7D7C7D7E7E7D7F7E7F7E80807F8180807F807F807F7E7F7F7ESF

:2026C0007F7E7D7E7D7E7D7E7C7D7D7C7D7C7C7C7B8B9COBOE9COE9DICIDIOBIBIASAS899A3

:2026E000979897989796969596969795969595949391928072736F706F6F6F6F6F747A7CE9

:202700007C7E7E7F7E7F7F8181818081817A757474737372737273737273727373747374AF

:20272000737474737473757474727372727372747374757475757676777777787779787802

:202740007A797A7A7B7A7C7B7C7B7D7C7D7C7E7D7E7D7E7E7F7E7F7F7E7F7E7E7F7E7F7EDD

:202760007F7F7E7F7E7D7E7D7E7D7E7E7D7E7D7D7D7D7E7B859698989A999A9A9999989875

:20278000969796969594959394929393929492939291919086757572737272717272727242

:2027A000747B7E7E7F8080808180828282827F7778767776757676767675767676767677CE

:2027C0007677767776777777787778777775767676767577767777787778787979787A7916

:2027E0007A797B7A7B7A7B7C7B7C7C7B7D7C7D7D7C7D7C7E7E7ETETETETETF7ETF7ETF7E46

:202800007F7F7E7F7D7F7D7E7E7D7E7D7E7E7D7E7D7E7E7D7E7E7E818F9595979697959640

:2028200095969495939493929391929190908F90908E8F8D8F897A7674737272717271729F

:2028400071727173797B7D7A7D7F81817E807D807F7572727372737371706F6F6C6E6B6DBI

:202860006A6B6C6C6C6B6C696D676B6B646866676A68656266646465625F5B65665F636384

:202880006369646A696A67686E6D6F6FBAD8CBCFCECFCACACIOC8C5C7BFC1C1C9CDCACACT97

:2028A000C6C9C6C3C2C2C2BCBFB7B8B4ASA1A29F9C9B9A9796959591938E5E4F57514D4DC8
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

:2028C0004E515351535153525453565958575959595C5C5A5E605E54535352525153505547

:2028E0005656565755575C5F616265658AA19DA3A3A2A1A29A9A9A999C9A9A999A795E60F7

:202900005A5B5958585958575B5B5B5C5A5C5C5D5E5D5E61626065646766666768686967D6

:202920006A6A6C6E6D6E706F6F6F727171747196B6B5BCBCBFBEBFBFBDBBBOBBB6C3EBEF65

:20294000EEEFEBEBE7E7E1E2DCDDD9ODSD4D4CBA79C989592908F8D8D8D8A8C6B49494A53DD

:20296000515253535455565659595B5A5C5C5E5D605F6160626363655F5659565857595A0C

:202980005A5B5B5D5E5E60606063636A6A6C6B7E91929496969795918F908ESFSESDSCSEEE

:2029A000806A696866666666666667676869686A6A6A6C6B6D6C6EEGD6F6E706F71717272A6

:2029C000737373747375747575767677787679767A758BBOB3B7B7B9BOBOBOB7B7B6B5B4ES

:2029E000B4C4CBC9C9C8C8CAC5C2C2COBEBDBBB9B8B6A69BIB99969693949095815B5854D3

:202A000053555D5F5F6160636364646665676767686869696A6A6B6A6D6960605F605F6045

:202A200061606263636365646665676768686F6F70717582838485858684817F807F807E4A

:202A4000807E7F7D71706F6E6F6E6F6F6F706F707071717173727372747474757476767512

:202A600077767778787877797979797A787A797B7A7A7A7C7983A6AFB1B2B3B3B3B3B2B102

:202A8000BOAFAEAEB2B7B5B5B4B3B1B1AFAEADABABASA9A7A7A19A9A98979695958F6C60CO

:202AA000605C5D5B5C65696A6A6B6D6C6E6D6EGE6F6F706F717170727173726866656565D5

:202AC0006665676767686869696A6B6B6B6C6C6D6E71747475767B7D7D7E7E7F7D787978DC

:202AE00079797979797979757374747374747375757475757675767677777778777879780D

:202B000079787A7A797A797A7A7B7A7B7B7B7B7C7C7C7B7C7D7C7D7C7E9BAAAAADADAEAD10

:202B2000AEACACAAABASASASAAASABABABAG6A3A4A2A1A19FOFOFODODOBO997979595957A73

:202B400068676464636362636A70717173737473757575757676767677777777706B6A6A93

:202B60006A6A6A6B6A6CE6B6C6D6D6D6E6DEF6E706F70717074777678777A797B7A7B7B7A28

:202B8000767776777777777677777775777776777677777877777978797879797A797A7947

:202BA0007A7B7A7B7A7B7A7C7C7C7C7B7C7C7C7D7D7C7D7D7D7D7D7D7E7D7F7D8FA4A5A604

:202BCO00A7A7A7A6A7A6ASA5A3A3A3A3A2A2A0A0A09ESE9DIBICIA9A98999798959592951E

:202BEOO0O846E6C6A686867686768676C757577767877787978797A797A797A797B766E6F7D

:202C00006D6E6E6D6E6GD6F6E6F6F707070717171727173727374737578787A797B7C7B7D5C

:202C20007C7D7A797978797978797879787977777877797879787979797A797A797A797B74

:202C40007B7A7B7A7B7B7B7C7B7C7B7C7B7C7C7D7D7D7D7C7D7D7D7D7D7D7D7D7D7E7D87ES
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:202C60009C9FAOA2A1A2A1A2A0A19F9F9DOESDIESCIDI9BOA9BO999999797979596939592DE

:202C8000938B75706F6D6D6C6B6C6B6CO6DEBEF767A7A7A7B7C7C7C7C7B7D7C7D7C7D7B7360

:202CA0007171707170717071707271727373737474737475747574767675777A7B7B7B7C91

:202CCO007D7E7E7E7E7C7ATB7A797A7AT7B7A7B7A7B7979797A7A797A797A797A7B7B7B7A9F

:202CE0007B7A7B7C7C7B7C7B7C7B7C7B7D7C7D7D7C7D7C7D7D7C7E7E7D7E7E7D7E7E7D7E45

:202D00007E7E80959A9B9COD9DOCIDI9BICOAI9BIA989A9999999898979596959594939392F3

:202D200092918F7B737270706E706E6F6E706F706F71787D7C7E7D7E7F7E7F7E7F7E7F7F6A

:202D40007873747274737473737474747574757575767576767677767777777877787A7CC1

:202D60007B7D7C7F7E7E7F7F7D7C7C7B7C7C7B7C7B7C7C7B7B7A7B7A7B7A7B7A7B7A7B7BDA

:202D80007B7C7B7C7B7C7B7C7B7D7C7D7C7C7D7C7D7C7D7C7D7D7E7D7E7D7E7D7E7E7D7EAL

:202DA0007D7E7E7D7F7E8D9696979897979896979696959594969594959394939291929206

:202DC00091918F908478767474717371727173717372737373797D7E7E7E7F7E807F7E858F

:202DEO008588827E807E80807E8281848385868386888786858C7A7373727168736C6D6E21

:202E00006A6768696C6E6AB6F5D645B6B6C5B5B685A5F625B6C546860625B5D686671646F22

:202E20006A616A6D6273716279706E6D6E70737587B1A6ADADB5BOADB1ASBOADACIODAOSF35

:202E4000A5A097A09F979FAO9BA2B3AAB1A87D7D7C777A7A7C7B7676777274777276706E30

:202E60007974787572766A615A5F625F615B62645E6C66626664646C6D717073736A717816

:202E80007584B8D2D3CAC8CFCDCCC6C3C1C6C1C6C7BEC6CABEBDBEBOBABCBEBS5BOB8B6B981

:202EAOOOB1AFB8A985654A4540403D3B3B3B373B3C383C3A3A3E4043474346464B4B504DCA

:202EC000505451554E54565857575B5A575C5961635F60678C8F9095959595969A96939314

:202EE000969792949191918F8E938ES8ES1AOA1A1A39FA19F9D9ASDICAO9F9999A1856B6D2C

:202F00006B6A65686762635D575754545954585B5A5D5A5C5E5F605E636165636C6D6C6DAA

:202F2000716F727572ABDOCDCCCACBCACDC8C5C9C5CABFCOBBBABCBAB8B6B8B3B2B3B0OAE33

:202F4000ADACA7ABAB6A8A68C7D7C77777675767774737174785C454847434543474945472F

:202F6000474B4C4B4DAE525554515656545659565A585C5B5B5E5C808B8B8F8D90929190C9

:202F80009291928F90918F908F8ESE908FSE8D8F9A9CIODIFIDICIA9C99999A9DI9A9799978E

:202FA000979796979595959389808380816053575151525350535455585556595A5A5C606E

:202FC0006265676567686B6981A8A7A6A6A6A4A7A5A5A2A3A1A09FAO9ESE9F9COBOBIOCIO8BE

:202FE000999697979395919092918A817F807E7D7E7D7E7C7E7B7A7C797A7A7B7B7B787C4D
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

:203000007A7C7C7D775A515455535254535454535858565B60656B6E716E849D969B9B9D47

:203020009ESD9F9ESFOBOBOA98999A9A949896988D6F71767D7D7D7A7B7E7B7E7D7F7E7D2D

:203040007F7C7C7C7D7D7D7D7E7A6D6B6B6D6B6C6C6A6B6C6B6C6C6EGE6DE6E6F6D6F6EGF3B

:2030600070737379787B7A7C7D7B7C80A1A8A1A1A3A2A2A49F9FOFOFOFAO9DSDOCOD979831

:203080009797979595949395836E706E6D6A67676567656668676864656767696469696AA3

:2030A000696B6B6E6C6DE6E6BOE6F6F717071707273717272737672737375727572809497AF

:2030C00099989B989B999998969898959593969492939193929296A09FA2A0A29FA3A0AOD2

:2030E0008D7C7E7B7C7779767979766965676564676665646665666769686869696C6B6B0B

:203100006B6D6B6D6C707474777876777878798C9A929694959395949392909390928F9139

:203120008E8ESF8E8D8C8D8D8B8DSBSCBCEC8A8B8A8988878A878688736869686765666444

:2031400066656867696768686A696C686B6C6B6B6F6F70726E7071717271727373727375CC

:20316000748C8F8F909091929390908F8F8FSESF8F8FSE8E8BE8DED8DSESCEFOCICOFOEIFID39

:203180009D9D9CO9BO999B9A99979895978B83847F6A65666565646764646566646666666791

:2031A0006767686A6A6B696C6D70747273747775757481918A8C8C8C8B8C3C8B8D3C8B8CAS

:2031C0008B898B8A8A8989888987868786878785878787868683848384848382848283812A

:2031E000828181828180817F6D6A6C6A6C696B696A6A6B6B6D6EGEEGD6EGF6F6F6F70707197

:2032000071717473808A86898789898A8B8989888A89898888888889868886868693999AD9

:20322000999A99999997989795969695968B817F7F7F7B7E7D7C7D7C7D7B7D7B7D7A7E778E

:203240006A6A6A696A6969696A6A6B6B7071717372737373737786838484878C8DSD8DSEAS

:203260008D8E8B8D8BSDSCSA8C8A8D81787B78797778777878787778777677777678767871

:2032800076787778767878787878797A797A7A797B7A7A7A7B7B797B7A7B7A7B7A7C7B7A02

:2032A0007C7B7D7C7C7C7B838B8ASCEBEBSCS8BSCSASBSASBSA8A898989888A87898787883D

:2032C000909B99928C8F8B8D8B8D8B8B8O8B857776747375747474747475757475747576DF

:2032E0007576757776767776777678767878777A7D7D7F7D7F7D7F7E80888787888888873E

:20330000888788878786878686878685868485848585858584848384828383777676767551

:2033200076777476757676767775777778777877797779787978797979797A797A7A797B96

:203340007B7A7B7B7A7B7B7B7C7C7D8584858586858685868585858585838584848583843E

:20336000838382889697979897989798969795978D827E77767674747473747374747473B5

:2033800074747474747574767A7D7E7F7F8180818586868A8B8DSESFESESD8SF8E8F939497C0
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

:2033A000939797979A98999B9D9DIDA2A2A09FAOSEA3ABA7ABB694645B59595B4F4B4D47D6

:2033C00049464A484CACAAAC514F51524A4D50575056514F575854585B58655E5E61626283

:2033E000606B6D74786D78777478737878787D7F8280736C6F6E706A686B6E706D6F6F6F87

:203400006F6970757171747B8384848780848381857E867B7372707372727473757675739A

:2034200072707371736F7370746D7DC8D5CED1CBCCC6D3F1F5F3FAF1F3EFEFEEEFESESEG14

:20344000E5E2E1D8AFAS5A09A9B96949290908F8CSESBSDSBSASS8A805343443F3E403F3F6A

:203460004141414443464849484A4C4E4F50535454545457575B5C5B5C5C5D5E5E605F610C

:203480006263676185A5A1A7A4A6A4A5A5A4A2A0A1A0A19CA0896B6B67656565636463656D

:2034A00065676866696967696B6B7275747778797879787A7A7B77727271717372737373E4

:2034C00074737475747475747576777778789EB4B4BOBOBBB8BCD5DDDCDFDCDDDADBD6D654

:2034E000DAD1CFCDCAC8C5AEAO9ESB999796949492929091918F908E8F69545350504D4F61

:203500004D505050515352545456575759595A5A5C5C5E5D5E606060626264646565676652

:203520006769686B6A6C6B738586898A898B8A8B898B898B898A89898472716F6F6EGE6D12

:203540006D6D6E6D6EGF6E707071717172777C7D7E7E807F807F807F807A777676757675A0

:2035600076757777767777787779787A797B787C7890AFAFB3B3B3B4B3BDC3C3C3C3C2C19A

:20358000COBEBDBBBAB7B6B5B3B3A99F9DOC9A99979796959595929490947D5E5E595A582E

:2035A00059575958595A5A5C5B5D5D5F5E605F61616362646565666767686869686A6A6BE7

:2035C0006C6B6D6D6D6EGE6GDEF6E71787C7B7D7D7E7E7E7D7D7E7D7E7E7D7F7D7773747318

:2035E000747374737575747576757675777677767A7F818182818382838382837C7A7A7983

:20360000787978787A787A797A7A7B7A7B7A7C7B7B7B7C7A87A5AAABADAEADAEAFB3B3B225

:20362000B2BOB1BOAEADACABASASAG6AB6AS5A19E9BI9B99999798959695959295896B64636264

:2036400061605F606061626263636463656466666768676969696A6A6B6B6C6C6D6E6GDGESA

:203660006F6F6E706F717070727172727373757877787779797979797A7A7A7ATA7ATB79A1

:2036800078777877787778797879787879797A797A7A7A7C80848384838584858585837F9%4

:2036A0007B7C7B7C7A7C7A7C7A7C7B7C7C7B7C7C7C7C7D7C7D7D7D809CASA6A7ABABABAS3E

:2036CO00A9A8A8A7A7A6A4A5A3A3A2A09F9FOE9COCOA9999979795969594949391776B69C7

:2036E00067666666656765676767686869696A6A6B6C6C6B6D6C6E6D6EGEGF6E7070707179

:20370000707271727372737274737474757475767576787778787979797A7A7A797A797BED

:203720007A7B7A787A7A7A797A797A797B7A7B7B7A7B7A7B7B7C7C808484848584858584EA
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

:2037400085837F7D7C7C7B7C7B7C7B7C7B7C7B7C7D7C7D7C7D7D7C7E7C7E7C92A09FA3A129

:20376000A3A1A3A3A2A2A1A1A0A09F9FSD9DI9D9BI9B999A9997959594949391939092806F31

:203780006E6C6B6A6A6A6A696B6B6A6C6B6DED6CO6EGE6D6F6E70706F717170727271737275

:2037A000737274737473757475747676757676777677787778797A797A7B7A7B7B7A7B7B2B

:2037C0007C7B7C7C7B7C7A7B7A7B7A7B7A7A7B7A7C7B7C7C7C7B7C7C7C7C80838484858451

:2037E00085848585847E7D7C7D7D7C7D7C7D7C7D7C7D7C7D7C7D7C7D7D7D7D7D7E7D889BEO

:203800009A9D9C9ESDI9ESDOFODIE9CIDOBOB9A9A989898969795969393929191908F9087B2

:203820007372706F6E6E6EGEGEGEGE6F6EOF6F706F71717171727272737372747473747473

:2038400075747576757675767677767776787778787779797879787A7A7C7B7C7B7C7B7D67

:203860007D7D7C7D7D7C7D7C7D7C7B7C7B7C7C7C7C7B7C7B7C7B7C7C7D7C7D7C7D7E8383B4

:2038800085858585848585847F7E7D7D7C7D7D7C7D7C7D7C7D7C7D7D7C7E7D7E7D7ETE7F47

:2038A0007D8294979799989998999A99999898989697959695949493939390908F8ESESET1

:2038C0008A7A73747172707170717071717172717273737274737473757574757576767670

:2038E00076777777777778787877787879787979797A797A797A797A7A7A7B7B7D7C7C7DAS

:203900007C7D7D7E7D7E7E7E7E7E7D7E7C7C7C7B7C7B7D7C7D7C7D7C7C7D7C7D7C7D7C7EOF

:203920007D828483858485858485837F7D7E7D7D7D7C7D7D7C7D7C7D7C7D7C7D7C7D7D7CAS

:203940007D7C7D7C7F8C9392959395939596959594959593949493939292919290918E8E7D

:203960008D8E8079787777767676757675767576767676767675777676757776777576754B

:20398000767576757576757675767675747475737473757675777677787779787A7A7B7D5E

:2039A0007C7F7D80808081818283838484848586848585868686888888888887878585848A

:2039C000838382828586878485838282807E7A7978777475747373726F706F6F6E6C6C6BBS

:2039E0006B6B6D6D6E6GF70727C86868A8B8D8C8F90939495969797999A9B9CODOESFOFAL7F

:203A0000A1A1A19B91919090908E8E8B8B898986868383807F7D7C7A7877767472716F6EF5

:203A20006D6B6B6A686866666465636363616261626262646666696A6B6E7070737576786F

:203A4000797C7F808383868789898C8C8E8ES09092929392939394949594949292908F8ED4

:203A60008B8B88888585838385838381807F7C7C79747370706F6E6D6C6CE6B6A6A69686734

:203A8000686768686A6C6D6F6F72737A86878B8BSESE91929596969897999A9A9B9BOCIC7A

:203AA0009D9E9SESEOBSESD8C8C8C8B8A89878684848282807F7D7D7B7A7878767674747359

:203AC0007270706F6F6E6DE6D6C6CE6B6A6A696968686768686A6C6D6EGF7171737476767930
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

