VHDL Component Tutorial
The first part of the tutorial is from the following reference
http://www.ece.tufts.edu/~karen/ES4/ES4_2012_webfiles/VHDL_Component_Tutorial.html 
The second part is original source material and so is not referenced (I Wells)
This tutorial will explain how to incorporate components into VHDL code. Components are useful because they allow reuse of VHDL. More complex creations can now be easily duplicated. 
Building a 3-Input AND Gate
In fact, for this example, what will be created is an AND gate. The system we are looking to model is as follows:
[image: http://www.ece.tufts.edu/~karen/ES4/ES4_2012_webfiles/and_gate_diagram.jpg]
This system has three inputs (a, b, c) and one output (d). It has two internal lines, which in this case is called temp1 and temp2. Finally, there are the three AND gates.
The 2-Input AND Gate
If we were just creating the AND gate, the code in the Xilinx/ModelSim tutorial will work:
library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;

entity and_gate is
Port ( a : in std_logic;
b : in std_logic;
c : out std_logic);
end and_gate;

architecture Structural of and_gate is
begin
	c <= a AND b;
end Structural;

In this case we will save this code in a separate file named and_gate.vhd and then include it in a main file.
Including Components
In the main file, top.vhd, the component declaration of the AND gate will be included. Using the name of the component, VHDL looks in the same directory for that file and includes it directly. 
library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;

entity top is
Port ( a : in std_logic;
b : in std_logic;
c : in std_logic;
d : out std_logic);
end top;

architecture Structural of top is
	component and_gate IS
		PORT (	a, b:	in std_logic;
			c:	out std_logic);
	end component;
	-- additional component definitions go here
begin
	-- code goes here...
end Structural;
So, now that component can be used within the code. The two wires temp1 and temp2 still need to be declared. These are called "Signals" in VHDL and are internal information to our entity top. Their definition goes directly after the component definition: 
architecture Structural of top is
	component and_gate IS
		PORT (	a, b:	in std_logic;
			c:	out std_logic);
	end component;
	Signal	temp1, temp2:	std_logic;
begin
	-- code goes here...
end Structural;
Finally, define how the circuit is put together. To do this, use the PORT MAP command. This is code that tells VHDL how the wires are connected together: 
architecture Structural of top is
	component and_gate IS
		PORT (	a, b:	in std_logic;
			c:	out std_logic);
	end component;
	Signal	temp1, temp2:	std_logic;
begin
	and1:	and_gate
		PORT MAP(a, b, temp1);
	and2:	and_gate
		PORT MAP(a, c, temp2);
 	and3:	and_gate
		PORT MAP(temp1, temp2, d);
end Structural;
In this example, first give each component in the diagram a different name (here and1, and2, and3). Then you tell VHDL which component it refers to (in this example, they all refer to and_gate). Then use the PORT MAP command to say which wires/signals are the inputs/outputs to the gate. The order has to match the previous component declaration (here the first two in the list are inputs, the third is an output).
Now the circuit has been defined within VHDL. This is also advantageous because the functionality of the and_gate can be changed without needing to change this top level code. All that needs to be done is recompile.
Within Xilinx, it looks as follows:
[image: http://www.ece.tufts.edu/~karen/ES4/ES4_2012_webfiles/xilinx20.png]
Note that when the code is compiled, Xilinx even recognizes the hierarchy of the code and displays this within the Source window: 
[image: http://www.ece.tufts.edu/~karen/ES4/ES4_2012_webfiles/xilinx21.png]


A Full Adder used to make a four bit parallel adder using the one bit adder as a ‘component’
Full Adder VHDL Code
library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
entity full_adder is
    Port ( a : in  STD_LOGIC;
           b : in  STD_LOGIC;
           cin : in  STD_LOGIC;
           sum : out  STD_LOGIC;
           cout : out  STD_LOGIC);
end full_adder;

architecture Behavioral of full_adder is
begin
 sum<= a xor b xor cin;
 cout<= (a and b) or (a and cin) or (b and cin);
end Behavioral;

