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

Solutions - Homework 1

(Due date: September 19th (001), September 18tk (006) @ 5:30 pm)
Presentation and clarity are very important! Show your procedure!

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(A,B,C) =[I(My, My, M,, My) v F=(A+B+D)(AB+D)
v F=x(y®z)+y v F=(A+B)C+ABD

v F(4,B,C) =[1(My, My, My, M) = ¥.(m,, ms, ms, m;) = ABC + ABC + ABC + ABC = AB(C + C) + AC(B + B)

= AB + AC
’ _[>°_:> £
AL_ -
c—

vV F=x(y®2)+y =x(y®z).y =X +y®2)y =X +yz+yz2)y =Xy + yz
il
o I
; —

v F=(A+B+D)(AB+D)=(X+D)(X+D)=XD+XD,X=A+B
=(A+B)D+ABD = AD +BD + ABD = D(A+ B) + DAB

D

v F=({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

:@Df
B
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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)
X1X3 + X3 X3 + X1X3 = XpX3 + X1 X3 + X1 X

Left-hand side:
X1 (X2 + %) x3 + (1 + X)X X3 + X125 (x3 + X3) = X1 2X5X3 + %1 X5 X3 + X1 X5 X3 + X1 X3 X3 + X1 XoX3 + XX X3

- Z m(0,2,34,5,7)
Right-hand side:
(e +X)xox5 + X1 (X2 + X2) X3 + X1 X2 (x5 + X3) = X1 X2X3 + X XoX3 + XXy X3 + X1 Xz X3 + X1 XpX3 + X9 X5 X3

- Z m(0,2,3,45,7)

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 XY % | fi £

(POS). (4 pts) 0oo0O0f1 o

= Express the Boolean functions using the minterms and maxterms representations. 001fo0 1

= Sketch the logic circuits as Canonical Sum of Products and Product of Sums. 010f0 1

0110 o

LA R R RRRRRERRRRRRRRERRRRRRRRERRERRRRRRRRRRRRRRRRERRERRERRERERRRRERRERRRRRRNNRNHAN:! 100 0 1

10101 o

Sum of Products Product of Sums 11000 o0

fi =X%yZ +xyz+ xyz fi=+y+2Dx+y+2)x+y+2)E+y+2)(X+y+2) 11101 o
fo =xyz+xyZ+xyz L=G+y+2)x+y+2DE+y+2D)E+y+2)(xX+y+2)

Minterms and maxterms: f, = Y.(img, ms, m;) = [[(My, My, M3, My, Mg).
f2 = X(my,my, my) = [1(My, M3, Ms, Mg, M7).
X y z

v [y i v ly v
VY|V L
P -

U UG

. =
0_\\_\ :}fz
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PROBLEM 2 (18 PTS)

a)

b)

X1 Xz X3 X4 X5

Security combinations: A lock only opens (z = 0) when the 5 switches (xy, x,, X3, x4, X5) EIEI EIEIEI
are set in any of the 3 configurations shown in the figure, otherwise the lock is closed ON (1) EI EIEI EIEIEI
(z = 1). A switch generates a ‘1’ in the ON position, and a ‘0" in the OFF position. OFF (0)

= Provide the simplified Boolean equation for the output z and sketch the logic circuit. EI EI EIEIEI

IR AR R R RN ERRERRRRRERRERRERRRRERRRRRRRRRRRRRRRERRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRERRERRENRN
X1X2
N\ 00 01 11 10

—] - xS
Dl

] L X3 s
11 o0 [1 1] o

X2 _l_
X1 X3X3X4Xs5 + X X3X3 XaXs + X1 XpX3XaXs = XaXs5 (X7 XpXg + X XoX5 + X1 XpX3)

= x ]
= Xaxs. f (%1, %2, X3) B !
f(xq, %2, %3) = Xm(1,2,5) = f(x1,%2,%3) = ¥m(0,3,4,6,7)

X1 X2 X3 Xg Xs s
0 0 1 0 1
0 1 0 0 1
1 0 1 0 1

All remaining cases

)

R|O(O|O|N

* NNy

z = XgXs. f (X1, X2, X3) = XgXs + (X1, X2, X3) = X4 + X5 + X%3 + X X3 + X1.X;

A doctoral student is defending his Dissertation. A 4-member committee determines whether to accept or reject the work.

A simple majority vote is required. In case of a tie, the outcome is determined by the vote of the chair of the committee.

