
44 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ДОДАТОК А 

Графічний матеріал кваліфікаційної роботи 



45 

 

 

 



46 

 

 

 



47 

 

 

 



48 

 

 

 



49 

 

 

 



50 

 

 

 



51 

 

 

 

 

 



52 

 

ДОДАТОК Б 

Програмний код 

 

 

library IEEE; 

use IEEE.STD_LOGIC_1164.ALL; 

use IEEE.NUMERIC_STD.ALL; 

 

entity DDS is 

    Port ( 

        clk      : in  STD_LOGIC; 

        reset    : in  STD_LOGIC; 

        freq_word: in  STD_LOGIC_VECTOR(31 downto 0); 

        sine_out : out STD_LOGIC_VECTOR(7 downto 0) 

    ); 

end DDS; 

 

architecture Behavioral of DDS is 

    signal phase_acc    : STD_LOGIC_VECTOR(31 downto 0) := 

(others => '0'); 

    type sine_lut_type is array (0 to 255) of STD_LOGIC_VECTOR(7 

downto 0); 

     

    constant sine_lut : sine_lut_type := ( 

        -- Приклад: заповнено лише перші значення, решта – нулі 

        0 => "10000000", 1 => "10011001", 2 => "10110001", -- 

... 

        others => "00000000" 

    ); 

     

    signal addr : integer range 0 to 255; 

begin 

    process(clk, reset) 

    begin 

        if reset = '1' then 

            phase_acc <= (others => '0'); 

        elsif rising_edge(clk) then 

            phase_acc <= std_logic_vector(unsigned(phase_acc) + 

unsigned(freq_word)); 

        end if; 

    end process; 

 

    addr <= to_integer(unsigned(phase_acc(31 downto 24))); 

    sine_out <= sine_lut(addr); 

end Behavioral; 

library IEEE; 

use IEEE.STD_LOGIC_1164.ALL; 

use IEEE.NUMERIC_STD.ALL; 

 

entity DDS is 
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    Port ( 

        clk       : in  STD_LOGIC; 

        reset     : in  STD_LOGIC; 

        freq_word : in  STD_LOGIC_VECTOR(31 downto 0); 

        sine_out  : out STD_LOGIC_VECTOR(7 downto 0) 

    ); 

end DDS; 

 

architecture Behavioral of DDS is 

    signal phase_acc : STD_LOGIC_VECTOR(31 downto 0) := (others 

=> '0'); 

    signal address   : integer range 0 to 255; 

 

    type sine_table_type is array (0 to 255) of 

STD_LOGIC_VECTOR(7 downto 0); 

    constant sine_table : sine_table_type := ( 

        0 => "10000000", 1 => "10011001", 2 => "10110001", 3 => 

"11001001", 

        4 => "11100001", 5 => "11111000", 6 => "00001111", 7 => 

"00100101", 

        8 => "00111010", 9 => "01001110", 10 => "01100001", 11 

=> "01110011", 

        12 => "10000000", -- решта значень — імітаційно 

        others => "00000000" 

    ); 

 

begin 

    process(clk, reset) 

    begin 

        if reset = '1' then 

            phase_acc <= (others => '0'); 

        elsif rising_edge(clk) then 

            phase_acc <= std_logic_vector(unsigned(phase_acc) + 

unsigned(freq_word)); 

        end if; 

    end process; 

 

    address <= to_integer(unsigned(phase_acc(31 downto 24))); 

    sine_out <= sine_table(address); 

end Behavioral; 

library IEEE; 

use IEEE.STD_LOGIC_1164.ALL; 

use IEEE.NUMERIC_STD.ALL; 

 

entity PipelinedALU is 

    Port ( 

        clk     : in  STD_LOGIC; 

        reset   : in  STD_LOGIC; 

        a       : in  STD_LOGIC_VECTOR(7 downto 0); 

        b       : in  STD_LOGIC_VECTOR(7 downto 0); 

        opcode  : in  STD_LOGIC_VECTOR(2 downto 0); -- 3-бітовий 

код операції 

        result  : out STD_LOGIC_VECTOR(7 downto 0) 
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    ); 

end PipelinedALU; 

 

architecture Behavioral of PipelinedALU is 

    -- Проміжні регістри між стадіями 

    signal reg_a1, reg_b1     : STD_LOGIC_VECTOR(7 downto 0); 

    signal reg_opcode1        : STD_LOGIC_VECTOR(2 downto 0); 

 

    signal reg_result2        : STD_LOGIC_VECTOR(7 downto 0); 

begin 

    -- Стадія 1: Збереження вхідних даних 

    process(clk, reset) 

    begin 

        if reset = '1' then 

            reg_a1      <= (others => '0'); 

            reg_b1      <= (others => '0'); 

            reg_opcode1 <= (others => '0'); 

        elsif rising_edge(clk) then 

            reg_a1      <= a; 

            reg_b1      <= b; 

            reg_opcode1 <= opcode; 

        end if; 

    end process; 

 

