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            75  points


Please write down your name:    ANSWER  KEY
Please write your student ID: ______________________________________

Instructions/Please read carefully!

This is a close book exam. No books or notes are allowed. You may use a standard calculator.

All work is to be done on the attached sheets and under no circumstance are booklets or loose sheets to be used. Write your name at the top of every sheet.

Read the question carefully. If something appears ambiguous, write down your assumption. The points have been assigned according to the formula that  1 point = 1 exam minute, so please pace yourself accordingly.

Question 1: Boolean Logic Theory (10 points)
The Majority function  M(A,B,C)  is equal to 1 when two or three of its variables assume the value  1. That is

M(A,B,C) = A B + A C + C B
(5 points)
a)  Find the algebraic expression of  F(A,B,C,D) produced by the following                                         network
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(5 points) 
b) Draw a network producing the function 

                                   F(A,B,C,D) = ABC + ABD +ACD + BCD

and using only Majority functions M(X,Y,Z) = XY + XZ + YZ as building blocks.
Note: A solution with 5 or less M blocks gets full marks and a  correct solution gets partial marks.
___________________________________________________________________________
ANSWER

a)                 F (A,B,C,D) = (A B  + (C A  + (D A.
b)  
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 Question 2 : Application of Boolean Theory (10 points)
(5 points)         a)  Give the prime implicants of the function 
F(A,B,C,D) = (m(4,10,11,13) + Dm (0,2,5,15),

                             where Dm denotes the don’t care minterms
(5 points)
b) Give ALL two-level AND-OR minimal expressions of  F. 
_________________________________________________________________________

ANSWER                                                             First and only reduction
a)
	ID
	A B C D

	0
	0 0  0  0

	4
	0 1  0  0

	2
	0 0  1  0

	5
	0 1  0  1

	10
	1 0  1  0

	11
	1 0  1  1

	13
	1 1  0  1

	15
	1 1  1  1

	Groups
	A B C D

	(0,4)
	0 –  0  0

	(0,2)
	0 0  -  0

	(4,5)
	0 1  0  -

	(5,13)
	- 1  0  1

	(13,15)
	1 1  -  1

	(15,11)
	1 –  1  1

	(10,11)
	1 0  1  -

	(2,10)
	- 0  1  0


The prime implicants are shown in the first column of the covering table below
               Covering Table 
	Primeimplicants

          A B C D
	4
	10
	11
	13

	P1:     0 –  0  0
	x
	
	
	

	P2:     0 1  0  -
	x
	
	
	

	P3:     - 1  0  1
	
	
	
	x

	P4:     1 1  -  1
	
	
	
	x

	P5:     1 –  1  1
	
	
	x
	

	P6:     1 0  1  -
	
	x
	x
	

	P7:     - 0  1  0
	
	x
	
	

	P8:     0 0  -  0
	
	
	
	


There are no essential prime implicants. 
Using the Petrick function

P = (P1 + P2) (P6 + P7) (P5 + P6) (P3 + P4) 
P = (P1 + P2)(P6 + P5 P7)(P3 + P4)

P = (P1P6 + P1P5P7 + P2P6 + P2P5P7)(P3 +P4) 

P = P1P6P3 + P2P6P3 + P1P6P4 + P2P6P4 + (terms with more than three Pi’s).
Thus the minimal covers are:
 Fmin = P1 + P6 + P3 ,  Fmin = P2 + P6 + P3,  Fmin = P1 + P6 + P4 ,  Fmin = P2 + P6 + P4,  

Question 3 : VHDL  (15 points) .

a) (10 marks) Write a complete VHDL description of a circuit that implements the Boolean function:
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, where X and Y are 2-bit signals.

      Use 2-input AND gate and 4-input OR gate components. You do not have to provide the design entities for the AND and OR gates, but you do need to declare these in your circuit description.

entity Q3 is


port(X, Y : in std_logic_vector(1 downto 0);

        f    : out std_logic;

end Q3;

architecture A3 of Q3 is

component and2


port(a,b : in std_logic;

        f : out std_logic);

end component;

component or4


port(a,b,c,d : in std_logic;

        f : out std_logic);

end component;

signal Ia3, Ia4, x, y, z, xny, Ixny : std_logic;

begin

G1 : and2 port map (a=>X(0),b=>Y(0),f=>I1);
G2 : and2 port map (a=>X(1),b=>Y(1),f=>I2);
G3 : and2 port map (a=>Y(0),b=>Y(1),f=>I3);

G4 : and2 port map (a=>X(0),b=>X(1),f=>I4);

G5 : or4 port map (a=>I1,b=>I2,c=>I3,d=>I4,f=>f);

end A3;

                                                              Question 3 continues on next page ---(
Question 3 : VHDL  (15 points) (Continued…)

b) (2 marks) Write a single simple signal assignment statement that can describe the functionality of the circuit in part a).

____________________________________________________________________________

f <= (X(0) and Y(0)) or (X(1) and Y(1)) or (Y(0) and Y(1)) or 

       (X(0) and X(1));
c) (3 marks) Write a single conditional signal assignment statement that can describe the functionality of the circuit in part a). 