:203AE000797B7C7E7F82838485878788888A8A8C8C8DSESDSFEESFS8ESFESESO8FEDED8B8BB3
:203B00008888868685838381817F7E828080807F7E7C7C787674747272727070706E6F6D42
:203B20006E6D6E6D6F6F71727274767578777C888D8F9091929394969797989799989A9AFC
:203B40009A999B9A9BO98F8A878786868584838281817F7F7D7D7C7B7B79797877777576D9
:203B6000747473737272727071706F706E6F6D6E6D6E6C6EEDE6F707072727475767678781F
:203B80007A7A7C7D7D7E7E8082848385858687878888898A898B8B8B8C8BSA8B898988887D
:203BA000868684848383818180807E7E7D7D7E807F7E7E7D7D7C7A7677767674757473736E
:203BC00072737172727274747575777779797A7A7C7C899091939294939595979698979887
:203BE000979898989997998F878686848282817F7F7E7E7C7D7C7B7B7B797A787978777748
:203C0000777677757675747473747273727371737272727171727173737575757778787824
:203C20007A797A7B7B7D7C7D7D7E808081808281828381838284848385848684858586856E
:203C4000848385838381828180817E7E7E7D7E7A7C7D7E7F7D7D7C7B7C79787778777776B7
:203C60007674747575747475757984898B8D8ES091919092909AA4A5A6A7A7A9ABASA7A976
:203C8000A8A9A9AAA5A8A6A8A29699958470726E6E6C6C6B6A69696A696A696A6765666A12
:203CA00068676567656567676768696965686B66676766676867666867686865676B6B6C15
:203CC0006C6D6D6D6F6EGE6F6D7170707171706F737173727575757576777A797978797B96
:203CEO007E7D7C7A7C7B7B7B7D7B7C7B7B787C7A7B7B7C7B7B7D7E7C7D7F7D7F7D7B7C7B48
:203D00007B7A7A797B787C797A7B7A7C7AAS5CABEC1IBCBEBBBAB8B7B4BOC5C3C3C1C2C1C06C
:203D2000BEBDBBBBB9OB7B7B4B5B1A49DOE9A9BE86E6A68666665646364646364646565665A
:203D40006665676668686768686969696A69696B6A6C6C6B6C6C6C6D6C6E6D6EGE6F6F7013
:203D60007171727174747475757675777777797879797A7B7B7B7B7C7B7D7C7D7E7E7E7E3A
:203D80007F7F7F7F80807F807F7F7E7F7E7F7E7F7D7E7E7D7E7E7D7E7F807F807F807F7E4C
:203DA0007C7D7D7D7D7C7D7C7C7C7B7C7D7B7D7C859595979797989897989699A5A9A8A99D
:203DCO00A8ASA7A7A7AS5A5A5A3A3A1978D8D8A8B88898576737170716F706F707070706FB3
:203DE00071717071707172717271727273727372737274737473747374747575757475756C
:203E00007576767776787778787979797A797A7A7B7A7C7C7C7C7C7D7D7C7D7D7E7D7E7ESB
:203E20007E7F7F7E7F7E7F807F7F7E7F7F7F7F7F7F7F7E7F7E7F7E7F7E7E7D807F80807FA9
:203E4000807F7F7D7E7D7E7E7D7E7D7E7C7D7C7D7C7E7D8086898889898A898A898A89951A

:203E60009C9C9COD9DOCOD9BIBOB999BO28684838282808180807B7778767776777677762B
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

:203E800077767777767776787778787778777877787879787978797879797879787A797A25

:203EAO0007A7A797A797B7B7A7B7A7C7C7C7C7C7C7B7D7C7D7C7D7C7D7D7E7D7E7E7D7E7D86

:203ECO007E7D7E7D7F7E7E7E7F7D7E7D7E7D808283848384848686868686878688888B8BIC

:203EEO008A8C8B8DSESDSESFSE88ES28F9092949694939697979E9CA1A1A7A6AAAB8AG696671

:203F00005D5B64696A686A6869656667695D5B544A4E51555255565A5555615E5D5B5B5BFC

:203F2000635A5B5F5F605A646162636262676669686867686F6D6F6C70706F6D6C6F6E72A0

:203F4000727271747475727370757475777477787578797779787A7B7C7A7B7B7C7A7D7B85

:203F60007C7C7D7E7D7F7E7F7D7F7D807D817E837AA8E6DEEODBDBD6D5D2DOCECACICEC5A6

:203F8000C4C2C1COBEBDBABAB7B7B5B3B3B2BOAEAEACABASASABA7A7ASA4A3A4A1A48B6283

:203FAO005D5A575655585E5F60606263626464666567615D5E5E5F5E606161616261626310

:203FC0006264656466666766686869696A6A6B6C6B6D6C6EGEGE6F6F707071717172727277

:203FE00073727473747574757576767677767777787877797879787A797A797B7B7B7A7BDC

:204000007A7C7B7C7B7C7C7C7C7D7D7D7E7D7E7D7F7E7F7D89B3BABDBFBFCOBEBFBEBCBC3E

:20402000BAB9B8B6B6B3B3B1B1BOAFACACAAAAABABA7ASA4AA3A2A29FAO9ESFODOCOBID946E

:204040006B5F5E5A5B58595959606364656567666867696A69646262616362636364646516

:2040600064656466656767686869696A6B6A6C6C6C6D6D6E6GD6F6E707070707172717272CB

:20408000737274737474757574767576757777777778777877797879787A797A797A7B7B46

:2040A0007A7B7A7B7B7B7C7B7C7D7B7D7C7D7C7E7C7E7C7E7E7D7E80A4B4B3B7B7B7B7B6BB

:2040€000B6B4B4B3B2BOBOAEAEACACAAAAABABA7ASASA3A3A2A0A09E9EODIDI9BI9BI999A9914

:2040E0009877646460605E5F5F5E5F5F65696A6A6C6C6D6D6E6GDEF6E6867666767686768AB

:2041000068696A6869696A696B6A6C6B6D6C6D6EGE6F6F6E706F71707072727273727374EB

:2041200074747475747576757675777677767877777877797879787A797A797A7A7A7B7A95

:204140007B7A7C7C7C7B7C7B7C7C7C7D7C7D7C7D7D7D7C7E7D7E7C7E7D7E7D95ADABBOAFF4

:20416000B1AFBOAEAFADADABABASASA7A7AB6ASA4A4A2A2A19FOFOE9E9DIBIBIASA999798C1

:20418000959883696866656463646365646564696E6F6F71707272737372726C6B6A6B6B58

:2041A0006B6B6B6C6C6D6C6D6C6D6EEGDEF6E70706F707071717272737374767676777678F9

:2041C0007879797979797A797B7A79767777777677767877787779787978797A787A7879D5

:2041E0007A797A797A7B797B7A7B7B7B7B7B7A7C7B7B7D7B7C7C7B7C7B7C7D7C7E7B89A129

:20420000A4A6A7A9A8A8A7A7A5A5A6B0B3B2B3B1B2B1B1BOAEADADAAABAAAAAB9992918F95
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

:20422000908B8E8268615E605D5D5E5D5E5E5E5F605F6367686B6C6B6D6C6E6GE6F6B68684C

:20424000676566696668696A676868696A6A6B6B6D6C6A6B6B6B6B6CO6E6CE6E6C84A8A7AB4B

:20426000ADABABABADACACA9A9ABA9A5ABI9A716C67666363636060606360646265656465EF

:20428000656868686969696B6D6C6F6C6D6F6F706F70707272737274737474757477757739

:2042A000757C939B9B9C9BI9FIDOE9CIDIDICBCD3CFD3D1D2CEDOCCCCCIC8C7C3C3BFC1A3B6

:2042C0008A8B84847F685C5D5A5B5959595B5A5C5B5C5E5E5F5F66686A6B6C6D6B6D6D6FEF

:2042E0006C6969686969696A696B6B6C6B6D6D6D6EGEGF6F707071727073727373747379FE

:204300009499999C9B9D9BICIBIBI99A97999698927C73736F706E6F6F6E6F6E706F7070DC

:20432000717272727373737473757574757576757776777777787778787978797A797A7AC1

:204340007B7A7B7A7C8E9A999CI9BI9CIBICIBIBIBI8A4B2B1B2B1BOBOAEADADACABAAASABIF

:20436000A6A79C8F8C8A7A6B6A6867676666676766686769686A696B6A6F727373757475BD

:2043800075767674706F706F707170717072717273737274747375747575767675767677B9

:2043A0007677778388898A898B898A898A898A89888987887E7878777677767776777677EC

:2043C00076787778777879797978797A797A797A797B7A7B7A7B7A7C7C7C7B7C7B7C7B7DA3

:2043E0007D7C7D7C7C7D7D7D889796999999989999979896999FAOSFAO9E9FOE9ESCODOB6S

:204400009A8A9A9799949084757270706E6E6D6EGE6D6F6F70706F7070717171737979795F

:204420007A7A7B7B7A7C78757574757475747575767576777677767777787777787879789A

:2044400079797A7A7A797D808180818281828181808180818180817F7A7C7A7B7B7A7B7AAS

:204460007B7A7B7A7B7B7C7B7C7B7D7C7E7D7D7E7D7E7E7F7F807E7F7F7D7E7D7F7E808196

:204480007C82838384867E817E878A899795998285857C89817F7A878A7B85788674757EB1

:2044A000717067716DA4B6A2A4A29191938B898E9783808A9285797D89767375707C7F6A50

:2044C000424E4D44424750434C4C534B4D5659695B66655B635662626167675C61676770DC

:2044E00071756E6B6B68616866716B626661635C64606363756A75969A9D92999098979012

:204500009D98B3ECEDEFE7E2E7E3DEDADADFD7D4D8CFD6CAC6BFCCB2959B899190918B807C

:204520008C8A8887848785817D8585828480848A64494D4B494942424B484EADA747444986

:2045400045464E4D554B535273887B7C787D787D7A7A7F7B7D7D7E7B7D827F7E7D7E7C7B45

:20456000807C7C7F808381867F7F827DA6C2BESA8BI938B888688838485827D7F7F7D7E7C3E

:204580007E7C807D7C7C7B7D82807B7E7A806B4F4D4D4D4B4B4F4CADAD587A817F8686886D

:2045A000878B8A8A858BB5C8C5CCCACBCDCAC7C7C7C9C2C1C2C1BDBDBCBOB3B7B3B5B2B044

CSEE4840 Embedded Systems Design (Spring 2022) Page 384 of 442



Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

:2045C000B2BOADASAAASA480777877727070727071593D433F4242444142414747454B4897

:2045E000494C4C4F524F5254545755677B757A77787B7E7F7C7B808180807F7C7F817D821A

:20460000807F7C7D7F7E82808381838380867F8B999A9B9B9B999C99979A939594938F6B3D

:20462000656461626161635F5F63636363626463676351505052544F54535655577883837F

:204640008A898B3C8B8BSASB8BA7BFC2C2C4C4C4C2C2C1BECOBBBCB9BBBOB5B1B1B4B1B0B1

:20466000AFADAAACAAASA7ASASA5A1A3A0A1A2A09CA18D6C646B64454644454445444646FE

:204680004447484B494A4DADAEAF53524F475170706F777377757879787879787879777ACD

:2046A000797B787A7B797A7B7A7C7E87826A6F6B6A6B6E7373737375747476787475777538B

:2046C000757575747576787677747877797978777779767978716F6F716E72727371716F46

:2046EO000869A989A9A9C9BODIE9AIBIBA9C3CICICICECAC7CHC5C2C3COCOA5989B94919052

:204700008D8C8D8C8DSASCSA888B8A8A898989878987878065585953595E62636065636667

:204720006667686767686A68686C6C6C6B6D626161617F83838686898787888986868887DF

:20474000858387858685868487858687878587878585686364616562646563666466666872

:2047600067666767696A6A6C6C6B6E6D706E6GE6F6E6COF6F717172716F6F70717072727385

:204780007274707E94929794969998959598939CB6BEBCCOBEBFBFBEBABBBOB8B8B5B5B298

:2047A000B3B1AEAEACACACA7ASA28A87878483807F7F807F80665556545153565D636262C4

:2047C0006464666668676A686868686B6A686D645F645F605E74817E837F838385848484F2

:2047E000858584838384818381828283818281818484848384858283808184818582818263

:204800008477686765656665646365676668686769676969696C6B6C6E6D6D6D6E6BE6FEFAF

:2048200071706E6F737075888A8B8DSESF8F8F8C8F8CSFASAFAFBOB2B2BOAFB1AEADACABEE

:20484000ABA9A8A5A7A5A4A5A3A3A0A09F9EODOCOA9BIA98989A8C74756756595857545DA2

:20486000636364656366656868696A6A6B6B6D6B6A626063636163626D7A7A7B7D7E7F7FD3

:204880007E7E7E7E7E7E807E7F7F7E80808080807E807E81818082818182807F807F7F7F2A

:2048A000807F7D807E807E7F7E7F7F7E807F817F80746A6B6A6A696C6A6C6B6B6D6D6D6D36

:2048C0006D6F6E6F6D6F6F71717080858486868785888788888594A4A4A7A6A7A6A6A4A4D9

:2048EO000A3A3A2A2A19E9F9DIESCICOA9BO99A979B978ESDEESC8C85716D6C686B6A6A690C

:2049000069696C7575777778787878797879787A7A77716E6F6E6E6F6E6F6D7280807F81FF

:2049200081828282838383828282818280828180818081807F7273727473737472747172EC

:204940007474737574757576757676767876777778787778797978787A787A797A7ATATAT2
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

:204960007B7A79797A7A7A7ATA797A7C798187878888888988898889868E9FA1A2A2A3A257

:20498000A1A29FA19E9F9D9ESCIDI9A9BO68C8DEBSA898B888888888787766E6E6B6C6A6CAI

:2049A0006A6C6B6B6C6F7578777A787A797B7B7A7C7B7C737171717071717172717273797A

:2049C0007D7C7E7D7E7E7D7E7E7E7F7F7E7F7E7F7E7F7E7E7D7F7E7F7F7E7F7F807F807FOD

:2049E000807F7E807D7678777677767777777877787877797779797879797A797A7A7A7994

:204A00007B7A7B7A7B797A797A797B797B797A7A7C82818283828283828382838593989899

:204A2000999899969896959597949491928F919091908F8F8FSESDAOA6AS59D928F8A8BSDFS8

:204A400091908ES8D8SA8F8D8C91989D9FA3ASA8A7A8A2ADAAAEBIASA7ASABAAASAGAOA4ALT74

:204A6000A4A1A2A2A48E534343424341403E403D464547434643484B454C494F4C514F504B

:204A80005653636064686A6C6C6D6E6B716F6D726C6F736B5F5C5B5ES5ASE59595D595D5D90

:204AA0005F5E5C5D5F60616063626669686B686C6A6A696B716F6D707070706F70727071DE

:204AC0007B86848382888583868783878487848683868393B7BABEBDBFBDE4FBF1F6F1F55D

:204AEOO0F1F2EEF1ESBABOAEAS5A4A29FOD9E9SDOCO9BI9A999A9897979694908ESES8D8D8D8CC2

:204B00008B8A898B8889855847454142414140424244454646494A4C4DADAFAES1505454B5

:204B20005657575A5977939296959895989796979694949492967D61605D5C5C5B5C5B5D32

:204B40005E5E5F5F606160636264636466666768696A6B6A6C6C6D6D6E6D6F706F71717159

:204B60007272737882828484848685868686868786868686868688A3A9ABABADA8B2D5D929

:204B8000DADADODSD7D7D4D3BSAEACASAB6ASA2A3A5A4A5A2A3A1A2A09F9F9DOC979694942C

:204BA000929392928F918D916F53524E4D4C4D4C4D4CADAFAF515253535555575859595BA7

:204BCO005B5C5E5D5F5F6160697A7B7E7E807F8181808180817F8180817C6B6A6968676895

:204BE00067686969696A6A6B6B6C6C6D6D6EGEGF706F7171717271737273737475757476DC

:204C00007576767777767B84868787888889888989898989888888888888919898989289CA

:204C200091B5BEBFCOC1C1COBFBEBFBAACAAASABAG6A3A4A6A7ASA5A3A2A3A1IA1A09E9DI8FI

:204C400097969594949194909482605B595856575556575658585A5A5A5C5C5D5E5E605FEQ

:204C600061616363636564666667666A7174747675777776777778787778777978716F6F51

:204C80006F6E6F6F706F7170717271727273747374747575757676757776777777787778A6

:204CA000787978797A7A797A797C8588898A8A8A8A8A8A8A8A8A898A89898989888B908B61

:204CC000828280819DAFADB2B1B1B1BOBOAFADASA6A6A3A3A2A0A4A4A4A3A3A1A1A19FIF86

:204CE0009D9B96979594949392928D6C63615F5F5D5E5D5F5ESES5F5F616261636264646559
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

