ELECTRICAL AND COMPUTER ENGINEERING DEPARTMENT, OAKLAND UNIVERSITY
ECE-2700: Digital Logic Design Winter 2019

Solutions - Homework 1

(Due date: January 17t @ 5:30 pm)
Presentation and clarity are very important!

PROBLEM 1 (27 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. (14 pts)
v F=AB+C)+A vV F=Z+X)Z+D{T+X)
‘/ F(X,Y,Z) ZH(MZ!M4—!M6ﬂM7) ‘/ F= (X+Y)Z+XYZ_

vV F=AB+C)+A=A4A4B+C).A=(A+B+C(C).A=(B+C).A=ABC

DS

vV F=Z+X)Z+VX+Y)=(Z+X)(Z+7Y) (Consensus Theorem)
Z+X)Z+Y)=2Y+7ZX+ XY =ZY + ZX (Consensus Theorem)

X Y z

EREAE:

DS

v F(X,Y,Z) = [1(My, My, Mg, M) = Y(mg,mq, m3,ms) =XYZ + XYZ +XYZ +XYZ =XY +XYZ +XVZ
FX,Y,2) =XV +XYZ+XVYZ=X(Y +YZ)+XYZ =XV +2)+XYZ=XY +XZ+XYZ
FX,Y,2) =XV +XZ+XYZ =XV +Z(X+XY)=XVY+Z(X+V)=XVY +ZX +Z¥

X Y 4

v oYy
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X+V)Z+XYZI=X+YVZXYZ=X+Y+2D)X+Y+2)=UA+2)A+2),A=X+Y
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b) Using ONLY Boolean Algebra Theorems, demonstrate that the XOR operation is associative: (5 pts)

<)

volv v v v [y

(a®b)®c = a®(b®c) = bD(a®c)

(a®b)@c = (ab + ab)®c = (ab + ab)c + (ab + ab)é = (ab + ab)c + (ab + ab)¢ = abc + abc + abé + abé = Y, m(7,1,4,2).
a®(b®c) = a®(bc + bc) = a(bc + be) + a(be + be) = abe + abé + abé + abc = Y, m(7,4,2,1).

b®(a®c) = (aDc)®b = (ac + ac)®b = (ac + ac)b + (a¢ + ac)b = ach + ach + acb + ach = Y m(7,2,4,1).

* Note that x®y = y®x

For the following Truth table with two outputs: (8 pts) xyz|f §
= Provide the Boolean functions using the Canonical Sum of Products (SOP), and Product of Sums ooo0oflo o
(POS). 0011 o
= Express the Boolean functions using the minterms and maxterms representations. 01001 1
= Sketch the logic circuits as Canonical Sum of Products and Product of Sums. 0111 1
10001 o
10140 1
LA AR R R ERERERERRRRRRERRRRRRRRRRRRRRRRRRRERRRRRRRRRRRRRRRRRRRRRRRRRRRRRRNI] 110 1 1
11140 1
Sum of Products Product of Sums
i=XYZ+XYZ+XYZ+XYZ+XYZ A=X+Y+2DX+Y+2DH)X+Y+2)
fL=XYZ+XYZ+XYZ+XYZ+XYZ L=X+Y+2D)X+Y+2)X+Y+2)

Minterms and maxterms: f; = Y.(m,, m,, ms, my, mg) = [1(My, Mg, M5).
f2 = X(my, mg, ms, mg, my) = [[(Mo, My, M,).
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PROBLEM 2 (25 PTS)

a) Construct the truth table describing the output of the following circuit and write the simplified Boolean equation (6 pts).
t £

—>

y

f=x+y+z

I_ £

Xy z

o

0

HRr R RPROOO
HROORKO

0

HoOrROKROR

1

RPOORRKR OO

1
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b) Complete the timing diagram of the logic circuit whose VHDL description is shown below: (6 pts)

library ieee;
use ieee.std logic 1l64.all;

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

architecture struct of circ is

signal x, y: std logic;
begin
x <= a xor (not c);

y <= x nand b;
f <= y and (not b);
end struct;

£

H

I |

¢) 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 1l64.all;

a
entity wav is
port ( a, b, c: in std logic; b
f: out std logic);
end wav;
(o]
architecture struct of wav is
begin £
f <= not(b) or (a and c);
end struct;
abec|f
0001 aboo 01 11 10
0011 € 3 —
01010 0] 1 \ 0 0 rl
011]o0
100101 11)0[1 \1
1011 B
11040 f=b+ac=b+ac
1111

