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Introduction 
This report will contain information on several multipliers and how each one works. There two separate tasks. Task one will contain code for a 4 bit by 12 bit multiplier with observations. Task 2 will contain a VHDL FSM and a discrete gate solution.
Different types of multipliers

[bookmark: _Toc72174674]Booth multiplier.
[image: ]
[bookmark: _Toc72241014][bookmark: _Toc72322358]Figure 1 The flow chart of Booth multiplication algorithm. [1]
The Booth multiplier is a technique used to multiply binary numbers in signed -2’s full representation. [2]
[bookmark: _Toc72174675]Combinational multiplier.
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[bookmark: _Toc72241015][bookmark: _Toc72322359]Figure 2 Combinational multiplier [3]
Combinational Multipliers are capable of doing multiplication using two unsigned binary numbers. It has also been used in the multiplication of two signed number. It works by having each part of the multiplier multiplied by a multiple and the result location is dependant upon the location of the bit inside the multiplier and the ensuing values are then combined to create the final value. [2]

[bookmark: _Toc72174677]Wallace tree multiplier. [image: ]
[bookmark: _Toc72241016][bookmark: _Toc72322360]Figure 3 Wallace tree multiplier [4]
A Wallace tree multiplier is an efficient hardware implementation of a digital circuit that multiplies two integers devised by an Australian computer scientist Chris Wallace in 1964. Wallace tree reduces the no. of partial products and use carry select adder for the addition of partial products. [2]
[bookmark: _Toc72174678]Array multiplier
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[bookmark: _Toc72322361]Figure 4 array multiplier [5]
Array multiplier is well established because of its consistent structure. The multiplier is established upon repetitive addition and shifting. Each  partial result value is being created using the multiplication of a multiple with one figure multiplier. The partial results are altered depending on their bit sequences which are subsequently added. “The summation can be performed with normal carry propagation adder. N-1 adders are required where N is the no. of multiplier bits.” [2]
[bookmark: _Toc72174679]Sequential multiplier.
[image: Sequential Multiplier - Digital System Design]
[bookmark: _Toc72322362]Figure 5 Sequential multiplier [6]
If you want to multiply two binary numbers by using a single n bit adder, we can build a sequential circuit that processes a single partial product at a time and then cycle the circuit m times. This type of circuit is called sequential multiplier. Sequential multipliers are attractive for their low area requirement. In a sequential multiplier, the multiplication process is divided into some sequential steps. In each step some partial products will be generated, added to an accumulated partial sum and partial sum will be shifted to align the accumulated sum with partial product of next steps. Therefore, each step of a sequential multiplication consists of three different operations which are generating partial products, adding the generated partial products to the accumulated partial sum, and shifting the partial sum. [2]


Braun multiplier
[image: 1: Schematic diagram of Braun multiplier 2.3 4x4 Row bypassing... |  Download Scientific Diagram]
[bookmark: _Toc72322363]Figure 6 Braun multiplier [7]
[bookmark: _Toc72174680]It is a simple parallel multiplier generally called as carry save array multiplier. It has been restricted to perform signed bits. The structure consists of array of AND gates and adders arranged in an iterative manner and no need of on n*n bit Braun multiplier is constructed with n (n-1) adders, n2 AND gates and (n-1) rows of Carry Save Adder.  [7]
“Each value can be produced in parallel by using AND gates. Each partial value  can be added with the sum of partial product which has previously produced by using the row of adders. The carry out will shift one bit to the left or right and then it would be included in the sum which is produced by the first adder and the recently created value.” [7]


Multiplier Table with advantages 
	Multipliers 
	Advantages 

	Booth
	regular  structure
easy layout 
small size. 
Quick design time 
ease  of  design  for  a  pipelined  architecture.  

	Combinational
	unrolling multiplier loop
  carry save addition
  regular and modular

	Wallace tree
	small delay. 
Low logic levels required to perform the summation 

	Array
	reduces the number of partial products


[bookmark: _Toc72322382]Table 1 multipliers 


[bookmark: _Toc72174681]1 . Aims and Objectives: 
The aim of task 1 is to design, simulate and synthesise a 12 bit x 4 bit unsigned number multiplier using the Xilinx design software in order to achieve your aims. 
Half adder
	Module Name:    half_adder - Behavioral 
-- Project Name: 
-- Target Devices: 
-- Tool versions: 
-- Description: 
--
-- Dependencies: 
--
-- Revision: 
-- Revision 0.01 - File Created
-- Additional Comments: 
--
----------------------------------------------------------------------------------
library IEEE;
use IEEE.STD_LOGIC_1164.ALL;

