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QUESTION 1

(i) Implement a  4:1 Multiplexer  for the function   and  represent the following.
(a) Combinational Diagram					              [2 Marks]
(b) Truth Table and Expressions						[4 Marks]
(c) Logic Diagram							[4 Marks]
(ii) Write a VHDL code for 4:1 Mux using Data flow Model.	          	           [10 Marks]

SOLUTIONS
(a) Combinational Diagram	
[image: Diagram

Description automatically generated]	
										[2 Marks]
(b) Truth Table and Expressions
[image: Table

Description automatically generated with medium confidence]	
										[2 Marks]
          Logic Expression: 
										        [2 Marks]
(c) Logic Diagram	
[image: Diagram, schematic

Description automatically generated]
											[4 Marks]
(ii) Write a VHDL code for 4:1 Mux using Data flow Model.	          	           [10 Marks]
SOLUTIONS
use IEEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;       ---------------------- [Libraries:1 Mark]

entity MUX4_1 is
    Port ( i : in  STD_LOGIC_VECTOR (3 downto 0);
           s : in  STD_LOGIC_VECTOR (1 downto 0);
           y : out  STD_LOGIC);

                                  (OR)
port( A,B,C,D : in STD_LOGIC;
     S0,S1: in STD_LOGIC;
     Z: out STD_LOGIC);

end MUX4_1;		                        -------------------- [Entity structure: 4 Marks]

architecture dataflow of MUX4_1 is

begin
process (A,B,C,D,S0,S1) is
begin
  if (S0 ='0' and S1 = '0') then
      Z <= A;
  elsif (S0 ='1' and S1 = '0') then
      Z <= B;
  elsif (S0 ='0' and S1 = '1') then
      Z <= C;
  else
      Z <= D;
  end if;
 
end process;			----------------------  [Proper Assignments : 5 Marks]

end dataflow; 

QUESTION 2

(i) Determine the reduced state diagram for the state diagram given below.
	                                                                                                                                     [6 Marks]
[image: Diagram

Description automatically generated]

SOLUTIONS

State Table for given state diagram
	
	Present State
	Next State , Output
	Next State , Output

	
	(X=0)
	(X=1)

	a
	b , 0
	d , 0

	b
	e , 0
	c , 1

	c
	d , 0
	c , 0

	d
	b , 0
	d , 0

	e
	a , 1
	c , 1



											[2 Marks]

 Reduced State Table
	Present State
	Next State , Output
	Next State , Output

	
	(X=0)
	(X=1)

	a
	b , 0
	d , 0

	b
	e , 0
	c , 1

	c
	d , 0
	c , 0

	e
	a , 1
	c , 1


											[2 Marks]
Reduced State Diagram
[image: Diagram

Description automatically generated]
											[2 Marks]
(ii) For the Obtained reduced state diagram
(a) [bookmark: _Hlk129365770]Show its state Assignment.						     [1 Mark]
(b) Obtain the State Table.                                                                                  [3 Marks]
(c) Obtain Excitation Table using any Flip- flop.			     [3 Marks]
(d) [bookmark: _Hlk129367624]Output Expressions 							     [3 Marks]
(e) Logic Circuit								    [4 Marks]
SOLUTION	
(a) Show its state Assignment.						 
a  --->  00
b  --->  01
c  --->  10
e  --->  11									[1 Mark]
(b) Obtain the State Table.                
	Present State
	Input
	Next state
	Output

	A             B
	X
	A           B
	Y

	0               0
	0
	0             1
	0

	0               0
	1
	0             0
	0

	0               1
	0
	1             1
	0

	0               1
	1
	1             0
	1

	1               0
	0
	0             0
	0

	1               0
	1
	1             0
	0

	1                1
	0
	0             0
	1

	1                1
	0
	1              0             
	1


                                                                  						[3 Marks]
(c) Obtain Excitation Table using any Flip- flop.					
	Present State
	Input
	Next state
	Output
	D- Flip flops

	A             B
	X
	A           B
	Y
	D1       D2

	0               0
	0
	0             1
	0
	0        1 

	0               0
	1
	0             0
	0
	0        0 

	0               1
	0
	1             1
	0
	1        1 

	0               1
	1
	1             0
	1
	1        0 

	1               0
	0
	0             0
	0
	0        0 

	1               0
	1
	1             0
	0
	1        0 

	1                1
	0
	0             0
	1
	0          0 

	1                1
	0
	1              0             
	1
	1           0


											
[ 3 Marks]
(d) Output Expressions 	
Output Expressions from K Map 


									[3 Marks]








(e) Logic Circuit	
[image: ]
											[4 Marks]
QUESTION 3

(i) Consider two signed numbers -5 (Multiplicand) and 4 (Multiplier). 	 
(a) Multiply the above given numbers using 2’s Compliment method.    [3 Marks]
(b) Draw the Booths Algorithm flow chart for a 4 bit Multiplier.	     [4 Marks]
(c) Use the Booths Multiplier operation table  to verify the resultant of the product from part (a).						   	     [5 Marks]
       SOLUTION
(a) Multiply the above given numbers using 2’s Compliment method.  	
	[image: ]
[image: A picture containing text

Description automatically generated] 				[3 Marks]
(b) Draw the Booths Algorithm flow chart for a 4 bit Multiplier.	     
	[image: Diagram

