ELECTRICAL AND COMPUTER ENGINEERING DEPARTMENT, OAKLAND UNIVERSITY
ECE-2700: Digital Logic Design Fall 2017

Solutions - Homework 1

(Due date: September 215t @ 5:30 pm)
Presentation and clarity are very important!

PROBLEM 1 (25 PTS)
a) Simplify the following functions using ONLY Boolean Algebra Theorems. For each resulting simplified function, sketch the
logic circuit using AND, OR, XOR, and NOT gates. (12 pts)
v F(X,Y,Z) =[](My, My, M,, M) v F=(A+C+D)AC+D)
v F=X¥®l)+Y v F=(A+B)C+ABD

v F(X,Y,Z) = [1(My, My, My, M) = X.(m,, ms,ms,m,) = XYZ + XYZ +XYZ +XYZ =XY(Z+2Z) +XZ(Y +Y)

=XY +XZ
T )
£

¥

V F=XJ®Z)+Y =X¥®2).Y =(X+Y®Z)Y =(X+YZ+YZ)Y =XY +YZ

x—[>o—j

<

N

vV F=(A+C+D)AC+D)=(X+D)(X+D)=XD+XD,X=A+C
=(A+C)D + ACD = AD + CD + ACD

D>

=(A+B)C+ABD = (A+ B)C.ABD = ABC.ABD = (A+B+C)(A+ B + D)
AA+AB+AD +BA+BB+BD+CA+CB+CD=AB+AC+CB+AD+AB+BD+CD
AB+AC+AD+AB+CD =AB+AB+ AD+ AC +CD = AB+ AB+ AD + AC = A®B + AD + AC

v F
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b) Determine whether or not the following expression is valid, i.e., whether the left- and right-hand sides represent the same

function. Suggestion: complete the truth tables for both sides: (5 pts)
X1 X3+ XpX3 + X Xy = X1Xp + X1 X3 + X3 X3

Left-hand side:

X1 (xy +X2) X3 + (1 + X1)xp%3 + %1 X2 (X3 + X3) = X1Xp X3 + Xq Xz X3 + X1XpX35 + X XpX5 + Xq XpX3 + X1 Xz X3
- Z m(0,2,3,4,5,7)

Right-hand side:
X122 (X3 + X3) + %1 (x5 +X3) x5 + (X1 + X1)X; X3 = Xy XpX3 + XyXpX5 + X1XpX5 + X1 Xz X3 + X1 X5 X5 + X1 X5 X3

- Z m(0,2,3,4.5,7)

Both left-hand and right-hand equations represent the same Boolean function.

c) For the following Truth table with two outputs: (8 pts)

= Provide the Boolean functions using the Canonical Sum of Products (SOP), and Product of Sums

(POS).
= Express the Boolean functions using the minterms and maxterms representations.
= Sketch the logic circuits as Canonical Sum of Products and Product of Sums.

Sum of Products

fi=Xyz+XyzZ+xyzZ+xyz

fo =xyz+xyzZ+xyz

Minterms and maxterms:

o

o

v

Product of Sums

N
-

Hh
N

RPROORRORHKHO H

PrRrRPRPLROOOO »
P RPOORRKE OO |IK
RPRORFROKROHKO
PrRPOOOOHRO

fi=+y+2)x+5+2)E+y+2)(E+7+2)
f=+y+2)x+y7+2)(x+y+2)E+y+2)&G+y+2)

fi = X(my, my, my, my) = [[(My, M3, M5, M).
f2= 2(my,mg,my) = H(M01M2,M3.M4.M5)-
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PROBLEM 2 (15 PTS)

= Design a logic circuit (simplify your circuit) that opens a lock (f = 1) whenever the user presses the correct number on each
numpad (numpad 1: 8, numpad2: 3). The numpad encodes each decimal number using BCD encoding (see figure). We
expect that the 4-bit groups generated by each numpad be in the range from 0000 to 1001. Note that the values form
1010 to 1111 are assumed not to occur.
Suggestion: Create two circuits: one that verifies the first number (8), and another that verifies the second number (3).
Then perform the AND operation on the two outputs. This avoids creating a truth table with 8 inputs.

