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Abstract:

Minesweeper is agame where the user is challenged to identify hidden mines and clear
safe cells. Since the existing version of the gameis only available for a computer, users
who are bored of staring at the monitor may want to play the game using a different
display. This project prototypes minesweeper using a keypad, an HC11 microcontroller,
a Spartan FPGA, and a perforation board containing agrid of ‘minefield” LEDSs, six
seven-segment game status displays, and win/lose LEDs. The user uses akeypad to
navigate through the grid, clear or flag mines, or reset the game. The FPGA decodes the
keypress and sends it to the microcontroller, which controls the game logic. The
microcontroller, in turn, sends data back to the FPGA, which decodes the input signals
and routes them to the LED grid and game status displays.



Introduction

The game of minesweeper requires a user to navigate through a grid, while
systematically flagging “mines’ and clearing safe cells. The user wins by
successfully flagging all mines within the grid. The user loses by either flagging a
cell that does not contain amine or clearing a cell that does contain a mine.

This project involves implementing minesweeper using an M68HC11 evaluation
board (EVB), a Spartan xcs10-3pc84 FPGA, and an externa perforated board.
The EVB controls the game logic, while the FPGA sends user input to the EVB
and game display updates to the perforation board. Mounted on the perforation
board is a keypad, a5x6 grid of ‘minefield LEDs, a‘win’ LED, a‘lose’ LED,
and four dual 7-segment displays to show current game information (row and
column indices, time, and number of mines adjacent to current position). Figure 1
below illustrates the layout of the game. Please refer to Appendix A for atop level
block diagram of the game control.
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Figure 1: Minesweeper Layout



Schematics

The hardware for the project is placed on a breadboard and a perforation board.
The breadboard consists of the FPGA, transistors, and resistors. The perforation board
consists of the 5x6 grid of LEDSs, six seven-segment displays, akeypad, awin LED and a
lose LED. The LED grid isilluminated using a polling method: LED status information
IS sent to the appropriate column while that column is being polled. The six seven-
segment displays are time-multiplexed using a selector signal driven by the system clock
and transistors to switch between the displays. A similar polling method is also used to
interpret the button press on the keypad.

The FPGA and EVB communicate through Ports A, B and C. The FPGA sends
the keypress signal to the EVB through Port A. The EVB determines the new game
status update and then sends 2 bytes of data, A and B, back to the FPGA through Ports B
and C, respectively.

A schematic of the integrated system appears on the following page.
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Microcontroller Design

Logical control of minesweeper is conducted within the HC11 Microcontroller. The
breakdown of the HC11 game management code is organized as follows:

1. Definitions and Initializations
2. Pattern Generation
3. Start Routine

a. Position Check Routine

b. Write output data

c. Read input data

d. Determine Keypress
Clear Routine
Flag Routine
Navigation Routines
Win/Lose Routines

No oA

An .rst file of our assembly code appearsin Appendix B, while ablock diagram of the
EVB game logic appearsin Appendix C. The following descriptions will walk the reader
through the primary routines and algorithms used in the HC11 code.

Port Definitions
Define memory locations for PORTA, PORTB, PORTC, DDRC, and TCNT.
Variable Definitions

Patterns are defined for: navigation directions, clear, flag, reset, loser, winner, and
various masks. Memory locations $C100 - $C167 are set aside for the mine
pattern plus a perimeter of empty cells, where each memory location contains a
‘cell cleared’ indicator and a‘mine’ indicator in the least two significant bits,
respectively. Memory locations are also reserved for storing the win/lose signal
(WINLOSE), row and column indices (RINDEX, CINDEX), blink and status
signals (BLINK, STATUS), the number of mines surrounding a cell
(NUMMINE), and the signal that enables the number of mines to be displayed
(NUMEN). Additional locations are reserved for various counters used internally
to generate the output signals.

Pattern Generator

We have developed aroutine for generating a seemingly random mine sequence.
A mine pattern is generated by iteratively examining the lowest 8 bits of the EVB
timer for 30 cycles. For asingle cycle, the timer bits are added to a seed, and this
value becomes the new seed for each successive cycle. A mine will be placed in
the memory location corresponding to the cycle number only if the seed isless



than decimal# —78. This corresponds to a probability of about 1/5 because the
range of seed valuesis (-128:127). Alternatively, amine will not be designated in
that location if the seed is greater than or equal to -78. After 30 cycles, the total
number of mines should average 6 (but it is not restricted to thisvalue!). At the
end of thefinal cycle, theinformation for each cell will be stored in the least
significant bit of the appropriate memory location.

The pattern generator could be improved by multiplying the timer by arelatively
prime seed, adding an additional relatively prime number, and then setting that
value as the new seed for each cycle.

I nitializations

The row and column indices are initially both set to * 1’ (corresponding to the
upper left corner of the grid). The LEDs aredl initialized to ‘1’ (on), blink and
win/lose signalsto ‘0’ (off) and the enable signal to display the number of mines
to ‘0’ (off). Various counters, such as the total mine counter and the flag counter
are also initially set to zero. In addition, avalue of zero is stored in a perimeter of
memory locations around the mine grid — this allows for the use of acommon
procedure to recursively count adjacent mines.

Start Routine
Generation of 8-bit data (A)

The program begins by generating an 8-bit output that consists of the
column and row indices in the 6 most significant bits, followed by the
blink signal and on/off status signal in the least two significant bits. This
datais sent through PORTB to the FPGA to control the LED grid.

A =[ Col(2:0) Row(2:0) BLINK STATUS]|
Check for Cleared Cell

The program uses the current row and column indices to reference the byte
stored in that particular memory location. Since the number of mines
around a cell is not supposed to be displayed if that cell has not yet been
uncovered, the second least significant bit must be examined fora‘l’ to
determine whether NUMMINE should be displayed. If thisbitisa“‘l,

then the user has uncovered this cell previously and the NUMEN signal
will be set to 1 so that the number of mines can be displayed. In addition,
the value of NUMMINE is also determined so that the appropriate value
can be sent to the FPGA.

To achieve full functionality, this routine must also include a check for
whether a particular mine has been flagged. Currently, once auser flagsa



mine, the BLINK valueis set to 1 but is not stored in the byte of
information corresponding to that grid location. As aresult, when a user
moves away from the current location after flagging a mine, the BLINK
signal remains on and causes every cell the user lands on to blink. To fix
this problem, we could simply store a“flagged” bit in the memory
location for each cell and use that value to adjust the blink signal

appropriately.

Generation of 8-bit data (B)

First, al bits of PORTC are set to output mode. The 8-bit output data (B)
contains areset command in the most significant bit, the number of mines
in the next four bits, the enable signal needed to display the number of
mines, and the WINLOSE signal in the two least significant bits. This
datais sent through PORTC to the FPGA.

B =[ Reset Adj(3:0) AdjMineEnable WinLose(1:0) ]

Determination of Keypress

The FPGA sends data containing the keypress through PORTA to the
EVB. The 3 least significant bits of the data are examined to determine if
the key pressed was ‘reset’, ‘flag’, ‘clear’, or one of the navigation
directions. Depending on the keypress, the program jumps to the
respective routine.