:204D0000666766686769686A696B6B6C6B6C6D6F71717172727373747474757475747675C2

:204D2000757374747374747574757576757676777677777877787879797879797A797A79A2

:204D40007A7A7B7B7A7B7B7C7B7C7B7C7B84898A8A8BSASBSASBSASBSASBSABI8ABA888ADB

:204D600087807C7E7C7D7B8DA4AA4ABATATATA6ATABA4A3A2A1A1I9FOFOESFA2A0AL9FOFODF7

:204D80009ESCIC9B9994959393929190796768646563646463646565656566666767676906

:204DA000686A696B6B6B6C6CED6EEGDOEGEGF6E706F717173727473747475747576757675F5

:204DC00077767777767576767677767776787778777878797879787A7A797A797A7A7B7AD8

:204DEO007B7A7B7B7C7B7C7B7C7B7D7C7C7D7C7D8189898B8ASBSASBSASBSASA898A898A61

:204E00008989827B7E7C7E7B7E7A869CAOA1A1IA2A2A2A1A1A09FODODI9B9CI9B999B9CODAC18

:204E20009B9B9A99999798949391918F91816E6C6A696968686769696869696A6A6B6B6CES

:204E40006B6D6C6D6D6EGEGF706F7071717171727173727273737675767677777778787713

:204E6000787879787978797877787778777979797879787A7A797A797A7B7B7A7B7A7B7A12

:204E80007B7C7B7C7C7B7C7C7B7D7C7D7D7C7D7C7D7E7C8088898A89898B898B898A898AE9

:204EAO00898A89847C7E7B7D7C7E7C7E7C80949C9BOESDIE9CIDIDI9COBOAS8999797969719

:204EC00099989897979696959594928F8F8F88746F6F6D6C6C6B6C6C6B6D6C6E6D6DEEGEES

:204EEO0006F6F706F7071707172717272737274737473757475757676767778797979797839

:204F00007A797A797A797B7B7A7B7979797A797A797A797A797B7A7B7B7B7B7A7B7C7B7C4D

:204F20007C7B7C7B7C7B7D7C7D7C7D7C7D7C7D7C7D7D7D7E7E7D7E8589888A898A8A8A8971

:204F40008A8A898A877E7E7C7D7B7D7E7E7E7E7D7E8CI98979A989A989A99999896959593ED

:204F6000949293939595949493939292918F8C8C7A73727170706F6F6F7070707071707102

:204F800071727273727372747373747475747576757675777677777778787778787A797B65

:204FAO007A7B7A7B7B7C7B7C7B7C7B7C7B7B7A7B7A7B7A7B7B7C7B7C7C7D7C7E7D7E7E7ET7E

:204FCO007F7F7E7C7A7B797A7B7A7A7B797A7878787879777978797878777C81848282806E

:204FEO008181817F7F7E7F7770727371706F726D6D6E6D70757F828285877A7E847E7C7C8A

:205000007C7775737679767B81837E7C807C7C7F79716661625C60606568636864696A687A

:205020006769696D6B686A6F6A71706D726F757D818384838C86CAFOESESE3ESEIEIDDDFAF

:20504000DBD8D9D6D2D4D0OD2DOCDCBCOC8C6C8C5C3ACATIA29E989795969593919292918EB4

:205060008F8B908252443F3E3E3A3E3C3D3D41414041434647454949494C4C4E4E51545564

:2050800058565B5C5A5C5C5E5D5D5B5B585B595A5C5A5B5E5F605A626A6E717373757673EE
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

:2050A00075787878787879787A7A7B7C7B7E7E7F7D8079706D6E6E6E6CO6E6F716F6F727238

:2050C0007172727373747475747676777778777A787DAABCB6BBB6BOB1CAEFF1F1F2F2F026

:2050EOOOEFECEBESESESE2DEDDDADI9D6D4D1CECCCBCIC6C6ADO5948ESEBA8A888887878608

:2051000086858684845C4545414140413F42424344464648484B4B4ADAFAF51525254545633

:20512000575D5F60616262646565676667646264646465646666676868696B7479797B7A88

:205140007C7D7C7D7D7E7E7D7E7D7F7F7E808081808180807573717170717170727172721B

:20516000727373747574757476757776777678777878797979859391949395939DC4CDCESE

:20518000DOCFCFCDCDCBCBCOC7C5C3C2C1BEBEBBBBB8B8B4B5B1B2A99B9897959393919158

:2051A0008F908E8F8D90765755525150505051505252545555565758585A5A5C5C5C5E5FBC

:2051C0005F6060626569696B6A6C6C6D6D6EGE6E6B6A6B6A6B6B6C6B6D6CO6E6DE6F6E777D6A

:2051EO007E7F807F80808180818081818282828282838382837A757474737373727373741E

:205200007374747575747675767776777678777879787979787A797A7C8484868685868848

:20522000A7B8B7BBBABBBO9BAB8B8B7B5B4B4B1B1BOAFADACAAAAASA7A7AS5A49COA999797C6

:20524000969594929491948767605F5C5C5A5B5B5C5C5C5D5D5E605F6160626264646465CE

:20526000656766686769696B706F7172717373727473737070707070707171717172727350

:20528000727880818182828382848384838483848284838384857E7876767576757475744C

:2052A0007576757676767776767777787778797879787A797A797A797B7A7A7C7D7F7D7FD6

:2052C0007E807E93AAASADADAEACADABACAAAAABABABA6ASA3A4ATA2A0A09E9F9CODI9999AD

:2052E0009798979696959394907567686564636363636463646466666667676868696A693C

:205300006B6B6B6C6C6CO6E6D6EGE707475757675777677777777747273727473747375744D

:205320007575757578808383848584858485848584858485858485837A777876777677759C

:20534000777677767776787877787779797879797A7A7ATATA7B7B7A7B7A7B7A7C7A7C7C2A

:205360007E7D7F7E7F7D89A1A2A5A5A7A7A6A6A5A4A4A2A2A1A19FOFOE9ESCOCOBOBO99AFB

:20538000989795959493939292937E6D6C6A686868676868696869696A6B6A6B6B6C6C6D16

:2053A0006D6E6E6GE6F707070717071717272767778777979787A797A79757675767675766D

:2053C00075777677777777787F848485858586858685868586858586847D787977787778FA

:2053E0007878777877787879787879787A797A797A7A7ATB7ATATB7A7B7A7C7B7C7B7C7C7A

:205400007C7D7C7F7D7F7E7F7D83989F9FAOA1A1A1AOAOAO9FOF9ESCOCOBOBIASAS998981F

:205420009697969495929390928F908671706D6D6B6C6C6B6C6B6D6C6DE6CEEGEGE6F6E6FOC
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Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

:20544000706F71707171727173737274747374747577797A797A7A7B7A7B7B7A777877789D
:2054600078777877787779797879787F8584868685868687868685868586817A7A78797858
:20548000797879787979787A7A797A797A7A797B7A7B7B7A7B7A7C7B7C7B7C7C7B7C7C7DC3
:2054A0007C7D7D7D7C7E7F7F7F7E7E807F919A9B9BICOCICIBICICIBI99A99999898969623
:2054C00095959593949392928F908F8E8B79727270706F706E706F706F7171707172717208
:2054E0007173737273737474747574757676757675777677787B7A7C7B7C7B7D7B7D7B79CF
:205500007978797879787A797A7A797A7A7A7D858586868687868787868686847C7B7A7ABS
:20552000797A797A7A7A797A7A7B7A7B7B7A7B7A7B7C7B7C7C7B7C7B7C7B7C7C7D7C7D7D0C
:205540007C7D7C7D7C7D7D7E7E7E807E807F817E8A97979798989897979796969595949413
:2055600094939391929190918F8F8F8D8D8C7F767574737272727173727372737473737426
:205580007374747475747778797A797A7979787B797A797B7A7A79797879797A797A797B01
:2055A0007B797778777978777879797979797B7A7A7A82878686878987888987878A848111
:2055C0007F7C7E7B7B7C777A797878797B797A777879777A7679767C878A8D8B8C8C898DOE
:2055E0008A88898B8B8989897E7271726E6D6D716E71707582858586898988878C8C8C8BAD
:205600008D8D8E8DO0918D8F8C9192919191948B827D7C7C79767979747375717270706F31
:205620006F6E6CE6A6B6C6866658EA7ALA3A2A09F9ESBOBOA989596959197735B5C57595833
:205640005B5B5E5F61616265676B6D6F7073737577797A7E7F868B8D908F91909293939444
:20566000948E8A8686848281807E7D7A7B787874757372706F6E6D6B6C68729198979A9761
:20568000979596939290918D8ESD8F896B6363626363666468686D797F81858588898C8C36
:2056A0008D8F8F919193929594969597989898999589858481817E7E7B7A7A7877757573CC
:2056C0007371716F6F6E6C6CE6B6A6B6777888889898888878585838383828383867B6A6B89
:2056E000696B6A6C6D6E70707072737576787A7A7B7D7E8080828384888E8F919292939419
:20570000939492928D87858482817F7F7C7C7B797977777674757273727170706F6E7E85E6
:20572000848584848383808180808081818282776E716F71717273747676828A8C8D8F919A
:205740009192929494959596969796989897999998988A858482817F7E7C7C7A7A797777DA
:20576000757675747373727271706E6F6D6F6C717A7B7B7C7B7A7A797979797B7A7C7B7E6B
:205780007B7472747475757777797779797B7B7D7D7F7F7F81818383848584888D8F8F9041
:2057A000919191908F8F8D88848282807F7E7E7C7C7A7B7979777877767676757474737306

:2057C00072767C7A7B7A7B7A7979797A7B7B7C7C7D7E7B76787779787A7A7B7C7C858F9156
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:2057E000939394949695969697969796979798989797978E838380807D7D7B7C7B7A7A781B
:205800007877777676757574757374727372727172707274767576757674757577767878F3
:2058200079797B7A7879797A7B7A7C7C7C7D7C7E7E7F808080818182838284838584868A97
:205840008ESESESFSES8D8C8C8A8B85828180807E7E7C7C7C7B7B7B797A7979787877787624
:2058600077767776767977787877787777787879797A7B7A7C7B7B7A7C7B7D7C7E7D7F7EF6
:20588000848F93939595969696979697979697969696969691848281807E7E7C7C7B7B7B70
:2058A000797A7978797878787876777677757676757575747574767675767576767576751C
:2058C00077777878797A797A797A7B7B7C7C7C7E7D7E7D7F7F7F807F818180828182828329
:2058E0008283878B8BSASB8B8B898A88898381817F7F7E7E7D7D7C7D7C7B7C7A7B7A7A7AGF
:20590000797A7A7979787879797A797A797A787A797A7A7B7C7B7C7C7D7C7C7D7D7D7E7D36
:205920007E7E7F818D93939595959595959495959595959395918580807F7E7C7D7B7C7B17
:205940007B7B7B797A797A7879787978797977787778787878787777777779787978797936
:20596000787979797A797B7A7B7B7C7A7B7B7C7B7D7C7D7C7E7D7E7D7F7F7F807F807F80AO
:20598000808180818183888788878887888887878280807F7F7E7E7E7D7D7C7D7D7C7C7BD9
:2059A0007C7B7C7B7C7A7B7A7B7A7B7B7C7C7B7C7B7C7B7C7C7C7D7C7E7E7E7D7E7C7D7E69
:2059C0007D7E7E7F7D7F7E8A929394939594959495939493949293877F7E7E7D7C7B7C7BB8
:2059E0007B7A7B7A7A797A797A797A7A797A797A797A797979787978797879787A7B7B7A77
:205A00007B7B7A7B7A7B7C7B7C7B7D7C7D7D7B7C7B7C7B7D7D7D7C7D7D7E7D7E7D7F7E7FFD
:205A20007E7F7E80807F807F818486868685868586858580807E7F7E7E7D7E7D7E7C7D7D51
:205A40007C7D7D7C7D7D7C7D7D7C7D7C7B7C7C7E7E7D7E7D7E7E7D7E7D7E7F7E7F7E7F7FOE
:205A60007D7E7E7D7E7D7F7D7F7D86919394939594949493949492948B807F7D7C7C7B7B45
:205A80007A7B7B7A7A7B7A7B7A7B7A7B7A7A7A7ATB7B7A7B7A7B7A7B7A7B7B7B7A7B7A7BB6
:0E5AA0007B7D7C7D7C7D7C7D7C7D7C7D7D7E28

:00000001FF

rr_audio_fuel.hex
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:020000040000FA

:200000009AC2BOAC936A53503A92C7ABAESE6B4AF523691C6ABAB8962524A42B2BDADA58015

:2000200059543F5CC6B1B1987651563682C7ADAC8D65514D3BA4BFABA27B5555387CC7AEFA

:20004000AA9162564451B9BOABA072564F3D95C5AAA9835A553B74C7AEABY161564352B9C3

:20006000B8A89B6559454BA9BFA6A26C584B3F9AC5A5A66E594C409DC4A6A56F594D40A09B

:20008000C2A7A36E584C40A1C1A6A069584847A9BCA6995F5A3F5FCOB1A88D5B563B85C533

:2000A000A9A77958503E94C2A69F66584452B7B4A78A5A553D90C4A6A56C5B4456BBB4A704

:2000C0008B59573981C4A6A2685A4160C3ADA97C5B4D48AEBSA7945D573D86C3A6A1695952

:2000E0004168C2ABA7745A455CC1AEA97D5A4D47B1B6A68958533FA0BBAS8C58553EASBAFB

:20010000A68F5C5244ACB8A78D5A5243A6B8A68A585241A7B6A682584C50B8AFA7775A441C

:2001200068C5A7A66A5B3D78C4A59B5D593B91BCA68B5A4E4ABB7AFAS57259427AC6A49D5C70

:20014000593FA4B6A7825A4956BDASA164593EO9DB7A87E5D446DCA4A79D5F583EAAB3A87689

:200160005C3F6DBCAA8D614959BBAESF69554194BAA278594178BFA7895F4468BCAD9168A4

:20018000465BB3B595714952A6BB98784C4A96C0997A514684C29B7D514993BEA07D5543B0

:2001A0008CBF9F7B54468EBDA07C54448CC0O9A794E4DOFBD96754957AAB8926E475CAEB4DY

:2001CO008E69436BB7AC875F4385BEA17D524B9FBC96734956ACB58C674365B7A981594671

:2001E0009DBB99714B50A8B587654084BEAO07C4E51A3B78C684368BAA47953499FB88EGACT

:200200004175BDA17D4F50A9B589644180BES8734A57AFAD7F584A9EB78F674286BE9B76D9

:200220004959B3A97F5253ABB38B624287BD916C4281BF9974466AB6A57B504FABAE7F56EC

:200240004BA6B2855B48A0B689604599B98B644391BA8E664287BC8E694182BA91664695C1

:20026000B98D644595BA8B65418DB88B5EACA7B3855B47A1B084525BB6A87C4F57B2A2744A

:20028000486CBC9870438DBA906449A4B1875655ACAA7A4ESEB69CO6FA57ABA8C614AA3AESA

:2002A000824D68BA9D74448BBA8D6247A6AB7B4D61B6996848A0B3855555B49D6F4794B631

:2002C000885A4FB1A172468FB8885CACADA273448AB7865364BC986C499FB0815063B99013

:2002E0006744A4A678447BB7865655B5976A449DAA79467FB488506EBO9925F54B59F724469

:2003000097AF7F4972B58C516FBA925E52ADA2684EAOAA71498EB57A4E86B8805169B98B90

:200320005768C087819F785C584663BEAAAAS677595A4467BAABA894735759407CBFA6A8B8

:200340008C6B5655439DB9A6A38362584C52B4AEA89879585B4176BBA8A48B655A4D51AF1B
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:20036000B2A69C785B594388BCA6A588635A4C55AEB1A3986C5C514B9BB9A2A1785D5744A0

:200380008CBEA4A484605A4668BAASA38B605E446DBAABA38F625F4668B6ADA292645E4838

:2003A00062B3AEA291625F456EB9AAA38B605E4473BBA7A2845E5B4479BBA4A0775D56475F

:2003C0009AB8A09D6B5FAB5FB6ACA38E625D4581BDA3A3795F534FA7B4A198655F466BBAC2

:2003EO000A7A17D5D584695B7A097635F4577BCA2A172604D5CB3ACA2895F5A468CB89F98BE

:20040000655E4772B9A29F6F5F4A6DBAA4A275604E5DB5A9A2805D564AA5AFA18760555162

:20042000ACAEA1895E5A479CB2A0875D5948A2B0A0835D574DABACA07D5E5354B1A7A0736C

:200440005F4D62B6A39C6B5F488BB99F97615E4599B1A0845F525FB8A4A171604970B8A0AC

:2004600096615D469EAFAO7ESEAF63BAA09C64604499AFA180604F5FB6A29A655E479AADAF

:20048000A177624880B7A28E625650A8AA99705A4COCB19E7D5F4C7CB5A28863515CACAAS6

:2004A0008E6A5355A0B19272555092B69579584E83B8987E5A4E7CB69D805E4C8BB59F8154

:2004C000604A7BB4A07F604C8AB39F805F4B7CB59C7F5CAESEB6987B575499B39578545875

:2004E0009CB09172515AA1AE8A6DAC70AFA584624D89B49A7C58549BB29173505DA6AB86AS

:20050000694A83B29D7B5A5196B28E734B73AFA581624B81B593755160ABA787644D8EB4EC

:2005200094784F69AEA586605095B291744C73B2A0815A559FAE8B6CAA7CB39875555CA8BE

:20054000A4825B57A2AD8B6A4B7DB492734D77B39C7D5658A2A87F5F52A0AB8763519AAF77

:200560008B694F8CB191704D74B09674506AAF9A775264AC9D795461ABOE7C536EB29B7B8A

:20058000526BB09C7A5363AD9C795175B396764E75B195724F7EB28E6EAB88AF8D67539C80

:2005A000AC8562519AA87E5A5CAASE7B5172B393744D8DAF8C6654A3A5855867B09A7A4F33

:2005C0007FB18F6D4F97AA845E5AA99B765175AE8D6657A2A481576AB191714E86AB855C10

:2005E00066AF97784E7EAD876060AD9776507FAB88605DA799725390AA805C6DB08F715115

:2006000092A47E586DAC8A6955A199775186A7815B69AA8C69579D9A755590A27F5780AAD0O

:20062000886266A8916F56969D765992A27E597DA8866168A38F6467A3946D5B939D6F5DF3

:2006400090A2775E8BA37B5E78AC989C897565655889A8989A87756467568BA59997856F40

:2006600067625F9BA09893806B695D6EA599998D7A686A5A82A49696867368665E939E9586

:20068000907F6B6B5E7FA2959487736B6667969A938E7A6D6B617FOE9291816F6E63799C81

:2006A000949188736F666E9796908A76706B678A9A8ESE78716C688A998D8E7A726D698B50

:2006C000978D8D7B736E6A8B968D8C7A736F6C8B948C8A79736F6D8A938A8977756D779212

:2006EO0008E8B8476746D7A918C8A7F75746D839189887A7671738C8D89837776707E8F8800
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:20070000887C7773778C8B8883787772808D87877B79747A8C888780797774848B86847AE2

:2007200079747D8A86857C7976798986857F7A7878868785807B7978868684817B7A7783DB

:200740008784827C7B79848683827C7B79818683817C7C79818583817C7C7A828482807CA1

:200760007C7B8383827F7D7C7C8382827E7D7C7F8482817E7D7C808382807E7D7D82828189

:200780007F7E7D7E8281817E7E7D808281807E7E7E8281817F7E7D808181807F7E7E81816A

:2007A000807F7F7E8081807F7F7E7F8180807F7F7F8080807F7F7F808080807F7F7F808049

:2007C000807F7F7F8080807F7F7F8080807F7F7F8080807F7F7F8080807F7F7F8080808028

:2007E0007F7F7F8080807F7F8080807F7F7F8080807F7F7F8080807F807F8080807F807F08

:00000001FF

audioROM_explode.v

// megafunction wizard: %ROM: 1-PORT%
// GENERATION: STANDARD
// VERSION: WM1.0

// MODULE: altsyncram

/] = =

// File Name: audioROM_explode.v

// Megafunction Name(s):

// altsyncram

//

// Simulation Library Files(s):

// altera_mf

/= -

[ FFRFFEA R R R R R R R R kR R R K K K
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// THIS IS A WIZARD-GENERATED FILE. DO NOT EDIT THIS FILE!