-- Uncomment the following library declaration if using
-- arithmetic functions with Signed or Unsigned values
--use IEEE.NUMERIC_STD.ALL;

-- Uncomment the following library declaration if instantiating
-- any Xilinx primitives in this code.
--library UNISIM;
--use UNISIM.VComponents.all;

entity half_adder is
    Port ( A : in  STD_LOGIC;
           B : in  STD_LOGIC;
           Sum : out  STD_LOGIC;
           Carry : out  STD_LOGIC);
end half_adder;

architecture Behavioral of half_adder is

begin

	Sum <= A xor B;
	Carry <= A and B;
	
end Behavioral;
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	Project Name:  half_adder
-- Target Device:  
-- Tool versions:  
-- Description:   
-- 
-- VHDL Test Bench Created by ISE for module: half_adder
-- 
-- Dependencies:
-- 
-- Revision:
-- Revision 0.01 - File Created
-- Additional Comments:
--
-- Notes: 
-- This testbench has been automatically generated using types std_logic and
-- std_logic_vector for the ports of the unit under test.  Xilinx recommends
-- that these types always be used for the top-level I/O of a design in order
-- to guarantee that the testbench will bind correctly to the post-implementation 
-- simulation model.
--------------------------------------------------------------------------------
LIBRARY ieee;
USE ieee.std_logic_1164.ALL;
 
-- Uncomment the following library declaration if using
-- arithmetic functions with Signed or Unsigned values
--USE ieee.numeric_std.ALL;
 
ENTITY half_adder_TB IS
END half_adder_TB;
 
ARCHITECTURE behavior OF half_adder_TB IS 
 
    -- Component Declaration for the Unit Under Test (UUT)
 
    COMPONENT half_adder
    PORT(
         A : IN  std_logic;
         B : IN  std_logic;
         Sum : OUT  std_logic;
         Carry : OUT  std_logic
        );
    END COMPONENT;
    

   --Inputs
   signal A : std_logic := '0';
   signal B : std_logic := '0';

 	--Outputs
   signal Sum : std_logic;
   signal Carry : std_logic;
   -- No clocks detected in port list. Replace <clock> below with 
   -- appropriate port name 
 
   
 
BEGIN
 
	-- Instantiate the Unit Under Test (UUT)
   uut: half_adder PORT MAP (
          A => A,
          B => B,
          Sum => Sum,
          Carry => Carry
        );

   -- Stimulus process
   stim_proc0: process
   begin		
      -- hold reset state for 100 ns.
      wait for 10 ns;	

	A <= not A;

   end process;
	
	
	stim_proc1: process
   begin		
      -- hold reset state for 100 ns.
      wait for 20 ns;	

	B <= not B;
   end process;

END;
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[bookmark: _Toc72322383]Table 2
Full adder
	Module Name:    full_adder - Behavioral 
-- Project Name: 
-- Target Devices: 
-- Tool versions: 
-- Description: 
--
-- Dependencies: 
--
-- Revision: 
-- Revision 0.01 - File Created
-- Additional Comments: 
--
----------------------------------------------------------------------------------
library IEEE;
use IEEE.STD_LOGIC_1164.ALL;

-- Uncomment the following library declaration if using
-- arithmetic functions with Signed or Unsigned values
--use IEEE.NUMERIC_STD.ALL;

-- Uncomment the following library declaration if instantiating
-- any Xilinx primitives in this code.
--library UNISIM;
--use UNISIM.VComponents.all;

entity full_adder is
    Port ( A : in  STD_LOGIC;
           B : in  STD_LOGIC;
           C : in  STD_LOGIC;
           Sum : out  STD_LOGIC;
           Carry : out  STD_LOGIC);
end full_adder;

architecture Behavioral of full_adder is

signal AxB  : STD_LOGIC;
	signal AxBnC: STD_LOGIC;
	signal AnB	: STD_LOGIC;
	
begin
	AxB 	<= A xor B;
	AxBnC <= AxB and C;
	AnB 	<= A and B;

	Sum 	<= AxB xor C;
	Carry <= AxBnC or AnB;

end Behavioral;

	

	

	Project Name:  full_adder
-- Target Device:  
-- Tool versions:  
-- Description:   
-- 
-- VHDL Test Bench Created by ISE for module: full_adder
-- 
-- Dependencies:
-- 
-- Revision:
-- Revision 0.01 - File Created
-- Additional Comments:
--
-- Notes: 
-- This testbench has been automatically generated using types std_logic and
-- std_logic_vector for the ports of the unit under test.  Xilinx recommends
-- that these types always be used for the top-level I/O of a design in order
-- to guarantee that the testbench will bind correctly to the post-implementation 
-- simulation model.
--------------------------------------------------------------------------------
LIBRARY ieee;
USE ieee.std_logic_1164.ALL;
 