In order to ensure that the HC11 only executes one routine each time a
button is pressed, we implemented a“ handshaking” routine. This block of
code stores the current keypress in memory and keeps the output data the
same as long as the user is holding down a button. Once the user lets up on
the button, a zero is sent to the EVB. The next keypress will then be
evaluated appropriately.

Check for Reset

If the reset button has been pressed, the program jumps back to the pattern
generation routine and a*“ Reset” signal is sent through Port C to tell the FPGA to
reset all the displays and the LED grid to their initial states.

Flag Routine

The flag routine uses the row and column indices to determine the referenced
memory location that stores the mine status for each cell. If the flagged cell is not
amine, the program jumps to the lose routine and the game resets. Otherwise, the
blink signal isset to ‘1’ and the flag count isincremented to keep track of the
number of correctly flagged mines. If the flag count equals the total number of



minesin the grid, the user has completed the game, and the program jumps to the
win routine, after which the game resets. Aslong as the number of flagged mines
is less than the number of total mines, the flag count is stored in FLGCNT and the
program returnsto the start routine.

As mentioned above, the flag status is not stored into memory for each grid
location. We should have added a few lines of code in this routine to store the flag
status of each grid point to the associated cell.

Clear Routine

The clear routine first uses the row and column indices to determine the
referenced memory location that stores the mine status for each cell. If the
cleared cell isamine, the program jumps to the lose routine and the game resets.
Otherwise, the user has cleared a safe cell, and the status signal isset to ‘0’ to turn
off the respective LED in the grid that corresponds to the referenced memory
location. Inaddition, a‘1’ isloaded into the second least significant bit (recall
that least significant bit contains ‘ mine status (0 or 1)) to indicate that the cell has
been uncovered. Thisdatais stored into memory.

To check for adjacent mines, the clear routine first initializes a counter ‘Y’ and
then determines the current user position. Because we have generated a perimeter
of zeros around the grid, we simply use one routine that checks for minesin each
of the 8 adjacent grid locations. At the end of this routine, the number of adjacent
minesis stored into the memory location for the current grid position.

Navigation Routine

If anavigation button is pressed, the program determines the direction in which to
move the current position. Thisis accomplished by changing the column or row
index in accordance with the navigation direction. The program also prohibits the
row and column indices from exceeding the size of the grid. In other words, if the
user position were along the leftmost column, pressing the left navigation button
would have no effect. After the routine has determined the new position, it adjusts
the appropriate index and returns to the main program.

Win/Lose Routines

As described above, flagging incorrectly or clearing a space containing a mine
sends the program to the *Lose’ routine. Likewise, correctly flagging all the mines
sends the program to the *Win' routine. In the loseroutine, a‘Lose’ LED lights
up on the game board to remind the user they’ ve just been blown to pieces, after
which the game should be reset. Similarly, in thewin routine, a*Win' LED is
illuminated for one second to indicate a successful mission, after which the user
resets the game.



FPGA Design

(Please refer to Appendix D for the FPGA block diagram and associated FSM
digrams)

Introduction

The FPGA will be divided into two primary sections. One section will decode a
keypad input into a specified format and send this information to the EVB. The
other section will input control signals from the EVB and use this information to
update the LED grid and the 7-segment displays on the perforation board.

Section 1. Key decoder

Upon receiving arow input from the keypad, the key decoder will determine the
corresponding column position and decode this information once the signal has
been debounced. The decoded keypress will then be sent directly to the EVB for
processing.

Section 2: Display Multiplexer and Grid Poller

After processing the keypress, the EVB will send two bytes of data back to the
FPGA containing information on how to control the grid and the various displays.
Thefirst byte (A), as described in the Assembly Code section, contains bits that
specify which grid point to change (RINDEX, CINDEX), and how to change it
(BLINK, STATUYS). The second byte (B) contains areset signal, the number of
adjacent mines and a corresponding enable signal, and a two-bit win/lose signal.
The FPGA signal control can be divided into three parts: the clock divider-
selector, the grid controller, and the display multiplexer.

Clock Divider/Sdlector

To ensure that blurring does not occur, adivided clock signal will be used
to multiplex the displays. The displays are controlled by a six-input
multiplexer while the LED grid isilluminated using a polling method. A
one-hot logic scheme is used to select among the inputs. To generate the
selector signal for each multiplexer, the first step is to tap out the lowest
11 bits of the system clock. Thiswill yield adivided clock signal
operating at approximately 1 kHz. By choosing six 11-bit reference
numbers that are approximately evenly spaced apart, it is ensured that the
multiplexer inputs will be selected at even intervals. Before entering the
multiplexers, the six 11-bit numbers will be encoded using one-hot logic
so that the appropriate signals can be selected.



Grid Controller

The grid controller inputs the A byte and outputs six column vectors to be
multiplexed and sent to the LED grid. The grid controller uses the
reference position information stored in byte A to determine which LED
to alter, and the blink and status bits are used to determine how the
selected LED isto be altered (e.g. ON > OFF or ON-> BLINK).

Display Multiplexer

The display multiplexer extracts the row and column indices from byte A,
the number of mines from byte B, and timer information (minutes, 10’s of
seconds, and seconds) from the time decoder. These six inputs are
multiplexed using selector signals that are generated by slowing down the
system clock. The selected signal is then decoded and sent to the
appropriate seven-segment display.
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Results

For the most part, the game meets the original specifications: the perforation board and
game components behave correctly, the FPGA interfaces correctly with the EVB and
perforation board, and the HC11 code isreliable except for the flag routine. After loading
the .s19 file into the HC11 and running power to the FPGA, the game is ready to operate.
Upon reset, the LEDs all turn on, and the game timer starts over.

Perforation Board
The perforation board served as an excellent template for mounting the various
displays and routing many of the wires. Color-coded wires were used to tie
together common segments of the digital displays, which greatly reduced the
number of wires crossing between the board and the FPGA. A similar scheme was
used to illuminate the LED grid. In retrospect, a better-planned wiring diagram
would have eliminated much of the wire clutter. Most importantly, though, the
board and game components operated appropriately.

FPGA
The FPGA also operates properly. The keypressis successfully decoded and sent
to the EVB. The seven segment displays show the appropriate values of row and
column index, number of adjacent mines, and game time. The win and lose LEDs
both function appropriately. The grid of LEDs accurately displays the current
game status — LEDs can be turned on, off, or to a blinking state. One unusual
characteristic of the display that could not be accounted for is the tendency for the
‘seconds’ timer to bleed onto the ‘row index’ display. This may have to do with
the time multiplexing rate used to illuminate the 6 displays.

EVB
Within the EVB, the mine pattern is generated and stored in the proper memory
locations. Each of the EV B routines except for the flag routine behaves normally:
the navigation routines adjust user position appropriately, the clear routine sends
the correct status signal to the FPGA and outputs the appropriate number of
adjacent mines plus an enable signal. The win/lose routines also function as
planned. The position check routine accurately determines whether the current
position has been cleared and decides whether to display the number of adjacent
mines.