:

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

@”DOTE f
B "

-

:

PROBLEM 3 (25 PTS)

= A numeric keypad produces a 4-bit code as shown below. We want to design a logic circuit that converts each 4-bit code to
a 7-segment code, where each segment is an LED: A LED is ON if it is given a logic *1’. A LED is OFF if it is given a logic *0'.

v' Complete the truth table for each output (a, b, c,d, e, f, g).
v Provide the simplified expression for each output (a, b,c,d, e, f, g). Use Karnaugh maps for c,d, e, f,g and the Quine-
McCluskey algorithm for a, b. Note: It is safe to assume that the codes 1100 to 1111 will not be produced by the keypad.

a
11305 —
73 1 () | e , s
d

]
—>
819 w_ e
0 —

P k.

(¢]

Value X YZW|abcdefg

0 0000 0: 1 2: 3: 4: 5:

1 0001 | [ [ —

2 0010 11 1 1 10l

3 0011 - - — _—

s oi0s D B I B

5 0101

6 0110

7 0111

g 1000 6: 7 8: 9: P: H
100111111011 [ [ [ [ —

P 1010

H 1011 I II I I I I II I
1100 — — — — —
101 L1 1l 11 11
1110 — — —
1111
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Value XY ZW|abcde fg ¢ (xy d  xy
00 01 11 10 ‘OO 01 11 10
0 0o0O0OOf1111110 zw zvw f
1 00010110000 OO‘/I 1| x| 1) oo\1jo X 1]
2 00101101101
3 0011f1111001 01(1 1 x1 1 010[1 Xllj
4 01000110011 ~ N\
5 01011011011 11‘1 1 X 1 1141 0 X 0
6 01101011111 \ /
7 011131110000
10 10
8 10001111111 O L | X))o /@l X0
9 10011111011 ! '
P 10101100111 e xy £ xy
H 1011/0110111 00 01 11 10 00 ,01 11, 10
zZw zZw
1100 XXXXXXX \) ‘
1101 |XXXXXXX o0l ¥ 0o x| 2 00 [1 1 [[%) 1]
1110 |IXXXXXXX
11110IXxXXxXxxXxxXXX 01] 0 0 X 0 01 0\1 X/ 1
—
11 0 0 X 1 11 0 0 X 1
19 Tl) 1 x ﬁj\ 10 o |(1 |l x) 1
c=y+zZ+w N\ . N /
d = xZ + xyw + xyz + Zwy + zwy |
e=wy+zw+ xz g xy
f=x+zZw+yzZ+yw - 00 01 11 10
g=x+zw+yz+yz - ~
00| 0 (1 XW 1
01| O Ll XJ 1
1] 1) o | x |(1]
1011 1|l x I\ 1]
= a=3m(0,2,3,5,6,7,8910) +> d(12,13,14,15).
Too many minterms. We better optimize: a = Y m(1,4,11) + ¥ d(12,13,14,15)
Number 4-literal 3-literal 2-literal l-literal
of ones implicants implicants implicants implicants
m; = 0001 _
! m, = 0100 v | ™.z = 100
= - v = 11--
_ v miz, 13 110 mi2,13,14,15
z m2= 1100 miz,14 = 11-0 v | map 42305 =3F—F
mi1= 1011 v miz,15 = 11-1 v
3 miz= 1101 v mig,1s = 111- v
mig= 1110 v mii,i15 = 1-11
4 mis= 1111 v
a = xyzw + yzw + xzw + xy
. . Minterms
Prime Implicants 2 11
my xyzw
mg,12 yZw X
mii,15 XZW X
Mmi2,13,14,15 xy

ZW + yZw + xzw =

a=x+y+z+w)F+z+w)(x+z4+w)
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b =Y m(0,1,2,3,4,7,89,10,11) + ¥ d(12,13,14,15).
Too many minterms. We better optimize: b = ¥ m(5,6) + Y. d(12,13,14,15)