Top Level VHDL for parallel adder
library IEEE;
use IEEE.STD_LOGIC_1164.ALL;

entity four_bit is
    Port ( a0 : in  STD_LOGIC;
           a1 : in  STD_LOGIC;
           a2 : in  STD_LOGIC;
           a3 : in  STD_LOGIC;
           b0 : in  STD_LOGIC;
           b1 : in  STD_LOGIC;
           b2 : in  STD_LOGIC;
           b3 : in  STD_LOGIC;
           cin : in  STD_LOGIC;
           s0 : out  STD_LOGIC;
           s1 : out  STD_LOGIC;
           s2 : out  STD_LOGIC;
           s3 : out  STD_LOGIC;
           s4 : out  STD_LOGIC);
end four_bit;

architecture Behavioral of four_bit is
component full_adder is
Port ( a : in  STD_LOGIC;
           b : in  STD_LOGIC;
           cin : in  STD_LOGIC;
           sum : out  STD_LOGIC;
           cout : out  STD_LOGIC);
end component;
	  
signal int0, int1, int2: std_logic;
begin
fa0: full_adder port map (a0,b0,cin,s0,int0);
fa1: full_adder port map (a1,b1,int0,s1,int1);
fa2: full_adder port map (a2,b2,int1,s2,int2);
fa3: full_adder port map (a3,b3,int2,s3,s4);
end Behavioral;

Note these files are all in the same project but are separate sources within the project as shown below.

They were added to the project using the ‘Project’ and then ‘New Source’ tabs.

[image: ]



Testbench for One Bit Full Adder
LIBRARY ieee;
USE ieee.std_logic_1164.ALL;
 
ENTITY full_adder_wave IS
END full_adder_wave;
 
ARCHITECTURE behavior OF full_adder_wave IS 
 
    -- Component Declaration for the Unit Under Test (UUT)
 
    COMPONENT full_adder
    PORT(
         a : IN  std_logic;
         b : IN  std_logic;
         cin : IN  std_logic;
         sum : OUT  std_logic;
         cout : OUT  std_logic
        );
    END COMPONENT;
    
   --Inputs
   signal a : std_logic := '0';
   signal b : std_logic := '0';
   signal cin : std_logic := '0';

 	--Outputs
   signal sum : std_logic;
   signal cout : std_logic;
  
BEGIN
 	-- Instantiate the Unit Under Test (UUT)
   uut: full_adder PORT MAP (
          a => a,
          b => b,
          cin => cin,
          sum => sum,
          cout => cout
        );

   -- Stimulus process
   stim_proc: process
   begin		
      -- hold reset state for 100 ns.
      wait for 100 ns;	
		a<='0';b<='0';cin<='0';
		wait for 100 ns;
		a<='0';b<='0';cin<='1';
		wait for 100 ns;
		a<='0';b<='1';cin<='0';
		wait for 100 ns;
		a<='0';b<='1';cin<='1';
		wait for 100 ns;
		a<='1';b<='0';cin<='0';
		wait for 100 ns;
		a<='1';b<='0';cin<='1';
		wait for 100 ns;
		a<='1';b<='1';cin<='0';
		wait for 100 ns;
		a<='1';b<='1';cin<='1';
		wait for 100 ns;
		a<='0';b<='0';cin<='0';
		wait for 100 ns;
		wait;
   end process;

END;



Testbench for parallel adder
--Testbench for Four Bit Parallel Adder - I Wells
LIBRARY ieee;
USE ieee.std_logic_1164.ALL;
 
ENTITY four_bit_wave IS
END four_bit_wave;
 
ARCHITECTURE behavior OF four_bit_wave IS 
     -- Component Declaration for the Unit Under Test (UUT)
     COMPONENT four_bit
    PORT(
         a0 : IN  std_logic;
         a1 : IN  std_logic;
         a2 : IN  std_logic;
         a3 : IN  std_logic;
         b0 : IN  std_logic;
         b1 : IN  std_logic;
         b2 : IN  std_logic;
         b3 : IN  std_logic;
         cin : IN  std_logic;
         s0 : OUT  std_logic;
         s1 : OUT  std_logic;
         s2 : OUT  std_logic;
         s3 : OUT  std_logic;
         s4 : OUT  std_logic
        );
    END COMPONENT;
   --Inputs
   signal a0 : std_logic := '0';
   signal a1 : std_logic := '0';
   signal a2 : std_logic := '0';
   signal a3 : std_logic := '0';
   signal b0 : std_logic := '0';
   signal b1 : std_logic := '0';
   signal b2 : std_logic := '0';
   signal b3 : std_logic := '0';
   signal cin : std_logic := '0';
 	--Outputs
   signal s0 : std_logic;
   signal s1 : std_logic;
   signal s2 : std_logic;
   signal s3 : std_logic;
   signal s4 : std_logic;
   