The primary unresolved problem with the HC11 code liesin the flag routine. By
not storing the flag status of each grid point, the BLINK signal that is sent to the
FPGA remains high indefinitely following the first successful flag. As mentioned
before, storing flag data in the memory location for each grid point could easily
fix thisissue.
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Parts List
Part Sour ce Vendor Part # Price
Perforated Board MarVac 4700T $15.97
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Appendix A: Top Level Block Diagram
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Appendix B: HC11 Assembly Code

Dat e

Qut put

Aut hor s:

Dani el

Decenber 10, 2002

m neswpr.asm -- M nesweeper Gane Control

Vaughan (dvaughan@nt. edu) and G gi Au (gwau@inc. edu)

This file inputs a keypad command through Port A fromthe FPGA and determ nes
how to update the LED grid based upon the nature of the command

is stored in two bytes and sent out through ports B and C

Code Layout

Subsection

Locati on

Port Definitions..........
Reserved Menory Locations
Program Masks
Pattern Generator.........
Initializations...........

Start

Fl ag routine

d ear

routine

routine

Wn/Lose routine..........
Navi gation routines.......

F ok ok ok k% ok kR R %k k Ok % % %k ok Ok ok F k F Ok F

Khkhkrk kA Ak hkk ok ok ko ok ok okok ok kkhk

* Port Definitions
PR R R R EEEEEEEEEEEEEEEREEEESES]

*

*

PORTA EQU $1000

PORTB EQU $1004

PORTC EQU $1003

DDRC EQU $1007

TCNT EQU $100F

IR R R E RS S EEESEEE SR EEEEEEEREEEEEREESEERS]
* Reserved Menory Locations

Khkhkhkkhkhhhhhhhhhhhhhhhkhkhk kA kkkkkkkk k%

* Registers are reserved for the mne pattern

W NLGSE

RI NDEX
R TEMP
Cl NDEX
Cl TEMP
KPTEMP

BLI NK
STATUS
REF1
REF2
NUVM N1
NUVMM NE
TOTM NE
NUMEN
FLGCNT
M NECT

SEED
MEMX
MEMX1
LOOPNUM

EQU

$C032

$C033
$C043
$C034
$C044
$C045

$C035
$C036
$CQ037
$C038
$CO3A
$C039
$C03B
$C03C
$C03D
$CO3E

$C046
$C048
$C049
$C050

EE

¥k ok ok ok k% % % ok

*

14

Store row nunber in nmenory |ocation $33
Tenporary rindex storage
Store col nunber in nmenory |ocation $34
Tenporary cindex storage

Bl i nk LED command

LED on/ of f comrand

i ndex reference

i ndex reference

| east significant byte of NUMW NE, nunber of adjacent mnes
nunber of adjacent nines

total nunber of mnes

enabl e nunber of adj. nines display (on/off)

nunber of flagged nmines counter

nunber of adj. mnes counter

pattern generator seed nunber
menory to store current row position

menory to store |oop nunber in pattern gen



c052 TEMP EQU $C052

Kkkkkhkkhhhkhhhhhhhhhhhhhhhkkkkk k&

* Program Masks *
ER
0002 UP EQU 290000010 * Masks for navigation directions
0005 DOWN EQU %90000101
0004 LEFT EQU %90000100
0001 RI GHT EQU 990000001
0003 CLEAR EQU %9©0000011 * Masks for action selections
0007 FLAG EQU %90000111
0006 RESET EQU %90000110
0000 NOPRESS EQU 90000000
0002 CLRVASK EQU %9©0000010 * Cleared | ocation check nmask
0003 CLRVBK2 EQU %90000011
00f f PCVASK  EQU 41111111 * Port C--> output nask
0007 NAVVASK  EQU %90000111 * pavigation button mask
0005 FI VE EQU %90000101 * nunber five
0006 SI X EQU %9©0000110 * nunber six
0095 TESTNUM EQU 940010101 * Pattern generator seed (dec. #149)
0002 LOSER EQU 90000010 * | ose mask
0001 WNNER EQU %90000001 * win mask
ER R R I o
* Pattern CGenerat or *
ER R
d100 ORG $D100
d100 ce 00 00 pattern LDX #$00 * Initialize row counter
d103 18 ce 00 01 LDY #$01 * Initialize row + colum counter
d107 86 95 LDAA #TESTNUM * Store test seed (#149) in nenory
d109 b7 cO 46 STAA SEED
d10c 86 00 LDAA #$00
d10e b7 cO 3b STAA TOTM NE
d111 b6 10 Of rom oop LDAA TCNT * Load | ower 8 bits of counter
d114 8b 95 ADDA #TESTNUM * Add to test seed
d116 b7 cO0 52 STAA TEMP * Store in nenory
d119 c6 10 LDAB #$10 * Increment row address (2nd |east sign. hex digit)
dilb 3a ABX
dllc 8c 00 50 CPX #$50 * Stop incrementing at bottomrow of grid
d1if 2e 4d BGT start
d121 18 ce c0O 01 LDY #$C001 * Initialize row + colum counter
d125 ff cO 48 STX MEMX * Store row number
d128 f6 cO 49 LDAB MEMX1
di2b 18 3a ABY * Use Y to store row + colum
di2d 86 00 LDAA #$00 *set colum |oop counter to O
di2f b7 cO 50 STAA L OOPNUM
d132 b6 10 Of col loop LDAA TCNT
d135 8b 95 ADDA #TESTNUM
d137 b7 cO 52 STAA TEMP
dil3a b6 cO 50 LDAA L OOPNUM * stop increnmenting at far right colum of grid
d13d 4c I NCA
d13e 81 06 CVPA #3$06
d140 2e cf BGT rowl oop
d142 b7 cO 50 STAA LOOPNUM
d145 c6 01 LDAB #$01 * Increase colum position by 1
d147 18 3a ABY
d149 b6 10 Of LDAA TCNT * Load bottom 8 bits of timer in accunulator A
dl4c f6 cO 46 LDAB SEED * Load "randon seed into accunulator B
d14f 1b ABA
d150 b7 cO 46 STAA SEED * Add tiner and seed to form new seed
d153 81 b2 CVPA #$B2 * Conpare (-128 -- 127) to (-78)
d155 2e Of BGT setzero * |f greater than -78 (4/5 probability), set mne =0
d157 86 01 LDAA #$01 *
d159 18 a7 ff STAA $FF, Y * Otherwise (1/5 probability), set nmine =1
d15c f6 cO0 3b LDAB TOTM NE
di5f 5c¢ 1 NCB
d160 f7 cO 3b STAB TOTM NE * Store the nunber of total mines in TOTM NE
d163 7e dl1 32 JWP col | oop * This will be generally around 6, but the unknown
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d166
d168
d16b

dl6e
d170
di73
d176

di79
di7b
dil7e
dis1i
di84
di187
d18a
disd
d190
d193

d196
d199
d19c
d19f

dla2
dla5
dla8
dlab
dlae
dibl
dib4
dib7
dlba
dibd
dlcO
dlc3
dlc6
dlc9
dlcc
dicf

did2
dids
dids
didb
dlde
dlel

dled

dle7
dlea
dleb
dlec
dled
difo
dif1

86

e

bd

00

di

d3

cO0

c0

c0

ff
32

ce

34

33

35

setzero LDAA #$00
STAA $FF, Y
JWP col | oop

* nunber neakes the gane a little nore chall enging

Kkkkhkhkhhhhhhhhhhhhhkk kA kk kA kkkkkkkkkkk k&%

* Initializations *
IR R R EE RS SRR SRR R R SRR R SRR R R EEEEEREEREEESEESE]

start LDAA #$01
Set initial row index to one

Set initial colum index to one

Set initial Status signal to one (all LEDs on)