-- Uncomment the following library declaration if using
-- arithmetic functions with Signed or Unsigned values
--USE ieee.numeric_std.ALL;
 
ENTITY full_adder_TB IS
END full_adder_TB;
 
ARCHITECTURE behavior OF full_adder_TB IS 
 
    -- Component Declaration for the Unit Under Test (UUT)
 
    COMPONENT full_adder
    PORT(
         A : IN  std_logic;
         B : IN  std_logic;
         C : IN  std_logic;
         Sum : OUT  std_logic;
         Carry : OUT  std_logic
        );
    END COMPONENT;
    

   --Inputs
   signal A : std_logic := '0';
   signal B : std_logic := '0';
   signal C : std_logic := '0';

 	--Outputs
   signal Sum : std_logic;
   signal Carry : std_logic;
   -- No clocks detected in port list. Replace <clock> below with 
   -- appropriate port name 
 
   
 
BEGIN
 
	-- Instantiate the Unit Under Test (UUT)
   uut: full_adder PORT MAP (
          A => A,
          B => B,
          C => C,
          Sum => Sum,
          Carry => Carry
        );

   -- Stimulus process
   stim_proc: process
   begin		
      -- hold reset state for 10 ns.
      wait for 10 ns;	
	A <= not A;
 
   end process;

   stim_proc1: process
   begin		
      -- hold reset state for 20 ns.
      wait for 20 ns;	
	B <= not B;
 
   end process;
	
	stim_proc2: process
   begin		
      -- hold reset state for 40 ns.
      wait for 40 ns;	
	C <= not C;
 
   end process;

END;
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Line 0 
	Module Name:    line_0 - Behavioral 
-- Project Name: 
-- Target Devices: 
-- Tool versions: 
-- Description: 
--
-- Dependencies: 
--
-- 
----------------------------------------------------------------------------------
library IEEE;
use IEEE.STD_LOGIC_1164.ALL;

-- Uncomment the following library declaration if using
-- arithmetic functions with Signed or Unsigned values
--use IEEE.NUMERIC_STD.ALL;

-- Uncomment the following library declaration if instantiating
-- any Xilinx primitives in this code.
--library UNISIM;
--use UNISIM.VComponents.all;

entity line_0 is
    Port ( A1 : in  STD_LOGIC;
           A2 : in  STD_LOGIC;
           A3 : in  STD_LOGIC;
           A4 : in  STD_LOGIC;
           B1 : in  STD_LOGIC;
           Q0 : out  STD_LOGIC;
           Q1 : out  STD_LOGIC;
           Q2 : out  STD_LOGIC;
           Q3 : out  STD_LOGIC;
           Q4 : out  STD_LOGIC;
           Q5 : out  STD_LOGIC;
           Q6 : out  STD_LOGIC;
           Q7 : out  STD_LOGIC;
           Q8 : out  STD_LOGIC;
           Q9 : out  STD_LOGIC;
           Q10 : out  STD_LOGIC;
           Q11 : out  STD_LOGIC);
end line_0;

architecture Behavioral of line_0 is

begin

	Q0 <= A1 and B1;
	Q1 <= A1 and B1;
	Q2 <= A1 and B1;
	Q3 <= A2 and B1;
	Q4 <= A2 and B1;
	Q5 <= A2 and B1;
	Q6 <= A3 and B1;
	Q7 <= A3 and B1;
	Q8 <= A3 and B1;
	Q9 <= A4 and B1;
	Q10 <= A4 and B1;
	Q11 <= A4 and B1;
	
end Behavioral;
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The Behavioral location 
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Synthesis confirmed and no errors found 
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RTL Schematic


[bookmark: _Toc72322384]Table 3 line x in implementation window

	multi4x12_line0/line0_TB.vhd
-- Project Name:  multi4x12_line0
-- Target Device:  
-- Tool versions:  
-- Description:   
-- 
-- VHDL Test Bench Created by ISE for module: line_0
-- 
-- Dependencies:
-- 
-- Revision:
-- Revision 0.01 - File Created
-- Additional Comments:
--
-- Notes: 
-- This testbench has been automatically generated using types std_logic and
-- std_logic_vector for the ports of the unit under test.  Xilinx recommends
-- that these types always be used for the top-level I/O of a design in order
-- to guarantee that the testbench will bind correctly to the post-implementation 
-- simulation model.
--------------------------------------------------------------------------------
LIBRARY ieee;
USE ieee.std_logic_1164.ALL;
 
