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McGill University
Department of Electrical and Computer  Engineering
Course: ECSE 323  -Digital Systems Design



Winter 2008
ASSIGNMENT #1

(with Solutions)
PROBLEMS ARE FROM BROWN’S TEXTBOOK 2nd. ED.

TOPIC:  BOOLEAN LOGIC THEORY

1.-      Problem 2.3 page 67

___________________________________________________________________________

ANSWER
Manipulate the left hand side as follows:

xy + yz +(x z  =  xy + (x +(x)yz + (xz

                        =  xy + xyz +(xyz +(xz

                        = xy(1 + z) +(x(y + 1)z

                        = xy . 1 +(x . 1. z

                        = xy +(xz.

__________________________________________________________________________
2.-
Problem 2.36 page 71


___________________________________________________________________________
ANSWER

a)

	Identifier
	x1   x0  y1  y0
	f

	0
	0    0    0    0
	1

	1
	0    0    0    1
	0

	2
	0    0    1    0
	0

	3
	0    0    1    1
	0

	4
	0    1    0    0
	1

	5
	0    1    0    1
	1

	6
	0    1    1    0
	0

	7
	0    1    1    1
	0

	8
	1    0    0    0
	1

	9
	1    0    0    1
	1

	10
	1    0    1    0
	1

	11
	1    0    1    1
	0

	12
	1    1    0    0
	1

	13
	1    1    0    1
	1

	14
	1    1    1    0
	1

	15
	1    1    1    1
	1


b)  The canonical SOP expression is

f  =  (x1 (x0 (y1 (y0 + (x1  x0 (y1 (y0 + (x1  x0 (y1  y0 + x1 (x0 (y1 (y0 + x1 (x0 (y1  y0 +

      +  x1  (x0  y1 (y0 + x1  x0 (y1  (y0 +  x1  x0 (y1  y0 +  x1  x0  y1 (y0 + x1  x0  y1  y0 . 
c)  The simplest SOP expression is
f  =  x1  x0  + (y1 (y0 + x1(y0 + x0 (y1.
___________________________________________________________________________
 3.-        A function  f(A,B)  is self-dual if the dual of  f,  fD,  is such that  f = fD , where

     
fD = (f ((A,(B ). Give all self-dual functions of two variables.
__________________________________________________________________________

ANSWER

All the functions,   f i ,  0 < i < 15 , of two variables are shown below

	x1x0  
	f 0
	f 1 
	f 2 
	f 3 
	f 4
	f 5 
	f 6
	f 7
	f 8
	f 9 
	f 10
	f 11
	f 12
	f 13 
	f 14
	f 15 

	0 0
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1

	0 1
	0
	0
	1
	1
	0
	0
	1
	1
	0
	0
	1
	1
	0
	0
	1
	1

	1 0
	0
	0
	0
	0
	1
	1
	1
	1
	0
	0
	0
	0
	1
	1
	1
	1

	1 1
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	1
	1
	1
	1
	1
	1


All the dual functions of two variables are obtained by changing all  0’s into 1’s and vice versa in the above table, including the values  of the logic space. We obtain the following table
	x1x0  
	f0d
	f1d
	f2d
	f3d
	f4d
	f5d
	f6d
	f7d
	f8d
	f9d
	f10d
	f11d
	f12d
	f13d
	f14d
	f15d

	1 1
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0

	1 0
	1
	1
	0
	0
	1
	1
	0
	0
	1
	1
	0
	0
	1
	1
	0
	0

	0 1
	1
	1
	1
	1
	0
	0
	0
	0
	1
	1
	1
	1
	0
	0
	0
	0

	0 0
	1
	1
	1
	1
	1
	1
	1
	1
	0
	0
	0
	0
	0
	0
	0
	0


Comparing the truth tables of each function and its dual, we identify the self-dual functions.

They are:  f 3 , f 5 , f 10 , f 12 . ___________________________________________________________________________

4.-
Problem 4.23 page 238

__________________________________________________________________________ ANSWER
        Grouping the minters                                              First and only reduction
          by number of  1’s

                    x1  x2  x3  x4  
	0
	0   0   0   0

	2

4

8
	0   0   1   0
0   1   0   0
1   0   0   0
	√
√
√
√
√
√
√

	5

9
	0   1   0   1
1   0   0   1
	

	7
	0   1   1   1
	

	15
	1   1   1   1
	

	0,2
	0   0   -   0

	0,4
	0   -   0   0

	0,8
	-   0   0   0

	4.5
	0   1   0   -

	8,9
	1   0   0   -

	5,7
	0   1   -   1

	7,15
	-   1   1   1


                                                 COVERING TABLE

	Prime

implicants 
	                                           MINTERMS

	
	0
	2
	4
	5
	7
	8
	9
	15

	P1 = 0 0 - 0
	√
	√
	
	
	
	
	
	

	P2 = 0 - 0 0
	√
	
	√
	
	
	
	
	

	P3 = - 0 0 0
	√
	
	
	
	
	√
	
	

	P4 = 0 1 0 -
	
	
	√
	√
	
	
	
	

	P5 = 1 0 0 -
	
	
	
	
	
	√
	√
	

	P6 = 0 1 - 1
	
	
	
	√
	√
	
	
	

	P7 = - 1 1 1
	
	
	
	
	√
	
	
	√


The prime implicants  P1, P5 and P7 are essential. Removing these prime implicants and the minterms covered by them, we obtained the reduced covering table

	Prime

implicants 
	MINTERMS
	

	
	4
	5

	P2 = 0 - 0 0
	√
	

	P3 = - 0 0 0
	
	

	P4 = 0 1 0 -
	√
	√

	P6 = 0 1 - 1
	
	√


Since P4 covers both minterms, the final cover is:

                                                  C  = {P1,P4,P5,P7} =

                                                       = {00-0,010-,100-,-111}

The minimal two-level implementation  corresponds to the function

                             fmin  =  (x1 (x2 (x4 + (x1  x2 (x3 + x1 (x2 (x3 + x2  x3  x4 .
Using the Petrick function we obtain the same result.
Effectively, since we know that the essential prime implicants must belong to every minimal expression, it suffices to apply the Petick function to the reduced covering table. Thus, from the reduced covering table we obtain the following Petrick function:

P = (P2 + P4)(P4 + P6)  =  P4 + P2P6

P tells us that all the remaining minterms of the reduced covering table can be covered by P4. Therefore the minimal cover is composed of P1, P5,P7 and P4. This is the same result that we obtained before, namely,  C = {P1,P4,P5,P7} and 

                   fmin  =  (x1 (x2 (x4 + (x1  x2 (x3 + x1 (x2 (x3 + x2  x3  x4 .

___________________________________________________________________________

5.- 
Give the Shannon expansion of  F(A,B,C,D) = AB + AC + AD + BC + BD + CD
with respect to A,D. 

_________________________________________________________________________

ANSWER

F(A,B,C,D) =     (A(D [F(0,B,C,0)] +

 +(A  D [F(0,B,C,1)] +

+   A(D [F(1,B,C,0)] +

+   A  D [F(1,B,C,1)] . 

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

 +(A  D [B + C] +

+   A(D [B + C] +

+   A  D [ 1 ] . 

F(A,B,C,D) =  A(D [BC]  +(A  D [B + C]  +  A(D [B + C]  +   A  D [ 1 ] . 
---------------------------------------END OF ASSIGNMENT  #1-----------------------------------