* %k ok %

LDAA #$00 *
STAA BLI NK * Set Blink command to 'off
STAA W NLCSE * Set WN LOSE command to ' of f'
STAA NUMEN * Set nunber of adjacent nines display to 'off
STAA FLGCNT * Set flag counter to O
STAA M NECT * Set adjacent mine counter to 0
STAA KPTEMP * Set initial keypress to O
STAA LOOPNUM * Set LOOPNUM to O
STAA NUWM NE * Set nunber of mines to O
STAA NUMM N1 *
STAA $C100 * Create perinmeter of zeros around nmine grid to
STAA $C101 * sinplify adjacent nmine counting procedure
STAA $C102 *
STAA $C103 * Actual mne sequence stored in
STAA $C104 * Row 1: $Cl111 - $Cl116
STAA $C105 * Row 2: $C121 - $Cl126
STAA $C106 * Row 3: $C131 - $C136
STAA $C107 * Row 4: $Cl141 - $Cl146
*

STAA $C110
STAA $C120
STAA $C130
STAA $C140
STAA $C150
STAA $C160
STAA $C117
STAA $C127
STAA $C137
STAA $C147
STAA $C157
STAA $C167
STAA $C161
STAA $C162
STAA $C163
STAA $C164
STAA $C165
STAA $C166

Row 5: $C151 - $C156

Kkkkhkhkhkkhhhkhhhhhhhhhkhhkkkkhkkkkk k&%

* *
* Start routine *
* *

Khkhkhkkhhhkhhhhhhhhhkhhkkk Ak kA kkkkk k& k%

Khkhkhkh kA Ak hkkhkhkhkhhhhhhhhhhhkkkk*k

* Current Position Cleared? *
R R R

nav JSR posclr * check if current position has been cleared

kkkkkhkhhhhhkhhhhhhkhhhhhhhkkkk k& kx

* send data out through PORT B *

kkkkkhkhkkhhkhkhhhhhhhhhhhkhhhkkkkkkkx

LDAA Cl NDEX * Cenerate an eight bit output with
LSLA * colum index in [7:5], rowindex in
LSLA * [4:2], Blink in bit 1, and Status in
LSLA * bit 0

ADDA RI NDEX

LSLA

ADDA BLI NK

16



dif 4
dif5
dif8

difb
difd
d200
d203
d204
d207
d208
d209
d20c
d20f

d211

d214
d217
d219

d21b
d21f

d222
d226
d228
d22a
d22d
d22f

d230
d233

d236
d239
d23b
d23d
d23f

d242
d245
d248
d249
d24b
d24e
d251
d253
d255
d257
d259
d25b
d25d
d25f

d261
d263
d265
d267
d269
d26b
d26d

d270
d273
d276

48

b7

cO0
10

36
04

07
3a
3c
32
03
3c

32

00

00

4e

2a

00

45

45

e4

00

2a

LSLA

STAA

STATUS
PORTB *

Khkhkhkhhhkkhhhhhhhhhhhhkhkhkhkkkkkkkkx

* send data out through PORT C *

Kkkkkhkhhhhhkhhhhhhhhhhhhhhkkkkkkkx

ski pc LDAA

onesec LDY
one_st LDX

one_I p CPX

pat 2 JWP

#PCVASK *

DDRC

NUMM N1 *
*

NUMEN *

W NLOSE *

PORTC *

#$00 *

NUMVEN

W NLOSE *

#$00

keyprs

#$0000 *

#$0000 *

#$002A

pat 2

#$OEAE

one_st

one_lp

pattern

Khhkhkhkhkkhkkkkkhkhhkhhhkhk

* Determine Keypress *
khkkkhkkhhkhkhkhkhkhkhkhkdhhkhkhdhkhkxk

Send information out over port B

Set port Cto al

Generate a seven bit output with the nunber of nines

out put node

adj acent to current position in [6:3]
NUMEN in bit 2

W NLGCSE in bits [1:0]
Send information out over port C
Set enable signal to O

Branch to keypress if WNLOSE = 0

Di splay the win or

after user wins or |oses

* Eval uates keypress and junps to appropriate subroutine

keyprs LDAA
ANDA
CVPA
BNE
STAA
JwP

noprs LDAB

hol don STAA

pat JWP
flg JWP
clr JWP

PORTA
#NAVIVASK
#NOPRESS
noprs
KPTEMP
nav
KPTEMP *

* ok ok %

hol don *
nav

KPTEMP *
#RESET *
pat

#FLAG *
flg

#CLEAR *
clr

#UP *
upl

#DOWN *
downl

#LEFT *
leftl

#Rl GHT *
right1

nav *

pattern

fl agged
cl eared
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Load val ue sent from FPGA
Only look at bottomthree bits

If no button being pressed, keep sending sanme data

out ports B and C

Load previous keypress

If button being held down, keep sending sanme data

out ports B and C

Store current keypress in tenporary |ocation

If reset pressed, then return to pattern generator

| ose LED for 1 second

If flag pressed, go to FLAG routine

If clear pressed, go to CLEAR routine

If up pressed, go to UP subroutine

If down pressed, go to DOMWN subroutine

If left pressed, go to LEFT subroutine

If right pressed, go to RI GHT subroutine

O herwi se,

return to start

routine



d279
d27c
d27f
d282

d285

d288
d28b
d28c
d28d
d28e
d28f

d292
d294
d297
d29a
d29d
d29e
d2a0
d2a2
d2a4
d2a7
d2a9
d2ac
d2ae
d2bl
d2b4
d2b5
d2b8
d2ba
d2bd
d2c0

d2c3
d2c6
d2c7
d2c8
d2c9
d2ca
d2cd
d2cf

d2d2
d2d5
d2ds
d2d9
d2db
d2dd
d2df

d2e2
d2e4
d2e7

e

Te
7e

7e

d4

d4
d4

di

cO

cO

33

05

35

36

3b

3d

Oa

33

34

37

00

05

36

upl JWP navup
downl JWP navdown
leftl JMP navl ef t
righti  JMP navrt
JMP nav * Once done with routine, return to start
R R R R RS EEEEEEEEEEEEEEEEEEESE]
* *
* Fl ag Routine *
* *

Kkkkhkhkhkkhhkhkhhhhhhhhhhhkhkhkhk k%

* Checks to see if mne in current location. If no, user loses. If yes, stores
*alinthe blink signal, increnents the flag counter, and returns to start

flagged LDAA RI NDEX

LSLA
LSLA
LSLA
LSLA * Shift RINDEX 2"4 = 1 hex nunber to |eft
ADDA Cl NDEX
ADDA #$01
STAA REF1
LDAB REF1
LDX #$C000 * Set X to zero
ABX
LDAA $FF, X * Load B'th elenent of X (B th elenent of nmine pattern)
CVMPA #$01 *
BEQ flagl * If it was not a mne, they |ose
JWP | ose
flagl LDAA #$01 * Otherwise, load BLINK with blink signal
STAA BLI NK
LDAA #$00

