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library ieee; 
use IEEE.std_logic_1164.all; 
 
 
 
entity mux_2 is 
  port ( 
    A, B : in  std_logic_vector (1 downto 0); 
    C_in : in std_logic; 
    F    : out std_logic_vector (1 downto 0) ); 
end mux_2; 
 
architecture behavioral of mux_2 is 
begin 
 with C_in select 
 f <= A    after 10 ns when '0', 
  B    after 10 ns when '1', 
  "ZZ" after 10 ns when others;  
end behavioral; 

library IEEE; 
use IEEE.std_logic_1164.all; 
 
 
entity FA is 
  port ( 
    A, B, carry_in    : in  std_logic; 
    F,    carry_out   : out std_logic ); 
end FA; 
 
 
architecture behavioral of FA is 
begin 
 F <= A XOR B XOR carry_in after 30 ns; 
 carry_out <= (A AND B) OR (A AND carry_in) OR (B AND 
carry_in) after 40 ns; 
end behavioral; 
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library IEEE; 
use IEEE.std_logic_1164.all; 
 
entity mux_2_testbench is 
end mux_2_testbench; 
 
architecture behavioral of mux_2_testbench is 
 component mux_2 
  port ( A, B : in  std_logic_vector (1 downto 0); 
         C_in : in std_logic; 
         F    : out std_logic_vector (1 downto 0) 
  ); 
 end component; 
  
 signal in1,in2,testout:std_logic_vector (1 downto 0); 
 signal sel:std_logic; 
  
begin 
 u1: mux_2 port map (in1,in2,sel,testout); 
 process 
  variable err_cnt: integer := 0; 
 begin 
  
  in1 <= "00"; 
  in2 <= "11"; 
  sel <='0'; 
  wait for 10ns;  
  assert(testout = "00") report "Error" severity error; 
  if (testout /= "00") then 
   err_cnt := err_cnt + 1; 
  end if; 
  sel <='1'; 
  wait for 10ns;  
  assert(testout = "11") report "Error" severity error; 
  if (testout /= "11") then 
   err_cnt := err_cnt + 1; 
  end if; 
   
 end process; 
 
end behavioral; 
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library IEEE; 
use IEEE.std_logic_1164.all; 
entity testbench is 
  generic (Tpd : time := 160 ns); 
end testbench; 
architecture arc_testbench of testbench is 
  component add_4  
    port ( 
      A, B    : in  std_logic_vector (3 downto 0); 
      Z       : out std_logic_vector (4 downto 0) ); 
  end component; 
  signal A,B : std_logic_vector (3 downto 0); 
  signal Z   : std_logic_vector (4 downto 0); 
begin 
  UUT: component add_4 port map (A,B,Z);  --Unit Under Test 
  process 
  begin 
    A <= "1010"; 
    B <= "1011"; 
    wait for Tpd; 
    A <= "0001"; 
    B <= "1001"; 
    wait for Tpd; 
    A <= "1111"; 
    B <= "0000"; 
    wait;                -- needed to prevent entering the process again. 
  end process; 
end arc_testbench;  
configuration cfg_testbench of testbench is 
  for arc_testbench 
    for UUT : add_4 
      use entity work.add_4; 
    end for; 
  end for; 
end cfg_testbench; 

library IEEE; 
 
use IEEE.std_logic_1164.all; 
 
entity add_4 is 
  port( 
    A, B : in  std_logic_vector (3 downto 0); 
    Z    : out std_logic_vector (4 downto 0) ); 
end add_4; 
 
 
architecture add_4_arc of add_4 is 
 
component FA 
 port ( A, B, carry_in : in std_logic; 
        F,   carry_out : out std_logic 
 ); 
end component; 
 
signal c0to1, c1to2, c2to3 : std_logic; 
 
begin 
FA_0: FA port map (A=>A(0),B=>B(0),carry_in=>'0'  ,F=>Z(0),carry_out=>c0to1); 
 