/1
// 21.1.0 Build 842 10/21/2021 S Lite Edition

// 3k 3k >k 3k 3k 3k 3k 3k >k 3k 3k 3k 3k %k %k 3k 3k 3k k %k %k 3k 3k 3k %k %k %k 3k 3k 3k %k %k >k 3k 3k 3k >k %k >k 5k 3k 3k %k %k >k 5k 3k %k %k %k %k 3% 3k %k %k *k *k >k kk

//Copyright (C) 2021 Intel Corporation. All rights reserved.

//Your use of Intel Corporation's design tools, logic functions
//and other software and tools, and any partner logic

//functions, and any output files from any of the foregoing
//(including device programming or simulation files), and any
//associated documentation or information are expressly subject
//to the terms and conditions of the Intel Program License
//Subscription Agreement, the Intel Quartus Prime License Agreement,
//the Intel FPGA IP License Agreement, or other applicable license
//agreement, including, without limitation, that your use is for
//the sole purpose of programming logic devices manufactured by
//Intel and sold by Intel or its authorized distributors. Please
//refer to the applicable agreement for further details, at

//https://fpgasoftware.intel.com/eula.

// synopsys translate_off

‘timescale 1 ps/ 1 ps

// synopsys translate_on

module audioROM_explode (
address,

clock,

qa);
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input [11:0] address;

input clock;

output [7:0] q;
‘ifndef ALTERA_RESERVED_QIS
// synopsys translate_off
“endif

tril clock;
‘ifndef ALTERA_RESERVED_QIS
// synopsys translate_on

“endif

wire [7:0] sub_wire0;

wire [7:0] q = sub_wire0[7:0];

altsyncram altsyncram_component (

.address_a (address),
.clockO (clock),

.g_a (sub_wire0),
.aclr0 (1'b0),

.aclrl (1'b0),
.address_b (1'b1),
.addressstall_a (1'b0),
.addressstall_b (1'b0),
.byteena_a (1'b1),
.byteena_b (1'b1),
.clockl (1'b1),
.clocken0 (1'b1),

.clockenl (1'b1),
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.clocken2 (1'b1),
.clocken3 (1'b1),
.data_a ({8{1'b1}}),
.data_b (1'b1),
.eccstatus (),

-q_b (),

.rden_a (1'b1),
.rden_b (1'b1),
.wren_a (1'b0),

.wren_b (1'b0));

defparam

‘ifdef NO_PLI

“else

“endif

altsyncram_component.address_aclr_a = "NONE",
altsyncram_component.clock_enable_input_a = "BYPASS",

altsyncram_component.clock_enable_output_a = "BYPASS",

altsyncram_component.init_file = "rr_audio_explode.rif"

altsyncram_component.init_file = "rr_audio_explode.hex"

altsyncram_component.intended_device_family = "Cyclone V",
altsyncram_component.lpm_hint = "ENABLE_RUNTIME_MOD=NOQ",
altsyncram_component.lpm_type = "altsyncram",
altsyncram_component.numwords_a = 4096,
altsyncram_component.operation_mode = "ROM",
altsyncram_component.outdata_aclr_a = "NONE",
altsyncram_component.outdata_reg a = "UNREGISTERED",
altsyncram_component.widthad_a =12,

altsyncram_component.width_a =8,
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altsyncram_component.width_byteena_a =1;

endmodule

/] = =
// CNX file retrieval info

Jf ======= = =
// Retrieval info: PRIVATE: ADDRESSSTALL_A NUMERIC "0"

// Retrieval info: PRIVATE: AclrAddr NUMERIC "0"

// Retrieval info: PRIVATE: AclrByte NUMERIC "0"

// Retrieval info: PRIVATE: AclrOutput NUMERIC "0"

// Retrieval info: PRIVATE: BYTE_ENABLE NUMERIC "0"

// Retrieval info: PRIVATE: BYTE_SIZE NUMERIC "8"

// Retrieval info: PRIVATE: BlankMemory NUMERIC "0"

// Retrieval info: PRIVATE: CLOCK_ENABLE_INPUT_A NUMERIC "0"

// Retrieval info: PRIVATE: CLOCK_ENABLE_OUTPUT_A NUMERIC "0"

// Retrieval info: PRIVATE: Clken NUMERIC "0"

// Retrieval info: PRIVATE: IMPLEMENT_IN_LES NUMERIC "0"

// Retrieval info: PRIVATE: INIT_FILE_LAYOUT STRING "PORT_A"

// Retrieval info: PRIVATE: INIT_TO_SIM_X NUMERIC "0"

// Retrieval info: PRIVATE: INTENDED_DEVICE_FAMILY STRING "Cyclone V"
// Retrieval info: PRIVATE: JTAG_ENABLED NUMERIC "0"

// Retrieval info: PRIVATE: JTAG_ID STRING "NONE"

// Retrieval info: PRIVATE: MAXIMUM_DEPTH NUMERIC "0"

// Retrieval info: PRIVATE: MIFfilename STRING "rr_audio_explode.hex"
// Retrieval info: PRIVATE: NUMWORDS_A NUMERIC "4096"

// Retrieval info: PRIVATE: RAM_BLOCK_TYPE NUMERIC "0"

// Retrieval info: PRIVATE: RegAddr NUMERIC "1"
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// Retrieval info: PRIVATE: RegOutput NUMERIC "0"

// Retrieval info: PRIVATE: SYNTH_WRAPPER_GEN_POSTFIX STRING "0"

// Retrieval info: PRIVATE: SingleClock NUMERIC "1"

// Retrieval info: PRIVATE: UseDQRAM NUMERIC "0"

// Retrieval info: PRIVATE: WidthAddr NUMERIC "12"

// Retrieval info: PRIVATE: WidthData NUMERIC "8"

// Retrieval info: PRIVATE: rden NUMERIC "0"

// Retrieval info: LIBRARY: altera_mf altera_mf.altera_mf_components.all

// Retrieval info: CONSTANT: ADDRESS_ACLR_A STRING "NONE"

// Retrieval info: CONSTANT: CLOCK_ENABLE_INPUT_A STRING "BYPASS"

// Retrieval info: CONSTANT: CLOCK_ENABLE_OUTPUT_A STRING "BYPASS"
// Retrieval info: CONSTANT: INIT_FILE STRING "rr_audio_explode.hex"

// Retrieval info: CONSTANT: INTENDED_DEVICE_FAMILY STRING "Cyclone V"
// Retrieval info: CONSTANT: LPM_HINT STRING "ENABLE_RUNTIME_MOD=NOQO"
// Retrieval info: CONSTANT: LPM_TYPE STRING "altsyncram"

// Retrieval info: CONSTANT: NUMWORDS_A NUMERIC "4096"

// Retrieval info: CONSTANT: OPERATION_MODE STRING "ROM"

// Retrieval info: CONSTANT: OUTDATA_ACLR_A STRING "NONE"

// Retrieval info: CONSTANT: OUTDATA_REG_A STRING "UNREGISTERED"

// Retrieval info: CONSTANT: WIDTHAD_A NUMERIC "12"

// Retrieval info: CONSTANT: WIDTH_A NUMERIC "8"

// Retrieval info: CONSTANT: WIDTH_BYTEENA_A NUMERIC "1"

// Retrieval info: USED_PORT: address 00 12 0 INPUT NODEFVAL "address[11..0]"
// Retrieval info: USED_PORT: clock 0 0 0 0 INPUT VCC "clock"

// Retrieval info: USED_PORT: g 0 0 8 0 OUTPUT NODEFVAL "q[7..0]"

// Retrieval info: CONNECT: @address_ a00 12 0 address0012 0

// Retrieval info: CONNECT: @clock0 0000 clock 0000

// Retrieval info: CONNECT: 0080 @g_a0080

// Retrieval info: GEN_FILE: TYPE_NORMAL audioROM_explode.v TRUE
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// Retrieval info: GEN_FILE: TYPE_NORMAL audioROM_explode.inc FALSE

// Retrieval info: GEN_FILE: TYPE_NORMAL audioROM_explode.cmp FALSE
// Retrieval info: GEN_FILE: TYPE_NORMAL audioROM_explode.bsf FALSE

// Retrieval info: GEN_FILE: TYPE_NORMAL audioROM_explode_inst.v FALSE
// Retrieval info: GEN_FILE: TYPE_NORMAL audioROM_explode_bb.v TRUE

// Retrieval info: LIB_FILE: altera_mf

spriteROM.v

// megafunction wizard: %ROM: 1-PORT%
// GENERATION: STANDARD
// VERSION: WM1.0

// MODULE: altsyncram

/= = = _
// File Name: spriteROM.v

// Megafunction Name(s):

// altsyncram

//

// Simulation Library Files(s):

// altera_mf

/= = = -

// 3k 3k 3k 3k 3k 3k sk sk 3k 3k 3k sk sk sk 3k 3k 3k sk sk 3k sk 3k sk sk %k 3k 3k 3k sk sk sk 3k 3k ok sk sk sk sk >k 5k 3k sk sk 3k >k 5k 3k sk sk 3k >k 5k sk sk sk %k k sk sk k

// THIS IS A WIZARD-GENERATED FILE. DO NOT EDIT THIS FILE!

/1
// 21.1.0 Build 842 10/21/2021 S Lite Edition
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[ FFFFEA AR R R R R R ks R R R R K K K

//Copyright (C) 2021 Intel Corporation. All rights reserved.

//Your use of Intel Corporation's design tools, logic functions
//and other software and tools, and any partner logic

//functions, and any output files from any of the foregoing
//(including device programming or simulation files), and any
//associated documentation or information are expressly subject
//to the terms and conditions of the Intel Program License
//Subscription Agreement, the Intel Quartus Prime License Agreement,
//the Intel FPGA IP License Agreement, or other applicable license
//agreement, including, without limitation, that your use is for
//the sole purpose of programming logic devices manufactured by
//Intel and sold by Intel or its authorized distributors. Please
//refer to the applicable agreement for further details, at

//https://fpgasoftware.intel.com/eula.

// synopsys translate_off

‘timescale 1 ps/ 1 ps

// synopsys translate_on

module spriteROM (
address,

clock,

a);

input [12:0] address;

input  clock;
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output [5:0] q;
‘ifndef ALTERA_RESERVED_QIS
// synopsys translate_off
“endif

tril clock;
‘ifndef ALTERA_RESERVED_QIS
// synopsys translate_on

“endif

wire [5:0] sub_wire0;

wire [5:0] q = sub_wire0[5:0];

altsyncram altsyncram_component (
.address_a (address),
.clockO (clock),
.q_a (sub_wire0),
.aclr0 (1'b0),
.aclrl (1'b0),
.address_b (1'b1),
.addressstall_a (1'b0),
.addressstall_b (1'b0),
.byteena_a (1'b1),
.byteena_b (1'b1),
.clockl (1'b1),
.clocken0 (1'b1),
.clocken1 (1'b1),
.clocken2 (1'b1),
.clocken3 (1'b1),

.data_a ({6{1'b1}}),
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.data_b (1'b1),
.eccstatus (),
-q_b (),
.rden_a (1'b1),
.rden_b (1'b1),
.wren_a (1'b0),

.wren_b (1'b0));

defparam

endmodule

altsyncram_component.address_aclr_a = "NONE",
altsyncram_component.clock_enable_input_a = "BYPASS",
altsyncram_component.clock_enable_output_a = "BYPASS",
altsyncram_component.init_file = "mif/sprites.mif",
altsyncram_component.intended_device_family = "Cyclone V",
altsyncram_component.lpm_hint = "ENABLE_RUNTIME_MOD=NOQ",
altsyncram_component.lpm_type = "altsyncram",
altsyncram_component.numwords_a = 8192,
altsyncram_component.operation_mode = "ROM",
altsyncram_component.outdata_aclr_a = "NONE",
altsyncram_component.outdata_reg_a = "UNREGISTERED",
altsyncram_component.widthad_a =13,
altsyncram_component.width_a =6,

altsyncram_component.width_byteena_a =1;

/] =

// CNX file retrieval info

/=
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// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:

// Retrieval info:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

PRIVATE:

LIBRARY:

ADDRESSSTALL_A NUMERIC "0"

AclrAddr NUMERIC "0"

AclrByte NUMERIC "0"

AclrOutput NUMERIC "0"

BYTE_ENABLE NUMERIC "0"

BYTE_SIZE NUMERIC "8"

BlankMemory NUMERIC "0"
CLOCK_ENABLE_INPUT_A NUMERIC "0"
CLOCK_ENABLE_OUTPUT_A NUMERIC "0"
Clken NUMERIC "0"

IMPLEMENT_IN_LES NUMERIC "0"
INIT_FILE_LAYOUT STRING "PORT_A"
INIT_TO_SIM_X NUMERIC "0"
INTENDED_DEVICE_FAMILY STRING "Cyclone V"
JTAG_ENABLED NUMERIC "0"

JTAG_ID STRING "NONE"

MAXIMUM_DEPTH NUMERIC "0"

MIFfilename STRING "./river_raid_hw/mif/sprites.mif"

NUMWORDS_A NUMERIC "8192"
RAM_BLOCK_TYPE NUMERIC "0"

RegAddr NUMERIC "1"

RegOutput NUMERIC "0"
SYNTH_WRAPPER_GEN_POSTFIX STRING "0"
SingleClock NUMERIC "1"

UseDQRAM NUMERIC "0"

WidthAddr NUMERIC "13"

WidthData NUMERIC "6"

rden NUMERIC "0"

altera_mf altera_mf.altera_mf_components.all
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// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:

// Retrieval info:

CONSTANT: ADDRESS_ACLR_A STRING "NONE"

CONSTANT: CLOCK_ENABLE_INPUT_A STRING "BYPASS"
CONSTANT: CLOCK_ENABLE_OUTPUT_A STRING "BYPASS"
CONSTANT: INIT_FILE STRING "./river_raid_hw/mif/sprites.mif"
CONSTANT: INTENDED_DEVICE_FAMILY STRING "Cyclone V"
CONSTANT: LPM_HINT STRING "ENABLE_RUNTIME_MOD=NO"
CONSTANT: LPM_TYPE STRING "altsyncram"

CONSTANT: NUMWORDS_A NUMERIC "8192"

CONSTANT: OPERATION_MODE STRING "ROM"

CONSTANT: OUTDATA_ACLR_A STRING "NONE"

CONSTANT: OUTDATA_REG_A STRING "UNREGISTERED"
CONSTANT: WIDTHAD_A NUMERIC "13"

CONSTANT: WIDTH_A NUMERIC "6"

CONSTANT: WIDTH_BYTEENA_A NUMERIC "1"

USED_PORT: address 0 0 13 0 INPUT NODEFVAL "address[12..0]"
USED_PORT: clock 0 0 0 0 INPUT VCC "clock"

USED_PORT: g 00 6 0 OUTPUT NODEFVAL "q[5..0]"

CONNECT: @address_a00130address00130

CONNECT: @clock00000clock0000
CONNECT:q0060@q_a0060

GEN_FILE: TYPE_NORMAL spriteROM.v TRUE

GEN_FILE: TYPE_NORMAL spriteROM.inc FALSE

GEN_FILE: TYPE_NORMAL spriteROM.cmp FALSE

GEN_FILE: TYPE_NORMAL spriteROM.bsf FALSE

GEN_FILE: TYPE_NORMAL spriteROM_inst.v TRUE

GEN_FILE: TYPE_NORMAL spriteROM_bb.v TRUE

LIB_FILE: altera_mf

CSEE4840 Embedded Systems Design (Spring 2022)

Xinhao Su (xs2413), Rojan Banmali (rb3199)

Page 404 of 442



Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

background.mif

Depth = 8192;
Width = 5;
Address_radix=dec;
Data_radix=bin;
Content
BEGIN

[0..8191] : 00000;