= Sketch the resulting logic circuit using ONLY 2-input NAND gates. (5 pts)

a
BCD code; number E F
X y z w | pressed p ? 5
0000 0 xlyle|w °
0001 1 TPz ;o
0010 2 h
0011 3 EIHH xly|z|w
4
0100/ 70809 (ITZE)
0110 6 n ﬂﬂﬂ
0111 7
1000 8 Numpadl nn
1001 9 0
Numpad 2
Xy
o 00 01 411 10, £ _,gp
xyzw|f £ 00! o 0 &l’
000O0(J|0 O numpad 1
00010 O 01| O 0 X 0
0O0010f0 O ‘X W‘
001110 1 111 0 0 X X
01000 O @ d
01010 O 000 o0 KX‘ V
01100 0 | i jfl
0111§0 O _\
1000741 0 50 01 11 10 F
10010 O ZW f2 =yzw —
1010 |X X 00| 0| 0| x| O
1011 X X N
1100 |X X 01l o | o | x| o z
1101 X X i B A
1110 |x x 11) 0 | x g f lg |h
1111|x X 1 - '
100 0| 0| x| x ‘ Y 2 W
numpad 2
F =adfgh = (ad)(fg)h
a

: —[>o—j_

asipil
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PROBLEM 3 (11 PTS)

= Design a circuit (simplify your circuit) that verifies the
logical operation of a 3-input AND gate. f = '1' (LED ON) if
the AND gate works properly. Assumption: when the AND
gate is not working, it generates 1's instead of 0's and vice
versa.

Q O o X

PROBLEM 4 (23 PTS)

o}

xabol f X \xaoo 01, 11 10
0oo0o0|1 o beZ _
ooo1l1 o OOlgWO o |Be
0010/1 O

oo11f1 o 01| 1 1)0 0 |Be
o100|l1 o A _
010111 0 1101 o[1] 0 b
o110[1 o -
0111f{0 1 -
1000f0 o I qo 0 |be
1001/ 0 O —— =
1010l 0 0 lxaxa”xaxa'
10110 O = x
1100/0 o0 R P
11010 0 Y a =
1110[{0 o0 \
1111)1 1

__________

174

I

al

al

= X¢ + xb + xa + xabc
=x%(a+b+¢)+xabc

= xabc + xabc

a) Construct the truth table describing the output of the following circuit and write the simplified Boolean equation (5 pts).
Xy z

e
e,

f=x+ty+z

0

HRrRrRROOO
HROOKRRO
HOoORrROKROR

0

0

[
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b) Complete the timing diagram of the logic circuit whose VHDL description is shown below: (5 pts)

library ieee;
use leee.std logic 1164.all; a
entity circ is
port ( a, b, c: in std logic; b
f: out std logic);
end circ;
C
architecture struct of circ is
signal x, y: std logic;
b4
begin
X <= a xXnor c;
y <= x nand b; y
f <= y and (not b);
. 1
end struct; £ i

L
L
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c) The following is the timing diagram of a logic circuit with 3 inputs. Sketch the logic circuit that generates this waveform.
Then, complete the VHDL code. (8 pts)

library ieee;
use ieee.std logic 1164.all;

entity wav is
port ( a, b, c: in std logic; b
f: out std logic);

|

end wav;

architecture struct of wav is

begin £ | ' ’
f <= not (b) |

or (a nor c)

N

end struct;

abcec]|f

000 |1 caboo 01 11 10

0011 I a

o101 0[1 1]0 1 4DO

0110 C —

100 1 1 1/ O 0 1 f
1011 B b —{>

110}0 f=b+ac=b+a+c

111 0

d) Complete the timing diagram of the following circuit: (5 pts)

! ! ! !
a ! ! ! !
b ! ! L
y ! : ! :
a bl | ! A
£ e A A R
(o]

?L
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PROBLEM 5 (26 PTS)

= A 14-letter keypad produces a 4-bit code as shown in the table. We want to design a logic circuit that converts those 4-bit
codes to Braille code, where the 6 dots are represented by LEDs. A raised (or embossed) dot is represented by an LED ON
(logic value of *1"). A missing dot is represented by a LED off (logic value of ‘0’).

v" Complete the truth table for each output (Qo-Qs).
v Provide the simplified expression for each output (Qo-Qs). Use Karnaugh maps for Qs,Q4,Q1,Qo and the Quine-McCluskey
algorithm for Q3-Q.. Note it is safe to assume that the codes 1110 and 1111 will not be produced by the keypad.

