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        Figure. 1
Objective: Code the behavior of a 2-to-1 MUX in VHDL.
Logic: A multiplexer or a data selector is a combinational circuit that selects binary information from one of many input lines and directs it to a single output line. In figure 1, we see two input lines and one output line each of four bits wide. 

The selection of a particular input line is controlled by a set of control/selection lines (‘sel’). Generally, there are 2n input lines and n selection lines.

	sel
	output

	‘0’
	a1-a4

	‘1’
	b1-b4


Operation: 
Code:
library IEEE;

use IEEE.STD_LOGIC_1164.ALL;

use IEEE.STD_LOGIC_ARITH.ALL;

use IEEE.STD_LOGIC_UNSIGNED.ALL;

entity mux is

   Port (

   

 --First set of inputs



  a1,a2,a3,a4   
:in std_logic;--a1 is MSB


 --Second set of inputs



  b1,b2,b3,b4
 :in std_logic;--b1 is MSB


  --Selection line



  sel

 :in std_logic;

               --Output from the MUX


               output

:out
std_logic_vector(1 to 4)    

        );

end entity mux;

architecture Behavioral of mux is
begin

Multiplex: process(sel)

begin

   if(sel='0') then

        output(4)<=a4; output(3)<=a3; output(2)<=a2; output(1)<=a1;

   else


   end if;

end process Multiplex;   

end Behavioral;
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Figure. 2
Objective: Code the behavior of 3 bit carry look-ahead adder in VHDL.

Logic: Refer to Course Reader. 
The terms Gi, Pi, Ci, and Si used in the reader has been represented here as carry_geni, carry_propi, carryi, and output(i) respectively. 
Operation:  The carry look-ahead adder depicted in figure 2 is in relation with the behavioral description given below
Code:

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;

use IEEE.STD_LOGIC_ARITH.ALL;

use IEEE.STD_LOGIC_UNSIGNED.ALL;

entity adder_lookahead is

  Port(

                a1,a2,a3
:in std_logic;--a3 is  MSB


  b1,b2,b3
:in std_logic;--b3 is MSB

 output

:out std_logic_vector(4 downto 1)  --Sum
   );

end entity;

architecture Behavioral of adder_lookahead is

signal carry_prop1,carry_prop2,carry_prop3                
  :std_logic;

signal carry_gen1,carry_gen2,carry_gen3                    
 :std_logic;

signal carry1,carry2,carry3                              

 :std_logic;

begin


process(a3,a2,a1,b3,b2,b1)



begin



   carry_prop1<=a1 xor b1; carry_gen1<=a1 and b1;



   carry_prop2<=a2 xor b2; carry_gen2<=a2 and b2;



   carry_prop3<=a3 xor b3; carry_gen3<=a3 and b3;


 end process;



 process(carry_prop1,carry_gen1)


 begin



   carry1<=carry_gen1 or (carry_prop1 and '0');



   output(1)<=carry_prop1 xor '0';

         

  end process;



 process(carry1)



 begin



   carry2<=carry_gen2 or (carry_prop2 and carry1); 



   output(2)<=carry_prop2 xor carry1;

        

  end process;


process(carry2)



begin




       

   end process;



process(                         )

        

  begin





            end process;

     end Behavioral;
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        Figure. 3

Objective: Code the behavior of the state machine described above in VHDL. This type of state machine is called 
Logic: The state machine described above has five states. The final state (S5) is reached when the pattern “1001” is observed in the input stream. 
Code:

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;

use IEEE.STD_LOGIC_ARITH.ALL;

use IEEE.STD_LOGIC_UNSIGNED.ALL;

entity state_machine is

 Port (

                  input  


:in std_logic;

                  output_state

:out std_logic_vector(2 downto 0);

                  cclk


:in std_logic; --CLOCK
                  reset


:in std_logic;


   accept_input

:in std_logic

   );

end entity state_machine;

architecture Behavioral of state_machine is

    type STATE_TYPE is (S1,S2,S3,S4,S5);

    signal STATE,NEXTSTATE : STATE_TYPE ;

begin

    machine: process (input,accept_input,STATE) begin

       NEXTSTATE <= STATE ;

       case STATE is

          when S1     => 

                         if accept_input='1' then

                           if input='0' then

                              NEXTSTATE<=S1;

                           else

                               NEXTSTATE<=S2;

                           end if;

