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PROJECT SPECIFICATIONS:
I/O Block Diagram
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The module consists of 3 inputs and 2 outputs. 
Inputs:
1. “2P/1P” signifies whether the second player is the computer or a human. 
2. “RESET” signal starts a new game.  
3. “CELL” signal specifies which cell has the user selected (1-9). 
Outputs:

1. “MATRIX_IN” is the output to the LED-Matrix which specifies which cells contain noughts and which contain crosses. 

2. “TURN” is an output which signifies which player (A or B in a 2 player game) has to take the next turn.
User Interface


[image: image2]
The inputs will be through the keyboard. “#” signifies “RESET”. “*” signifies “2P/1P”. “CELL” is an input to game controller which signifies the bit no. of the cell selected.
“TURN” output goes to the LCD display.  The display will show whether 1 (player A) or 2 (player B) has to make the next turn.
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Design Description:

Datapath:
To keep track of values in each of the nine boxes, we use nine such blocks (shown below). Each block is capable of storing either cross (“0110”) or zero (“1001”) on the select signal user.
Storage Block:
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Mechanism for LED Matrix Display: (Shown For First two Rows)
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This COUNT_OUT [2:0] signal is generated from a mod -8 counter as there are 8 rows. For first two rows, we need to see only values in R1_out, R2_out, R3_out registers. 
Winning condition calculator block
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As there are only 8 winning conditions possible for the game, we use a block (Shown above) for each condition to be checked. It takes 3 inputs (i.e. 3 boxes) and gives ‘1’ if all are equal but not all zero.
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Generating Enables:

For generating enables for each of the storing block discussed above the mechanism used is shown above. 
It takes a signal INPUT[3:0] which is generated by keyboard interface telling in which box user wants to place his or her move. EN_LATCH is also generated by keyboard showing key pressing period. Then this is decoded to generate enable. EN [10:15] are of no use and they will never be high. EN [0] is not used as it will be high if the INPUT [3:0] is “0000”. So nine enable signal of use are EN [0:9] for nine storage blocks.

Keyboard Interface: It generates signals INPUT [3:0], EN_LATCH, RESET (to restart the game), 
K (KEYPRESS), E (ENTER).
ONE PLAYER (AGAINST MACHINE):

Changes are mentioned:

USER = ‘1’ => Machine
USER = ‘0’ => Human

There is a simple block to calculate the total number of moves that has been made by both comp and user. Total number of moves will be input to state machine generating next move for computer.
Logic for generating enables for different storage blocks also changes.
REG_OUT [3:0] is the signal generated by MoveGeneratingStateMachine for Machine’s next move. So now enables to be generated depends on who the user is.
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The following picture depicts the state machine for the control part of the two player game. Note the following signals :

K
:
keypress , generated when a key is pressed.

R
:
reset, generated when reset (*) is pressed.

E
:
enter, generated when enter (#) is pressed.

W
:
win, generated when either player wins.

En_latch
:
This signal enables the appropriate register whose value is to be changed when a player makes a move.
D
:
this signal stands for the user who has to make a move.
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The following picture depicts the state machine for the control part of the one player game. In addition to the signals in the two player game, there are the following signals :

Input
:
this signifies the number key pressed by the user

Newuser
:
this signifies that the computer has made its move. When newuser=0 it means that either it’s the user’s move or the computer is yet to make its move; newuser=1 signifies that the computer has made its move.
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The VHDL module compplayer is used to guess the next move in the 1 player game. This module takes the following inputs:
1. Outputs of the 9 registers which contain the information about each cell

2. MOVES[3:0]: It signifies the number of moves that have been made.
3. USER: it is a data-valid signal, which acts as an enable signal for the machine to guess the next move.

4. NEWUSER: this is like an acknowledgement signal, when this is high, it means that the machine has guessed the next move and should stop guessing any further.

5. CLOCK.

The outputs of the machine are:

1. REG_OUT[3:0]: this contains the cell no. (1-9) which corresponds to the move guessed by the machine.
2. NEWUSER: this is like an end-of-computation signal, which gets high when the machine has guessed 1 move. 

The code for the machine has been written in VHDL. The strategy of guessing is as follows:

· If the machine makes the first move it will always chose the cell 5.

· If there is a chance of wining, i.e., if there is a row/column/diagonal with 2 crosses and the third cell empty, the machine will always make the winning move.

· If there is a chance of losing, i.e., ., if there is a row/column/diagonal with 2 zeroes and the third cell empty, the machine will always put a cross in the empty cell.

· In other cases, the machine will try to play the “double trick”, if possible, else it will play an empty cell so as to ensure that it doesn’t lose.