Number 4-literal 3-literal 2-literal 1-literal
of ones implicants implicants implicants implicants
ms = 0101 v ms,13 i -101 j
2 mg = 0110 v mg,14 = -110 mi2,13,14,15 = 11--
’ - 1100 v Mip,13 = 110- V' | mye 1433 15 = 33— F
e miz,14 = 11-0 v
mis= 1101 v mi3,s = 11-1 v
3
mg= 1110 ¥ mig,15 = 111- v
4 ms= 1111 v
b = xyzw + yzw + xzw + xy
Prime Implicants : Mlnterms6
ms,13 yZ_W
Mg, 14 yzw X
mi2,13,14,15 xy
b= yzw+yzw = b=@+z+mF+z+w)

PROBLEM 4 (12 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: 7, numpad2: 2). 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 from
1010 to 1111 are assumed not to occur.
Suggestion: Create two circuits: one that verifies the first number (7), and another that verifies the second number (2).
Then perform the AND operation on the two outputs. This avoids creating a truth table with 8 inputs.

BCD code Number
Xy ZW pressed
00O00O 0
0001 1
0010 2
0011 3
0100 4
0101 5
0110 6
0111 7
1000 8
1001 9

2]

NER

DEDy

Numpad 1

?

x
n
N

RO

Numpad 2

oSWQ--~0 Qa0 oo

F
—
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xyOO 01 11 10
A fi=vyzw

xyzw|f £ ol ol o] x| o
oo0o0O0|0 O numpad 1
ooo1lo o o1l ol o | x| o
00100 1 [ YZW}
0oo11f{0 o0 1o 1| x| x lb y
0100|0 0O ¢
01010 O 10| o 0 X | x
01100 O £
01111 o0 )—‘
100010 0 ¥ 00 01 11 10 F
1001/0 0 zw fo=yzw —
1010|X X ool ol o | x| o
1011|xX X —_— )fJ(
1100(X X 01] o 0 X 0 2
1101|xXx X A
1110(}|x X 11| o 0 X | x flg |h
1111|xXx X | i T

1030 X( Y zZ w

F = bedfgh = (bcd)(fgh)

PROBLEM 5 (11 PTS)

The following die has a sensor on each side. Whenever a side rests on a surface, the sensor on that side generates a logic
‘1’ (transmitted wirelessly to a controller); otherwise, it generates a ‘0’. The sensors outputs are named S1, S2, S3, S4, S5, S6.
We want to design a circuit that reads the state of the 6 sensors and outputs a 3-bit value L representing the decimal value
(unsigned integer) of the opposite side (upper surface). The output L is connected to 3 LEDs: A LED ON is represented by
a logic ‘1’, while the LED OFF is represented by ‘0’. For example, in the figure below:

v" The resting side has six dots. This means that the state of the sensors is S6=1, $5=0, S4=0, S3=0, S2=0, S1=0.

v The opposite side (upper surface) has one dot representing the decimal number *1’. Thus, the output L. must be 001.
Under normal operation, we expect only one sensor activated at a time. However, due to a variety of problems, we might
have the following cases:

v" Two or more sensors produce a ‘1’ at the same time: Here, the state of the LEDs must be 000.

v" No sensor produces a ‘1": In this case, the state of the LEDs must be 000.

Using the state of the sensors as inputs, provide the Boolean expression for each LED: 1.,, L:, Lo. First, build the truth
table where the inputs are S6-S1 and the outputs are L»-Lo.

Resulting
number: 1
L]
- s s = State of Sensors
- . S6 S5 S4 sS3 Ss2 s1
LI L] LIL) L] 1 0 0 0 0 0
K
L N ]
L, L; Ly Number
S6 —> L 0O 0 O -
S5 —> 3, L ] o1 0 0 1 1
sa y > 0 1 o0 2
Lo —y 0 1 1 3
S3 ——> 1 0 O 4
s2 — > N N Q 1 0 1 5
S1 ——> . - - 110 6
1 1 1 -
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S1 S2 S3 S4 S5 S6 | Ly L; Lo Number

0O 0 0 0 0 0OfJO O O -
0O 0 0 0 0 1§j0 0 1 1
0O 0 0 01 ofjoOo 1 O 2
0O 0 01 o OofjoO 1 1 3
0O 0 1 o 0o Of1 0 O 4
0 1 0 0 0 Of1 o0 1 5
1 0 0 0 0 Of1 1 O 6

0o 0 O -

Lo = 5152 53 545556 + S1525354S5 S6 + S15253 54 S5 S6
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