-- Uncomment the following library declaration if using
-- arithmetic functions with Signed or Unsigned values
--USE ieee.numeric_std.ALL;
 
ENTITY line0_TB IS
END line0_TB;
 
ARCHITECTURE behavior OF line0_TB IS 
 
    -- Component Declaration for the Unit Under Test (UUT)
 
    COMPONENT line_0
    PORT(
         A1 : IN  std_logic;
         A2 : IN  std_logic;
         A3 : IN  std_logic;
         A4 : IN  std_logic;
         B1 : IN  std_logic;
         Q0 : OUT  std_logic;
         Q1 : OUT  std_logic;
         Q2 : OUT  std_logic;
         Q3 : OUT  std_logic;
         Q4 : OUT  std_logic;
         Q5 : OUT  std_logic;
         Q6 : OUT  std_logic;
         Q7 : OUT  std_logic;
         Q8 : OUT  std_logic;
         Q9 : OUT  std_logic;
         Q10 : OUT  std_logic;
         Q11 : OUT  std_logic
        );
    END COMPONENT;
    

   --Inputs
   signal A1 : std_logic := '0';
   signal A2 : std_logic := '0';
   signal A3 : std_logic := '0';
   signal A4 : std_logic := '0';
   signal B1 : std_logic := '0';

 	--Outputs
   signal Q0 : std_logic;
   signal Q1 : std_logic;
   signal Q2 : std_logic;
   signal Q3 : std_logic;
   signal Q4 : std_logic;
   signal Q5 : std_logic;
   signal Q6 : std_logic;
   signal Q7 : std_logic;
   signal Q8 : std_logic;
   signal Q9 : std_logic;
   signal Q10 : std_logic;
   signal Q11 : std_logic;
   
 
BEGIN
 
	-- Instantiate the Unit Under Test (UUT)
   uut: line_0 PORT MAP (
          A1 => A1,
          A2 => A2,
          A3 => A3,
          A4 => A4,
          B1 => B1,
          Q0 => Q0,
          Q1 => Q1,
          Q2 => Q2,
          Q3 => Q3,
          Q4 => Q4,
          Q5 => Q5,
          Q6 => Q6,
          Q7 => Q7,
          Q8 => Q8,
          Q9 => Q9,
          Q10 => Q10,
          Q11 => Q11
        );

   -- Stimulus process
   stim_proc: process
   begin		
      -- hold reset state for 10 ns.
      wait for 10 ns;	
		A1 <= not A1;

   end process;
	
   stim_proc2: process
   begin		
      -- hold reset state for 20 ns.
      wait for 20 ns;	
		A2 <= not A2;

   end process;	
	

   stim_proc3: process
   begin		
      -- hold reset state for 40 ns.
      wait for 40 ns;	
		A3 <= not A3;

   end process;
	
	stim_proc4: process
   begin		
      -- hold reset state for 40 ns.
      wait for 80 ns;	
		A4 <= not A4;

   end process;
	
   stim_proc5: process
   begin		
      -- hold reset state for 80 ns.
      wait for 160 ns;	
		B1 <= not B1;

   end process;	
	

END;
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Line X
	Module Name:    line_X - Behavioral 
-- Project Name: 
-- Target Devices: 
-- Tool versions: 
-- Description: 
--
-- Dependencies: 
--
-- Revision: 
-- Revision 0.01 - File Created
-- Additional Comments: 
--
----------------------------------------------------------------------------------
library IEEE;
use IEEE.STD_LOGIC_1164.ALL;

-- Uncomment the following library declaration if using
-- arithmetic functions with Signed or Unsigned values
--use IEEE.NUMERIC_STD.ALL;

-- Uncomment the following library declaration if instantiating
-- any Xilinx primitives in this code.
--library UNISIM;
--use UNISIM.VComponents.all;

entity line_X is
    Port ( A1 : in  STD_LOGIC;
           A2 : in  STD_LOGIC;
           A3 : in  STD_LOGIC;
           B : in  STD_LOGIC;
           P1 : in  STD_LOGIC;
           P2 : in  STD_LOGIC;
			  P3 : in  STD_LOGIC;
           Q1 : out  STD_LOGIC;
           Q2 : out  STD_LOGIC;
           Q3 : out  STD_LOGIC;
           Q4 : out  STD_LOGIC);
end line_X;

architecture Behavioral of line_X is
	
	COMPONENT half_adder
    PORT(
         A : IN  std_logic;
         B : IN  std_logic;
         Sum : OUT  std_logic;
         Carry : OUT  std_logic
        );
    END COMPONENT;
	 