STAA STATUS

LDAA FLGCNT * Load current flag count
I NCA * Increment flag count by one
CVPA TOTM NE * Conpare it to total nunber of m nes
BEQ wi nner * |f user has flagged every mne, they win
STAA FLGCNT * |f not, then store new flag count and return to start
JWP nav

Wi nner JWP Wi n

IR E R EEEEEEEEEEEEEEEEEEEES]

* *

* Cl ear Routine *

* *

Khkhkkhkhkhkhkhhhhhhhhhhhhkhkkhkk*

* Checks to see if mine in current location. If yes, user loses. If no, checks adjacent
* spaces for mnes, records nunber of adjacent nmines, and returns to start

Khkhkkhhhkhkhhhhhhhhhhhhhkhhkhkhkkkkkk

* M ne Check *

Khkhkkhkhhkhkhhhhhhhhhhhhkhkhkkhkkkk k&

cleared LDAA RI NDEX

LSLA
LSLA
LSLA
LSLA * Shift RINDEX 274 = 1 hex nunber to left
ADDA Cl NDEX
ADDA #$01
STAA REF1
LDAB REF1
LDX #$C000 * Set Xto zero
ABX
LDAA $FF, X * Load B'th element of X (B th elenent of mine pattern)
CVPA #$01 *|If it was a mine, go to |ose (you |ose)
BNE clearl
JMP | ose
clearl LDAB #$00 *
STAB STATUS * Store 0 into STATUS to turn off LED

*

ADDA #CLRVASK

18



d2e9 a7 ff

d2eb

d2ef
d2f 2
d2f5
d2f 8
d2fa
d2fd
d300
d303
d306
d309
d30b
d30e
d311
d314
d316
d319
d31lc
d3le
d321
d324
d327
d329
d32c
d32f
d332
d335
d338
d33a
d33d
d340
d342
d345
d348
d34b
d34d
d350
d353
d355
d358
d35b
d35e
d360
d363
d366
d369
d36¢
d36f
d371
d374
d377
d379
d37c

d37f

d383
d386
d387
d388
d38b
d38e
d38f

d390

ce

cO0
cO

44
ad
33

43

44
ad
33

43
34

44
ad

43
34

44
ad
33

43
44
ad
33

43
34

44
ad

cO
3a

3a
33

39

STAA

$FF, X

kkkkkhhhhhhhhhhhhhhhhhkx

* M ne Count

*

khkkkkhkkhhkhhhkhhhhhhhhhhx

* Store 1 into "cleared" to indicate spot

* Check mine pattern to see if there's a mine. Earlier routines choose which

* mne count routines to jump to

LDY #$00

next | LDAA

nextr LDAA

next ul LDAA

next u LDAA

next ur LDAA

next bl LDAA

next b LDAA

next br LDAA

RI NDEX
RI TEMP

#SFF
Cl TEMP
adj _chk

Rl TEMP
Cl NDEX
#$01

Cl TEMP
adj _chk
RI NDEX
#SFF

Rl TEMP
Cl NDEX
#$FF

Cl TEMP
adj _chk
RI NDEX
#SFF

Rl TEMP

Cl TEMP
adj _chk
RI NDEX
#$FF

Rl TEMP
Cl NDEX
#$01

Cl TEMP
adj _chk
RI NDEX
#$01

Rl TEMP
Cl NDEX
#SFF

Cl TEMP
adj _chk
RI NDEX
#$01

Rl TEMP

Cl TEMP
adj _chk
RI NDEX
#$01

Rl TEMP
Cl NDEX
#$01

Cl TEMP
adj _chk

NUMM NE
NUWMM N1

NUMM N1
RI NDEX

*

dependi ng on current grid position

Initialize mne counter

19

| ook

| ook

| ook

| ook

| ook

| ook

| ook

| ook

Store

n cell left of current position

n cell right of current position

n cell above, left of current position

n cell above current position

n cell to right of current position

n cell below, left of current position

n cell below current position

n cell below, right of current position

total mine count in NUW NL

has been cl eared



d391
d392
d395
d397
d39a
d39d
d3a0
d3al
d3a3
d3a5
d3a8
d3aa

d3ad
d3b0
d3bl
d3b2
d3b3
d3b4
d3b7
d3b9
d3bc
d3bf

d3c2
d3c3
d3c5
d3c7
d3c9
d3cb
d3cd

d3ce
d3d1
d3d2
d3d3
d3d4
d3d5
d3d8
d3da
d3dd
d3e0
d3e3
d3e4
d3e6
d3e8
d3ea
d3ec
d3ee
d3f1
d3f3
d3f 4
d3f5
d3f8
d3fa
d3fd
d3ff
d401
d404

c0

c0

3a

e4

43

44

38

00

33

3c

3a

36

36

Cl NDEX
#$01
REF1
REF1
#$C000

$FF, X
#CLR\VBK2
NUMM N1
$FF, X
nav

Shift RINDEX 274 = 1 hex nunber to left

Set X to zero

Load B'th elenent of X (B'th elenment of nine pattern)

store nunber of mines in nenory for this
cell location

Khkhkhkhkhkhkhhkhkhhhkhhhhhhhhkkkkhkkkkkkkkkkkk

* Adjacent M ne Check Subroutine

Khkhkhkhhkhkkhkhhhkhkhhhhhhhhhhk kA Ak kkkkkk k%

adj _chk LDAA

chk_out RTS

kkkkkhkhkhhhhhhhhhhhkhhhhkhhhkkkkk

* Current Position C eared?
R

posclr LDAA
LSLA
LSLA
LSLA
LSLA
ADDA
ADDA
STAA
LDAB
LDX
ABX
LDAA
ANDA
CVPA
BNE
LDAA

ski ppos LDAA

skp2 RTS

RI TEMP

Cl TEMP
#$01
REF2
REF2
#$C000

$FF, X
#$01
#$01
chk_out

RI NDEX

Cl NDEX
#$01
REF1
REF1
#$C000

$FF, X
#CLRVASK
#CLRVASK
ski ppos
#$01
NUMEN
$FF, X

NUMM N1
#$00
STATUS
skp2
#$01
STATUS

khkkkkhkkhkhkhkhhhkhhkhhhkhk Kk

*

*

* Wn/Lose Subroutine *

*

Khkhkhk Ak hhkkkkk koo ok okokokkkok

* ok ok ok

20

*

Shift RINDEX 224 = 1 hex nunber to left

Set X to zero

Check nmine pattern to see if there's a mne
Exam ne adj acent position for mne

Increment mine counter if mine found nearby

Shift RINDEX 274 = 1 hex nunber to left

Set X to zero

Load B'th elenent of X (B'th elenment of nine pattern)

Check to see if current position has been cleared
If not, don't display nunber of adjacent m nes