BEGIN
	-- Instantiate the Unit Under Test (UUT)
   uut: four_bit PORT MAP (
          a0 => a0,
          a1 => a1,
          a2 => a2,
          a3 => a3,
          b0 => b0,
          b1 => b1,
          b2 => b2,
          b3 => b3,
          cin => cin,
          s0 => s0,
          s1 => s1,
          s2 => s2,
          s3 => s3,
          s4 => s4
        );
 
   -- Stimulus process
   stim_proc: process
   begin		
      -- hold reset state for 100 ns.
      wait for 100 ns;	
		a0<='0'; b0<='0'; a1<='0'; b1<='0'; a2<='0'; b2<='0'; a3<='0'; b3<='0'; cin<='0';
		wait for 100 ns;
		a0<='0'; b0<='0'; a1<='1'; b1<='1'; a2<='0'; b2<='0'; a3<='1'; b3<='1'; 
		--inputs A=1010 and B=1010, so the sum S=10100
		wait for 100ns;
		a0<='1'; b1<='0'; a1<='1'; b1<='1'; a2<='0'; b2<='0'; a3<='0'; b3<='0'; 
		--inputs A=0011 and B=0010, so the sum S=00110
		wait for 100ns;
      wait;
   end process;



Simulation for the Four Bit adder
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--16 Bit Parallel Adder - I Wells
library IEEE;
use IEEE.STD_LOGIC_1164.ALL;

entity sixteen_bit is
    Port ( a0 : in  STD_LOGIC;
           a1 : in  STD_LOGIC;
           a2 : in  STD_LOGIC;
           a3 : in  STD_LOGIC;
           a4 : in  STD_LOGIC;
           a5 : in  STD_LOGIC;
           a6 : in  STD_LOGIC;
           a7 : in  STD_LOGIC;
           a8 : in  STD_LOGIC;
           a9 : in  STD_LOGIC;
           a10 : in  STD_LOGIC;
           a11 : in  STD_LOGIC;
           a12 : in  STD_LOGIC;
           a13 : in  STD_LOGIC;
           a14 : in  STD_LOGIC;
           a15 : in  STD_LOGIC;
           b0 : in  STD_LOGIC;
           b1 : in  STD_LOGIC;
           b2 : in  STD_LOGIC;
           b3 : in  STD_LOGIC;
           b4 : in  STD_LOGIC;
           b5 : in  STD_LOGIC;
           b6 : in  STD_LOGIC;
           b7 : in  STD_LOGIC;
           b8 : in  STD_LOGIC;
           b9 : in  STD_LOGIC;
           b10 : in  STD_LOGIC;
           b11 : in  STD_LOGIC;
           b12 : in  STD_LOGIC;
           b13 : in  STD_LOGIC;
           b14 : in  STD_LOGIC;
           b15 : in  STD_LOGIC;
           cin : in  STD_LOGIC;
           s0 : out  STD_LOGIC;
           s1 : out  STD_LOGIC;
           s2 : out  STD_LOGIC;
           s3 : out  STD_LOGIC;
           s4 : out  STD_LOGIC;
           s5 : out  STD_LOGIC;
           s6 : out  STD_LOGIC;
           s7 : out  STD_LOGIC;
           s8 : out  STD_LOGIC;
           s9 : out  STD_LOGIC;
           s10 : out  STD_LOGIC;
           s11 : out  STD_LOGIC;
           s12 : out  STD_LOGIC;
           s13 : out  STD_LOGIC;
           s14 : out  STD_LOGIC;
           s15 : out  STD_LOGIC;
           s16 : out  STD_LOGIC);
end sixteen_bit;