	 COMPONENT full_adder
    PORT(
         A : IN  std_logic;
         B : IN  std_logic;
         C : IN  std_logic;
         Sum : OUT  std_logic;
         Carry : OUT  std_logic
        );
    END COMPONENT;
	
	
	signal s0 : STD_LOGIC;
	signal s1 : STD_LOGIC;
	signal s2 : STD_LOGIC;
	
	
	signal c1 : STD_LOGIC;
	signal c2 : STD_LOGIC;
  
begin

   s0 <= A1 and B;
	s1 <= A2 and B;
	s2 <= A3 and B;
	
	
	HA1: half_adder
	Port map
	( s0 , p1 , Q1 , c1 );
	
	FA1 : full_adder
	Port map
	( s1 , p2 , c1 , Q2, c2  );
	
	FA2 : full_adder
	Port map
	( s2 , P3 , c2 , Q3, Q4  );
	

end behavioral;
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	roject Name:  line_X
-- Target Device:  
-- Tool versions:  
-- Description:   
-- 
-- VHDL Test Bench Created by ISE for module: line_X
-- 
-- Dependencies:
-- 
-- Revision:
-- Revision 0.01 - File Created
-- Additional Comments:
--
-- Notes: 
-- This testbench has been automatically generated using types std_logic and
-- std_logic_vector for the ports of the unit under test.  Xilinx recommends
-- that these types always be used for the top-level I/O of a design in order
-- to guarantee that the testbench will bind correctly to the post-implementation 
-- simulation model.
--------------------------------------------------------------------------------
LIBRARY ieee;
USE ieee.std_logic_1164.ALL;
 
-- Uncomment the following library declaration if using
-- arithmetic functions with Signed or Unsigned values
--USE ieee.numeric_std.ALL;
 
ENTITY line_X_TB IS
END line_X_TB;
 
ARCHITECTURE behavior OF line_X_TB IS 
 
    -- Component Declaration for the Unit Under Test (UUT)
 
    COMPONENT line_X
    PORT(
         A1 : IN  std_logic;
         A2 : IN  std_logic;
         A3 : IN  std_logic;
         B : IN  std_logic;
         P1 : IN  std_logic;
         P2 : IN  std_logic;
			 P3 : IN  std_logic;
         Q1 : OUT  std_logic;
         Q2 : OUT  std_logic;
         Q3 : OUT  std_logic;
         Q4 : OUT  std_logic
        );
    END COMPONENT;
    

   --Inputs
   signal A1 : std_logic := '0';
   signal A2 : std_logic := '0';
   signal A3 : std_logic := '0';
   signal B : std_logic := '0';
   signal P1 : std_logic := '0';
   signal P2 : std_logic := '0';
   signal P3 : std_logic := '0';
 	--Outputs
   signal Q1 : std_logic;
   signal Q2 : std_logic;
   signal Q3 : std_logic;
   signal Q4 : std_logic;
   -- No clocks detected in port list. Replace <clock> below with 
   -- appropriate port name 
 
   
 
BEGIN
 
	-- Instantiate the Unit Under Test (UUT)
   uut: line_X PORT MAP (
          A1 => A1,
          A2 => A2,
          A3 => A3,
          B => B,
          P1 => P1,
          P2 => P2,
			 P3 => P3,
          Q1 => Q1,
          Q2 => Q2,
          Q3 => Q3,
          Q4 => Q4
        );

    -- Stimulus process
   stim_proc: process
   begin		
      -- hold reset state for 100 ns.
      wait for 10 ns;	
	A1 <= not A1;
   end process;
	
	   -- Stimulus process
   stim_proc2: process
   begin		
      -- hold reset state for 100 ns.
      wait for 20 ns;	
	A2 <= not A2;
   end process;

   -- Stimulus process
   stim_proc3: process
   begin		
      -- hold reset state for 100 ns.
      wait for 40 ns;	
	A3 <= not A3;
   end process;
	
   -- Stimulus process
   stim_proc4: process
   begin		
      -- hold reset state for 100 ns.
      wait for 80 ns;	
	P1 <= not P1;
   end process;
	
   -- Stimulus process
   stim_proc5: process
   begin		
      -- hold reset state for 100 ns.
      wait for 160 ns;	
	P2 <= not P2;
   end process;
	
   stim_proc6: process	 begin		
      -- hold reset state for 100 ns.
      wait for 320 ns;	
	P3 <= not P3;
   end process;
	
   -- Stimulus process
   stim_proc7: process
   begin		
      -- hold reset state for 100 ns.
      wait for 640 ns;	
	B <= not B;
   end process;		
	