Description automatically generated]	[4 Marks]		
(c) Use the Booths Multiplier operation table  to verify the resultant of the product from part (a).						   	
[image: ]
										      [5 Marks]
(ii) Write a VHDL code for a 2 X 2 Multiplier.				     	
 SOLUTION
library ieee;
use ieee.std_logic_1164.all;							      [1 Mark]
entity multiply is
port (A, B : in bit_vector(1 downto 0);
P : out bit_vector(3 downto 0));
end multiply;									      [2 Marks]
architecture dataflow of multiply is
begin		
P(0) <= A(0) AND B(0);
P(1) <= (A(1) AND B(0)) XOR (A(0) AND B(1));
P(2) <= ((A(1) AND B(0)) AND (A(0) AND B(1))) XOR (A(1) AND B(1));
P(3) <= ((A(1) AND B(0)) AND (A(0) AND B(1))) AND (A(1) AND B(1));
end architecture;								    [5 Marks]


QUESTION 4

(i) Design a serial Adder using D Flip-flop and draw its corresponding logic circuit. Consider any two 4- bit binary numbers which are stored in two shift registers A and B respectively. The result (sum) of the adder must be stored in the register A. Use a Full adder to add the two numbers. Answer the following questions
(a) Block Diagram							[4 Marks]
(b) State Diagram							[4 Marks]
(c) Present state, Next state, output Table.				[4 Marks]
(d) Excitation Table and  Simplified K- Map Expression.		[4 Marks]
(e) Logic Diagram.							[4 Marks]

SOLUTIONS

(a) Block Diagram							
[image: Diagram

Description automatically generated][4 Marks]



(b) State Diagram
[image: ]
								[4 Marks]
(c) Present state, Next state, output Table.				[image: ]
											[4 Marks]
(d) Excitation Table and  Simplified K- Map Expression.	
[image: ]													[2 Marks]
	   
	  D								[2 Marks]

(e) Logic Diagram.						
[image: Diagram

Description automatically generated]
											[4 Marks]
QUESTION 5

(i) For the functions  the    and .  
Answer the following.
(a) Show the truth tables for the functions  and 			[5 Marks]
(b) Logic  Expressions							[3 Marks]
(c) Show how  and 	can be implemented using one Decoder.	[6 Marks]
(d) Design them using Programmable Logic Array (PLA).		[6 Marks]
SOLUTIONS
(a) Show the truth tables for the functions  and 


	X
	Y
	Z
	
	

	0
	0
	0
	1
	1

	0
	0
	1
	0
	1

	0
	1
	0
	0
	1

	0
	1
	1
	1
	0

	1
	0
	0
	0
	1

	1
	0
	1
	1
	0

	1
	1
	0
	1
	0

	1
	1
	1
	0
	1


											[5 Marks]
(b) Logic Expressions	
   			
   					[3 Marks]

    (Using K Map)
		
(c) Show how  and 	can be implemented using one Decoder.	
[image: ]
											[6 Marks]
(d) Design them using Programmable Logic Array (PLA).
[image: ]	
											[6 Marks]	
QUESTION 6


(i)  What is LUT of an  FPGA? and explain the operation of two input  LUT seen in FPGA in detail with a help of a neat diagram.						[12 Marks]
(ii) For a  3- input LUT of an FPGA Logic block and  determine the bits to be stored in its storage cell by using   the function   to realize by answering the following
(a) Truth Table								[2 Marks]
(b) Design a  3- input LUT of an FPGA by assuming the value of inputs to be 001 respectively.								[6 Marks] 
SOLUTIONS
(i) What is LUT of an  FPGA?							
· An FPGA Look Up Table is the combination of flipflops (storage cells) and series of Muxs (Multipliers ) interconnected. 
· Each cell is capable of holding a single logic value, either 0 or 1. The stored value is produced as the output of the storage cell. 				[2 Marks]

Explain the operation of two input  LUT seen in FPGA in detail with a help of a neat diagram.								
[image: Diagram

Description automatically generated]
											[4 Marks]
								
· A two-variable truth table has four rows, this LUT has four storage cells. 
· One cell corresponds to the output value in each row of the truth table. 
· The input variables x1 and x2 are used as the select inputs of three multiplexers, which, depending on the valuation of x1 and x2, select the content of one of the four storage cells as the output of the LUT.					    [2 Marks]
Operation
· When x1 = x2 = 0, the output of the LUT is driven by the top storage cell, which represents the entry in the truth table for x1x2 = 00. 
· Similarly, for all valuations of x1 and x2, the logic value stored in the storage cell corresponding to the entry in the truth table chosen by the particular valuation appears on the LUT output. 
· Providing access to the contents of storage cells is only one way in which multiplexers can be used to implement logic functions					    [4 Marks]

(ii) For a  3- input LUT of an FPGA Logic block and  determine the bits to be stored in its storage cell by using   the function   to realize by answering the following
(a) Truth Table								
(b) Design a  3- input LUT of an FPGA by assuming the value of inputs to be 001.

(a) Truth Table 
	A
	B
	C
	f

	0
	0
	0
	1

	0
	0
	1
	0

	0
	1
	0
	1

	0
	1
	1
	0

	1
	0
	0
	1

	1
	0
	1
	0

	1
	1
	0
	0

	1
	1
	1
	1


											[2 Marks]
(c) Design a  3- input LUT of an FPGA by assuming the value of inputs to be 001 respectively.
[image: ]
											[6 Marks]
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