McGill University
Department of Electrical and Computer Engineering
Course: ECSE 323 -Digital Systems Design
FALL 2008
Assignment #4
(with solutions)

TOPIC:  COMBINATIONAL CIRCUITS SYNTHESIS
1.-
A very frequently used circuit is one that converts from  n  fully encoded input variables to  2n  “one-hot” outputs. Each output lead corresponds to exactly one of the    2n  possible input combinations and has a   1  signal only when that input combination is present. Such a circuit is called a complete decoding network.
Design a complete decoding network for two inputs ( n = 2) using only  NOR  gates.
ANSWER
The circuit is of the following type
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We produce first the complemented input variables and the generate each output with one  NOR gate
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2.- 
A combinational circuit has   4  inputs, A, B, C,D  and one output  Z  . When the decimal equivalent of the binary string (ABCD), where  A is the most significant bit, is a multiple of  3  the output  Z  =  1   otherwise the output  Z  =  0  . This circuit is called a multiple-of-three detector.

a)  Draw the minimal  NOR-NOR  implementation of the detector.


b)  Draw the minimal AND-OR-INVERT implementation of the detector.


c)  Draw the two-level of  4 x 1  MUX’s implementation of the detector. 
ANSWER
	   AB
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The product-of-sums expression of   Z  is

Z = (A +(B + C) ((A + B + D) (A + C  +(D) ((B + C + (D) (A +(B + (D)

      ((A + B +(C) (B +(C + D) ((A +(C + D).
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b)

Applying the De Morgan’s theorem to the product-of-sums expression of  Z we obtain the following  sum-of-products of  (Z 
(Z = (A B (C + A (B D + (A (C D + B (C  D +(A B D + A(B C + (B C (D + A C (D 
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c)

	   AB
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The column functions  h0,h1,h3,h2 are the inputs to the corresponding  MUX when A,B are chosen as the control variables of the MUX. The resulting circuit is shown below
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3.-
Consider the following  4 x 1  Multiplexer logic circuit which produces a function  F  of  the variables  A, B,C.
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Using the Shannon Expansion Theorem, show that the same function  F  can be produced when the  4 x 1  MUX is replaced by a  2 x 1  MUX with adequate control variable  X  and input functions  G0 and G1.


a)  Find the variable  X  that makes the replacement possible.


b)  Find the functions  G0 and G1.

ANSWER
a) From the definition of a  4 x 1  MUX circuit, we can write
F = (A(B[(C] +(A B[0] + A(B [1] + A B[C].

F = (A(B[(C] +(A B[0] + A(B [C + (C] + A B[C].

By factoring  C and (C we obtain the following expression 

F = (C [(A(B + A(B]  +  C [A(B  + A B]  which gives us   X = C.

b)  Reading the expression of  F  in  a) as the Shannon expansion of  F  with respect to  C we identify the residue functions as corresponding to  G0 and G1. Thus,

F = (C [(B] + C[A] and  G0 =(B and  G1 = A

4.-
Given the logic circuit shown below, determine the function  F2 and F3 

 if  F1 = A (B +(A B   and  F(A,B,C,D) = (m(0,4,9,10,11,12).
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ANSWER
We use the bridging method to find  the maps of  F1, F2 and F3. Note that there is more than one solution due to the don’t care values .

	   AB
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                                 F2   =  C A  +(B D  + A(C(D

                                 F3  =  A(C(D  + B(C(D

5.-
The following circuit realizes the function   F(A,B,C) = A(B C  + (A B.

Determine the inputs  A, B, C such that the circuit realizes the function (X1  +(X2 ,in other words, it is transformed into a 2-input NAND gate. Give the simplest solution.
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ANSWER
Notice that    X( 0 =  X   (transmission) and that  X( 1 =  (X  (complementation)
One simple solution is obtained by forcing the OR gate to transmit  by setting C = 1 which makes one input of the AND gate equal to  1 . This gate transmits thus the output of the EX-OR gate. If  B = 1 then the EX-OR gate complements input  A.  If  A =  X1 X2

Then the circuit realizaed  (X1 +(X2 as required.
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6.-
Given the function  F(A,B,C,D) = (m(0,2,3,7,9,10,11,14),  if  ((A,D) =(A(D + A D, find  F  such that  F(A,B,C,D) = F[((A,D), B, C].

HINT : Use the Shannon Expansion
ANSWER
Expanding  F  about the variables  B,C using the Shannon Expansion Theorem we obtain

F(A,B,C,D) = (B(C [ R0]  +  (B C[R1] +  B(C[R2] +  B C[R3]  where

R0 = F(A,0,0,D) = (A(D + A D

R1 = F(A,0,1,D) =  1

R2 = F(A,1,0,D) =  0

R3 = F(A,1,1,D) = (A D + A(D

Substituting in F  we obtain
F(A,B,C,D) = (B(C [(A(D + A D]  +  (B C[1] +  B(C[0] +  B C[(A D + A(D ]  

Since  ((A,D) =(A(D + A D, then  F (A,B,C,D) = (B(C ((A,D) +(B C+  B C (((A,D)
which reduces to F (A,B,C,D) = (B ((A,D) + C(((A,D) and is a function of  (, B,C.

7.-
Using only 3-LUTs, draw the circuit producing the function F(A,B,C,D) = (m(0,2,3,7,9,10,11,14).

ANSWER
Expanding F with respect to A we obtain
F(A,B,C,B) = A(B D + A(B C + (A C D +(A(B(D

F(A,B,C,D) = (A[C D + (B(D] + A[(BD +(BC]

Which is of the form  F = (a  f1  + a  f2  where  f1 =[C D + (B(D] and f2 = [(BD +(BC]

	B  C  D
	f2

	0  0   0
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The truth tables of  F = (a  f1  + a  f2  and  f1 , f2  are
	a  f1  f2
	F

	0  0   0
	0

	0  0   1
	0

	0  1   0
	1

	0  1   1
	1

	1  0   0
	0

	1  0   1
	1

	1  1   0
	0

	1  1   1
	1

	B  C  D
	f1

	0  0   0
	1

	0  0   1
	0

	0  1   0
	1

	0  1   1
	1

	1  0   0
	0

	1  0   1
	0

	1  1   0
	0

	1  1   1
	1
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**********************END OF ASSIGNMENT  #4 *************************
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