	
	

END;
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Multi Full
	Module Name:    multi4x12_full - Behavioral 
-- Project Name: 
-- Target Devices: 
-- Tool versions: 
-- Description: 
--
-- Dependencies: 
--
-- Revision: 
-- Revision 0.01 - File Created
-- Additional Comments: 
--
----------------------------------------------------------------------------------
library IEEE;
use IEEE.STD_LOGIC_1164.ALL;

-- Uncomment the following library declaration if using
-- arithmetic functions with Signed or Unsigned values
--use IEEE.NUMERIC_STD.ALL;

-- Uncomment the following library declaration if instantiating
-- any Xilinx primitives in this code.
--library UNISIM;
--use UNISIM.VComponents.all;

entity multi4x12_full is
    Port ( A1 : in  STD_LOGIC;
           A2 : in  STD_LOGIC;
           A3 : in  STD_LOGIC;
           B1 : in  STD_LOGIC;
           B2 : in  STD_LOGIC;
           B3 : in  STD_LOGIC;
           Q0 : out  STD_LOGIC;
           Q1 : out  STD_LOGIC;
           Q2 : out  STD_LOGIC;
           Q3 : out  STD_LOGIC;
           Q4 : out  STD_LOGIC;
           Q5 : out  STD_LOGIC);
end multi4x12_full;

architecture Behavioral of multi4x12_full is
COMPONENT line_0
    
	 PORT(
         A1 : IN  std_logic;
         A2 : IN  std_logic;
         A3 : IN  std_logic;
         A4 : IN  std_logic;
         B1 : IN  std_logic;
         Q0 : OUT  std_logic;
         Q1 : OUT  std_logic;
         Q2 : OUT  std_logic;
         Q3 : OUT  std_logic;
         Q4 : OUT  std_logic;
         Q5 : OUT  std_logic;
         Q6 : OUT  std_logic;
         Q7 : OUT  std_logic;
         Q8 : OUT  std_logic;
         Q9 : OUT  std_logic;
         Q10 : OUT  std_logic;
         Q11 : OUT  std_logic
        );
    END COMPONENT;
	 
	 COMPONENT line_X
    PORT(
         A1 : IN  std_logic;
         A2 : IN  std_logic;
         A3 : IN  std_logic;
         B : IN  std_logic;
         P1 : IN  std_logic;
         P2 : IN  std_logic;
			 P3 : IN  std_logic;
         Q1 : OUT  std_logic;
         Q2 : OUT  std_logic;
         Q3 : OUT  std_logic;
         Q4 : OUT  std_logic
        );
    END COMPONENT;
	 
	signal  p1_1 : STD_LOGIC;
	signal  p1_2 : STD_LOGIC;
		
	signal  p2_1 : STD_LOGIC;
	signal  p2_2 : STD_LOGIC;
	signal  p2_3 : STD_LOGIC;
begin

line1 : line_0
		Port Map 
		( A1, A2 , A3 , B1  , Q0 , p1_1  , p1_2 );
		
line2 : line_X
		Port Map
		( A1 , A2 , A3 , B2 , p1_1 , p1_2  , P3 , Q1 , p2_1 , p2_2 , p2_3 );
		
line3 : line_X
		Port Map
		( A1 , A2 , A3 , B3 , p2_1 , p2_2 , p2_3, Q2 , Q3 ,Q4 , Q5 );

end Behavioral;
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	Project Name:  multi4x12_full
-- Target Device:  
-- Tool versions:  
-- Description:   
-- 
-- VHDL Test Bench Created by ISE for module: multi4x12_full
-- 
-- Dependencies:
-- 
-- Revision:
-- Revision 0.01 - File Created
-- Additional Comments:
--
-- Notes: 
-- This testbench has been automatically generated using types std_logic and
-- std_logic_vector for the ports of the unit under test.  Xilinx recommends
-- that these types always be used for the top-level I/O of a design in order
-- to guarantee that the testbench will bind correctly to the post-implementation 
-- simulation model.
--------------------------------------------------------------------------------
LIBRARY ieee;
USE ieee.std_logic_1164.ALL;
 
-- Uncomment the following library declaration if using
-- arithmetic functions with Signed or Unsigned values
--USE ieee.numeric_std.ALL;
 
ENTITY full_TB IS
END full_TB;
 
ARCHITECTURE behavior OF full_TB IS 
 
    -- Component Declaration for the Unit Under Test (UUT)
 