= Design the circuit (provide the simplified Boolean equation and sketch the logic circuit) that generates f = 1 if the
committee accepts the work, and f = 0 if the work is rejected. We assign x, y, z, w to the vote of each committee member
(w is the vote of the chair of the committee), where ‘1" means accept, and ‘0’ reject. (8 pts)

£
S oo o1 11 10
0000O0| O zw — 1 _
00010 00l o | o] o 0|z w - W
00100 -z -
) N | —
00111 011] O 1 1 1|z w
01000 ] Y w4t w4
=YW + XW + ZW + XyZ

010141 11[1 1) 1)z w Y g
0110]0 N > -
01111 10 — | Sy

0 0 1 0 w —
10000 ) S )
10011 _——— - |
10100 ,xyxy,,xyxy, v d f
10111 = x
1100]0 — : N y D_
11011 Y y £ z
11101 —
1111)1 w

PROBLEM 3 (13 PTS)

a)

The following circuit has the following logic function: f = 5a + sb. sab _f
v Complete the truth table of the circuit, and sketch the logic circuit (3 pts) a 000]0
0010

s —y > > | f o101

a 1 £ 0111
D— b 100/]0

1011

b —D_l 11010

S 1111
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ECE-2700: Digital Logic Design Fall 2019
b) We can use several instances of the previous circuit to implement different functions. (10 pts) -
In
= For example, the following selection of inputs produce the function: g =Xjx; + xpx3.
Demonstrate that this is the case. in2
in1 in2 in3 in4 in5 in6 in7 in3 g
0 1 X, 0 X3 Xy X1 |
0 in4
1o X2 fi = %3(0) + x,(1) = x; )
1 1 " f2 = %2(0) + x2(x3) = x,%3 in5 in7
v — g g =%1(x2) + %1 (x23) = x, (%1 + x1%3) = x,(X7 + %) (%1 + x3) in6
2 g = %2(X1 + x3) = X1Xp + XpX3
0
X3
X2

= Given the following inputs, provide the resulting function g (minimize the function).

inl in2 in3 in4 in5 in6 in7
X3 0 X1 1 0 X1 X2
% o) Txs — % — %
fi =% (x3) + x1(0) = x7(x3)
, fo =% 1) +x3(0) = %
0 — f1

PROBLEM 4 (24 PTS)

g = X (1x3) + x,(%7) = X1 (X33 + x2) = X7 (x5 +%3) (%3 + x3)

g = X1X; + X1X3

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

t £

o %
N

L«

f=x+y+(y®z)=x+y+z

=T

HRKHKLROOO
HRPROOK KOO
HOoOKHOKORO
OrHOORKO
HRHROKRKER
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b) Complete the timing diagram of the logic circuit whose VHDL description is shown below: (5 pts)

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

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

architecture struct of circ is

signal x, y: std logic;
begin
x <= not (a) xor not(c);
f <= y and (not b);
y <= X nor b;
end struct;

in std logic;

’

£

¢) The following is the timing diagram of a logic circuit with 3

Then, complete the VHDL code. (8 pts)

library ieee;
use ieee.std logic 1l64.all;
entity wave 1is
port ( a, b, c: in std logic;
f: out std logic);
end wave;
architecture struct of wave is
signal x: std logic;
begin
x <= (a and b and c¢) or (a nor b);
f <= (b nor c) or x;
end struct;
abec|f
000 1 00 01 11 10
001 1 c
o100 ol 1) o | o €
011 ]o0 i i
1001 1 00
101 0
110 0 T=1 =%
= bc + ab + abc
111 1 f

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

LDOJD

a

b

%

inputs. Sketch the logic circuit that generates this waveform.

E

|

i
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PROBLEM 5 (18 PTS)

A numeric keypad produces a 4-bit code xyzw representing an unsigned number from 0 to 9. We want to design a logic
circuit that converts each 4-bit code to Morse code (where alphanumeric characters are encoded into sequences of dots and
dashes). The figure depicts the Morse code representations for numbers from 0 to 9. The circuit generates 5 bits, where a
*0’ represents a dot, and ‘1’ represents a dash.