If clear, activate enable signal to display # adj

Load a zero into status to turn off LED

If position has not been cleared, keep LED on

m nes



d405
d407
d40a
d40c
d40f

d412
d415
d417
d419
d4la
d41d

d420
d423
d425
d427
d428
d42b

d42e
d431
d433
d435
d436
d439

d43c
d43f

da41
d443
d444
daa7

02
cO0

c0
di

cO0

04

c0

cO

04

cO0
di

32

32
e4

33

33

e4

33

33

34

34

e4

34

34

| ose LDAA #LOSER

STAA W NLCSE
win LDAA #W NNER

STAA W NLCSE

JMP nav
R
* *
* Navi gati on Subroutines *
* *

KAhkkkkhkhkhhhhhhhhhhhhhhhhhhhkkhkkk

*

*

Set win/lose to | ose

Set win/lose to win

* Checks current grid position and adjusts row col um indices
* according to navigation direction specified by user

khkkkkkkkkk

* u *
k ok ok kk ok ok ok kk
navup LDAA RI NDEX
CMVPA #$01
BEQ up
DECA
STAA RI NDEX
up JMP nav
k ok ok ok k ok ok ok kok
*  down *
*kkhkkkkkkkk
navdown LDAA RI NDEX
CMVPA #$05
BEQ down
I NCA
STAA RI NDEX
down JWP nav
kkkkkkkkkk
* left *
kkkkkkkkkk
navl eft LDAA Cl NDEX
CVPA #$01
BEQ left
DECA
STAA Cl NDEX
left JMP nav
khkkkkkkkkkk
* right *
* ok kok ok ok ok ok ok kK
navrt LDAA Cl NDEX
CVPA #$06
BEQ right
I NCA
STAA Cl NDEX
right JWP nav

*

21

f already at top row, do not decrease row i ndex

* Return to start

routi ne when done

If already at bottomrow, do not

routi ne when done

Return to start

If already at
col umm i ndex

| eft nbst columm, do not decrease

Return to start routi ne when done

If already at rightnost columm, do not increase
col umm i ndex
Return to start routine when done t increase

i ncrease row i ndex



Appendix C: EVB Block Diagram

keypress —Jp

&=[C2 O

C0 R2 R1 RO BLINK STATUZ]

navigation

" B =[0 MUMMINE[Z:0] MNUMEN WWINLOSE[:0]]
pattern generstor [N
mine pattern [23:0]
h 4
yes
kp k. kg
Start P checkreset Mo 2 P checkflag no P checkclear no L b
yes Ve
F S W Y
w
A [70] &
B[70]
flag routing clest routing
b FPGA
WINLOSE:0] WINLOSE[:0]
BiLIME, MUIRMIME
STATUS
RIMDEX
CINDEX
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Appendix D: FPGA Block Diagram and FSM Diagrams

A=[C2 C1 CO R2 R1 RO BLIMK STATUS]
B=[0 NUMMINE[Z:0] MNUMEM \WINLOSE[:0]]
A[T:3] i
L
£4:2] &
L
55 b (0] Seqls:0]
reset reset = p| 7-zegmert Decader
inutes Y
1.4
Time 10'z of Seconds
System Clock —} D }
Seconds Y
4
eset i Sel[5:0] reset
NS I >
Sclk[10:0 : :
A 70 Clock Divider LA Selectar a0 b Perforation
B70] Board
b
i EvE!
(poi ) Poller[5:0] L
b
L
reslet
ALFOl Grid Wector [35:0]
P Grid update Poller FSh
T Column Signal [4:0]
reset
reset reset
1 1
Rovw[3:0] keypress[2:0]
R [3:0] } Dehouncer Decoder } EvHB
reset
|
Column[3:0]
e Scanner
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Appendix D (Cont'd): Keypad Debouncer FSM

Nopress =1

Reset

Nopress = &rows

Nopress =0

Nopress =1

Nopress =0 _
Nopress = 1 Nopress = 0

Nopress =0

Nopress =1

Output Logic

En = state[1]&state[0]
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Appendix D (Cont'd): Keypad Scanner FSM

Nopress_bar Nopress = 1111 Nopress_bar

Reset

Nopress

Nopress

Nopress
Nopress_bar

Nopress_bar

Nopress

25



Appendix D (Cont'd): FSM for LED Grid Poller

Poller FSM for LED Grid

011111 101111 110111

Output = Column 1 of grid Output = Column 2 of grid Output = Column 3 of grid

Posedge

Posedge sclk

sclk

111110 111101 111011

Output = Column 6 of grid Output = Column 5 of grid Output = Column 4 of grid

26



Appendix E: Verilog Modules

module Final_Project(rows,clk,reset,keypress,columns,A,B,seg,gridcol ,poller,sel ,win,l 0se);

input clk;

input reset;

input [3:0] rows;

input [7:0] A;

input [6:0] B;

output [2:0] keypress;
output [3:0] columns;

output [6:0] seg;

output [5:0] poller,sel;
output [4:0] gridcol;
output win, lose;

FPGA2EVB FPGA2EVB2(rows,clk,reset, keypress,columns);
minesweeper minesweeper2(clk,reset,A,B,seg,gridcol poller,sel ,win,lose);

endmodule

module FPGA2EV B(rows,clk,reset, keypress,columns);
input [3:0] rows;
input clk;
input reset;
output [2:0] keypress;
output [3:0] columns;

wire sclk, belk;
wire[11:0] v;

wire en;

wire [3:0] columns;

slow_clock slow_clock3(clk,reset,sclk,belk,y);

debouncer debouncer3(reset,rows,sclk,en);

keyscanner keyscanner3(sclk,reset,rows,columns);

keydecoder keydecoder3(clk,reset,rows,columns,keypress,en);

endmodule
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modul e debouncer(reset,rows,sclk,en);
input reset;
input [3:0] rows;
input sclk;
output en;

wire nopress,

reg [1:0] state;
reg [1:0] nextstate;

assign nopress = (rowq 3] & rows[ 2] & rows[ 1] & rows[ 0]);

parameter SO = 2'b00;
parameter S1 = 2'b01;
parameter S2 = 2'b11;
parameter S3 = 2'b10;

/I State Register
always @(posedge sclk or posedge reset)
if (reset) state <= S0;
else state <= nextstate;

/INext state logic

always @(state or nopress)

case (state)
S0: if (nopress) nextstate <= S0;
else nextstate <= S1;
S1: if (nopress) nextstate <= S0;
else nextstate <= S2;
S2: if (nopress) nextstate <= S3;
else nextstate <= S2;
S3: if (nopress) nextstate <= S0;
else nextstate <= S1,

default; nextstate <= S0;
endcase
// Output Logic

assign en = (state[ 1] & state[Q]);
endmodule

28



modul e keydecoder(clk,reset,rows,columns,keypress,en);
input clk;
input reset;
input [3:0] rows;
input [3:0] columns;
input en;
output [2:0] keypress;

wire[7:0] A;

reg [2:0] keypress;
parameter UP =8h1011 0111;
parameter LEFT =8b0111 _1011;
parameter DOWN =8b1011 1011;
parameter RIGHT =8b1101 _1011;
parameter CLEAR =8b0111 1101;
parameter FLAG =8b1011 1101;
parameter RESET =8b1101 1101;

assign A = {columng3:0], rows[3:0]};

aways @(posedge clk or posedge reset)
if (reset) keypress <= 3'h0;
else
if (en)
case(A)
UP: keypress <= 3'b010;
LEFT: keypress <= 3'b100;
DOWN: keypress <= 3'b101;
RIGHT: keypress <= 3'b001;
CLEAR:keypress <= 3'b011;
FLAG: keypress<=3hlll;
RESET: keypress <= 3'h110;
default: keypress <= 3'h0;
endcase
else keypress <= 3'b0;
endmodule

module keyscanner(clk,reset,rows,columns);
input clk;
input reset;
input [3:0] rows;
output [3:0] columns;

reg [3:0] state;
reg [3:0] nextstate;

parameter nopress = 4'b1111;
parameter SO = 4'b0111;
parameter S1 = 4'b1011;
parameter S2 = 4'b1101;
parameter S3 = 4'b1110;