    COMPONENT multi4x12_full
    PORT(
         A1 : IN  std_logic;
         A2 : IN  std_logic;
         A3 : IN  std_logic;
         B1 : IN  std_logic;
         B2 : IN  std_logic;
         B3 : IN  std_logic;
         Q0 : OUT  std_logic;
         Q1 : OUT  std_logic;
         Q2 : OUT  std_logic;
         Q3 : OUT  std_logic;
         Q4 : OUT  std_logic;
         Q5 : OUT  std_logic
        );
    END COMPONENT;
    

   --Inputs
   signal A1 : std_logic := '0';
   signal A2 : std_logic := '0';
   signal A3 : std_logic := '0';
   signal B1 : std_logic := '0';
   signal B2 : std_logic := '0';
   signal B3 : std_logic := '0';

 	--Outputs
   signal Q0 : std_logic;
   signal Q1 : std_logic;
   signal Q2 : std_logic;
   signal Q3 : std_logic;
   signal Q4 : std_logic;
   signal Q5 : std_logic;
   -- No clocks detected in port list. Replace <clock> below with 
   -- appropriate port name 
 
  
BEGIN
 
	-- Instantiate the Unit Under Test (UUT)
   uut: multi4x12_full PORT MAP (
          A1 => A1,
          A2 => A2,
          A3 => A3,
          B1 => B1,
          B2 => B2,
          B3 => B3,
          Q0 => Q0,
          Q1 => Q1,
          Q2 => Q2,
          Q3 => Q3,
          Q4 => Q4,
          Q5 => Q5
        );

  
 

    -- Stimulus process
   stim_proc: process
   begin		
      -- hold reset state for 100 ns.
      wait for 10 ns;	
		
		A1 <= not A1; 

     
   end process;
	
	 stim_proc2: process
   begin		
      -- hold reset state for 100 ns.
      wait for 20 ns;	
		
		A2 <= not A2; 

     
   end process;
	
	 stim_proc3: process
   begin		
      -- hold reset state for 100 ns.
      wait for 40 ns;	
		
		A3 <= not A3; 

     
   end process;
	
	 stim_proc4: process
   begin		
      -- hold reset state for 100 ns.
      wait for 80 ns;	
		
		B1 <= not B1; 
		
	
   end process;
	
	 stim_proc5: process
   begin		
      -- hold reset state for 100 ns.
      wait for 160 ns;	
		
		B2 <= not B2 ; 

     
   end process;
	 stim_proc6: process
   begin		
      -- hold reset state for 100 ns.
      wait for 320 ns;	
		
		B3 <= not B3; 

     
   end process;

END;
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[bookmark: _Toc72322388]Table 7


[bookmark: _Toc72174684]2. Aims and Objectives: 
The task 2 is to design, simulate and synthesise the FSM described by the state diagram in figure 4 as both a VHDL and discrete gate solution. 
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Discrete gate solution
	
	
	
	
	
	
	
	
	
	

	
	State
	
	
	
	
	
	Next state
	
	

	
	
	
	
	
	
	
	
	
	

	state
	A
	B
	C
	X
	
	A
	B
	C
	Z

	A
	0
	0
	0
	0
	 
	1
	0
	0
	

	
	0
	0
	0
	1
	
	0
	0
	1
	

	B
	0
	0
	1
	0
	
	0
	1
	1
	

	
	0
	0
	1
	1
	
	0
	1
	0
	

	C
	0
	1
	0
	0
	 
	1
	1
	0
	

	
	0
	1
	0
	1
	
	0
	1
	1
	

	D
	0
	1
	1
	0
	
	1
	1
	0
	

	
	0
	1
	1
	1
	
	1
	0
	1
	

	E
	1
	0
	0
	0
	 
	1
	0
	1
	

	
	1
	0
	0
	1
	
	0
	1
	1
	

	F
	1
	0
	1
	0
	
	1
	1
	1
	

	
	1
	0
	1
	1
	
	0
	1
	0
	

	G
	1
	1
	0
	0
	 
	1
	1
	0
	

	
	1
	1
	0
	1
	
	0
	0
	1
	

	H
	1
	1
	1
	0
	
	1
	1
	0
	

	
	1
	1
	1
	1
	 
	0
	0
	0
	1

	
	
	AB
	
	
	

	
	Da
	_00
	_01
	11
	10

	CX
	_00
	1
	1
	1
	1

	
	_01
	0
	0
	0
	0

	
	11
	0
	1
	0
	0

	
	10
	0
	1
	1
	1


Da = /C/X + B/X + A/X + /A.B.C


	
	
	AB
	
	
	

	
	Db
	_00
	_01
	11
	10

	CX
	_00
	0
	1
	1
	0

	
	_01
	0
	1
	0
	1

	
	11
	1
	0
	0
	1

	
	10
	1
	1
	1
	1


Db =B/X + /B. C + /A. B/ C + A /B. X  



	
	