Di;iizl Morse code
0 X X X X )
HEB X . q, 1 ([ ¥ ¥ ¥
y —> g5 2 o o apa»a»
£3 53 | 5 o TR SN P
ﬂﬂ " —> 41 4 e o 0o o &>
n — 4o 5 e o o o o
6 a» e o o o
7 apa» ¢ o o
8 e eca» ¢ °
9 aDerE» a» °

v" Complete the truth table for each output (q4, 93, 92, 91, o). (3 pts)

v Provide the simplified expression for each output (q4, 93, 92, 91, q0)- Use Karnaugh maps for q,, g3, q,, and the Quine-
McCluskey algorithm for q,, q,. Note it is safe to assume that the codes 1010 to 1111 will not be produced by the
keypad. (15 pts)

Value xy zw |9, 95 92 91 9o 4 Xy 3 Xy
00 01 11 10 00 01 11 10

0 0000 (|1 1 1 1 1 ZW FZW —
1 ooo0o1/0 1 1 1 1 00) 0 X@ OO?O X 1
2 00100 0 1 1 1 N -
3 0011/0 0 0 1 1 01| 0 | 0 | x |1 01_J 0o | x [\1
4 0100/|0 0 0 0 1 =
5 0101)/0 000 O 110(1__wa 110[Zxx
6 01101 00 0 O
7 0111|1100 O 1oou_xjx 100 0] o0 | x ||x
8 10001 1 1 0 O — —
9 1001|1111 0 ¢

1010 |X X X X X I\XxY

1011 |X X X X X zw_O\O 0L 11

1100 |x x x x X 09\3\0&

1101 X X X X X

1110 (x X X X X m_ﬂo %

1111 X X X X X —

11| O 0 X

10//9 0

qs =yzw +xy +yz

q3 =yzZ +xy +yzw

q, =yz+wy+x
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g, = ¥m(0,1,2,3,9) + ¥ d(10,11,12,13,14,15).

Number 4-literal 3-literal 2-literal
of ones implicants implicants implicants
= -V m, = 00--
_ v mo, 1 000 0,1,2,3
0 mo = 0000 my,, = 00-0 v o, 21,3 — 00—
m,; = 00-1 Vv mi,3,9,11 = -0-1
1 m; = 0001 v mi,o = -001 v PﬂiTgli_,,_Hi*——-Q-—%
my = 0010 v my,3 = 001- v mz,3,10,11 = -01-
my,10 = -010 v R, 10,311 ——03—
m3,11 = —Oll v 1 1
= 10-1 v mg,11,13,15 = L1l-=
ms = 0011 v | Mot 0 Ro, 131115 — -1
v Mg, 13 = 1-01 v i
5 mg = 1001 0 - 101- v mio,11,14,15 = 1-1-
mig= 1010 v 10,11 19, 14,11 15 —F—F—
mio,14 = 1-10 v -
mi,= 1100 v ' mi2,13,14,15 = 11--
mip,13 = 110- v o 1g 13,45 = 11
miz, 14 = 11-0 v
mp1= 1011 v mii, 15 = 1-11 v
3 mp3= 1101 v mis,15 = 11-1 v
mig4= 1110 v Mi4,15 = 111- '
4 ms= 1111 v
gL =Xy +yw+yz+xw+ xz + xy
Prime Implicants Minterms
P 0 1 2 3
mo,1,2,3 Xy X X X X
mi,3,9,11 yw X X
m2,3,10,11 yz X X
My, 11,13,15 XW
mio,11,14,15 XZ
mi2,13,14,15 Xy
= q; =Xy +xw
qo = 2m(0,1,2,3,4) + ¥, d(10,11,12,13,14,15).
Number 4-literal 3-literal 2-literal
of ones implicants implicants implicants
Mo, 1 = 000- v
! = 00--
0 mp = 0000 ¥ | mo, = 00-0 ¥ 2“'2'3 " oo
Mo, 4 = 0-00 e
= -1 v
m = 0001 v | M3 00-1
1 m = 0010 v my,; = 001- v mz,3,10,11 = -01-
2 m, 190 = -010 v R 10,311 ——01—
mg = 0100 v !
mg,12 = -100
msz,11 = -011 v 1-1
mio,11,14,15 = 1-1-
ms = 0011 v mip 11 = 101- v A
, S
2 mip= 1010 v Mmip,14 = 1-10 v Faoiriy
= 1100 v — 110- v | M2a3e35 = 11--
miz= Mmiz,13 = Fio 1413, = 11
miz,14 = 11-0 v
mp;;= 1011 v my1, 15 = 1-11 v
3 mi3z= 1101 4 miz, 15 = 11-1 v
mig4= 1110 4 Mi4,15 = 111- '
4 mis= 1111 v
qo =Xzw + Xy +yz + xz + xy
. . Minterms
Prime Implicants 0 1 > 3
Mo, 4 XzZw X
mg,12 yZw
mo,1,2,3 Xy X X X X
m2,3,10,11 yz X X
Mio,11,14,15 XZ
mi2,13,14,15 xy

= qo = Xy + XZw
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