8176:11100 11100 1110011100 11100 1110011100 11100 11100 11100 11100 11100 11100
11100 11100 11100;

8160:11100 11100 1110011100 11100 1110011100 11100 11100 11100 11100 11100 11100
11100 11100 11100;

8144 :11100 11100 1110011100 11100 1110011100 11100 11100 11100 11100 11100 11100
11100 11100 11100;

8128:00111 00111 11100 11100 11100 11100 11100 11100 11100 11100 11100 11100 01100
00111 00111 00111;

8112 :00011 00011 00111 00111 00111 11100 11100 01100 01100 00111 00111 01100 00111
10011 00011 10011,

8096 : 00011 00011 00011 00011 00011 00111 00111 00111 00111 10011 00011 00111 00011
00011 00011 00011,

8080:11011 11011 00011 00011 00011 00011 10011 00011 00011 00011 00011 00011 00011
1101111011 11011,

8064 : 00011 11011 11011 11011 00011 11011 11011 00011 11011 11011 11011 00011 11011
1101111011 11011,

8048 :1101011011 1101111011 11011 11011 1101111011 11011 11011 11011 11011 11011
1101011011 11011,

8032:11010 00011 11011 1101111011 1101111011 11011 11011 11011 11011 11011 11011
1101111011 11011,

8016:1101111010 11011 1101111011 1101111011 11011 11011 11011 11011 11011 11011
1101111011 11011;
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8000:1101111011 11011 11011 11011 11011 11011 00011 11011 11010 11011 11011 11011
11011 11011 11011,

7984:11011 11011 11011 11011 11011 11011 11011 11010 11011 11010 11011 11011 11011
11011 11011 11011;

7968 :11011 11011 11011 11011 11011 11011 00011 11010 11011 11011 11011 11011 11011
11011 11011 11011,

7952:1101111011 11011 1101111011 11011 1101011011 11011 11011 11011 11010 11011
1101111011 11011,

7936:1101111011 11011 1101111011 1101111011 11011 1101111011 11011 11011 11011
1101111011 11011,

7920:11100 11100 0110011100 01100 01100 01100 01100 01100 0110001100 01100 11100
01100 11100 11100;

7904 :11100 11100 1110011100 11100 11100 11100 11100 11100 11100 11100 11100 11100
11100 11100 11100;

7888 :11100 11100 1110011100 11100 1110011100 11100 11100 11100 11100 11100 11100
11100 11100 11100;

7872 :11100 11100 1110011100 11100 1110011100 11100 11100 11100 11100 11100 11100
11100 11100 11100;

7856:11100 11100 1110011100 11100 11100 11100 11100 11100 11100 11100 11100 11100
11100 11100 11100;

7840:11100 11100 1110011100 11100 1110011100 11100 11100 11100 11100 11100 11100
11100 11100 11100;

7824 :11100 11100 11100 11100 11100 11100 11100 11100 11100 11100 11100 11100 11100
11100 11100 11100;

7808 :11100 11100 11100 11100 11100 11100 11100 11100 11100 11100 11100 11100 11100
11100 11100 11100;

7792 :11100 11100 11100 11100 11100 01100 01100 01100 01100 01100 01100 11100 11100
11100 11100 11100;

7776:11100 11100 11100 0110001100 1110011100 11100 11100 11100 01100 01100 01100
11100 11100 11100;

7760:11100 01100 1110011100 11100 1110011100 11100 11100 11100 11100 11100 11100
11100 01100 11100;

7744 :01100 11100 1110011100 11100 1110011100 1110011100 11100 11100 11100 11100
11100 01100 01100;
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7728 :11100 11100 01100 01100 01100 11100 01100 01100 01100 01100 01100 01100 01100
01100 01100 01100;

7712 :01100 01100 00111 01100 01100 01100 01100 00111 01100 00111 00111 00111 01100
01100 01100 00111;

7696 :00111 00111 01100 01100 00111 01100 00111 00111 00111 00111 01100 00111 00111
00111 00111 00111;

7680:00111 0011100111 0011100111 0011100111 00111 0011100111 00111 00111 00111
00111 00111 00111;

7664 : 10010 10010 10010 10010 10010 10010 10010 10010 10010 10010 10011 10011 10011
1001111100 11100;

7648 : 10101 10101 10101 10101 10101 10101 10101 10101 10101 10101 10010 10010 10011
10011 10011 11100;

7632 :00101 00101 00101 10101 10101 10101 10101 10101 10101 10101 10101 10101 10010
10011 10011 10011;

7616 :10101 10101 10101 00101 00101 00101 00101 10101 10101 10101 10101 10110 10010
10011 10011 10011;

7600:10101 10101 10101 10101 10101 10101 10101 10101 00101 00101 10101 10110 10110
10010 10011 10011;

7584 :10101 10101 10101 00101 00101 00101 00101 00101 10101 10101 10101 10111 10110
10010 10011 10011;

7568 : 00101 00101 00101 00101 00101 00101 00101 00101 00101 10101 10110 10111 10110
10010 11100 11100;

7552 :10101 10101 10101 10101 10101 10101 10101 00101 00101 00101 10111 10111 10111
10010 11100 11100;

7536 : 00101 00101 00101 00101 00101 00101 00101 00101 00101 00101 10110 10111 10111
10101 11100 11100;

7520:10110 1011000101 00101 10110 10110 10110 00101 00101 00101 10111 10111 10111
10101 11100 11100;

7504 :10110 10110 10110 10110 10110 10110 00101 10110 10110 10110 10111 10111 10111
10101 11100 11100;

7488 : 00101 00101 1011010110 10110 1011010110 1011010110 10110 10110 10111 10110
10101 11100 11100;

7472 :10110 1011000101 10110 10110 10110 10110 00101 00101 00101 00101 10110 10101
11100 11100 11100;
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7456 :10110 10110 10110 00101 00101 00101 00101 1011010110 1011010110 10110 10101
11100 11100 11100;

7440:10101 10101 10101 10110 10110 10110 10110 10110 10110 00101 10101 10101 11100
11100 11100 11100;

7424 :11100 11100 11100 10101 10101 10101 10101 10101 10101 10101 11100 11100 11100
11100 11100 11100;

7408 : 10011 10011 10011 10011 10011 10011 10011 10010 10010 10010 10010 10010 10010
10010 10010 10010;

7392 : 10010 10010 10010 10010 10010 10010 10010 10101 10101 10101 10101 10101 10101
10101 10101 10101,

7376 :10101 10101 10101 10101 10101 10101 10101 10101 10101 10101 10101 10101 10101
10101 10101 00101,

7360:10101 10101 10101 10101 10101 10101 10101 10101 10101 10101 10101 00101 00101
00101 00101 10101;

7344 : 00101 00101 00101 00101 10101 10101 10101 10101 10101 00101 00101 10101 10101
10101 10101 10101;

7328 : 00101 00101 10101 10101 10101 10101 10101 00101 00101 00101 00101 00101 00101
00101 10101 10101;

7312 : 00101 00101 00101 00101 00101 00101 00101 10101 10101 10101 10101 10101 00101
00101 00101 00101;

7296 : 10101 10101 00101 00101 00101 10101 10101 00101 00101 00101 00101 00101 10101
10101 10101 10101,

7280 :00101 00101 10101 10101 10101 00101 00101 00101 00101 00101 10110 00101 00101
00101 00101 00101;

7264 :00101 00101 10110 10110 10110 10101 10101 10110 10110 10110 10110 10110 10110
1011010110 10110;

7248 :10110 1011010110 1011010110 10110 1011000101 00101 00101 10110 10110 00101
00101 00101 00101;

7232 :10110 10110 10110 00101 00101 00101 00101 1011010110 10110 00101 00101 10110
10110 10110 10110;

7216:10110 00101 00101 10110 10110 1011010110 1011010110 10110 10110 10110 10110
10110 10110 10110;

7200:1011010110 1011010110 10110 1011010110 1011010110 10110 10110 10110 10110
10110 10110 10110;

CSEE4840 Embedded Systems Design (Spring 2022) Page 408 of 442



Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

7184:10110 1011010110 1011010110 101101011010110101101011010101 10101 10101
10101 10101 10101;

7168 :10101 10101 10101 10101 10101 10101 10101 10101 10101 10101 11100 11100 11100
11100 11100 11100;

7152:11100 11100 11100 11100 11100 11100 10010 10010 10010 10010 10010 10010 10010
10011 10011 10011;

7136:11100 11100 11100 11100 10010 10010 10101 10101 10101 10101 10101 10101 10101
10010 10010 10010;

7120:11100 11100 11100 10010 10101 10101 10101 10101 10101 10101 10101 10101 10101
10101 10101 10101,

7104 :11100 11100 11100 10010 10110 10101 10101 10101 10101 00101 00101 00101 00101
10101 10101 10101,

7088 :11100 11100 10010 10110 10110 10101 00101 00101 10101 10101 10101 10101 10101
10101 10101 00101,

7072 :11100 11100 10010 10110 10111 10101 10101 10101 00101 00101 00101 00101 00101
00101 00101 00101;

7056 :11100 11100 10010 10110 10111 10110 10101 00101 00101 00101 00101 00101 00101
00101 00101 00101;

7040:11100 11100 1001010111 10111 10111 00101 00101 00101 10101 10101 10101 10101
00101 00101 00101;

7024 :11100 11100 10101 10111 10111 10110 00101 00101 00101 00101 00101 00101 00101
10101 10101 10101;

7008 :11100 11100 10101 10111 10111 10111 00101 00101 00101 10110 10110 10110 00101
00101 00101 00101;

6992 :11100 11100 10101 10111 1011110111 1011010110 10110 00101 10110 10110 10110
10110 00101 10110;

6976 : 11100 11100 10101 1011010111 10110 1011010110 10110 10110 10110 10110 10110
10110 10110 10110;

6960:11100 11100 11100 10101 10110 00101 00101 00101 00101 10110 10110 10110 10110
10110 10110 10110;

6944 :11100 11100 11100 10101 10110 10110 10110 10110 10110 00101 00101 00101 00101
10110 10110 10110;

6928 : 11100 11100 11100 11100 10101 10101 00101 1011010110 10110 10110 10110 10110
10110 10110 10110;

CSEE4840 Embedded Systems Design (Spring 2022) Page 409 of 442



Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

6912 :11100 11100 11100 11100 11100 11100 10101 10101 10101 10101 10101 10101 10101
10101 10101 10101;

6896 :11011 11011 11011 11011 11011 11011 11011 00011 11011 11011 11011 11011 11011
11011 11011 11011;

6880:11011 11011 11011 11011 00011 00011 00011 00111 00011 11011 11011 11011 11011
11011 11011 11011,

6864 :11011 11011 11011 00011 11010 00011 00111 00011 0011111011 11011 11011 00011
1101111011 11011,

6848 :11011 11011 11011 11010 11010 11010 1101000111 11010 11011 11010 11011 11010
1101111011 11011,

6832:1101111011 11011 1101011011 1101011010 11011 1101011011 11011 11011 11010
00011 11011 11011;

6816:11011 1101011011 11011 11011 1101011011 11011 11011 11011 11011 11011 11011
1101011011 11011,

6800:1101111011 11011 1101111011 1101111011 11011 11011 11011 11011 11011 11011
1101111011 11011;

6784 :11011 11011 00011 00011 11011 1101111011 11011 11011 00011 00011 00011 00011
1101111011 11011;

6768 :11011 00011 00111 00111 00011 1101111011 11011 00011 11010 11010 00011 11010
00011 11011 11011;

6752 :00011 0110000111 00111 01100 00011 11011 11011 11010 11010 11010 11010 00011
00111 00011 11011;

6736 : 00111 00111 00011 1101000111 00111 11011 11011 11010 11011 11010 11010 00111
0001100111 11011;

6720:00111 00111 00011 00011 00111 00111 11011 11011 11011 11011 11010 11011 11011
0011111011 11011;

6704 :11010 0110000111 00111 01100 11010 11011 11011 11011 11011 11011 11011 11011
11011 11011 11011,

6688:11011 1101100111 0011111011 1101111011 11011 1101111011 11011 11011 11011
1101111011 11011,

6672:1101111011 11011 1101111011 1101111011 11011 1101111011 11011 11011 11011
1101111011 11011,

6656:1101111011 11011 1101111011 11011 11011 11011 1101111011 11011 11011 11011
1101111011 11011,
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6640:11100 11100 11100 11100 11100 11100 11100 11100 11100 11100 11100 11100 11100
11100 11100 11100;

6624 :11100 11100 01100 01100 01100 01100 01100 11100 11100 11100 11100 11100 11100
11100 11100 11100;

6608 : 11100 01100 01100 00011 00011 00011 01100 01100 11100 11100 1110011100 11100
11100 11100 11100;

6592 : 01100 01100 00011 11011 11011 11011 00011 01100 01100 11100 11100 11100 11100
11100 11100 11100;

6576 : 01100 00011 11011 00011 11010 1101111011 00011 01100 11100 1110011100 11100
11100 11100 11100;

6560 :01100 00011 11011 11010 00011 00011 11011 00011 01100 11100 1110011100 11100
11100 11100 11100;

6544 :01100 00011 11011 11011 00011 01100 00011 00011 01100 11100 1110011100 11100
11100 11100 11100;

6528 : 01100 01100 00011 11011 11011 00011 01100 01100 01100 01100 01100 01100 01100
01100 11100 11100;

6512 :11100 01100 01100 00011 00011 00011 01100 01100 01100 01100 00011 00011 00011
01100 01100 11100;

6496 : 11100 11100 01100 01100 01100 01100 01100 01100 01100 00011 11011 11011 00011
01100 01100 01100;

6480:11100 11100 1110011100 11100 11100 11100 01100 00011 11011 11011 00011 01100
00011 00011 01100;

6464 :11100 11100 11100 11100 11100 11100 11100 01100 00011 11011 11010 00011 00011
11011 00011 01100;

6448 :11100 11100 11100 11100 11100 11100 11100 01100 00011 11011 00011 11010 11011
11011 00011 01100;

6432 :11100 11100 11100 11100 11100 11100 11100 01100 01100 00011 11011 11011 11011
00011 01100 01100;

6416 :11100 11100 11100 11100 11100 11100 11100 11100 01100 01100 00011 00011 00011
01100 01100 11100;

6400:11100 11100 1110011100 11100 1110011100 11100 1110001100 01100 01100 01100
01100 11100 11100;

6384 :11100 11100 1110011100 11100 1110011100 11100 1110011100 1110011100 11100
11100 11100 11100;
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6368 :11100 11100 11100 11100 11100 11100 11100 11100 11100 11100 11100 11100 11100
11100 11100 11100;

6352 :11100 11100 11100 11100 01100 01100 01100 01100 01100 01100 01100 11100 11100
11100 11100 11100;

6336 :11100 11100 11100 01100 01100 00011 00011 00011 00011 00011 01100 01100 11100
11100 11100 11100;

6320:11100 11100 01100 01100 00011 1101111011 11011 11011 11011 00011 01100 01100
11100 11100 11100;

6304 :11100 11100 01100 00011 11011 1101111010 11011 1101011011 11011 00011 01100
11100 11100 11100;

6288 :11100 11100 01100 00011 11011 1101111011 11010 00011 11011 11011 00011 01100
11100 11100 11100;

6272 :11100 11100 01100 00011 11011 11011 11011 00011 11010 11011 11011 00011 01100
11100 11100 11100;

6256 :11100 11100 01100 00011 00011 00011 00011 1101011011 11010 11011 00011 01100
11100 11100 11100;

6240:11100 11100 01100 00011 01100 01100 00011 1101011011 11011 11011 00011 01100
11100 11100 11100;

6224 :11100 11100 01100 01100 01100 01100 00011 11011 11011 11011 00011 01100 01100
11100 11100 11100;

6208 : 11100 11100 11100 01100 01100 00011 00011 00011 00011 00011 01100 01100 11100
11100 11100 11100;

6192 :11100 11100 11100 11100 01100 01100 01100 01100 01100 01100 01100 11100 11100
11100 11100 11100;

6176 :11100 11100 11100 11100 11100 11100 11100 11100 11100 11100 11100 11100 11100
11100 11100 11100;

6160:11100 11100 11100 11100 11100 11100 11100 11100 11100 11100 1110011100 11100
11100 11100 11100;

6144 :11100 11100 1110011100 11100 1110011100 11100 11100 11100 11100 11100 11100
11100 11100 11100;

6128:11100 11100 1110011100 11100 1110011100 11100 1110011100 11100 11100 11100
11100 11100 11100;

6112:11100 11100 1110011100 11100 1110011100 1110011100 11100 1110011100 11100
11100 11100 11100;
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6096 : 11100 11100 11100 11100 11100 11100 11100 11100 11100 11100 11100 11100 11100
11100 11100 11100;

6080:11100 11100 11100 11100 11100 11100 11100 11100 11100 11100 11100 11100 11100
11100 11100 11100;

6064 : 11100 11100 11100 01100 01100 01100 11100 11100 11100 11100 01100 01100 01100
11100 11100 11100;

6048 : 11100 11100 11100 11100 11100 01100 01100 00111 00111 01100 01100 11100 11100
11100 11100 11100;

6032 :11100 11100 1110011100 11100 1110011100 1110011100 11100 1110011100 11100
11100 11100 11100;

6016 :11100 11100 0110011100 11100 11100 11100 11100 11100 11100 11100 11100 11100
01100 11100 11100;

6000:11100 11100 11100 01100 00111 0110001100 11100 11100 0110001100 00111 01100
11100 11100 11100;

5984 :11100 11100 11100 11100 01100 01100 00111 00111 00111 00111 01100 01100 11100
11100 11100 11100;

5968 :11100 11100 11100 11100 11100 11100 11100 01100 01100 11100 11100 11100 11100
11100 11100 11100;

5952:11100 11100 1110011100 11100 11100 11100 11100 11100 11100 11100 11100 11100
11100 11100 11100;

5936:11100 11100 1110011100 11100 11100 11100 11100 11100 11100 11100 11100 11100
11100 11100 11100;