Il State Register
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aways @(posedge clk or posedge reset)

if (reset) state <= S0;
else State <= nextstate;
I/l Next State Logic
aways @(state or rows)
case (state)
SO: if (rows == nopress) nextstate <= S1;
else nextstate <= state;
SL: if (rows == nopress) nextstate <= S2;
else nextstate <= state;
S2: if (rows == nopress) nextstate <= S3;
else nextstate <= state;
S3: if (rows == nopress) nextstate <= S0;
else nextstate <= state;
default: nextstate <= S0;
endcase
// Output Logic

assign columns = state;
endmodule

module slow_clock(clk,reset,sclk,belk,y);
input clk;
input reset;
output sclk;
output bclk;
output [10:0] y;

reg [19:0] g;

aways @(posedge clk or posedge reset)
if (reset) g <=20'b0;
else
if (q==20'h1111 1111 1111 1111 1111) q<=20'b0;
else g<=q+1;

assign sclk = ~q[6]; //q[6]
assign belk = g[16]; /lq[16]
assigny = q[10:0];

endmodule
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module minesweeper(clk,reset,A,B,seg,gridcol,poller,sel ,win,lose);

input clk;
input reset;

input [7:0] A;
input [6:0] B;
output [6:0] seg;
output [5:0] poller,sel;

output [4:0] gridcol;
output win, lose;

endmodule

wire [1:0] blinkstatus;

wire sclk, belk;

wire[59:0] L;

wire[10:0] y;

wire [4:0] row_in, col_in, mine_num, sec, ten_sec, minutes;
wire [4:0] loc;

wire[4:0] q;

wire [5:0] poller,sdl;

wire en;

slow_clock slow_clock2(clk,reset,sclk,belk,y);

loc_decoder loc_decoder2(clk,reset,A,loc,blinkstatus);

/linput clk,reset
[loutput sclk,belk,y

[linput A
[loutput loc,blinkstatus

index_decoder index_decoder2(clk,reset,A[7:2],B[6:2],row_in,col_in,mine_num); /linput A,B

blinkoff_fsm blinkoff _fsm2(clk, reset, loc, blinkstatus, L);

gridpoller gridpoller2(sclk,bclk,reset,L,gridcol,poller);

sec_decoder sec_decoder2(clk,reset,sec,en);
ten_sec_decoder ten_sec_decoder2(clk,reset,en,ten_sec);
minute_decoder minute_decoder2(clk,reset,en,ten_sec,minutes);

selector selector2(clk,reset,y,sel);

mux6 mux62(row_in,col_in,mine_num,sec,ten_sec,minutes,sel,q);

sevenseg sevenseg2(d,seg);

winlose winlose2(B[1:0],win,lose);

31

[loutput row,col,minett

/linput loc,blinkstatus,reset
/1,sclk,belk,output L

/linput sclk,reset,L
/loutput gridcoal,poller

llinput clk,reset
/loutput seconds,ten_sec
/l,;minutes

/linput row,col
//minet,sec,
/lten_sec,minutes
//sel,output q

/linput g, output seg

/linput B, output w/l



module blinkoff_fsm(clk, reset, loc, blinkstatus, L);
//blinkoff_fsm(blinkstatus,loc,reset,clk,bclk,L);

input clk;

input reset;

input [4:0] loc;

input [1:0] blinkstatus;
output [59:0] L;

reg [59:0] L;

aways @(posedge clk or posedge reset)
if (reset) L <=60'b0;
elseif (blinkstatus == 2'b00)
begin
L[2*(loc-1)] <= 1; // turn off LED
L[2*(loc-1)+1] <=0;

end
eseif (blinkstatus == 2'b01)
begin
L[2*(loc-1)] <=0;
L[2*(loc-1)+1] <=0;
end
elseif (blinkstatus == 2'b10)
begin
L[2*(loc-1)+1] <= 1, //blink
L[2*(loc-1)] <=0
end

endmodule

module gridpoller(sclk,bclk,reset,L ,gridcol ,poller);
input sclk;
input belk;
input reset;
input [59:0] L;
output [4:0] gridcol;
output [5:0] poller;

reg [5:0] state;
reg [5:0] nextstate;
reg [4:0] gridcoal;

parameter SO = 6'b011111;
parameter S1 = 6'b101111;
parameter S2 = 6'b110111;
parameter S3 = 6'b111011;
parameter S4 = 6'b111101;
parameter S5 = 6'b111110;

assign poller[5:0] = state[5:0];
assign poller[4] = state[4];
assign poller[3] = state]3];
assign poller[2] = state[2];
assign poller[1] = state[1];
assign poller[0] = state[0];

/I State Register
adways @(posedge sclk or posedge reset)
if (reset) state <= S0;
else state <= nextstate;

/I Next State Logic
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dways @(state)

case (state)
SO0 begin
gridcol[4:0] =
{(L[49]&bclk|L[48]),(L[37]&bclK|L[36]),(L[25]& belk|L[24]),(L[13] & belk|L[12]),(L[1] & belK|L[O])} ;
nextstate <= S1,
end
Sl begin gridcol[4:0] =
{(L[51]&bclk|L[50]),(L[39] & belK|L[38]),(L[27]& belk|L[26]),(L[15] & belk|L[14]),(L[3] & belk|L[2])} ;
nextstate <= S2;
end
S2: begin gridcol[4:0] =
{(L[53]&bclk|L[52]),(L[41]&bclK|L[40]),(L[29]& belk|L[28]),(L[17] & belk|L[16]),(L[5] & belk|L[4])};
nextstate <= S3;
end
S3: begin gridcol[4:0] =
{(L[55]&bclk|L[54]),(L[43] & belk|L[42]),(L[31]& belk|L[30]),(L[19] & bl k|L[18]),(L[ 7] & belK|L[6])} ;
nextstate <= S4;
end
A begin gridcol[4:0] =
{(L[57]&bclk|L[56]),(L[45] & belK|L[44]),(L[33]& belk|L[32]),(L[21] & belk|L[20]),(L[9] & belK|L[8])} ;
nextstate <= S5;
end
S5: begin gridcol[4:0] =
{(L[59]&bclk|L[58]),(L[47]&bclK|L[46]),(L[35]& belk|L[34]),(L[23] & belk|L[22]),(L[11] & belk|L[10])};
nextstate <= S0;
end
default:

begin gridcol[4:0] =
{(L[49]&bclk|L[48]),(L[37]&bclk|L[36]),(L[25] & belk|L[24]),(L[13] & belk|L[12]),(L[1]&belk|L[O])};
nextstate <= S0;
end
endcase

endmodule

33



module index_decoder(clk,reset,A,B,row_in,col_in,mine_num);
input clk;
input reset;
input [5:0] A;
input [4:0] B;
output [4:0] row_in, col_in, mine_num;

reg [4:0] row_in,col_in,mine_num;

aways @(posedge clk or posedge reset)

if (reset)
begin
col_in<=5h0;
row_in <= 5'b0;
mine_num <= 5'b0;
end
else
begin
col_in <={2'b00,A[5:3]};
row_in <={2'b00,A[2:0]};
mine_num <= {~B[0],B[4:1]};
end

endmodule
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module loc_decoder(clk,reset,A,loc,blinkstatus);
input clk;
input reset;
input [7:0] A;
output [4:0] loc;
output [1:0] blinkstatus;

wire [2:0] row, col;
reg [4:0] loc;
reg [1:0] blinkstatus;

assign col = A[7:5];
assignrow = A[4:2];

aways @(posedge clk or posedge reset)

if (reset)
begin
blinkstatus <= 2'b01;
loc <= 5'b00001,;
end
else
begin
blinkstatus <= A[1:0];
loc <= ((row-1) * 6) + cal;
end
endmodule

module minute_decoder(clk,reset,en,ten_sec,minutes);
input clk;
input reset;
input en;
input [4:0] ten_sec;
output [4:0] minutes,
reg [4:0] minutes;

always @(posedge clk or posedge reset)

if (reset) minutes <= 5'b0;
eseif (en && ten _sec == 5'b00101)
case (minutes)
5600000 : minutes <= 5'b00001;

5'b00001 : minutes <= 5'b00010;
5'b00010 : minutes <= 5'b00011;
5'b00011 : minutes <= 5'b00100;
5'b00100 : minutes <= 5'b00101;
5'b00101 : minutes <= 5'b00110;
5'h00110 : minutes <= 5'b00111;
5'h00111 : minutes <= 5'n01000;
5'n01000 : minutes <= 5'b01001;
5'v01001 : minutes <= 5'b00000;
default minutes <= 5'n00000;
endcase

endmodule
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module mux6(d0,d1,d2,d3,d4,d5,sdl,q);
input [4:0] dO, d1, d2, d3, d4, d5;
input [5:0] sel;
output [4:0] q;

parameter sel0 = 6'b011111;
parameter sell1 = 6'b101111;
parameter sel2 = 6'b110111;
parameter sel3 = 6'b111011;
parameter sel4 = 6'b111101;
parameter sel5 = 6'b111110;

assign Q= (sel ==sel0) ?d0 : {5'bzzzzz},
q=(sel == sel1) ?d1: {5bzzzzz},
q=(sel ==sl2) ?d2: {5'bzzzzz},
g =(sdal ==sel3) ?d3: {5'bzzzz7},
g =(sel == sel4) ?d4 : {5'bzzzzz},
g =(sel == sa5) ?d5: {5'bzzzz7};

endmodule

module sec_decoder(clk,reset,sec,en);
input clk;
input reset;
output en;
output [4:0] sec;

reg [23:0] g;
reg [4:0] sec;
reg en;
aways @(posedge clk or posedge reset)
if(reset) begin
sec <= 5'b0;
g <= 24'b0;
en <=0,
end
elseif (q[23:20] == 4'b1010)
begin
g <= 24'h0;
en<=1;
end
ese begin
q<=q+1;
en<=0;
sec <={1'b0,q[23:20]};
end

endmodule
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module selector(clk,reset,y,sel);
input clk;
input reset;
input [10:0] y;
output [5:0] sel;

reg [5:0] sdl;

always @(posedge clk or posedge reset)
if(reset) sel <= 6b111111;
else
if (y >= 11'b0 &8& y <= 11'0001_0101_0101)
sel <=6'h011111;
dlseif (y >= 11'b001_0101 0110 &8& y <= 11'b010 1010 1010) sel <= 6b101111;
elseif (y >= 11'6010_1010 1011 && y <= 110011 1111 1111) sel <= 6b110111;
elseif (y >= 11'h100_0000_0000 &8& y <= 11'b101_0101 0100) sel <= 6b111011;
elseif (y >= 11'b101 0101 0101 && y <= 11'b110_1010_1001) sel <= 6b111101;
dseif (y >= 11'b110_1010_1010)
sel <=6'b111110;
endmodule

modul e sevenseg(s,seg);
input [4:0] s;
output [6:0] seg;

assign seg[0] = (4]|((93]& 2] & ~q[1]&~H0]) | (~5[3]&~5[2] &~ 1]) | (~5[3]& 2] & 1] &0))));

assign seg[1] = (J4]|((~s[3]&~s[2]& 1)) | (~o[3]& 1] & Q) | (3] & 2] &~ 1] &S 0))));

assign seg[2] = (4]|((~H[3]& 2] &~ 1]) | (~3]& 1] & 0]) | ([3]&~H2] &~ 1] & HT])));

assign seg(3] = (4]|((9[2)& 1] & 0]) | (~s2]&~1]&HO]) | (93]&~2]& H1]&~]) | (~5[3]& 2] &~ 1] &~H0))));
assign seg[4] = (F4]|(((S[3]&s[2])& ([1] | ~[0D)) | ((~S[3]&~H2])& (1] O])))):;

assign seg[5] = (S[4]|((S[0] & ((~s[3]&~[1]) | (3]&1]))) | (2] &~HON)& ([ 1] | 3])));

assign seg[6] = (4]|(((~9[3]&~5[1])& (2" 0])) | (3] & A& (2] 1]))));

endmodule

module slow_clock(clk,reset,sclk,bclk,y);
input clk;
input reset;
output sclk;
output bclk;
output [10:0] y;

reg [19:0] q;

always @(posedge clk or posedge reset)
if (reset) q <= 20'b0;
else
if (q==20b1111 1111 1111 1111 1111) q<=2000;
else q<=q+1

assign sclk = ~q[6];
assign belk = q[16];
assigny = q[10:0];

endmodule
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module ten_sec_decoder(clk,reset,en,ten_sec);
input clk;
input reset;
input en;
output [4:0] ten_sec;
reg [4:0] ten_sec;
aways @(posedge clk or posedge reset)

if (reset) ten_sec <= 5'b00000;

dseif (en)

case (ten_sec)
5'b00000 : ten_sec <= 5'b00001;
5'b00001 : ten_sec <= 5'b00010;
5'b00010 : ten_sec <= 5'b00011;
5'b00011 : ten_sec <= 5'b00100;
5'b00100 : ten_sec <= 5'b00101;
5'b00101 : ten_sec <= 5'b00000;
default :ten_sec <= 5'b00000;

endcase

endmodule

module winlose(B,win,l0se);

input [1:0] B;
output win;
output lose;
assign lose = B[1];
assign win = B[0];
endmodule
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