LIBRARY ieee;

USE ieee.std_logic_1164.ALL;

USE work.std_arith.all;

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

-------------- Definition of input and output signals -----------------------

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

ENTITY decomposition IS port (

       reset, clk, start     : IN std_logic;

       addr_strobe, ready    : OUT std_logic;

       cofactor              : IN std_logic_vector (1 DOWNTO 0); 

       address               : OUT std_logic_vector (15 DOWNTO 0);

       free_var              : OUT std_logic_vector (15 DOWNTO 0));

END decomposition;

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

-------------- Definition of states and internal signals --------------------

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

ARCHITECTURE free_set OF decomposition IS 

       TYPE StateType IS (INIT, CTRL, LoopI, LoopJ, COUNT, TEMP_COUNT,

                          STROBE, DATA, SUM, SLCT, WEIGH, WEIGH_1, DONE);

       SIGNAL present_state, next_state  :  StateType;

       SIGNAL i            : integer range 0 to 2;

       SIGNAL i            : integer range 0 to 4;

       SIGNAL n_inputs, temp_bound  :  integer range 0 to 4;

       SIGNAL n_free       :  integer range 0 to 2;

       SIGNAL Yj, max      :  integer range –255 to 255;

       SIGNAL C1, C2, C3, C4  :  integer range 0 255;

       SIGNAL in_data         :  std_logic_vector (1 DOWNTO 0);

       SIGNAL free            :  std_logic_vector (15 DOWNTO 0);

       SIGNAL temp_free       :  std_logic_vector (15 DOWNTO 0);

       SIGNAL temp_var        :  std_logic_vector (15 DOWNTO 0);

       SIGNAL counter         :  std_logic_vector (15 DOWNTO 0);

       SIGNAL result          :  std_logic_vector (15 DOWNTO 0);

       SIGNAL zero            :  std_logic_vector (15 DOWNTO 0);

       SIGNAL one             :  std_logic_vector (15 DOWNTO 0);

       SIGNAL maximum         :  std_logic_vector (15 DOWNTO 0);

BEGIN

       decompose : PROCESS (present_state, next_state, start, reset, i, j,

                            free, in_data, result, counter)

BEGIN

     IF (reset = '1') THEN

         next_state <= INIT;

CASE present_state IS 

     WHEN INIT =>

          ready <= '0';

          addr_strobe <= '0';

          IF (start = '1') THEN 

              next_state <= CTRL;

          END IF;

     WHEN CTRL =>

          zero <= "0000000000000000";

          one <= "0000000000000001";

          maximum <= "0000000000001111";

          free <= "0000000000000000";

          temp_bound <= 4;

          n_inputs <= 4;

          n_free <= 2;

          i <= 0;

          next_state <= LoopI;

     WHEN LoopI =>

          max <= 0;

          temp_var <= zero;

          j <= 0;

          IF (i < n_free) THEN

              next_state <= LoopJ;

          ELSE 

              next_state <= DONE;

          END IF;

     WHEN LoopJ =>

          C1 <= 0;

          C2 <= 0;

          C3 <= 0;

          C4 <= 0;

          Yj <= 0;

          result <= zero;

          counter <= zero;

          temp_free <= zero;

          IF (j < temp_bound) THEN

              next_state <= COUNT;

          ELSE

              next_state <= SLCT;

          END IF;

     WHEN COUNT =>

          IF (counter = maximum) THEN

              next_state <= WEIGH;

          ELSE 

              next_state <= STROBE;

          END IF;

     WHEN STROBE =>

          address <= counter;

          addr_strobe <= '1';

          next_state <= DATA;

     WHEN DATA =>

          in_data <= cofactor;

          next_state <= SUM;

     WHEN SUM =>

          addr_strobe <= '0'; 

   IF (j=0) THEN temp_free(0) <='1'; ELSE IF (j=1) THEN temp_free(1) <='1'; ELSE IF (j=2) THEN temp_free(2) <='1';

   ELSE IF (j=3) THEN temp_free(3) <='1'; END IF; END IF; END IF; END IF;

-----          temp_free(j) <= '1';

          IF (free /= temp_free) THEN

              temp_free <= (temp_free OR free);

              result <= (temp_free AND counter);

              IF (result = temp_free) THEN

                  IF (in_data = "01") THEN

                      C1 <= C1 + 1;

                  ELSE IF (in_data = "00") THEN

                           C3 <= C3 + 1;

                  END IF;

                  END IF;                  

              ELSE IF (result = zero) THEN

                   IF (in_data = "00") THEN

                       C2 <= C2 + 1;

                   ELSE IF (in_data = "01") THEN

                            C4 <= C4 + 1;

                   END IF;

                   END IF;

              END IF;

              END IF;

           END IF;

           next_state <= TEMP_COUNT;

     WHEN TEMP_COUNT =>

          counter <= counter + one;

          next_state <= COUNT;

     WHEN WEIGH =>

--          Yj <= ABS((C1+C4)-(C2+C3));

          Yj <= (C1+C4)-(C2+C3);

          IF (Yj > max) THEN

              max <= Yj;

              temp_var <= zero;

          END IF;

          next_state <= WEIGH_1;

     WHEN WEIGH_1 =>

------              temp_var(j) <= '1';

   IF (j=0) THEN temp_var(0) <='1'; ELSE IF (j=1) THEN temp_var(1) <='1'; ELSE IF (j=2) THEN temp_var(2) <='1';

   ELSE IF (j=3) THEN temp_var(3) <='1'; END IF; END IF; END IF; END IF;    

--          END IF;

          j <= j + 1;

          next_state <= LoopJ;

     WHEN SLCT =>

          free <= free OR temp_var;

          i <= i + 1;

          temp_bound <= temp_bound - 1;

          next_state <= LoopI;

     WHEN DONE =>

          ready <= '1';

          free_var <= free;

END CASE;

  END IF;

END PROCESS decompose;

clocked : PROCESS (clk)

BEGIN

     IF (clk'event AND clk = '1') THEN

         present_state <= next_state;

     END IF;

END PROCESS clocked;

END free_set;