architecture Behavioral of sixteen_bit is

component full_adder is
Port ( a : in  STD_LOGIC;
           b : in  STD_LOGIC;
           cin : in  STD_LOGIC;
           sum : out  STD_LOGIC;
           cout : out  STD_LOGIC);
			  end component;
			  
			  signal int0, int1, int2, int3, int4, int5, int6, int7, int8, int9, int10, int11, int12, int13, int14: std_logic;

begin

fa0: full_adder port map (a0,b0,cin,s0,int0);
fa1: full_adder port map (a1,b1,int0,s1,int1);
fa2: full_adder port map (a2,b2,int1,s2,int2);
fa3: full_adder port map (a3,b3,int2,s3,int3);
fa4: full_adder port map (a4,b4,int3,s4,int4);
fa5: full_adder port map (a5,b5,int4,s5,int5);
fa6: full_adder port map (a6,b6,int5,s6,int6);
fa7: full_adder port map (a7,b7,int6,s7,int7);
fa8: full_adder port map (a8,b8,int7,s8,int8);
fa9: full_adder port map (a9,b9,int8,s9,int9);
fa10: full_adder port map (a10,b10,int9,s10,int10);
fa11: full_adder port map (a11,b11,int10,s11,int11);
fa12: full_adder port map (a12,b12,int11,s12,int12);
fa13: full_adder port map (a13,b13,int12,s13,int13);
fa14: full_adder port map (a14,b14,int13,s14,int14);
fa15: full_adder port map (a15,b15,int14,s15,s16);

end Behavioral;
--16 Bit Parallel Adder Testbench Simplified- I Wells
LIBRARY ieee;
USE ieee.std_logic_1164.ALL;
 
 
ENTITY sixteen_bit_wave IS
END sixteen_bit_wave;
 
ARCHITECTURE behavior OF sixteen_bit_wave IS 
 
    -- Component Declaration for the Unit Under Test (UUT)
 
    COMPONENT sixteen_bit
    PORT(
         a0 : IN  std_logic;
         a1 : IN  std_logic;
         a2 : IN  std_logic;
         a3 : IN  std_logic;
         a4 : IN  std_logic;
         a5 : IN  std_logic;
         a6 : IN  std_logic;
         a7 : IN  std_logic;
         a8 : IN  std_logic;
         a9 : IN  std_logic;
         a10 : IN  std_logic;
         a11 : IN  std_logic;
         a12 : IN  std_logic;
         a13 : IN  std_logic;
         a14 : IN  std_logic;
         a15 : IN  std_logic;
         b0 : IN  std_logic;
         b1 : IN  std_logic;
         b2 : IN  std_logic;
         b3 : IN  std_logic;
         b4 : IN  std_logic;
         b5 : IN  std_logic;
         b6 : IN  std_logic;
         b7 : IN  std_logic;
         b8 : IN  std_logic;
         b9 : IN  std_logic;
         b10 : IN  std_logic;
         b11 : IN  std_logic;
         b12 : IN  std_logic;
         b13 : IN  std_logic;
         b14 : IN  std_logic;
         b15 : IN  std_logic;
         cin : IN  std_logic;
         s0 : OUT  std_logic;
         s1 : OUT  std_logic;
         s2 : OUT  std_logic;
         s3 : OUT  std_logic;
         s4 : OUT  std_logic;
         s5 : OUT  std_logic;
         s6 : OUT  std_logic;
         s7 : OUT  std_logic;
         s8 : OUT  std_logic;
         s9 : OUT  std_logic;
         s10 : OUT  std_logic;
         s11 : OUT  std_logic;
         s12 : OUT  std_logic;
         s13 : OUT  std_logic;
         s14 : OUT  std_logic;
         s15 : OUT  std_logic;
         s16 : OUT  std_logic
        );
    END COMPONENT;
    