5920:11100 11100 11100 11100 11100 11100 11100 11100 11100 11100 11100 11100 11100
11100 11100 11100;

5904 :11100 11100 11100 11100 11100 11100 11100 11100 11100 11100 11100 11100 11100
11100 11100 11100;

5888 :11100 11100 11100 11100 11100 11100 11100 11100 11100 11100 11100 11100 11100
11100 11100 11100;

5872:1101111011 11011 1101111011 11011 11011 11011 00011 11011 11011 11011 11011
1101111011 11011,

5856:11011 11011 11011 00011 00011 00011 00011 00011 00111 00011 11011 11011 11011
00011 11011 11011;

5840:11011 11011 00011 00111 00111 00011 1101000111 0001100111 11011 11011 00011
00111 00011 11011;
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5824 :11011 00011 01100 00111 00111 01100 00011 1101000111 11011 11010 11011 00111
0001100111 11011;

5808:11011 0011100111 11010 11011 00111 00111 11011 11010 11011 11011 11011 11010
0011111011 11011;

5792:11011 00111 00111 00011 00011 00111 00111 11011 11011 00011 11011 11011 11011
11010 11011 11011,

5776 :11011 11011 01100 00111 00111 01100 11011 11011 00011 00111 00011 11011 11011
1101111011 11011,

5760:11011 11011 11011 0011100111 1101111011 11011 00111 00011 00111 00011 00011
1101111011 11011,

5744 :11011 11011 00011 11011 11011 11011 11011 11011 00011 00111 11010 00011 00011
00011 11011 11011;

5728 :11011 00011 00111 00011 00011 11011 1101111011 11010 11010 00011 00111 00111
00011 11011 11011;

5712 :00011 00111 00011 00111 11010 00011 11011 11011 11010 00011 01100 00111 00111
01100 00011 11011;

5696 :11010 1101000111 11010 11010 1101011011 11011 11011 00111 00111 11011 11011
0011100111 11011;

5680:11010 11011 11010 11010 11011 11010 00011 11011 11011 00111 00111 00011 00011
0011100111 11011;

5664 :1101111011 1101011011 11011 00011 00111 00011 11011 11011 01100 00111 00111
01100 11011 11011;

5648:11011 11011 11011 11011 11011 00111 00011 00111 11011 11011 11011 00111 00111
11011 11011 11011,

5632:1101111011 11011 11011 11011 11011 00111 11011 11011 11011 11011 11011 11011
11011 11011 11011,

5616:11011 11011 11011 11011 11011 11011 11011 11011 11011 11011 11011 11011 11011
11011 11011 11011,

5600:1101111011 1101111011 1101011011 1101111011 1101111011 11011 11011 11011
1101111011 11011,

5584:1101111011 11011 1101111011 1101111011 11011 1101111011 11011 11011 11011
1101111011 11011,

5568 :1101111011 11011 1101111011 1101111011 11011 1101111011 11011 11010 11011
1101111011 11011,
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5552:11011 11011 11011 11011 11011 11011 00011 11011 00011 11011 11011 11011 11011
11011 11011 11011,

5536:11011 11011 11011 11011 11011 11011 11010 11011 11010 11011 11011 11011 11011
11011 11011 11011;

5520:11011 1101111011 11011 11011 11011 11011 11011 11010 00011 11011 11011 11011
11011 11011 11011,

5504:1101111011 11011 1101111011 1101111011 11011 11011 11010 11011 11011 11011
1101111011 11011,

5488 :1101111011 11011 1101111011 11011 11011 11011 11011 11011 11011 11011 11011
1101111011 11011,

5472 :11011 00011 00011 00011 10011 00011 00011 00011 00011 00011 00011 00011 00011
00011 00011 11011;

5456 : 00011 11010 00101 10011 00101 10011 00011 00011 00101 00011 00011 00011 00011
00011 00011 00011;

5440 :11010 00101 00101 00101 00101 00101 00101 00101 00101 00101 00101 00101 00101
00101 00101 00011;

5424 :11010 00101 11101 1110111101 1110111101 11101 11101 11101 11101 11101 11101
11101 00101 00011;

5408 : 11011 00101 11101 11101 10101 10101 00101 00101 00101 00101 10101 10101 11101
11101 00101 00011;

5392:11011 00101 11101 1110111101 11101 10101 00101 00101 10101 11101 11101 11101
11101 00101 00011;

5376:11011 00101 11101 10101 11101 11101 11101 10101 10101 11101 11101 11101 00101
11101 00101 00011;

5360:11011 00101 11101 10101 00101 00101 11101 11101 11101 00101 00101 00101 00101
11101 00101 00011;

5344:11011 00101 11101 10101 10101 10101 00101 11101 11101 11101 10101 10101 00101
11101 00101 00011;

5328:11011 00101 11101 10101 11101 11101 11101 00101 00101 11101 11101 11101 10101
11101 00101 00011;

5312:11011 00101 11101 1110111101 11101 10101 10101 10101 10101 11101 11101 11101
11101 00101 11011,

5296:11011 00101 11101 1110111101 1110111101 11101 1110111101 11101 11101 11101
11101 00101 11011,
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5280:11011 11101 1011010110 1011010110101101011010110 1011010110 10110 10110
1011011101 11011,

5264:11011 11101 10110 10110 1011010110 1011010110 10110 10110 10110 10110 10110
1011011101 11011,

5248:11011 11101 1011010111 11010 11010 11010 00100 11010 11010 10111 11010 11010
1011011101 11011,

5232:1101111101 1011010111 10111 1101011010 1101010111 11010 11010 10111 11010
1011011101 11011,

5216:1101111101 1011010111 1101010111 10111 1011110111 10111 11010 11010 11010
1011011101 11011,

5200:00011 11101 1011011010 11010 10111 11010 00100 10111 11010 11010 10111 11010
1101011101 11011,

5184 :11010 11101 1101010111 11010 11010 00100 11010 10111 11010 11010 10111 10111
1101011101 11011,

5168:1101011101 1011110111 10111 11010 00101 1011110111 10111 11010 10111 11010
1011011101 11011;

5152:1101111101 1011010111 11010 00101 00101 00101 10111 11010 00101 00101 00101
1011011101 11011;

5136:1101111101 1011010110 10110 10110 10110 10110 10110 10110 10110 10110 10110
1011011101 11011;

5120:1101111101 11101 1110111101 1110111101 11101 1110111101 11101 11101 11101
11101 11101 11011;

5104:11100 11100 11100 11100 11100 11100 11100 11100 11100 11100 11100 11100 11100
11100 11100 11100;

5088 :11100 11100 11100 11100 11100 11100 11100 11100 11100 11100 11100 11100 11100
11100 11100 11100;

5072 :11100 11100 11100 11100 11100 11100 11100 11100 11100 11100 11100 11100 11100
11100 11100 11100;

5056:11100 11100 1110011100 11100 1110011100 11100 11100 11100 11100 11100 11100
11100 11100 11100;

5040:11100 11100 1110011100 11100 1110011100 1110011100 11100 1110011100 11100
11100 11100 11100;

5024 :11100 11100 1110011100 11100 1110011100 1110011100 11100 1110011100 11100
11100 11100 11100;
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5008 :11100 11100 11100 11100 11100 11100 11100 11100 11100 11100 11100 11100 11100
11100 11100 11100;

4992 :11100 11100 11100 11100 11100 11100 11100 11100 11100 11100 11100 11100 11100
11100 11100 11100;

4976 :11100 11100 11100 11100 11100 11100 11100 11100 11100 11100 11100 11100 11100
11100 11100 11100;

4960:11100 1110011100 1110011100 1110011100 11100 1110011100 11100 11100 11100
11100 11100 11100;

4944 :11100 1110011100 11100 11100 11100 11100 11100 11100 11100 11100 11100 11100
11100 11100 11100;

4928 :11100 1110011100 1110011100 1110011100 11100 1110011100 11100 11100 11100
11100 11100 11100;

4912 : 11100 1110011100 11100 11100 11100 11100 11100 11100 11100 11100 11100 11100
11100 11100 11100;

4896 :11100 1110011100 1110011100 1110011100 11100 1110011100 11100 11100 11100
11100 11100 11100;

4880:11100 1110011100 1110011100 1110011100 11100 1110011100 11100 11100 11100
11100 11100 11100;

4864 :11100 1110011100 1110011100 11100 11100 11100 1110011100 11100 11100 11100
11100 11100 11100;

4848 :11011 1101111011 1101111011 11011 11011 11011 1101111011 11011 11011 11011
1101111011 11011;

4832:110111101111011 1101100011 00011 10011 10011 00011 00011 00011 00011 00011
0001111011 11011;

4816:110111101111011 10011 00101 10011 00101 00011 10011 00011 00011 00011 00011
00011 00011 00011;

4800:1101111011 10010 00011 10010 10010 10010 11011 10010 10010 10010 00011 10010
00011 00011 00011;

4784 :11011 10010 10010 11011 10101 10101 10101 10101 10010 10101 10101 11011 10101
10010 00011 00011;

4768 : 00011 10010 10010 10010 10010 10101 00101 00101 10101 00101 00101 00101 00101
10101 11011 11011,

4752 :11011 10010 10101 10101 10101 10101 10101 00101 00101 00101 10110 10110 10110
10110 00101 11011,
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4736 :00011 11011 10101 10101 10101 00101 00101 00101 10110 10110 10110 10110 10110
10110 00101 11011;

4720:11010 10010 10010 10101 00101 00101 10110 10110 10110 10110 10110 10110 10110
10110 00101 11011,

4704 :11010 00011 10010 00101 00101 10110 10110 10110 10110 10110 10110 10110 10110
10110 00101 11011,

4688 :11011 1101000101 1011010110 10110 10110 10110 10110 10110 10110 00101 10110
10110 00101 11011,

4672 :11011 11011 00101 10110 10110 1011010110 10110 10110 10110 10110 00101 10110
00101 11011 11011;

4656 : 11011 11011 00101 10110 10110 10110 10110 10110 10110 00101 00101 10110 00101
1101111011 11011,

4640:11011 11011 11011 00101 10110 10110 10110 00101 00101 00101 00101 00101 11011
1101111011 11011,

4624 :11011 1101111011 11011 00101 00101 00101 11011 1101111011 11011 11010 11011
1101111011 11011;

4608 :11011 1101111011 1101111011 11011 11011 11011 1101111011 11011 11011 11011
1101111011 11011;

4592 :11011 1101111011 1101111011 00011 00011 00011 00011 00011 00011 00011 00011
00011 00011 11011;

4576 :11011 11011 11011 11011 00101 00011 00011 00011 00011 00011 00011 00011 00011
00011 00011 00011;

4560:11011110111101111011 11011 00011 10010 10010 10010 10010 00011 11011 11011
11011 11011 11011,

4544 :110111101111011 1101111011 11011 10010 00100 00100 10010 11011 11010 11011
11011 11011 11011,

4528 :11011110111101111011 11011 11011 10010 00100 00100 10010 11011 11011 11011
11011 11011 11011,

4512:11011 1101111011 1101111011 11011 10010 10101 10101 10010 11011 11011 11011
1101111011 11011,

4496 : 10010 10010 10010 10010 10010 10010 10010 10010 10010 10010 10010 10010 10010
10010 10010 11011;

4480 :10101 00100 00100 00100 00100 00100 00100 00100 00100 00100 00100 00100 00100
00100 00100 10010;
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4464 : 00100 00100 10110 10110 00100 00100 00100 00100 00100 00100 00100 00100 00100
00100 00100 00100;

4448 :11011 00100 00100 00100 10110 10110 00100 00100 10110 00100 00100 00100 10110
10110 00100 00100;

4432 : 00100 10110 10110 00100 10101 00100 00100 00100 00100 10110 00100 10110 00100
00100 00100 10101;

4416 :10101 00100 00100 00100 00100 10101 00100 10110 10110 00100 00100 00100 00100
00100 00100 00100;

4400 :00100 10110 10110 00100 00100 00100 00100 00100 00100 10101 00100 10101 00100
00100 10110 00100;

4384 : 00100 00100 00100 10101 00100 00100 00100 10101 10101 00100 00100 00100 00100
00100 00100 11011;

4368 : 00100 00100 10110 00100 00100 00100 00100 00100 00100 00100 00100 10110 10110
10110 10110 00100;

4352 :11011 00100 00100 00100 00100 00100 00100 00100 00100 00100 00100 00100 00100
00100 00100 11011;

4336 :11100 11100 11100 1110011100 1110011100 11100 1110011100 11100 11100 11100
11100 11100 11100;

4320:11100 1110011100 1110011100 1110011100 11100 1110011100 11100 11100 11100
11100 11100 11100;

4304 :11100 1110011100 1110011100 1110011100 11100 1110011100 11100 11100 11100
11100 11100 11100;

4288 :11100 1110011100 11100 10011 10011 10011 10011 11100 11100 11100 11100 11100
11100 11100 11100;

4272 :11100 11100 11100 10011 10011 10011 10011 10011 10011 11100 11100 11100 11100
11100 11100 11100;

4256 :11100 11100 11100 11100 01100 00111 00111 01100 11100 11100 11100 11100 11100
11100 11100 11100;

4240:11100 1110001100 0011100111 101101011000111 00111 01100 11100 11100 11100
11100 11100 11100;

4224 :11100 11100 00111 00101 10110 10110 10110 10110 00101 00111 11100 11100 11100
11100 11100 11100;

4208 : 1110011100 11100 01100 00101 10110 1011000101 01100 11100 10011 10011 10011
11100 11100 11100;
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4192 :11100 1110011100 11100 11100 00101 00101 11100 10011 10011 10011 10011 10011
11100 11100 11100;

4176 :11100 1110011100 11100 11100 11100 11100 11100 01100 00111 00111 01100 11100
10011 11100 11100;

4160:11100 1110011100 11100 11100 11100 0110000111 00111 1011010110 00111 00111
01100 11100 11100;

4144 :11100 1110011100 1110011100 11100 00111 00101 10110 10110 10110 10110 00101
00111 11100 11100;

4128 :11100 1110011100 1110011100 11100 1110001100 00101 10110 10110 00101 01100
11100 11100 11100;

4112 :11100 1110011100 11100 11100 1110011100 11100 11100 00101 00101 11100 11100
11100 11100 11100;

4096 : 11100 1110011100 11100 11100 11100 11100 11100 11100 11100 11100 11100 11100
11100 11100 11100;

4080:11100 1110011100 1110011100 1110011100 11100 1110011100 11100 11100 11100
11100 11100 11100;

4064 : 11100 11100 11100 11100 10011 10011 10011 10011 10011 10011 10011 11100 11100
11100 11100 11100;

4048 : 11100 11100 10011 10011 10011 10011 10011 10011 10011 10011 10011 10011 10011
11100 11100 11100;

4032:11100 1001111100 01100 00111 00111 00111 00111 00111 00111 00111 00111 01100
11100 10011 11100;

4016 :11100 01100 00111 00111 10101 10101 00101 00101 10101 10101 10101 00101 00111
00111 01100 11100;

4000:01100 00111 10101 10101 00101 00101 00101 00101 00101 10101 00101 00101 00101
10101 00111 01100;

3984 :00111 10101 10101 00101 00101 10110 10110 1011010110 00101 10110 10110 00101
00101 00101 00111;

3968 :00111 10101 10101 00101 10110 10110 10110 10110 10110 00101 10110 10110 10110
00101 00101 01100;

3952:01100 00111 10101 10110 10110 1011010110 10110 1011000101 10110 10110 10110
00101 01100 11100;

3936:11100 01100 00101 10110 10110 1011010110 10110 10110 10110 00101 1011000101
00101 11100 11100;
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3920:11100 11100 00101 10110 10110 1011010110 1011010110 1011010110 00101 00101
11100 11100 11100;

3904 :11100 11100 11100 00101 10110 1011010110 1011010110 10110 00101 00101 11100
11100 11100 11100;

3888:11100 11100 11100 11100 00101 00101 00101 00101 00101 00101 11100 11100 11100
11100 11100 11100;

3872:11100 11100 1110011100 11100 1110011100 11100 11100 11100 11100 11100 11100
11100 11100 11100;

3856:11100 11100 1110011100 11100 1110011100 1110011100 11100 1110011100 11100
11100 11100 11100;

3840:11100 11100 1110011100 11100 11100 11100 11100 11100 11100 11100 11100 11100
11100 11100 11100;

3824:11100 11100 0110011100 11100 11100 11100 11100 11100 11100 11100 11100 11100
01100 11100 11100;

3808:11100 11100 1110011100 11100 1110011100 1110011100 11100 11100 11100 11100
11100 11100 11100;

3792 :11100 11100 1110011100 11100 11100 11100 11100 11100 11100 11100 11100 11100
11100 11100 11100;

3776 :11100 11100 11100 11100 11100 11100 01100 01100 01100 01100 01100 11100 11100
11100 11100 11100;

3760:11100 11100 11100 01100 01100 11100 11100 11100 11100 11100 11100 01100 01100
11100 11100 11100;

3744 :11100 11100 01100 11100 11100 11100 11100 11100 11100 11100 11100 11100 11100
01100 11100 11100;

3728:11100 11100 11100 11100 11100 11100 11100 11100 11100 11100 11100 11100 11100
11100 11100 11100;

3712:11100 01100 11100 11100 11100 11100 11100 11100 11100 11100 11100 11100 11100
11100 01100 11100;

3696:11100 01100 1110011100 11100 1110011100 11100 11100 11100 11100 11100 11100
11100 01100 11100;

3680:1110011100 1110011100 11100 1110011100 11100 1110011100 1110011100 11100
11100 11100 11100;

3664 :11100 11100 0110011100 11100 1110011100 11100 11100 11100 11100 11100 11100
01100 11100 11100;

CSEE4840 Embedded Systems Design (Spring 2022) Page 421 of 442



Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

3648 :11100 11100 11100 01100 01100 11100 11100 11100 11100 11100 11100 01100 01100
11100 11100 11100;