                         end if;
      when S2     =>




if accept_input='1' then

                           if input='0' then

                              NEXTSTATE<=S3;

                            else

                               NEXTSTATE<=S2;

                            end if;

                        end if;

        when S3
     =>




if accept_input='1' then




   if input='0' then

                             NEXTSTATE<=S4;

                           else

                             NEXTSTATE<=S2;

                           end if;

                        end if;


when S4
      =>


when S5
      =>





             end case ;     

     end process machine ;
output_state <=  "001" when STATE=S1 else 

                           "010" when STATE=S2  else



           "011" when STATE=S3  else



           "100" when STATE=S4 else



     
   "101" when STATE=S5; 

  Reg: process (cclk,reset) 


  begin

       
    if reset='1' then
                        STATE <= S1 ;

                   elsif cclk'event and cclk='1' then
                        STATE <= NEXTSTATE ;

            end if ;    

    end process Reg;  

end Behavioral ;
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Objective: Code the behavior of a 4-bit binary up/down counter in VHDL.

Logic: A counter is a combinational circuit that tallies or counts the number of input pulses (clk). Counters are fundamental components of digital systems. Digital counters are used in wide variety of applications, including pulse counting, frequency division, time measurement, control, and other timing operations. 
Figure 4, depicts an up/down configurable 4-bit binary counter. The maximum count or the minimum count value can be set for up count or down count respectively
Operation: 

	select_up_down
	operation
	count_value
	count -sequence



	‘1’
	Count-up
	X (max count) 
	counts up from “0000” to X

	‘0’
	Count-down
	X(min count)
	counts down from “1111” to X 


                                       X- Any 4-bit binary combination
Code:
library IEEE;

use IEEE.STD_LOGIC_1164.ALL;

use IEEE.STD_LOGIC_ARITH.ALL;

use IEEE.STD_LOGIC_UNSIGNED.ALL;

entity counter is

   Port (

      
 count_value


:in std_logic_vector(3 downto 0);--Max or Min value


 select_up_down


:in std_logic; --'1' is up counter

    
 output



:out std_logic_vector(3 downto 0);


 clk



:in std_logic;--CLOCK

 reset



:in std_logic
   


    );

end entity counter;

architecture Behavioral of counter is
signal count :std_logic_vector(3 downto 0):= ”0000”;--Initialization
begin
process(clk)

begin



if(clk='1'and clk'event) then


      if (reset='1') then  



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


    elsif(select_up_down='1') then --count UP


  if(count=count_value) then



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

                                else



        count<=count+1;



  end if;


    else--count DOWN 

          if(count=count_value) then



   count<=(others=>'1');


          else



    count<=count-1;



  end if;

                        end if;


  end if;

end process;


 output<=count;

end Behavioral;
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 Figure. 5
Objective: Code the behavior of a 4-bit shift register in VHDL.

Logic: Shift registers are used in digital systems for temporary information storage and for data manipulation or transfer.  There are two ways to shift (store) data into a register i.e. serial or parallel, and similarly two ways to shift data out of the register. The following are the four basic modes of operation:
                                                                                                                                                                                 MSB
                                                                                                                                                                                            
          serial data input                                serial data output                         serial data input
                   parallel 


                data outputs 

           
                                                                                                                                                                                 LSB
                                   a. serial in-serial out (siso)                       
                                         b. serial in-parallel out (sipo)


   MSB
  MSB                              MSB
   parallel                                                     serial data output                     parallel
      parallel
data inputs                                                                                                data inputs                                                               data outputs


    LSB
 LSB
 LSB
                                    c. parallel in-serial out (piso)  



             d. parallel in-parallel out (pipo)

a. Serial in-Serial out: In this type of shift register, data is stored into the register one bit at a time (serial) and taken out serially too.

b. Serial in-Parallel out: Here data is stored serially into the register and is taken out collectively at one shot (parallel).

c. Parallel in-Serial out: In this case entire data is stored into the register in one shot and is taken out serially.

d. Parallel in- Parallel out: Data is stored into the register at one go and is taken out collectively at one shot too.