FA_1: FA port map (A=>A(1),B=>B(1),carry_in=>c0to1,F=>Z(1),carry_out=>c1to2); 
 
FA_2: FA port map (A=>A(2),B=>B(2),carry_in=>c1to2,F=>Z(2),carry_out=>c2to3); 
 
FA_3: FA port map (A=>A(3),B=>B(3),carry_in=>c2to3,F=>Z(3),carry_out=>Z(4)); 
 
end add_4_arc; 
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library IEEE; 
use IEEE.std_logic_1164.all; 
 

entity bit_reg is 
  port( 
    clk   : in  std_logic; 
    d_in  : in  std_logic; 
    d_out : out std_logic ); 
end bit_reg; 
 

architecture bit_reg_arc of bit_reg is 
begin 
 process (clk) 
 begin 
   if (clk'event and clk='1') then 
    d_out <= d_in after 15 ns; 
   end if;  

 end process; 
end bit_reg_arc; 
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library IEEE;  
use IEEE.std_logic_1164.all; 
entity add_4_pipe is 
  port( 
    A, B    : in  std_logic_vector (3 downto 0); 
    Z       : out std_logic_vector (4 downto 0); 
    clk     : in std_logic); 
end add_4_pipe; 
 
architecture add_4_pipe_arc of add_4_pipe is 
component FA 
 port ( A, B, carry_in : in std_logic; 
        F,   carry_out : out std_logic 
 ); 
end component; 
component bit_reg 
 port (  clk,d_in: in std_logic; 
  d_out: out std_logic); 
end component; 
signal reg1_reg3,reg3_reg7,reg7_fa, 
 reg2_reg4,reg4_reg8,reg8_fa, 
 reg5_reg9,reg9_fa, 
 reg6_reg10,reg10_fa, 
 reg11_fa, 
 reg12_fa, 
 co_reg15,reg15_cin, 
 co_reg14,reg14_cin, 
 co_reg13,reg13_cin, 
 co_reg22, 
 s_reg16,reg16_reg18,reg18_reg21,reg21_reg26, 
 s_reg17,reg17_reg20,reg20_reg25, 
 s_reg19,reg19_reg24, 
 s_reg23 : std_logic; 
 
begin 
 FA_0: FA port map(A(0)    ,B(0)    ,'0'      ,s_reg16,co_reg15); 
 FA_1: FA port map(reg11_fa,reg12_fa,reg15_cin,s_reg17,co_reg14); 
 FA_2: FA port map(reg9_fa ,reg10_fa,reg14_cin,s_reg19,co_reg13); 
 FA_3: FA port map(reg7_fa ,reg8_fa ,reg13_cin,s_reg23,co_reg22); 
  
 reg_01: bit_reg port map (clk, B(3)      , reg1_reg3); 
 reg_02: bit_reg port map (clk, A(3)      , reg2_reg4); 
 reg_03: bit_reg port map (clk, reg1_reg3 , reg3_reg7); 
 reg_04: bit_reg port map (clk, reg2_reg4 , reg4_reg8); 
 reg_05: bit_reg port map (clk, B(2)      , reg5_reg9); 
 reg_06: bit_reg port map (clk, A(2)      , reg6_reg10); 
 reg_07: bit_reg port map (clk, reg3_reg7 , reg7_fa); 
 reg_08: bit_reg port map (clk, reg4_reg8 , reg8_fa); 
 reg_09: bit_reg port map (clk, reg5_reg9 , reg9_fa); 
 reg_10: bit_reg port map (clk, reg6_reg10, reg10_fa); 
 reg_11: bit_reg port map (clk, B(1)      , reg11_fa); 
 reg_12: bit_reg port map (clk, A(1)      , reg12_fa); 
 
 reg_13: bit_reg port map (clk, co_reg13  , reg13_cin); 
 reg_14: bit_reg port map (clk, co_reg14  , reg14_cin); 
 reg_15: bit_reg port map (clk, co_reg15  , reg15_cin); 
 