   --Inputs
   signal a0 : std_logic := '0';
   signal a1 : std_logic := '0';
   signal a2 : std_logic := '0';
   signal a3 : std_logic := '0';
   signal a4 : std_logic := '0';
   signal a5 : std_logic := '0';
   signal a6 : std_logic := '0';
   signal a7 : std_logic := '0';
   signal a8 : std_logic := '0';
   signal a9 : std_logic := '0';
   signal a10 : std_logic := '0';
   signal a11 : std_logic := '0';
   signal a12 : std_logic := '0';
   signal a13 : std_logic := '0';
   signal a14 : std_logic := '0';
   signal a15 : std_logic := '0';
   signal b0 : std_logic := '0';
   signal b1 : std_logic := '0';
   signal b2 : std_logic := '0';
   signal b3 : std_logic := '0';
   signal b4 : std_logic := '0';
   signal b5 : std_logic := '0';
   signal b6 : std_logic := '0';
   signal b7 : std_logic := '0';
   signal b8 : std_logic := '0';
   signal b9 : std_logic := '0';
   signal b10 : std_logic := '0';
   signal b11 : std_logic := '0';
   signal b12 : std_logic := '0';
   signal b13 : std_logic := '0';
   signal b14 : std_logic := '0';
   signal b15 : std_logic := '0';
   signal cin : std_logic := '0';

 	--Outputs
   signal s0 : std_logic;
   signal s1 : std_logic;
   signal s2 : std_logic;
   signal s3 : std_logic;
   signal s4 : std_logic;
   signal s5 : std_logic;
   signal s6 : std_logic;
   signal s7 : std_logic;
   signal s8 : std_logic;
   signal s9 : std_logic;
   signal s10 : std_logic;
   signal s11 : std_logic;
   signal s12 : std_logic;
   signal s13 : std_logic;
   signal s14 : std_logic;
   signal s15 : std_logic;
   signal s16 : std_logic;
   
 
BEGIN
 
	-- Instantiate the Unit Under Test (UUT)
   uut: sixteen_bit PORT MAP (
          a0 => a0,
          a1 => a1,
          a2 => a2,
          a3 => a3,
          a4 => a4,
          a5 => a5,
          a6 => a6,
          a7 => a7,
          a8 => a8,
          a9 => a9,
          a10 => a10,
          a11 => a11,
          a12 => a12,
          a13 => a13,
          a14 => a14,
          a15 => a15,
          b0 => b0,
          b1 => b1,
          b2 => b2,
          b3 => b3,
          b4 => b4,
          b5 => b5,
          b6 => b6,
          b7 => b7,
          b8 => b8,
          b9 => b9,
          b10 => b10,
          b11 => b11,
          b12 => b12,
          b13 => b13,
          b14 => b14,
          b15 => b15,
          cin => cin,
          s0 => s0,
          s1 => s1,
          s2 => s2,
          s3 => s3,
          s4 => s4,
          s5 => s5,
          s6 => s6,
          s7 => s7,
          s8 => s8,
          s9 => s9,
          s10 => s10,
          s11 => s11,
          s12 => s12,
          s13 => s13,
          s14 => s14,
          s15 => s15,
          s16 => s16
        );

  
 

   -- Stimulus process
   stim_proc: process
   begin		
      -- hold reset state for 100 ns.
      wait for 100 ns;	

   
      -- insert stimulus here 

		a0<='0'; a1<='0'; a2<='0'; a3<='0';a4<='0'; a5<='0'; a6<='0'; a7<='0';
		a8<='0'; a9<='0'; a10<='0'; a11<='0';a12<='0'; a13<='0'; a14<='0'; a15<='0';
		b0<='0'; b1<='0'; b2<='0'; b3<='0';b4<='0'; b5<='0'; b6<='0'; b7<='0';
		b8<='0'; b9<='0'; b10<='0'; b11<='0';b12<='0'; b13<='0'; b14<='0'; b15<='0';
cin<='0';
		wait for 100 ns;
		a0<='1'; a1<='1'; a2<='0'; a3<='0';a4<='0'; a5<='0'; a6<='0'; a7<='0';
		a8<='0'; a9<='0'; a10<='0'; a11<='0';a12<='0'; a13<='0'; a14<='0'; a15<='0';
		b0<='1'; b1<='1'; b2<='0'; b3<='0';b4<='0'; b5<='0'; b6<='0'; b7<='0';
		b8<='0'; b9<='0'; b10<='0'; b11<='0';b12<='0'; b13<='0'; b14<='0'; b15<='0';
		
	
		wait for 100ns;
		

      wait;
   end process;

END;
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