    -- Стадія 2: Виконання операції 

    process(clk, reset) 

    begin 

        if reset = '1' then 

            reg_result2 <= (others => '0'); 

        elsif rising_edge(clk) then 

            case reg_opcode1 is 

                when "000" => reg_result2 <= 

std_logic_vector(unsigned(reg_a1) + unsigned(reg_b1)); -- 

додавання 

                when "001" => reg_result2 <= 

std_logic_vector(unsigned(reg_a1) - unsigned(reg_b1)); -- 

віднімання 

                when "010" => reg_result2 <= reg_a1 and reg_b1; 

-- AND 

                when "011" => reg_result2 <= reg_a1 or reg_b1;  

-- OR 

                when "100" => reg_result2 <= reg_a1 xor reg_b1; 

-- XOR 

                when "101" => reg_result2 <= 

std_logic_vector(shift_left(unsigned(reg_a1), 1)); -- зсув вліво 

                when "110" => reg_result2 <= 

std_logic_vector(shift_right(unsigned(reg_a1), 1)); -- зсув 

вправо 

                when others => reg_result2 <= (others => '0'); 

            end case; 

        end if; 

    end process; 
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    -- Стадія 3: Вивід результату 

    process(clk, reset) 

    begin 

        if reset = '1' then 

            result <= (others => '0'); 

        elsif rising_edge(clk) then 

            result <= reg_result2; 

        end if; 

    end process; 

 

end Behavioral; 

library IEEE; 

use IEEE.STD_LOGIC_1164.ALL; 

use IEEE.NUMERIC_STD.ALL; 

 

entity DDR_Controller is 

    Port ( 

        clk       : in  STD_LOGIC; 

        reset     : in  STD_LOGIC; 

        cmd_ready : out STD_LOGIC; 

        ddr_cmd   : out STD_LOGIC_VECTOR(2 downto 0); -- 

RAS/CAS/WE 

        addr      : out STD_LOGIC_VECTOR(15 downto 0); 

        bank      : out STD_LOGIC_VECTOR(2 downto 0) 

    ); 

end DDR_Controller; 

 

architecture Behavioral of DDR_Controller is 

    type state_type is (RESET, INIT, IDLE, ACTIVE, READ, 

PRECHARGE, REFRESH); 

    signal state, next_state : state_type; 

 

    signal init_counter : integer range 0 to 255 := 0; 

begin 

 

    -- Машина станів 

    process(clk, reset) 

    begin 

        if reset = '1' then 

            state <= RESET; 

        elsif rising_edge(clk) then 

            state <= next_state; 

        end if; 

    end process; 

 

    process(state, init_counter) 

    begin 

        case state is 

            when RESET => 

                cmd_ready <= '0'; 

                ddr_cmd   <= "111"; -- NOP 

                addr      <= (others => '0'); 

                bank      <= "000"; 
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                next_state <= INIT; 

 

            when INIT => 

                if init_counter < 100 then 

                    init_counter <= init_counter + 1; 

                    ddr_cmd <= "111"; -- NOP 

                    next_state <= INIT; 

                else 

                    next_state <= IDLE; 

                end if; 

 

            when IDLE => 

                cmd_ready <= '1'; 

                ddr_cmd   <= "000"; -- ACTIVE 

                addr      <= "0000000000001000"; 

                bank      <= "001"; 

                next_state <= READ; 

 

            when READ => 

                cmd_ready <= '1'; 

                ddr_cmd   <= "101"; -- CAS = read 

                addr      <= "0000000000000100"; 

                bank      <= "001"; 

                next_state <= PRECHARGE; 

 

            when PRECHARGE => 

                ddr_cmd   <= "010"; -- PRE 

                addr      <= "0000000000010000"; 

                bank      <= "001"; 

                next_state <= REFRESH; 

 

            when REFRESH => 

                ddr_cmd   <= "001"; -- REFRESH 

                addr      <= (others => '0'); 

                bank      <= "000"; 

                next_state <= IDLE; 

 

            when others => 

                next_state <= RESET; 

        end case; 

    end process; 

 

end Behavioral; 

library IEEE; 

use IEEE.STD_LOGIC_1164.ALL; 

 

entity Arbiter2ch is 

    Port ( 

        clk         : in  STD_LOGIC; 

        reset       : in  STD_LOGIC; 

        req_0       : in  STD_LOGIC; 

        req_1       : in  STD_LOGIC; 

        grant_0     : out STD_LOGIC; 
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        grant_1     : out STD_LOGIC 

    ); 

end Arbiter2ch; 

 

architecture Behavioral of Arbiter2ch is 

    signal turn : STD_LOGIC := '0'; 

begin 

    process(clk, reset) 

    begin 

        if reset = '1' then 

            turn <= '0'; 

        elsif rising_edge(clk) then 

            if turn = '0' and req_0 = '1' then 

                grant_0 <= '1'; 

                grant_1 <= '0'; 

                turn <= '1'; 

            elsif turn = '1' and req_1 = '1' then 

                grant_0 <= '0'; 

                grant_1 <= '1'; 

                turn <= '0'; 

            else 

                grant_0 <= '0'; 

                grant_1 <= '0'; 

            end if; 

        end if; 

    end process; 

end Behavioral; 