3632:11100 11100 11100 11100 11100 11100 01100 01100 01100 01100 01100 11100 11100
11100 11100 11100;

3616:11100 11100 11100 11100 11100 11100 11100 11100 11100 11100 11100 11100 11100
11100 11100 11100;

3600:11100 11100 1110011100 11100 1110011100 11100 11100 11100 11100 11100 11100
11100 11100 11100;

3584:11100 11100 0110011100 11100 1110011100 1110011100 11100 1110011100 11100
01100 11100 11100;

3568:1101111011 11011 1101111011 1101111011 11011 1101111011 11011 11011 11011
1101111011 11011,

3552:11011 11011 11011 11011 11010 00011 00011 00011 00011 00011 00011 00011 00011
00011 11011 11011;

3536:11011 11011 11011 00011 00011 10010 10010 10010 10010 10010 10010 00011 00011
00011 00011 11011;

3520:11011 11011 11011 11011 10010 10101 00101 00101 00101 00101 10101 10010 00011
00011 11011 11011;

3504:1101111011 11011 10010 10101 00101 00101 00101 00101 00101 00101 10101 10010
11011 11011 11011,

3488:11011 11011 11011 10010 00101 00101 00101 00101 00101 00101 00101 00101 10010
11011 11011 11011,

3472 :11011 11011 11011 10010 10101 00101 00101 00101 00101 00101 00101 10101 10010
11011 11011 11011,

3456:11011 11011 11011 10101 00101 10110 10110 1011010110 10110 00011 00011 00011
11011 11011 11011,

3440:11011 11011 10101 10110 00011 00011 00011 10101 10101 00011 00011 11011 11011
0001111011 11011;

3424 :11011 00011 00101 00011 11011 11011 11011 00011 00011 00011 00011 11011 11011
00011 11011 11011;

3408 : 00011 11010 00101 00011 11011 11011 11011 11011 00011 00011 00011 00011 00011
00011 11011 11011;

3392:11010 11010 11010 00011 00011 11011 11011 00011 00011 00011 00011 00011 00011
1101111011 11011,
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3376:11010 11011 11010 11010 00011 00011 00011 00011 00011 11011 11011 11011 00011
11011 11011 11011,

3360:11011 11011 11010 11011 00011 00011 00011 00011 00011 11011 11011 11011 00011
11011 11011 11011;

3344:11011 11011 11011 11011 00011 00011 00011 00011 00011 00011 11011 11011 00011
11011 11011 11011,

3328:1101111011 11011 11011 11011 00011 00011 00011 11011 00011 00011 00011 11011
1101111011 11011,

3312:11100 11100 1110011100 11100 1110011100 1110011100 11100 1110011100 11100
11100 11100 11100;

3296:11100 11100 1110011100 11100 11100 11100 11100 11100 11100 11100 11100 11100
11100 11100 11100;

3280:01100 11100 1110011100 11100 11100 11100 01100 00111 00111 01100 11100 11100
11100 11100 11100;

3264 :00111 00111 01100 1110001100 00111 00111 00111 00011 00011 00111 00111 01100
11100 11100 11100;

3248 : 00011 00011 00111 00111 00111 00011 00011 00011 00011 00011 00011 00011 00111
01100 11100 11100;

3232 :00011 00011 00011 00011 00011 00011 00011 00011 11011 11011 00011 00011 00011
0011111100 11100;

3216:11011 1101000011 00011 00011 1101111011 11011 1101111011 11011 11011 00011
00111 11100 11100;

3200:11011 1101111011 11011 11011 11011 11011 11011 11011 11011 11011 11011 11011
0011111100 11100;

3184:11011 1101111011 11011 11011 11011 11011 11011 11011 11011 11011 11011 00011
0011111100 11100;

3168:11011 00011 00011 00011 00011 11011 11011 11011 11011 11011 11011 11011 00111
01100 11100 11100;

3152:00011 1101000011 11010 1101000011 11011 11011 11011 11011 11011 11011 00111
01100 11100 11100;

3136:1101011010 11010 11010 11010 1101011011 11011 11011 11011 11011 11011 00011
00111 11100 11100;

3120:1101011011 11010 1101011011 1101011011 11011 11011 11011 11011 11011 00011
00111 11100 11100;
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3104:11011 11011 1101011011 11011 11011 11011 11011 11011 11011 11011 11011 00111
01100 11100 11100;

3088:11011 1101111011 11011 11011 11011 11011 11011 11011 11011 11011 11011 00111
11100 11100 11100;

3072:11011 11011 11011 11011 11011 11011 11011 11011 11011 11011 11011 11011 00111
11100 11100 11100;

3056:11100 11100 11100 11100 11100 1110011100 11100 11100 11100 11100 11100 11100
11100 11100 11100;

3040:1110011100 1110011100 11100 1110011100 1110011100 11100 1110011100 11100
11100 11100 11100;

3024 :11100 11100 1110011100 11100 01100 00111 00111 00111 00111 01100 11100 01100
00111 00111 00111;

3008 :11100 11100 11100 01100 00111 00111 00011 00011 00011 0001100111 00111 00111
00011 00011 00011;

2992 :11100 11100 01100 00111 00011 00011 00011 00011 00011 00011 00011 00011 00011
00011 00011 00011;

2976 :11100 11100 00111 00011 00011 00011 11011 00011 11011 11011 00011 00011 00011
11010 11011 11011;

2960:11100 11100 00111 00011 11011 1101011011 1101011011 11011 11011 11011 11011
1101111011 11011;

2944 :11100 1110000111 11011 1101111011 11011 1101011011 11011 11011 11011 11011
1101111011 11011;

2928 :11100 1110000111 00011 11011 11011 11011 11011 11011 11011 11011 11011 11011
11011 11011 11011,

2912:11100 11100 01100 00111 00011 11011 11011 11011 11011 11011 11011 11011 11011
11011 11011 11011,

2896 :11100 1110011100 01100 00111 11011 11011 11011 11011 11011 11011 11011 11011
11011 11011 11011,

2880:11100 11100 11100 0110000111 1101111011 1101111011 11011 11011 11011 11011
1101111011 11011,

2864 :11100 11100 11100 00111 00011 1101111011 1101111011 11011 11011 11011 11011
1101111011 11011,

2848 :11100 11100 11100 00111 00011 1101111011 1101111011 11011 11011 11011 11011
1101111011 11011,
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2832:11100 11100 0110000111 11011 11011 11011 11011 11011 11011 11011 11011 11011
11011 11011 11011,

2816:11100 11100 00111 00011 11011 11011 11011 11011 11011 11011 11011 11011 11011
11011 11011 11011;

2800:11011 00011 11011 11011 00011 00111 00011 11011 00011 11011 11011 00011 11011
0001111011 11011;

2784 :11011 11011 00011 00011 00011 00011 00011 00011 00011 00011 11011 11011 00011
1101111011 11011,

2768 :11011 11011 00011 11011 00011 00011 00011 00011 11011 00011 00011 00011 00011
1101111011 11011,

2752:11011 11011 00011 00011 11010 00011 00011 1101000011 11011 1101011011 11010
1101111011 11011,

2736:11011 00011 11011 11011 00011 11010 00011 00011 00011 00011 00011 11011 11010
00011 11011 11011;

2720:00011 11011 11011 00011 00011 00011 00011 00011 00011 00011 11011 00011 11011
11010 11011 11011;

2704 :11011 00011 11011 11011 00011 00011 00011 00011 00011 11011 00011 11011 00011
1101111011 11011;

2688 :11011 11011 00011 00011 00110 11011 00011 00011 00011 00011 11011 11011 00011
1101111011 11011;

2672 :11011 11011 11011 00111 01100 00111 00011 00011 00011 11010 00110 00011 11010
00011 11011 11011;

2656 :11011 00011 00011 00011 00111 11011 00011 00011 00011 00111 01100 00111 11010
11010 11011 11011,

2640:00011 11010 00011 11010 00011 00011 00011 00011 11011 00011 00111 11011 00011
11010 11011 11011,

2624 :11010 1101011010 11010 00011 11011 00011 00011 11011 00011 11011 00011 11011
0001111011 11011;

2608 : 11010 11011 11010 11010 00011 11011 11011 00011 00011 11011 00011 11011 11011
00011 11011 11011;

2592 :11011 11011 1101011011 11011 00011 00011 1101111011 11011 11011 00011 00011
1101111011 11011,

2576:11011 11011 1101111011 11011 1101111011 11011 11011 11011 11011 11011 11011
1101111011 11011,
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2560:11011 11011 11011 11011 11011 11011 11011 11011 11011 11011 11011 11011 11011
11011 11011 11011,

2544:11011 11011 11011 11011 11011 11011 11011 11011 11011 11011 11011 11011 00111
01100 11100 11100;

2528:11011 11011 11011 11011 11010 11011 11011 11011 11011 11011 11011 11011 00011
0011111100 11100;

2512:11011 11011 1101111011 11011 1101111011 1101111011 11011 11011 11011 00011
00111 11100 11100;

2496 :11011 11011 1101111011 11011 1101111011 1101111011 11011 11011 11011 11011
00111 11100 11100;

2480:11011 11011 1101111011 11011 11011 00011 11011 00011 11011 11011 11011 00011
00111 11100 11100;

2464 :11011 1101111011 1101111011 11011 1101011011 11010 11011 11011 11011 00111
01100 11100 11100;

2448 :11011 11011 1101111011 11011 11011 11011 11011 11010 00011 11011 11011 00111
01100 11100 11100;

2432 :11011 11011 1101111011 11011 11011 11011 11011 11011 11010 11011 11011 00011
00111 11100 11100;

2416:11011 11011 1101111011 11011 11011 11011 11011 11011 11011 11011 11011 00011
00111 11100 11100;

2400:1101111011 1101111011 11011 1101111011 11011 11011 11011 11011 11011 11011
00111 11100 11100;

2384:11011 11011 11011 11011 11011 11011 11011 11011 11010 11011 11011 11011 00011
0011111100 11100;

2368:11011 00011 00111 00111 00111 00011 11011 11011 11011 11011 11011 00011 00111
01100 11100 11100;

2352:00111 00111 01100 11100 01100 00111 00111 00111 00011 00011 00111 00111 01100
11100 11100 11100;

2336:01100 11100 11100 11100 11100 11100 11100 01100 00111 00111 01100 11100 11100
11100 11100 11100;

2320:1110011100 1110011100 1110011100 11100 11100 11100 11100 11100 11100 11100
11100 11100 11100;

2304 :11100 11100 1110011100 11100 11100 11100 11100 11100 11100 11100 11100 11100
11100 11100 11100;
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2288:1110011100 00111 00011 11011 11011 11011 11011 11011 11011 11011 11011 11011
11011 11011 11011,

2272 :11100 11100 01100 00111 00011 11011 11011 11011 11011 11011 11011 11011 11011
11011 11011 11011;

2256 :11100 1110011100 01100 00111 11011 11011 11011 11011 11011 11011 00011 11011
11011 11011 11011,

2240:1110011100 11100 0110000111 1101111011 1101111011 11011 11011 11010 11011
1101111011 11011,

2224 :11100 11100 11100 00111 00011 1101111011 1101111011 11011 11011 11010 11011
1101111011 11011,

2208 :1110011100 11100 00111 00011 1101111011 1101111011 11011 11011 11011 11011
1101111011 11011,

2192:11100 11100 0110000111 1101111011 11011 1101111011 11011 11011 11011 11011
1101111011 11011,

2176 :11100 11100 00111 00011 11011 1101111011 1101111011 11011 11011 11011 11011
1101111011 11011;

2160:11100 11100 00111 00011 11011 1101111011 1101111011 11011 11011 11011 11011
11010 11011 11011;

2144 :11100 1110000111 11011 1101111011 11011 1101111011 11011 11011 11011 11011
1101111011 11011;

2128:11100 11100 00111 00011 11011 1101111011 1101111011 11011 11011 11011 11011
1101111011 11011;

2112:11100 1110011100 00111 00011 11011 11011 11011 11011 11011 11011 11011 11011
11011 11011 11011,

2096 :11100 1110011100 11100 00111 00111 00011 11011 11011 00011 00111 00111 00111
00111 00011 00011;

2080:11100 1110011100 1110011100 11100 00111 00111 00111 00111 0110011100 11100
01100 00111 00111;

2064 :11100 11100 1110011100 11100 11100 11100 11100 11100 11100 11100 11100 11100
11100 11100 11100;

2048 :11100 11100 11100 11100 11100 11100 11100 11100 11100 11100 11100 11100 11100
11100 11100 11100;

2032:1101111011 1101111011 11011 1101111011 1101111011 11011 11011 11011 11011
1101111011 11011,

CSEE4840 Embedded Systems Design (Spring 2022) Page 427 of 442



Team - River Raid Xinhao Su (xs2413), Rojan Banmali (rb3199)

2016:11011 11011 11011 11011 11011 11011 11011 11011 11011 11011 11011 11011 11011
11011 11011 11011,

2000:11011 11011 11011 11011 11011 11011 11011 11011 11011 11011 11011 11011 11011
11011 11011 11011;

1984 :11011 11011 1101111011 00011 11011 11011 00011 11011 00011 00011 11011 11011
11011 11011 11011,

1968:11011 11011 11011 00011 11011 11011 11011 11011 00011 11011 00011 00011 11011
1101111011 11011,

1952:11011 11011 11011 00011 11011 00011 11011 00011 11011 11011 11011 00011 00011
1101111011 11011,

1936:11011 11011 00011 11011 00011 00011 00011 00011 11011 11011 11011 00011 11011
00011 11011 11011;

1920:11011 1101111011 11011 11011 00011 11011 11011 1101111011 11011 11011 00011
1101111011 11011,

1904:11011 11011 11011 00011 11011 11011 11011 00011 00011 11011 11011 11011 00011
1101111011 11011;

1888:11011 1101111011 11011 11011 11011 00011 11011 11011 11011 11011 11011 11011
1101111011 11011;

1872:11011 1101111011 11011 11011 11011 11011 11011 00011 11011 00011 00011 11011
1101111011 11011;

1856:11011 0001111011 11011 11011 11011 11011 00011 11011 00011 00011 11011 11011
1101111011 11011;

1840:11011 1101011011 1101111011 1101111011110111101111011 1101100011 11011
11011 11011 11011,

1824:11011 1101011011 1101111011 1101111011110111101111011 11011 11011 11011
11011 11011 11011,

1808 :11011 1101111011 1101111011 1101111011110111101111011 11011 11011 11011
11011 11011 11011,

1792:11011 1101111011 11011 1101111011 11011 11011 11011 11011 11011 11011 11011
1101111011 11011,

1776:11011 1101111011 11011 11011 11011 11011 11011 11011 11011 11011 11011 11011
1101111011 11011,

1760:11011 1101111011 11011 11010 11011 00011 00011 00011 00011 00011 11011 11011
1101111011 11011,
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1744 :11011 11011 11011 00011 10010 10010 00011 10010 10010 10010 10010 00011 00011
0001111011 11011;

1728 :11011 11011 11011 10010 11101 10010 10010 11101 11101 11101 10010 10010 00011
00011 00011 11011;

1712 :11011 11011 1001011101 11101 11101 10110 10110 10010 10110 10110 11101 11101
0001111011 11011;

1696:11011 11011 10010 10010 11101 10010 10110 10010 10010 10010 00110 00110 10110
11101 11011 11011,

1680:11011 11011 11011 10010 10110 10110 10110 10010 10010 00110 00110 00110 10110
11101 11011 11011,

1664 :11011 1101111101 10110 10110 10010 10010 00110 00110 00110 00110 00110 10110
11101 11011 11011,

1648 :11011 1101111101 10110 10010 10010 10010 00110 00110 00110 00110 00110 10110
11101 11011 11011,

1632:11011 0001111101 10110 00110 10010 00110 0011000110 00110 00110 00110 11101
1101111011 11011;

1616 : 00011 11010 11010 11101 00110 00110 00110 00110 00110 00110 00110 10110 11011
1101111011 11011;

1600:11010 1101011010 11010 10110 00110 00110 0011000110 00110 10110 11011 00011
11011 11011 11011,

1584:11010 11011 11010 11010 11011 10110 10110 10110 10110 10110 11011 11011 11010
1101111011 11011;

1568 :11011 11011 1101011011 1101111011 1101111011 1101111011 1101111011 11010
11011 11011 11011,

1552:11011 1101111011 1101111011 1101111011110111101111011 11011 11011 11011
11011 11011 11011,

1536:11011 11011 1101111011 1101111011 11011110111101111011 11011 11011 11011
11011 11011 11011,

1520:11011 1101111011 11011 1101111011 11011 11011 11011 11011 11011 11011 11011
1101111011 11011,

1504:11011 1101111011 11011 00011 00011 00011 00011 11011 1101111011 11011 11011
1101111011 11011,

1488 :11011 11011 11011 00011 11010 00011 11010 1101000011 11011 11011 00011 11011
1101111011 11011,
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1472 :11011 11011 11011 1101011010 11010 11010 11010 11010 11011 11011 11010 11011
11011 11011 11011,

1456 :11011 11011 11011 1101011011 1101011010 11011 11010 11011 11011 11010 11011
11011 11011 11011;

1440:11011 1101111011 1101111011 1101011011 1101111011 1101111011 11011 11011
11011 11011 11011,

1424:11011 11011 11011 11011 11011 11011 11011 11011 11011 11011 11011 11011 11011
1101111011 11011,

1408 : 00011 11011 11011 11011 1101111011 11011 11011 11011 11011 11011 11011 11011
1101111011 11011,

1392:1101011011 11011 11011 11011 1101111011 11011 11011 11011 11011 11011 11011
1101011011 11011,

1376:1101000011 11011 11011 11011 11011 11011 11011 11011 11011 11011 11011 11011
1101111011 11011,

1360:11011 1101011011 11011 00011 11011 00011 00111 00111 00011 11011 11011 11011
1101111011 11011;