____________________________________________________________________________

f <= ‘1’ WHEN (X(0)=’1’ and Y(0)=’1’) ELSE 

     ‘1’ WHEN (X(1)=’1’ and Y(1)=’1’) ELSE 

     ‘1’ WHEN (Y(0)=’1’ and Y(1)=’1’) ELSE 

     ‘1’ WHEN (X(0)=’1’ and X(1)=’1’) ELSE

     ‘0’;

Question 4 : CMOS Circuit Technology Design (15 points)

(7 points)
a) Using only Transmission gates (TG’s) and inverters, draw the circuit of                                          a two-input EX- NOR gate. The EX-NOR (A,B) = A B + (A (B. 
                           (Only 2 TG’s and two inverters are needed).
(8 points)
b) Give the  Pull-up-network and the Pull-down-network corresponding to a fully                               complementary CMOS circuit realization of the function  
                            F(A,B,C) = A(B  + A C + B(C.
ASSUME THAT ONLY TRUE VARIABLES ARE AVAILABLE AS INPUTS. 
NOTE: For full mark use the fewest number of transistors.   ____________________________________________________________________________
  ANSWER

a)

F(A,B) = A[B] +(A[(B] suggests the following circuit configuration
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b) The complement of  F , (F, can be expressed thus  (F =(A ((B + C)

which produces the PUN and PDN circuits shown on next page.
Question 4 : CMOS Circuit Technology Design (continued)
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Question 5 : Combinational Circuit Design(15 point)
In a board of directors meeting four resolutions, A, B, C and D, are up to a vote. The decision is
complicated , however, by the fact that the resolutions are not mutually independent. In fact, the

vote must be governed by the following rules:
1.- Those who vote for resolution  B  must vote for resolution C

2.- It is possible to vote for both resolutions A and C, only if a vote for either B or D is

      also cast.

3.- Those who vote for either resolution C or D or vote against resolution A must vote for

      resolution B.

Each member of the board has four switches, A, B, C, D which he/she presses or releases, depending on whether he/she is in favour or against the resolution under consideration. The switches of each member are the inputs to a combinational circuit whose output  Z  activates a read signal at the end of the vote if the member did not vote according to the rule. 
(5 points) 
a)  Give the truth table of the output function, Z,  of the circuit. Assume that Z = 1                                means “the member did not vote according to the rule” and  that Z = 0 means                                 “the member did vote according to the rule”. Simplify the function Z and give                                the NAND-NAND minimal circuit producing  Z.

(5 points) 
b) Give the circuit producing Z using only 4 x 1 MUXs. 
(5 points) 
c) Give the 2-LUT implementation of  Z.
___________________________________________________________________________ 
ANSWER

a)  The truth table is 
	A B C D
	Z

	0  0  0  0
	1

	0  0  0  1
	1

	0  0  1  0
	1

	0  0  1  1
	1

	0  1  0  0
	0

	0  1  0  1
	0

	0  1  1  0
	0

	0  1  1  1
	0

	1  0  0  0
	1

	1  0  0  1
	1

	1  0  1  0
	1

	1  0  1  1
	0

	1  1  0  0
	1

	1  1  0  1
	0

	1  1  1  0
	0

	1  1  1  1
	0


Question 5 : Combinational Circuit Design(continued)
b)

	AB
CD
	00
	01
	11
	10

	00
	1
	0
	1
	1

	01
	1
	0
	0
	1

	11
	1
	0
	0
	0

	10
	1
	0
	0
	1


                              (Z = (A B + B C +  B D + A C D
                                Z = (A(B + (B(D  + (C(B  + A(C(D
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c)
                                         h0         h1        h3     h2
Question 5 : Combinational Circuit Design(15 point) (continues)
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d)    Z = (A(B + (B(D  + (C(B  + A(C(D can be thought of the form  Z = f1  +  f2 where
f1 =  (A(B + (B(D  and  f2 =   (C(B  + A(C(D which are the inputs to the output LUT programmed as an OR function.
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f1 =   (A(B + (B(D  can be factored  thus  f1 =  (B ((A +(D) and 

f2 =   (C(B  + A(C(D can be factored thus f2 =  (C ((B +  A(D)

which produce the following LUT implementation of   Z

Question 5 : Combinational Circuit Design(15 point) (continues)
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Question 6 : Programmable Logic  Devices(10 points) 

Program the following PLA to produce the functions

F1 = Σm( 5,6,7,8,9,10,11,12)

F2 = Σm( 1,2,3,4,9,10,11,12)
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_______________________________________________________________________

ANSWER

a)
	AB

CD
	00
	01
	11
	10

	00
	0
	0
	1
	1

	01
	0
	1
	0
	1

	11
	0
	1
	0
	1

	10
	0
	1
	0
	1

	AB

CD
	00
	01
	11
	10

	00
	0
	1
	1
	0

	01
	1
	0
	0
	1

	11
	1
	0
	0
	1

	10
	1
	0
	0
	1


F1 = A(B + A [(C(D ] +(A B (D +C)            F2 = [B(C(D] +(B (D + C)
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