ELECTRICAL AND COMPUTER ENGINEERING DEPARTMENT, OAKLAND UNIVERSITY
ECE-378: Digital Logic and Microprocessor Design Winter 2015

Solutions - Homework 1

(Due date: January 227 @ 5:30 pm)
Presentation and clarity are very important!

PROBLEM 1 (20 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) o _
v F=AB+0O)+A vV F=CZ+VNZ+X){Y +X)
v F(X,Y,Z) =[](My,M,, M, M) v F=X+Y)Z+XYZ

vV F=AB+C)+A=AB+C).A=(A+B+C(C).A=(B+C).A=ABC
A £
e -
C _

v F=Z+DNCZ+XT+X)= Z + Y)(Z + X) (Consensus Theorem)

Z+Y)Z+X)=2ZX+7ZY + XY = ZX + ZY (Consensus Theorem)
X Y VA

o

DI f
v F(X,Y,Z) = [1(My, My, Mg, M) = Y(mg,mq, m3,ms) =XYZ + XYZ +XYZ +XYZ =XY +XYZ + XYZ

FX,Y,2) =XV +XYZ+XVYZ=X(Y +YZ)+XYZ=XY +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

vyl

Be-bs
-

=X +VZ+XYZ=X+V)ZXYZ=X+Y+2D)X+V+2D)=UA+Y)A+V)A=X+7

v F
F
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b) For the following Truth table with two outputs: (8 pts) x|yl z| £, £
»  Provide the Boolean functions using the Canonical Sum of Products (SOP), and Product of 1.2
Sums (POS). ololofl o o
= Express the Boolean functions using the minterms and maxterms representations. olol1l 1 o
= Sketch the logic circuits as Canonical Sum of Products and Product of Sums. olilol 1 1
LA R R R R RRERRRRRERRRRRRERRERRERRERRERRRRRRERRERERRERRERRRRERRRERERENRNENNENNEHNGNENGHNH] 0 1 1 1 1

11040
Sum of Products Product of Sums 1lol 1 é 2
i=XYZ+XYZ+XYZ+XVYZ+XYZ A=X+Y+2DX+Y+2D)X+Y+2)

fo=XYZ+XYZ +XVZ +XYZ +XYZ H=X+Y+2DX+Y+2DE+Y +2) 1 1 g 11
0 1

Minterms and maxterms: f; = Y.(m,, my, ms, ms, mg) = [[(My, M5, M).
f2 = X(my, mz, ms, mg, m;) = [1(My, M1, My).

v oy |y v |y

]

Y

Hh
o)

QY
W

Q%Q UL
2
>y
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f <= y nand (not a);

ECE-378: Digital Logic and Microprocessor Design Winter 2015
PROBLEM 2 (20 PTS)
a) Complete the timing diagram of the logic circuit whose VHDL description is shown below: (5 pts)
library ieee; ' | ' | ' | . |
use ieee.std logic 1164.all; ' '
_ _ a | !
1 1 1
entity circ is ' | ! | ' | ' |
port ( a, b, c: in std logic; ' X ' i |
f: out std logic); b1 | ! ' | I
end circ; ' | ! | ' : '
1 1 1 1 I 1 I 1
-1 T 1 1
architecture st of circ is c i : i
signal x, y: std logic; : i ' ' : ' ' :
- 1 1
1 1 1
begin Yo ! i
x <= a nor b; ' ' ! ' ' : '
y <= x xor c; £ i ! i ! !
1 I 1
1 1 1 1 1 !

end st;

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

a

b

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. (10 pts)

library ieee;
use ieee.std logic 11l64.all;

entity circ is

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

end circ;

architecture st of circ is
signal x,y,z: std logic;
begin
x <= a and not(c);
y <= not(a) and c;
z <= b and c;
f <= x or y or z;
end st;

abecl|f

000]|o0 3b oy 01 11 10
0011 c

01010 0| 0 0 1 1
0111

100 1 1 [ 1 1 1 ] 0
1011]0

1101 —_ -

111 1 f = ac + ac + bc
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PROBLEM 3 (15 PTS)

Design a circuit (simplify your circuit) that verifies the

a g ;
) >
if the XNOR gate does NOT work properly. Assumption: ¢ —J |

logical operation of a 3-input XNOR gate. f = '1' (LED ON)
when the XNOR gate is not working, it generates 1's

instead of 0's and vice versa.

£

2%

Xxabc| £ xa
— 00 01 11 10

0000|1 bec T _ _ _
0o0o01§o0 00 || 1 ‘ 0 ‘l 0 |be }? f = xabc + xabc + xabc + xab¢ + xabc
oo10fo0 - - - B + xabc + xabc + xabé
00111 01| 0 0 1/|Be
0100|0 I I - c f= xa(b®c) + xa(b®c) + xa(b&c)
0101)1 11 (1 0 1} 0 |be + xa(b®c)
01101 — — b
0111)0 10| ¢ 0 ‘ 1 bT }E f= (x(-Ba)(b(—Bc)+(x@a)(b(—Bc)
10000 - J
10011 —_——— o~
1010/ 1 lx a x a”x a x a' f = (x®a)®(b®c) = (xDadb®c)
1011f0 = x
1 1 0 0 1 L Y JL ¥ )\ . )
11010 a a a
111040 <
1111} 1

a £

b

c

PROBLEM 4 (30 PTS)

A 16-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-Q and the Quine-McCluskey algorithm

for Q1-Qo. Note it is safe to assume that the codes 1110 and 1111 will not be produced by the keypad.