 reg_16: bit_reg port map (clk, s_reg16     , reg16_reg18); 
 reg_17: bit_reg port map (clk, s_reg17     , reg17_reg20); 
 reg_18: bit_reg port map (clk, reg16_reg18 , reg18_reg21); 
 reg_19: bit_reg port map (clk, s_reg19     , reg19_reg24); 
 reg_20: bit_reg port map (clk, reg17_reg20 , reg20_reg25); 
 reg_21: bit_reg port map (clk, reg18_reg21 , reg21_reg26); 
 reg_22: bit_reg port map (clk, co_reg22    , Z(4)); 
 reg_23: bit_reg port map (clk, s_reg23     , Z(3)); 
 reg_24: bit_reg port map (clk, reg19_reg24 , Z(2)); 
 reg_25: bit_reg port map (clk, reg20_reg25 , Z(1)); 
 reg_26: bit_reg port map (clk, reg21_reg26 , Z(0)); 
end add_4_pipe_arc; 
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library IEEE; 
use IEEE.std_logic_1164.all; 
entity testbench is 
  generic (CLK_CYCLE : time := 56 ns);  
end testbench; 
architecture arc_testbench of testbench is 
  component add_4_pipe is 
  port ( 
    A,B     : in  std_logic_vector (3 downto 0); 
    Z       : out std_logic_vector (4 downto 0); 
    clk     : in std_logic); 
  end component; 
  signal A,B : std_logic_vector (3 downto 0); 
  signal Z   : std_logic_vector (4 downto 0); 
  signal clk : std_logic := '0';        -- clk signal, reset to '0' on 
 begin   
   UUT: component add_4_pipe port map (A,B,Z,clk);  --Unit Under Test 
   process 
   begin 
     wait until ( (clk'event) and (clk = '1') ); 
     wait for 15 ns; 
     A <= "1010"; 
     B <= "1011"; 
     wait until ( (clk'event) and (clk = '1') ); 
     wait for 15 ns; 
     A <= "1000"; 
     B <= "0010"; 
     wait until ( (clk'event) and (clk = '1') ); 
     wait for 15 ns; 
     A <= "0100"; 
     B <= "0010"; 
     wait until ( (clk'event) and (clk = '1') ); 
     wait for 15 ns; 
     A <= "1100"; 
     B <= "0011"; 
         wait;                               
   end process; 
   process 
   begin 
     wait for CLK_CYCLE/2; 
     clk <= not clk; 
   end process; 
end arc_testbench;  
configuration cfg_testbench of testbench is 
  for arc_testbench 
    for UUT : add_4_pipe 
      use entity work.add_4_pipe; 
    end for; 
  end for; 
end cfg_testbench; 
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library IEEE;  
use IEEE.std_logic_1164.all; 
 
entity add_2_cla is 
  port( 
    A, B    : in  std_logic_vector (1 downto 0); 
    Z       : out std_logic_vector (2 downto 0)); 
end add_2_cla; 
 
architecture add_2_cla_arc of add_2_cla is 
 
component FA 
 port ( A, B, carry_in : in std_logic; 
        F,   carry_out : out std_logic 
 ); 
end component; 
 
signal 
 c0, 
 a1_and_b1, 
 a1_or_b1, 
 a1_or_b1_and_c0, 

useless : std_logic; 
 
begin 
 FA_0: FA port map(A(0),B(0)     ,'0'            ,Z(0),c0); 
 FA_1: FA port map(A(1),B(1)     ,c0             ,Z(1)); 
 FA_2: FA port map('1' ,A(1)     ,B(1)           ,useless,a1_or_b1); 
 FA_3: FA port map(A(1),B(1)     ,'0'            ,useless,a1_and_b1); 
 FA_4: FA port map(a1_or_b1,c0,'0'      , useless,a1_or_b1_and_c0); 
 FA_5: FA port map('1' ,a1_and_b1,a1_or_b1_and_c0,useless,Z(2)); 
end add_2_cla_arc; 


