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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)
(5 points) 
a) Poof that the Shannon Expansion Theorem




F(A,B,C,…,Z) = (A F(0,B,C,…,Z)  +  A F(1,B,C,…,Z)

can be generalized by replacing the  + operator in the above expression by the       (  operator, namely, that


                        F(A,B,C,…,Z) = (A F(0,B,C,…,Z)  (  A F(1,B,C,…,Z) 

                           is true.

(5 points) 
b) By using conveniently ONLY the ExOR and AND operators, convert  

                                   F(A,B,C) = AB +(C  into an all positive function, i.e. a function that does                    not have any complemented variable. 

___________________________________________________________________________

ANSWER
a)  For A = 0,  

                          F(A,B,C,…,Z) = (A F(0,B,C,…,Z)  (  A F(1,B,C,…,Z)

                                                  =   1 . F(0,B,C,…,Z)  (  0

                                                  =   F(0,B,C,…,Z)  (  0

                                                  =   F(0,B,C,…,Z).

    For A = 1,   

                        F(A,B,C,…,Z) = (A F(0,B,C,…,Z)  (  A F(1,B,C,…,Z)

                                                  =   0 (  1.  F(1,B,C,…,Z)

                                                  =   0 (  F(1,B,C,…,Z)

                                                  =   F(1,B,C,…,Z).

The same result is obtained substituting A = 0 and A = 1 in the expression of the Shannon Expansion Theorem, F(A,B,C,…,Z) = (A F(0,B,C,…,Z)  +  A F(1,B,C,…,Z). Thus, since the Shannon Expansion Theorem is true, its generalization obtained by replacing the  + operator, in the above expression, by the (  operator is also true.
b)  We expand  F (A,B,C) = AB +(C   with respect to  C using the generalized Shannon Expansion Theorem. We obtain 

F(A,B,C) = (C [ 1 ] ( C [AB].

Replacing  (C  by 1 ( C, we obtain 

F(A,B,C) = 1 ( C ( CAB. 

 Question 2 : Application of Boolean Theory (10 points)
(5 points)         a)  The function F(A,B,C,D) = (m(0,2,6,16,20,22) has the following prime implicants:
	A   B   C   D   E  

	-    0    1   1     0

	-    0    0   0     0

	1    0    -   0     0

	1    0    1   -     0

	0    0    -   1     0

	0    0    0   -     0


                         Give all minimal sum-of-products expressions of  F.

(5 points)
b)  Using only the building block  realizing the function f(a,b,c) = a b  + (a c,
draw a circuit that produces  F(A,B,C) = A(C  + (B C. (The optimal solution          uses two such building blocks).ONLY TRUE INPUTS ARE AVIALABLE
_________________________________________________________________________

ANSWER

a)
	
	A   B   C   D   E 
	0
	2
	6
	16
	20
	22

	P1
	-    0    1   1     0
	
	
	x
	
	
	x

	P2
	-    0    0   0     0
	x
	
	
	x
	
	

	P3
	1    0    -   0     0
	
	
	
	x
	x
	

	P4
	1    0    1   -     0
	
	
	
	
	x
	x

	P5
	0    0    -   1     0
	
	x
	x
	
	
	

	P6
	0    0    0   -     0
	x
	x
	
	
	
	


There are no essential prime implicants. There are two minimal forms depending on the first covering choice, namely, 





Fmin = P1 + P3 + P6 

Fmin = P2 + P4 + P5 
 Using the Petrick function

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

P = (P2P5 + P6)(P4P5 + P1)(P2P4 + P3)

P = (P2P4P5 + P2P5P1 + P4P5P6 + P6P1)(P2P4 +P3) 

P = P2P4P5 + P1P3P6 + (terms with more than three Pi’s).Thus the minimal covers are: 
Fmin = P1 + P3 + P6  and Fmin = P2 + P4 + P5. 
                                                                    Do part (b) on next page…………….>

Question 2 : Application of Boolean Theory (10 points) - Part (b)
b)
Let f(a,b,c) = a b  + (a c be the given building block, and let us determine an assign to, a,b,c,  from the inputs A,B,C, such that we obtain the target function  F(A,B,C) = A(C  + (B C.
If  a = C, then  F(A,B,C) = A(a +(B a = a(B + (a A, which suggests  to make b =(B and c = A.

We need a second block to realize  (B  which is obtained by assigning a = B, b = 0, c = 1. 

The resulting circuit  is 
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Question 3 : VHDL  (15 points) .

a) (10 marks) Write a complete VHDL description of a circuit that implements the Boolean function: 
[image: image2.wmf](1)(0)(1)(0)(1)(0)(1) (0)
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      Use only a single selected signal assignment statement.

LIBRARY ieee;

USE ieee.std_logic_1164.ALL;
ENTITY q3 IS


PORT(x : IN STD_LOGIC_VECTOR(1 downto 0),



a,b,c     : IN    STD_LOGIC;



f         : OUT   STD_LOGIC);

END q3;
ARCHITECTURE a OF q3 IS

BEGIN


WITH x SELECT



f <= a WHEN “00”,

               c WHEN “01”,

               b WHEN “10”,

               c WHEN OTHERS;

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

b) (4 marks) Write a single conditional assignment statement that can replace the single selected assignment statement used in the answer to part a) without changing the function of the circuit.



f <= c WHEN x(0) = ‘1’ ELSE

               b WHEN x(1) = ‘1’ ELSE

               a;

c) (1 mark) In the circuit described using the conditional assignment statement, which of the 3 signals – a, b, or c – will typically have the shortest propagation delay to the output? 
Explain why.
ANS.  Signal c will have the shortest propagation delay. The circuit implied by the conditional assignment statement is a chain of two 2:1 multiplexers. One multiplexer has its output connected to the signal f, and its select line connected to x(0). Its “1” input is connected to the signal c. Its “0” input is connected to the output of the other multiplexer, whose inputs are connected to signals a and b. Thus, signal c has to pass through one multiplexer, while signals a and b have to pass through two, giving them a longer propagation delay than c.
Question 4 : CMOS Circuit Technology Design (15 points)
(5 points)
a) Give the function, F,  produced by the following CMOS circuit
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(5 points)
b) Give the function, F, produced by the following TG circuit
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(5 points)
c) Give the  Pull-up-network and the Pull-down-network corresponding to a fully complementary CMOS circuit realization of the function  F(A,B) = A B  + (A(B.


