Lab 4

ENTITY alu IS

    GENERIC(SIZE : integer RANGE 2 TO 32      := 32);    -- Number of bits in ALU

    PORT(a, b    : IN      std_logic_vector(SIZE - 1 DOWNTO 0);  -- The a and b inputs

        aneg     : IN      std_logic;                    -- If '1' invert a 

        bneg     : IN      std_logic;                    -- If '1' invert b take 2's comp of b if subtract

        op       : IN      std_logic_vector(1 DOWNTO 0);         -- operation i.e. and, or, etc.

        Result   : OUT     std_logic_vector(SIZE - 1 DOWNTO 0);  -- Result of operation

        Zero     : OUT     std_logic;                    -- Set if overflow on add or sub

        overflow : OUT     std_logic;                    -- Set if Result = 0

        p        : OUT     std_logic_vector(SIZE - 1 DOWNTO 0);  -- Propagate carry 

        q        : OUT     std_logic_vector(SIZE - 1 DOWNTO 0)   -- Generate carry

        );

END alu; 

ARCHITECTURE struc OF alu IS

-- Complete the architecture.

-- The architecture must be structural using alu1 and alus as components.

-- Use the VHDL GENERATE statement (see the Designers guide to VHDL) so that

-- the number of bits in the ALU is determined by the GENERIC SIZE. The test bench is uses a 4 bit ALU, 

-- but your ALU must work for any size ALU form 2 to 32 bits.

END struc;

The generate statement

The for ..generate statement isd usually used to instantiate "arrays" of components. The generate parameter may be used to index array-type signals associated with component ports: 

architecture GEN of REG_BANK is

  component REG

    port(D,CLK,RESET : in  std_ulogic;

         Q           : out std_ulogic);

  end component;

begin

   GEN_REG: 

   for I in 0 to 3 generate

      REGX : entity REG port map

        (DIN(I), CLK, RESET, DOUT(I));

   end generate GEN_REG;

end GEN;

Another form of generate is the if ... generate statement. This is usually used within a for .. generate statement, to account for irregularity. For instance, a ripple-carry adder with no carry-in: 

begin

  GEN_ADD: for I in 0 to 7 generate

    LOWER_BIT: if I=0 generate

      U0: entity HALFADD port map

         (A(I),B(I),S(I),C(I));

    end generate LOWER_BIT;

    UPPER_BITS: if I>0 generate

      UX: entity FULLADD port map

         (A(I),B(I),C(I-1),S(I),C(I));

    end generate UPPER_BITS;

  end generate GEN_ADD;

  COUT <= C(7);

end GEN;

Test bench version 1

ARCHITECTURE TEST OF TB IS

    SIGNAL a, b: std_logic_vector(3 downto 0) := "0000";

    SIGNAL op: std_logic_vector(1 downto 0) := "00";

    SIGNAL ov_and, ov_or, ov_add, ov_sub, ov_less, Z_and, z_or, z_add, z_sub, z_less: std_logic := '0';

    SIGNAL R_and, R_or, R_add, R_sub, R_less: std_logic_vector(3 downto 0) := "0000";

BEGIN

   a <= a + 1 after 100 ns;

   b <= (not b(0)) & b(3 downto 1) after 50 ns; 

ALUand: entity work.ALU(struc) generic map(4)

         PORT MAP (a, b, '0', '0',"00", r_and, Z_and, ov_and);

ALUor: entity work.ALU(struc) generic map(4)

         PORT MAP (a,b, '0', '0',"01", r_or, Z_or, ov_or);

ALUadd: entity work.ALU(struc) generic map(4)

         PORT MAP (a, b, '0', '0',"10", r_add, Z_add, ov_add);

ALUsub: entity work.ALU(struc) generic map(4)

         PORT MAP (a,b, '0', '1',"10", r_sub, Z_sub, ov_sub);

ALUless: entity work.ALU(struc) generic map(4)

         PORT MAP (a,b,'0', '1',"11", r_less, Z_less, ov_less);

END ARCHITECTURE TEST;

Test bench version 2

ARCHITECTURE TEST OF TB IS

    CONSTANT BITS: integer := 2;

    SIGNAL a, b: std_logic_vector((BITS-1) downto 0) := (others => '0');

    signal ai,bi: integer;

    SIGNAL R_add: std_logic_vector((BITS-1) downto 0) := (others => '0');

    signal addi: integer;

    signal add_er: boolean := FALSE;

    SIGNAL ov_add: std_logic := '0';

    SIGNAL R_sub: std_logic_vector(BITS-1 downto 0) := (others => '0');

    signal subi: integer;

    signal sub_er: boolean := FALSE;

    SIGNAL ov_sub: std_logic := '0';

    SIGNAL R_less: std_logic_vector((BITS-1) downto 0) := (others => '0');

    signal less_er: boolean;

    SIGNAL ov_less: std_logic := '0';

    SIGNAL R_and: std_logic_vector((BITS-1) downto 0) := (others => '0');

    signal and_er: boolean;

    SIGNAL ov_and: std_logic := '0';

    SIGNAL R_or: std_logic_vector((BITS-1) downto 0) := (others => '0');

    signal or_er: boolean;

    SIGNAL ov_or: std_logic := '0';

    SIGNAL Z_and, z_or, z_add, z_sub, z_less: std_logic := '0';

BEGIN

   a <= a + 1 after 400 ns;

   b <= b + 1 after 100 ns;

   ai <= conv_integer(signed(a));

   bi <= conv_integer(signed(b)); 

   addi <= ai + bi;

   add_er <= false when (addi = conv_integer(signed(R_add))) else true;

   subi <= ai - bi;

   sub_er <= false when (subi = conv_integer(signed(R_sub))) else true;

   less_er <= false when ((ai < bi) = (r_less = "01"));

   and_er <= false when ((a and b) = r_and) else true;

   or_er <= false when ((a or b) = r_or) else true;

   process

   begin

        wait for 15 ns;

        assert not (add_er and (ov_add = '0'))  report "******* Add error";

        assert not (sub_er and (ov_sub = '0')) report "******* Sub error";

        assert not (less_er and (ov_less = '0')) report "******* Less error";

        assert not and_er report "******* And error";

        assert not or_er report "******* Or error";

        wait on a,b;   

   end process; 

ALUand: entity work.ALU(struc) generic map(BITS)

         PORT MAP (a, b, '0', '0',"00", r_and, Z_and, ov_and);

ALUor: entity work.ALU(struc) generic map(BITS)

         PORT MAP (a,b, '0', '0',"01", r_or, Z_or, ov_or);

ALUadd: entity work.ALU(struc) generic map(BITS)

         PORT MAP (a, b, '0', '0',"10", r_add, Z_add, ov_add);

ALUsub: entity work.ALU(struc) generic map(BITS)

         PORT MAP (a,b, '0', '1',"10", r_sub, Z_sub, ov_sub);

ALUless: entity work.ALU(struc) generic map(BITS)

         PORT MAP (a,b,'0', '1',"11", r_less, Z_less, ov_less);

END ARCHITECTURE TEST;
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