x y z w | Letter
0000 a
0001 b
Q & 0010 c
0011 d
v 0101 ¢
210 O|% 0110 g
%O Ol 0111 h
1000 i
Q4OOQS 1001 j
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 00 00 60 00 00 | n
OO0 @0 OO O® O® 00 00 060 060 00 OO 00 OO O@
00 00O OO OO OO OO OO OO OO OO @0 €0 @0 @O0 iiig
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Q, Q
xyz w00 00 0 Qlletter XY 00 01 11 10 N¥00 01 11 10
ooo0o0fo0o0o0O0OTU 01 a zw p zw ‘
0001 O 0 0 1 o0 1 b 00 0 0 1 0 00 0 w 0 0
0010 0 0 0 0 1 1 c
0011 0 01 0 1 1 d 01 0 0 1 0 01 0 0 EE
0100 0 01 0 0 1 e
01010 0 0 1 1 1 £ 110 0 | o [« q MEl]X 0
0110 0 01 1 1 1 g
0111 0 01 1 0 1 h
1000[0 0011 0| i 1000¢J 10omxo
1001 0 01 110 Jj f !
1010/0 100 01 k Q2 xy
10110 1 01 0 1 1 g\ 00 01 11 10
1100 01 0 0 1 1 m 00 0 0 0 ?
1101 01 1 0 1 1 n
1110 X X X X X X -
1111)X X X X X X 01 EE 0|1
Qs =0
Q4 =xz+xy Q=Xyz+yzw + Xzw + xZ 11 0 Fqi}
Q3 = Xyw + Xzw + xZw Qo=x+y+z
Q; =yz+Xxzw + xyZ + xyw 10| o bﬁx) 0
= Q,=XYm(2,356,8912,13) +> d(14,15).
Number 4-literal 3-literal 2-literal 1-literal
of ones implicants implicants implicants implicants
mz,3 = 001- mg,9,12,13 = 1-0-
1 my, = 0010 v mz,e = 0-10 Mg 12 913 =1 —0—
mg = 1000 v mg,o = 100- v mi2,14,13,15 = 11--
mg,12 = 1-00 v Mi2,13,14,05 —H——
ms = 0011 v ms,13 = -101
ms = 0101 v mg 1 = -110 We can’t combine
2 me = 0110 v Mo, 15 = 1-01 v any further, so we
me = 1001 v | miz,13= 110- ¥ stop here
mip= 1100 v miz, 14 = 11-0 v
3 miz= 1101 v miz, 15 = 11-1 '
mig4= 1110 4 Mi4,15 = 111- '
4 ms= 1111 v
Prime Minterms
Implicants 2 3 5 6 8 9 12 13
mz,3 f)_jz X X
m2,6 XZW X X
ms,13 yzw X X
Me,14 yZw X
mg,9,12,13 XZ X X X X
mi2,14,13,15 xy X X
- Qy =Xyz +yzw + xZ + Xzw
= Qo=YXm(0,1,2,3,4,5,6,7,10,11,12,13) + ¥ d(14,15): Too many minterms. We better optimize Q, = ¥ m(8,9) + Y. d(14,15):
Number 4-literal 3-literal 2-literal
of ones implicants implicants implicants
1 mg = 1000 v mg,9 = 100- )
> Mo = 1001 We can’t combine
3 = 1110 7 miaas = 111- any further, so
we stop here
4 ms= 1111 v
Prime Minterms
Implicants 8 9
mg,o XyzZ X X - Qo = xyz, = Qo=xyz=X+y+z
Mig,15 Xyz
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PROBLEM 5 (15 PTS)

The following die has a sensor on each side. Whenever a side rests on a surface, the sensor on that side outputs a logic ‘1’
(which is transmitted wirelessly to a controller); otherwise, it outputs a ‘0’. The sensors are named s;, where 1 is the number
printed on the respective side.

We want to design a circuit that reads the state of the 6 sensors and outputs the value of the upper surface. That decimal value
is represented using the binary number system (see table below). A LED ON is represented by the logic value of *1’, and a LED
OFF is represented by a logic value of ‘0"

For example, in the figure below, the resting side has six dots while the upper surface has one. The resulting decimal number
is then ‘1’, which is represented by 001 on the LEDs. The state of the sensors is S6=1, S5=0, S4=0, S3=0, S2=0, S1=0.

Under normal circumstances, we expect only one sensor activated at a time. However, due to a variety of problems, we might
have the following cases:

= Two or more sensors produce a ‘1’ at the same time: In this case, the state of the LEDs must be 000.

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

v Using the state of the sensors as inputs, provide the Boolean expression for each LED: 1.,, L, Lo. Use the canonical Sum
of Products for each function.

Resulting
number: 1

State of Sensors
. S6 S5 sS4 S3 s2 s1
5 S () [ 1 0 0 0 0 O
L ] [ ]
L JE ] L] LIL ) L ]
L N
L N ]
s6 ) T, L, L, L, | Number
s5 L 0O 0 O -
3 L
} > Ll 0 0 1 1
s4 L —0 —1 0O 1 O 2
0 1 1 3
N N N
s, *\ N EN 1 0 0 4
<2 - - — 1 0 1 5
) . 1 1 O 6
25 1 1 1 -

S1 S2 S3 S4 85 S6 |L, L, L, | Number
0 0 0 0 O

5354 5556 + 51525354 55 S6 + 5152 53 54 55 56

2
iy
gl

L, =

L, = S152 53 545556 + 51 52 §35455 S6 + S152 S3 54 55 56

Lo = S152 53545556 + S1525354S55 S6 + §15253 S4 S5 S6

HOOOOOoO
ORrOOO0OOo
oOoOoOmrOOOo
OO0OOKr oo
OO0OO0OO0ORrOo
OO0OO0OO0OORrOo
O WDNPEI

oORrRrRrRPRFRPROOOO
oOroOoOoOrRKrOoOOo
oOoOoORrOKRFrORrOo
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