 ASSUME THAT ONLY TRUE VARIABLES ARE AVAILABLE AS INPUTS. 
(For full mark use the fewest number of transistors).   
                                                                                Use next page to answer the questions--(
Question 4 : CMOS Circuit Technology Design (15 points)
ANSWER
a) 

	VA VB
	VF

	 L    L
	L

	L    H
	H

	H    L
	H

	H    H
	L


which, in positive logic,  produces the ExOR function.

b)

When B = 1,  A passes to  F and when  B = 0,  (A passes to F. Therefore, the circuit produces the function  F (A,B) = B [A] + (B [(A ] = BA  + (B(A  = A ((  B.

c)
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Question 5 : Combinational Circuit Design(15 point)
A warehouse has three doors, lights and three switches; one switch at each one of the doors. Design a circuit that will make possible to turn  the lights ON or OFF from any one of the three switching points.

(5 points) 
a) Give the truth table of the output function, Z,  of the circuit. Assume that Z = 1 means “the lights are ON” and  that Z = 0 means “the lights are OFF”. 

(5 points) 
b) Simplify the function Z, if possible, and then, give the circuit producing Z using only 2-input EXOR gates.

(5 points) 
c) Give the 2-LUT implementation of  Z.
____________________________________________________________________________  
a)To produce the truth table of the output function, Z, we use the following reasoning:
Assuming the initial condition A,B,C = 000, and the lights in the OFF position, then if A =1 (if switch A is turn ON) then the result is  Z = 1 (the lights are turned ON). Similarly for B = 1 and C = 1. If the switches are positioned  either ABC =100, 010 or 001  with the effect of Z =1, then any change of any of the switches should turn the lights OFF. Thus ABC = 110,101,011 results in Z = 0. At this position of the switches  and Z = 0, any change of any of the switches should turn the lights  ON. Thus for ABC = 111, Z = 1.
The resulting truth table is

	A B  C
	Z

	0  0  0
	0

	0  0  1
	1

	0  1  0
	1

	0  1  1
	0

	1  0  0
	1

	1  0  1
	0

	1  1  0
	0

	1  1  1
	1


b) The function  Z  is the EXOR function of the three variables A, B, C, namely,

 F(A,B,C) = A ( B ( C, which cannot be simplified in terms of sum-of-products.

The circuit producing  Z and using only 2-input EXOR gates is the following
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                                                                                         Continue Question 4 on next page  --(
Question 5 : Combinational Circuit Design(15 point) (continues)
c)
The 2-LUT  circuit producing  Z is the following
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Question 6 : Sequential Circuits (10 points) 

Given the latch circuit shown below
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(5 points) a) Analyze the behavior of the latch indicating the input values that may cause the latch to oscillate and propose an input connection to prevent oscillation.

(5 points) b) Analyze the resulting latch in a) and show why it is useless.
_________________________________________________________________________

a)
To analyze  the behaviour of this latch we first break the feedback connections and produce the next state equations of the outputs. We obtain

y+ = z ( A = (z A + z(A

z+ = y ( B = (y B + y(B.

We map these equations on a state-transition map having as rows the logic space,  {y,z}, of the present state, as columns the inputs logic space, {A,B} and as entries of the map the corresponding next state, { y+, z+}. We obtain the following state-transition map:

	AB

yz
	00
	01
	11
	10

	00
	00
	01
	11
	10

	01
	10
	11
	01
	00

	11
	11
	10
	00
	01

	10
	01
	00
	10
	11


There are two input values, namely, AB = 01 and AB = 10 for which the circuit oscillates.
We observe also that if both A and B change simultaneously from 00 to 11 then the circuit  is stable. However, this simultaneity is very improbable in practice. The change from AB=00 to AB=11, occurs either through AB = 01  or through AB=10. In both cases, the circuit will oscillate. The transition from AB=00 to AB=11 is, in practice, critical.
To force A and B to assume the same value and thus prevent oscillation, we tie the inputs together. Effectively, by making A=B, the inputs are reduced either to A=B=0 or to A=B=1.

b) Let us analyze now the behaviour of the latch resulting from making A = B.
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Making A=B=T, the state transition map of the latch is the following:
	AB

yz
	00
	11

	00
	00
	11

	01
	10
	01

	11
	11
	00

	10
	01
	10


We observe that if the initial present state is yz = 00 and the input is  T = 0, then the circuit is stable. Changing T to T=1, the circuit will either transit to yz = 01 or to yz = 10 to stabilize itself in either of these states respectively. Therefore, it is unpredictable, which one of the outputs, y or z, will assume the value  1. Now, if yz will change simultaneously from 00 to 11, (which implies that the gates have identical delays!), when  T is changed from 0 to 1, then the outputs yz will change indefinitely from 00 to 11 and from 11 to 00 oscillating between these two states until the input T is reset to 0. At that time the outputs may become either yz = 00 or yz =11 (in the case of identical gate delays) or (in case of non identical gate delays) assume either yz = 10 or yz = 01 and lock there, as discussed above.

In any event, this latch is useless and will never produce a T-type latch with the proposed input connections.   
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