	
	AB
	
	
	

	
	Dc
	
	_00
	_01
	11
	10

	CX
	_00
	
	0
	0
	0
	1

	
	_01
	
	1
	1
	1
	1

	
	11
	
	0
	1
	0
	0

	
	10
	
	1
	0
	0
	1


[image: ] Dc = /C.X+ /B.C/X+A/B/X+/A.B.X



FSM
VHDL Module
	Module Name:    fm1 - Behavioral 
----------------------------------------------------------------------------------
library IEEE;
use IEEE.STD_LOGIC_1164.ALL;

-- Uncomment the following library declaration if using
-- arithmetic functions with Signed or Unsigned values
--use IEEE.NUMERIC_STD.ALL;

-- Uncomment the following library declaration if instantiating
-- any Xilinx primitives in this code.
--library UNISIM;
--use UNISIM.VComponents.all;

entity fm1 is
    Port ( x : in  STD_LOGIC;
           Clk : in  STD_LOGIC;
           Z : out  STD_LOGIC);
end fm1;

architecture Behavioral of fm1 is
 
   type state_type is (state_A, state_B, state_C, state_D, state_E, state_F, state_G, state_H);
	signal present_state : state_type := state_A;
	signal next_state : state_type := state_A; 
begin


	State: process (present_state,X)
	begin
		if x='0' Then 
		case present_state is
		when state_A => next_state <= state_E;Z<='0';
		when state_B => next_state <= state_D;Z<='0';
		when state_C => next_state <= state_G;Z<='0';
		when state_D => next_state <= state_G;Z<='0';
		when state_E => next_state <= state_D;Z<='0';
		when state_F => next_state <= state_C;Z<='0';
		when state_G => next_state <= state_G;Z<='0';
		when state_H => next_state <= state_A;Z<='0';
	end case;
  else if x='1' Then
				case present_state is
				when state_A => next_state <= state_B;Z<='0';
				when state_B => next_state <= state_C;Z<='0';
				when state_C => next_state <= state_D;Z<='0';
				when state_D => next_state <= state_F;Z<='0';
				when state_E => next_state <= state_D;Z<='0';
				when state_F => next_state <= state_C;Z<='0';
				when state_G => next_state <= state_B;Z<='0';
				when state_H => next_state <= state_G;Z<='1';
					when OTHERS => NULL;
				end case;
			end if;
		end if;
	end Process state;
	
	clocked: Process (Clk)
	begin
			if ((Clk='1') and (Clk'last_value='0')) Then
				present_state <= next_state;
			end if;
		end process clocked;
		
end Behavioral;
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[bookmark: _Toc72174685]VHDL Test Bench
	VHDL Test Bench Created by ISE for module: fm1
-- 
-- Dependencies:
-- 
-- Revision:
-- Revision 0.01 - File Created
-- Additional Comments:
--
-- Notes: 
-- This testbench has been automatically generated using types std_logic and
-- std_logic_vector for the ports of the unit under test.  Xilinx recommends
-- that these types always be used for the top-level I/O of a design in order
-- to guarantee that the testbench will bind correctly to the post-implementation 
-- simulation model.
--------------------------------------------------------------------------------
LIBRARY ieee;
USE ieee.std_logic_1164.ALL;
 
-- Uncomment the following library declaration if using
-- arithmetic functions with Signed or Unsigned values
--USE ieee.numeric_std.ALL;
 
ENTITY fm1_TB IS
END fm1_TB;
 
ARCHITECTURE behavior OF fm1_TB IS 
 
    -- Component Declaration for the Unit Under Test (UUT)
 
    COMPONENT fm1
    PORT(
         x : IN  std_logic;
         Clk : IN  std_logic;
         Z : OUT  std_logic
        );
    END COMPONENT;
    

   --Inputs
   signal x : std_logic := '0';
   signal Clk : std_logic := '0';

 	--Outputs
   signal Z : std_logic;

   -- Clock period definitions
   constant Clk_period : time := 10 ns;
 
BEGIN
 
	-- Instantiate the Unit Under Test (UUT)
   uut: fm1 PORT MAP (
          x => x,
          Clk => Clk,
          Z => Z
        );

   -- Clock process definitions
   Clk_process :process
   begin
		Clk <= '0';
		wait for Clk_period/2;
		Clk <= '1';
		wait for Clk_period/2;
   end process;
 

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

      wait for Clk_period*10;

      -- insert stimulus here 

      wait;
      end process;
END;
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