Xy zZWw Letter
00O00O a
0001 b
Q 0010 c
0011 d
d 0100 e
0101 £
210 O 0110 g
%O Ole 0111 h
|0 O 1000 i
. Qs 1001 3
1010 k
. . 1011 1
a b c d e £ g h i j k 1 m n 1100 m
®0 00 00 00 00 00 00 00 00 OO 00 €0 00 00 | . N
OO0 @0 00O O® O® 00O @0 060 00O @0 OO €0 OO0 O@
00 00O OO OO OO OO OO OO OO0 OO @0 @0 @0 eo 1110
1111
xyzw|Q Q 0 @ 0 QLetter Qu xy Qi xy
00 01 11 10 00 01 11 10
0000/l 0000 O0 1 a zw — zw —
0001/ 0 0 0 1 0 1 b 00| o | o |[1]] o 000011|
oo10f{0 000 1 1 c
00110 01 0 1 1 d o1 o | o |l 1] o 010[1\1]1J
0100/0 010 0 1 e
0101/0 0 0 1 1 1 £ 110 0 | o |I[x 1} 1101 0] x| o
0110/0 0 1 1 1 1 g
0111/0 0 11 0 1 h 10 10
1000/0 00110 i N G 1__]1X0
1001/0 0 1 11 o0 i
1010[0 100 0 1 k Qo xy
1011/0 1 01 0 1 1 gy N\ 00 01 11 10
4 7 N\
1100/0 1001 1 m ool 11 ) o
1101/0 110 1 1 n
1110 X X X X X X 01
1111]X X X X X X Ly o
1100 [[1] x 11
10| 1 1 X 1)
g N/ /
Qs=0
4 =XZ + Xy Q=Xyz+yzZw + Xzw + xZ
Q3 = Xyw + xzw + xZw o=x+y+z

Qx =yz+xzZw + xyzZ + xyw
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Qs = ¥ m(3,4,6,7,9,13) + ¥ d(14,15).

Number 4-literal 3-literal 2-literal l1-literal
of ones implicants implicants implicants implicants
me,14,7,15 = -—-11-
- v = 01- /14,7,
1 my 0100 my,6 01-0 Fion ve s — 11—
= 0-11
m = 0011 v | ™7 =0
_ v mg,7 = 011- v i
2 me = 0110 _ v We can’t combine
- 1001 v | Mes = -110 furth
my = ms,1s = 1-01 any utrt ehr, SO we
m = 0111 v | mi,15 = -111 v stop here
3 mz= 1101 v m3,15 = 11-1
mig= 1110 v mig,15 = 111- v
4 ms= 1111 v
Prime Minterms
Implicants 3 4 6 7 9 13
my,6 xyw X X
ms,7 Xzw X X
my,13 XZW X X
mi3,15 Xyw X
Me,14,7,15 yZ X X

- Q3 = Xyw + Xzw + xZw

Q; =Xm(1,5,6,7,89,11) + X d(14,15).

Number 4-literal 3-literal 2-literal 1-literal
of ones implicants implicants implicants implicants
= 0-01
1 m; = 0001 4 21'2 = -001 Me,7,14,15 = -11-
= v S =
mg = 1000 ms s = 100- B 14 as ===
= 01-1
ms = 0101 v | ™7 L,
2 me = 0110 v me,7 = 011- We can’t combine
_ mg,14 = -110 Vv any further, so we
mg = 1001 v
mg,11 = 10-1 stop here
m; = 0111 v my,15s = -111 v
3 mpi= 1011 v my1,15 = 1-11
mys= 1110 v mig,15 = 111- v
4 mis= 1111 v
Prime Minterms
Implicants 1 5 6 7 8 9 11
mi,s XZw X X
mp, o yZw X X
mg, o xyz X X
ms,7 xyw X X
Mo, 11 xyw X X
mi1,15 XZW X
Me,7,14,15 yz X X

- Qy =yz+XxZw + xyZ + xyw
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