IMPLEMENTATION RESULT:

1. TWO PLAYER GAME: 

Design Summary:
   Number of CLBs:             64 out of   400   16%

      
CLB Flip Flops:      54

      
4 input LUTs:       117

      
3 input LUTs:        32 (16 used as route-throughs)
          Number of bonded IOBs:      36 out of    61   59%

     
 IOB Flops:            0

        
 IOB Latches:          0

          Number of Oscillators:               1 out of     1 100%

Total equivalent gate count for design: 1098

Timing summary:

---------------
Constraints cover 1507 paths, 156 nets, and 571 connections (100.0% coverage)

Design statistics:

   Minimum period:  30.362ns (Maximum frequency:  32.936MHz)

   Maximum combinational path delay:  33.225ns

   Maximum net delay:  20.318ns
CONNECTORS INFORMATION: (.ucf file)

# 9 - 14 

NET C7 LOC = P38;

NET C6 LOC = P37;

NET C5 LOC = P36;

NET C4 LOC = P35;

NET C3 LOC = P45;

NET C2 LOC = P44;

NET C1 LOC = P40;

NET C0 LOC = P39;

# 12 TO 13

NET RB0 LOC = P14;

NET RB1 LOC = P23;

NET RB2 LOC = P48;

NET RB3 LOC = P17;

NET RB4 LOC = P18;

NET RB5 LOC = P47;

NET RB6 LOC = P46;

NET RB7 LOC = P49;

NET R0 LOC = P19;

NET R1 LOC = P25;

NET R2 LOC = P26;

NET R3 LOC = P27;

NET R4 LOC = P16;

NET R5 LOC = P15;

NET R6 LOC = P20;

NET R7 LOC = P24;

#CN 17 for Key Board (CN20)

NET RO0 LOC=P56;

NET RO1 LOC=P57;

NET RO2 LOC=P58;

NET RO3 LOC=P59;

NET CO0 LOC=P60;

NET CO1 LOC=P61;

NET CO2 LOC=P62;

#11 - 21

NET WINAB LOC=P6;

2. ONE PLAYER GAME: 

Design Summary:

Number of CLBs:            209 out of   400   52%

      CLB Flip Flops:      65

      4 input LUTs:       337

      3 input LUTs:       123 (17 used as route-throughs)

      16X1 RAMs:            4Device utilization summary:

   Number of External IOBs            41 out of 160    67%

      Flops:                           0

      Latches:                         0

   Number of Oscillators               1 out of 1     100%

Total equivalent gate count for design: 3145
Timing summary:

---------------

Timing errors: 0 Score: 0

Constraints cover 85548 paths, 433 nets, and 1530 connections (100.0% coverage)

Design statistics:

   Minimum period:  65.495ns (Maximum frequency:  15.268MHz)

   Maximum net delay:  18.959ns
CONNECTORS INFORMATION: (.ucf file)

# 9 - 14 

NET C7 LOC = P38;

NET C6 LOC = P37;

NET C5 LOC = P36;

NET C4 LOC = P35;

NET C3 LOC = P45;

NET C2 LOC = P44;

NET C1 LOC = P40;

NET C0 LOC = P39;

# 12 TO 13

NET RB0 LOC = P14;

NET RB1 LOC = P23;

NET RB2 LOC = P48;

NET RB3 LOC = P17;

NET RB4 LOC = P18;

NET RB5 LOC = P47;

NET RB6 LOC = P46;

NET RB7 LOC = P49;

NET R0 LOC = P19;

NET R1 LOC = P25;

NET R2 LOC = P26;

NET R3 LOC = P27;

NET R4 LOC = P16;

NET R5 LOC = P15;

NET R6 LOC = P20;

NET R7 LOC = P24;

#CN 17 for Key Board (CN20)

NET RO0 LOC=P56;

NET RO1 LOC=P57;

NET RO2 LOC=P58;

NET RO3 LOC=P59;

NET CO0 LOC=P60;

NET CO1 LOC=P61;

NET CO2 LOC=P62;

NET STAT2 LOC=P83;

NET STAT1 LOC=P84;

NET STAT0 LOC=P3;
#11 - 21

NET USEROUT LOC=P4;

NET NEWUSEROUT LOC=P5;

NET WINAB LOC=P6;
Simulation Results:
Against the Machine(One Player):
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Simulation for two player game:
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Limitations & Suggestions:

1. Due to limitation on maximum no. of buses on FPGA and non-working CN-21, which user is on can’t be shown effectively i.e. on LCD display.

2. Winning condition could have been shown by blinking of winning combination.
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