	Selection
	Operation

	If siso=’1’
	Serial in-Serial out

	if sipo=’1’
	Serial in-Parallel out

	If piso=’1’
	Parallel in-Serial out

	If pipo=’1’
	Parallel in-Parallel out


Operation: 

Code:

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;

use IEEE.STD_LOGIC_ARITH.ALL;

use IEEE.STD_LOGIC_UNSIGNED.ALL;

entity shift_register is

    Port (

    
        input1,input2,input3,input4  :in std_logic;--input 1 is MSB



reg




     :inout std_logic_vector(1 to 4);


        output                                   :inout std_logic_vector(1 to 4);



   input_accept
                     :in std_logic;



   siso


             :in std_logic;



   sipo


             :in std_logic;



   piso


             :in std_logic;



   pipo


             :in std_logic;



   reset


             :in std_logic;



   clk


                   : in std_logic


   );

end shift_register;

architecture Behavioral of shift_register is

 signal count:std_logic_vector(2 downto 0):="000";

begin

SHIFT_REG: process(clk)

begin


    if clk'event and clk='1' then
--Serial in-Serial out


if siso='1' then

           if(reset='1') then

                count<="000";
     



 reg<="0000";




 output<="0000";


       end if;--reset



 if input_accept='1' then


--Start serial in



     if count="000" then




   count<=count+1;




   reg<=input4 & "000";--(others=>'0');

        
    elsif count="001" then




   count<=count+1;



   reg<=input3 & reg(1 to 3);



    elsif count="010" then




   count<=count+1;



   reg<=input2 & reg(1 to 3);




elsif count="011" then




    count<=count+1;



    reg<=input1 & reg(1 to 3);
----Start serial out



 elsif count="100" then





 count<=count+1;


                        output<=reg(4) & "000";--(others=>'0');





 reg<='0' & reg(1 to 3);




 elsif count="101" then




    count<=count+1;




    output<=reg(4) & output(1 to 3);




   reg<='0' & reg(1 to 3);




 elsif count="110" then





output<=reg(4) & output(1 to 3);





reg<='0' & reg(1 to 3);




 else





 output<=reg(4) & output(1 to 3);





 reg<='0' & reg(1 to 3);

                 end if;



end if;--input_accept

---Serial in-Parallel out     

   elsif sipo='1' then




if(reset='1') then




   count<="000";

   




    reg<="0000";



 output<="0000";
     


                 end if;--reset



       if input_accept='1' then


--Start serial in 



     if count="000" then



   count<=count+1;
   




    reg<=input4 & "000";--(others=>'0');
     

      
    elsif count="001" then




   count<=count+1;



   reg<=input3 & reg(1 to 3);




elsif count="010" then




   count<=count+1;



    reg<=input2 & reg(1 to 3);




elsif count="011" then




    count<=count+1;



     reg<=input1 & reg(1 to 3);


 --Start parallel out




else





 output<=reg;





 reg<="0000";

                end if;



   end if;--input_accept

        --Parallel in-Serial out



 elsif piso='1' then



    
if(reset='1') then




   count<="000";



   output<="0000";




   reg<="0000";


          end if;--reset



    if input_accept='1' then



   --Start  parallel in




    if count="000" then

                             count<=count+1;




    reg<=input1 & input2 & input3 & input4;



   ---Start serial out
   



   elsif count="001" then





 count<=count+1;





 output<=reg(4) & "000";--(others=>'0');





 reg<='0' & reg(1 to 3);




 elsif count="010" then

                                 count<=count+1;





output<=reg(4) & output(1 to 3);





reg<='0' & reg(1 to 3);




 elsif count="011" then





count<=count+1;





 output<=reg(4) & output(1 to 3);





reg<='0' & reg(1 to 3);




 else





 output<=reg(4) & output(1 to 3);





 reg<='0' & reg(1 to 3);




 end if;           



   end if;--input_accept

--Parallel in-Parallel out


 elsif pipo='1' then



      if(reset='1') then




   count<="000";



   output<="0000";




   reg<="0000";




  end if;




 if input_accept='1' then


--Start parallel in
   




   if count="000" then




    count<=count+1;


   




     reg<=input1 & input2 & input3 & input4;




   else



 --Start parallel out





 output<=reg;





 reg<="0000";




    end if;




 end if;--input_accept;    


   
 end if;--end of select1,select2,select3,select4


  end if;-- clk

end process SHIFT_REG;

end Behavioral;
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COUNTER


(4-bit binary up/down)





--hint: carry from the previous stage would form the MSB of the sum [output(4)]





Question) This signal assignment statement can be placed only after the process? 


Answer)


Yes. As count is being modified inside the process, this signal assignment statement has to be after the execution of the process.


No, location of any signal assignment statement (that are outside the process) does not matter as VHDL is event driven.
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