1344:11011 11011 00011 00111 00111 00111 00111 0110001100 00111 00111 11011 11011
11011 11011 00011;

1328:00111 00111 00111 01100 11100 11100 11100 11100 11100 11100 11100 00111 00111
00111 00111 00111;

1312:11100 1110011100 11100 11100 11100 11100 11100 11100 11100 11100 11100 11100
11100 11100 11100;

1296:1110011100111001110011100111001110011100 1110011100 11100 11100 11100
11100 11100 11100;

1280:111001110011100111001110011100111001110011100 1110011100 11100 11100
11100 11100 11100;

1264 :11011 1101111011 1101111011 1101111011110111101111011 11011 11011 11011
11011 11011 11011,

1248 :11011 11011 11011 11011 00011 00011 00011 00011 11011 1101111011 11011 11011
1101111011 11011,

1232:11011 11011 11011 00011 11010 00011 11010 1101000011 11011 11011 00011 11011
1101111011 11011,

1216:11011 11011 11011 11010 11010 11010 11010 11010 11010 11011 11011 11010 11011
1101111011 11011,
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1200:11011 1101111011 1101011011 110101101011011 1101011011 11011 11010 11011
11011 11011 11011,

1184:11011 1101111011 1101111011 1101011011 110111101111011 11011 11011 11011
11011 11011 11011;

1168 :11011 11011 11011 1101111011 1101111011 110111101111011 11011 11011 11011
11011 11011 11011,

1152:00011 11011 11011 11011 1101111011 11011 11011 11011 11011 11011 11011 11011
1101111011 11011,

1136:11010 1101111011 11011 1101111011 11011 11011 11011 11011 11011 11011 11011
1101011011 11011,

1120:1101000011 11011 11011 11011 11011 11011 11011 11011 11011 11011 11011 11011
1101111011 11011,

1104:11011 1101011011 11011 11011 1101111011 11011 11011 11011 11011 11011 11011
1101111011 11011,

1088:11011 1101111011 11011 1101111011 11011 00011 11011 11010 11011 11011 11011
1101111011 11011;

1072:11011 1101111011 11011 11011 11011 11011 11010 11011 11010 11011 11011 11011
1101111011 11011;

1056:11011 1101111011 11011 11011 11011 00011 11010 11011 11011 11011 11011 11011
1101111011 11011;

1040:11011 1101111011 11011 1101111011 1101011011 11011 11011 11011 11010 11011
1101111011 11011;

1024:11011 1101111011 1101111011 1101111011110111101111011 11011 11011 11011
11011 11011 11011,

1008 : 11100 11100 11100 00111 00011 11011 1101111011 1101111011 11011 11011 11011
11011 11011 11011,

992:1110011100 0110000111 1101111011 0001100011 11011 11011 11011 11011 11011
11011 11011 11011,

976 :11100 1110000111 00011 11011 11011 11010 1101000011 11011 11011 11011 00011
1101111011 11011,

960:11100 1110000111 0001111011 11011 1101111010 1101011011 11010 11011 11010
1101111011 11011,

944:11100 1110000111 1101111011 11011 11011 11011 1101011011 11011 11011 11010
00011 11011 11011;
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928:1110011100001111101111011110111101111011 1101111011 11011 11011 11011
11010 11011 11011,

912:1110011100001110001111011110111101111011 1101111011 11011 11011 11011
11011 11011 11011;

896:11100111000110000111110111101111011 1101111011 00011 00011 00011 00011
11011 11011 11011,

880:11100111000110000111 11011 11011 11011 11011 00011 11010 11010 00011 11010
00011 11011 11011;

864 :11100 1110000111 0001111011 11011 11011 11011 1101011010 11010 11010 11010
1101011011 11011,

848 :11100 1110000111 00011 1101000011 11011 11011 1101011011 11010 11010 11011
1101011011 11011,

832:11100 1110000111 1101111010 1101011011 11011 11011 11011 11010 11011 11011
1101111011 11011,

816:11100 1110000111 1101111011 1101011011 11011 1101111011 11011 11011 11011
1101111011 11011;

800:1110011100 00111 0001111011 1101111011 11011 1101111011 11011 11011 11011
1101111011 11011;

784:11100 1110011100 0011111011 11011 1101111011 1101111011 11011 11011 11011
1101111011 11011;

768 :11100 11100 1110000111 11011 11011 1101111011 1101111011 11011 11011 11011
1101111011 11011;

752:110111101111011110111101111011110111101100011 11011 00011 00011 00111
11100 11100 11100;

736:1101111011110111101111011110111101111011 1101011011 11010 11011 00111
11100 11100 11100;

720:1101111011110111101111011110111101100011 1101011011 11010 11011 00111
11100 11100 11100;

704:11011 1101111011 1101111011 11011 11011 11010 11011 11011 11010 11011 00111
11100 11100 11100;

688:11011 1101111011 1101111011 11011 1101111011 1101111011 11011 11011 00111
11100 11100 11100;

672:11011 1101011011 1101111011 11011 1101111011 1101111011 11011 11011 00111
11100 11100 11100;
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656:1101111011110111101111011110111101111011 1101111011 11011 00011 00111
11100 11100 11100;

640:1101111011110111101111011 1101111011 11011 11011 11011 11011 00111 01100
11100 11100 11100;

624:11011110111101100011 1101100011 11011 11011 11011 11011 00111 01100 11100
11100 11100 11100;

608 :11011 1101111011 1101011011 1101011011 11011 1101111011 00111 11100 11100
11100 11100 11100;

592:11011 1101111011 1101011011 11010 00011 11011 1101111011 00111 11100 11100
11100 11100 11100;

576:11011 11011 11011 11010 11011 11011 11010 11011 11011 11011 00111 01100 11100
11100 11100 11100;

560:11011 1101111011 1101111011 1101111011 11011 11011 11011 00011 00111 11100
11100 11100 11100;

544:11011 1101111011 1101111011 11011 11011 11011 11011 11011 00011 00011 00111
11100 11100 11100;

528:11011 1101111011 1101111011 11011 11011 11011 11011 11011 11011 00011 00111
11100 11100 11100;

512:110111101111011 1101111011 11011 1101111011 1101111011 11011 00011 00111
11100 11100 11100;

496:11011 1101111011 11011 1101111011 1101111011 11011 11011 11011 11011 11011
1101111011 11011;

480:11011 11011 1101111011 1101011011110111101111011 1101111011 11011 11011
11011 11011 11011,

464:11011 1101111011 1101111011 11011110111101111011 11011 11011 11011 11011
11011 11011 11011,

448 :11011 11011 11011 1101111011 1101111011 1101111011 11011 11011 11010 11011
11011 11011 11011,

432:11011 1101111011 11011 11011 11011 00011 11011 00011 11011 11011 11011 11011
1101111011 11011,

416:11011 1101111011 11011 11011 11011 1101011011 11010 11011 11011 11011 11011
1101111011 11011,

400:11011 1101111011 11011 1101111011 1101111011 11010 00011 11011 11011 11011
1101111011 11011,
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384:1101111011110111101111011110111101111011 11011 11010 11011 11011 11011
11011 11011 11011,

368:1101111011110111101111011110111101111011 1101111011 11011 11011 11011
11011 11011 11011;

352:11011 00011 00011 00011 0001111011 110111101111011 11011 11011 11011 11011
11011 11011 11011,

336:00011 11010 11010 00011 1101000011 11011 11011 1101011011 11011 11011 11011
1101111011 11011,

320:110101101011010 1101011010 1101011011 11011 1101111011 11011 11011 00011
1101111011 11011,

304:1101011011 1101011010 11011 1101011011 11011 11011 11011 11011 11011 11010
1101111011 11011,

288:1101111011 1101011011 1101111011 11011 1101111011 11011 11011 11011 11010
1101111011 11011,

272:1101111011 11011 1101111011 11011 11011 11011 11011 11011 11011 11011 11011
1101111011 11011;

256:1101111011 1101111011 11011 1101111011 11011 11011 11011 11011 11011 11011
1101111011 11011;

240:11100 11100 1110011100 11100 11100 11100 11100 11100 11100 11100 11100 11100
11100 11100 11100;

224:11100 11100 1110011100 11100 11100 11100 11100 11100 11100 11100 11100 11100
11100 11100 11100;

208:11100 11100 11100 11100 11100 11100 11100 11100 11100 11100 11100 11100 11100
11100 11100 11100;

192:11100 1110011100 11100 11100 11100 11100 11100 11100 1110011100 11100 11100
11100 11100 11100;

176:11100 11100 11100 11100 11100 01100 11100 11100 11100 11100 01100 11100 11100
11100 11100 11100;

160:11100 1110011100 11100 11100 11100 11100 11100 11100 11100 11100 11100 11100
11100 11100 11100;

144 :11100 11100 01100 01100 11100 11100 11100 11100 11100 11100 11100 11100 01100
01100 11100 11100;

128 :11100 01100 01100 01100 01100 11100 11100 11100 11100 11100 01100 01100 01100
01100 01100 11100;
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112:11100 01100 01100 00111 00111 01100 01100 01100 01100 01100 01100 00111 00111

01100 01100 11100;

96:11100 1110011100 11100 0110000111 00111 0110001100 0011100111 01100 11100

11100 11100 11100;

80:111001110011100111001110011100 0110000111 0011101100 11100 11100 11100

1110011100 11100;

64:11100 1110011100 1110011100 11100 11100 11100 11100 11100 11100 11100 11100

11100 11100 11100;

48:11100 1110011100 11100 11100 0110011100 1110011100 11100 0110011100 11100

11100 11100 11100;

32:11100 1110011100 11100 11100 1110011100 11100 11100 11100 11100 11100 11100

11100 11100 11100;

16:11100 11100 11100 1110011100 11100 11100 11100 11100 11100 1110011100 11100

11100 11100 11100;

0:11100 1110011100 11100 1110011100 11100 1110011100 1110011100 11100 11100

11100 11100 11100;

END;

tileROM.v

// megafunction wizard: %ROM: 1-PORT%
// GENERATION: STANDARD
// VERSION: WM1.0

// MODULE: altsyncram

/=

// File Name: tileROM.v
// Megafunction Name(s):

// altsyncram

//
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// Simulation Library Files(s):

// altera_mf

/=

// 3k 3k >k 3k 3k 3k 3k 3k >k 3k 3k 3k 3k %k %k 3k 3k 3k k %k %k 3k 3k 3k %k %k %k 3k 3k 3k %k %k >k 3k 3k 3k >k %k >k 5k 3k 3k %k %k >k 5k 3k %k %k %k %k 3% 3k %k %k *k *k >k kk

// THIS IS A WIZARD-GENERATED FILE. DO NOT EDIT THIS FILE!

/1
// 21.1.0 Build 842 10/21/2021 S Lite Edition

[ FFFFEAE KRR R R R R R Rk R R R R K K K

//Copyright (C) 2021 Intel Corporation. All rights reserved.

//Your use of Intel Corporation's design tools, logic functions
//and other software and tools, and any partner logic

//functions, and any output files from any of the foregoing
//(including device programming or simulation files), and any
//associated documentation or information are expressly subject
//to the terms and conditions of the Intel Program License
//Subscription Agreement, the Intel Quartus Prime License Agreement,
//the Intel FPGA IP License Agreement, or other applicable license
//agreement, including, without limitation, that your use is for
//the sole purpose of programming logic devices manufactured by
//Intel and sold by Intel or its authorized distributors. Please
//refer to the applicable agreement for further details, at

//https://fpgasoftware.intel.com/eula.

// synopsys translate_off
‘timescale 1 ps/ 1 ps

// synopsys translate_on
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module tileROM (
address,

clock,

q);

input [12:0] address;

input clock;

output [4:0] q;
‘ifndef ALTERA_RESERVED_QIS
// synopsys translate_off
“endif

tril clock;
‘ifndef ALTERA_RESERVED_QIS
// synopsys translate_on

“endif

wire [4:0] sub_wire0;

wire [4:0] q = sub_wire0[4:0];

altsyncram altsyncram_component (
.address_a (address),
.clockO (clock),
.q_a (sub_wire0),
.aclr0 (1'b0),
.aclrl (1'b0),
.address_b (1'b1),
.addressstall_a (1'b0),
.addressstall_b (1'b0),

.byteena_a (1'b1),
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.byteena_b (1'b1),

.clockl (1'b1),

.clocken0 (1'b1),

.clocken1 (1'b1),

.clocken2 (1'b1),

.clocken3 (1'b1),

.data_a ({5{1'b1}}),

.data_b (1'b1),

.eccstatus (),

q_b (),

.rden_a (1'b1),

.rden_b (1'b1),

.wren_a (1'b0),

.wren_b (1'b0));

defparam

altsyncram_component.address_aclr_a = "NONE",
altsyncram_component.clock_enable_input_a = "BYPASS",
altsyncram_component.clock_enable_output_a = "BYPASS",
altsyncram_component.init_file = "mif/background.mif",
altsyncram_component.intended_device_family = "Cyclone V",
altsyncram_component.lpm_hint = "ENABLE_RUNTIME_MOD=NOQ",
altsyncram_component.lpm_type = "altsyncram",
altsyncram_component.numwords_a = 8192,
altsyncram_component.operation_mode = "ROM",
altsyncram_component.outdata_aclr_a = "NONE",
altsyncram_component.outdata_reg_a = "UNREGISTERED",
altsyncram_component.ram_block_type = "M10K",
altsyncram_component.widthad_a =13,

altsyncram_component.width_a =5,
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altsyncram_component.width_byteena_a =1;

endmodule

/] = =
// CNX file retrieval info

Jf ======= = =
// Retrieval info: PRIVATE: ADDRESSSTALL_A NUMERIC "0"

// Retrieval info: PRIVATE: AclrAddr NUMERIC "0"

// Retrieval info: PRIVATE: AclrByte NUMERIC "0"

// Retrieval info: PRIVATE: AclrOutput NUMERIC "0"

// Retrieval info: PRIVATE: BYTE_ENABLE NUMERIC "0"

// Retrieval info: PRIVATE: BYTE_SIZE NUMERIC "8"

// Retrieval info: PRIVATE: BlankMemory NUMERIC "0"

// Retrieval info: PRIVATE: CLOCK_ENABLE_INPUT_A NUMERIC "0"

// Retrieval info: PRIVATE: CLOCK_ENABLE_OUTPUT_A NUMERIC "0"

// Retrieval info: PRIVATE: Clken NUMERIC "0"

// Retrieval info: PRIVATE: IMPLEMENT_IN_LES NUMERIC "0"

// Retrieval info: PRIVATE: INIT_FILE_LAYOUT STRING "PORT_A"

// Retrieval info: PRIVATE: INIT_TO_SIM_X NUMERIC "0"

// Retrieval info: PRIVATE: INTENDED_DEVICE_FAMILY STRING "Cyclone V"
// Retrieval info: PRIVATE: JTAG_ENABLED NUMERIC "0"

// Retrieval info: PRIVATE: JTAG_ID STRING "NONE"

// Retrieval info: PRIVATE: MAXIMUM_DEPTH NUMERIC "0"

// Retrieval info: PRIVATE: MIFfilename STRING "./river_raid_hw/mif/background.mif"
// Retrieval info: PRIVATE: NUMWORDS_A NUMERIC "8192"

// Retrieval info: PRIVATE: RAM_BLOCK_TYPE NUMERIC "2"

// Retrieval info: PRIVATE: RegAddr NUMERIC "1"
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// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:

// Retrieval info:

PRIVATE: RegOutput NUMERIC "0"

PRIVATE: SYNTH_WRAPPER_GEN_POSTFIX STRING "0"
PRIVATE: SingleClock NUMERIC "1"
PRIVATE: UseDQRAM NUMERIC "0"
PRIVATE: WidthAddr NUMERIC "13"
PRIVATE: WidthData NUMERIC "5"
PRIVATE: rden NUMERIC "0"
LIBRARY: altera_mf altera_mf.altera_mf_components.all

CONSTANT: ADDRESS_ACLR_A STRING "NONE"

CONSTANT: CLOCK_ENABLE_INPUT_A STRING "BYPASS"

CONSTANT: CLOCK_ENABLE_OUTPUT_A STRING "BYPASS"
CONSTANT: INIT_FILE STRING "./river_raid_hw/mif/background.mif"
CONSTANT: INTENDED_DEVICE_FAMILY STRING "Cyclone V"
CONSTANT: LPM_HINT STRING "ENABLE_RUNTIME_MOD=NO"
CONSTANT: LPM_TYPE STRING "altsyncram"

CONSTANT: NUMWORDS_A NUMERIC "8192"

CONSTANT: OPERATION_MODE STRING "ROM"

CONSTANT: OUTDATA_ACLR_A STRING "NONE"

CONSTANT: OUTDATA_REG_A STRING "UNREGISTERED"

CONSTANT: RAM_BLOCK_TYPE STRING "M10K"

CONSTANT: WIDTHAD_A NUMERIC "13"

CONSTANT: WIDTH_A NUMERIC "5"

CONSTANT: WIDTH_BYTEENA_A NUMERIC "1"

USED_PORT: address 00 13 0 INPUT NODEFVAL "address[12..0]"
USED_PORT: clock 0 0 0 0 INPUT VCC "clock"

USED_PORT: g 005 0 OUTPUT NODEFVAL "q[4..0]"

CONNECT: @address a0013 0address00130

CONNECT: @clock00000clock0000

CONNECT:q0050 @q_a0050
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// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:
// Retrieval info:

// Retrieval info:

GEN_FILE: TYPE_NORMAL tileROM.v TRUE
GEN_FILE: TYPE_NORMAL tileROM.inc FALSE
GEN_FILE: TYPE_NORMAL tileROM.cmp FALSE
GEN_FILE: TYPE_NORMAL tileROM.bsf FALSE
GEN_FILE: TYPE_NORMAL tileROM_inst.v TRUE
GEN_FILE: TYPE_NORMAL tileROM_bb.v TRUE

LIB_FILE: altera_mf
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