ELECTRICAL AND COMPUTER ENGINEERING DEPARTMENT, OAKLAND UNIVERSITY

ECE-278: Digital Logic Design

Fall 2016

(Due

PROBLEM 1 (25 PTS)

date:

Solutions - Homework 1

September 15% @ 5:30 pm)
Presentation and clarity are very important!

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) = H(MllMZ'M4' MG)
v F=(XOV)Z+XYZ

v F=(A+C+D)YB+C+D)A+B+0)
v F=B(C+A)+A4AB

v F(X,Y,Z) = H(MlﬂMZ’M4’M6) = Z(mo,m3,m5,m7) ZXYZ_+XYZ+XYZ +XYZ ZXYZ_+Z(XY+X7+XY)
=XYZ+ZXY+X)=XYZ+ZX+X)Y +X)=XYZ+ZY +7ZX
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vV F=X®Y)Z+XYZ=XY+XV)Z+XYZ=XYZ+XYZ+XYZ=XY+XYZ=XY.XYZ
=X +VX+Y+2D)=XY+XZI+VX+YZ=YX+YVZI+XZ+VYX=YX+VZ+YX
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vV F=([A+C+D)B+C+D)A+B+C)=D+B+C)D+A+C0)(A+B+C)=D+B+C)(D+A4+0C)
=(D+B+0O)D+A+C)=DA+C)+D(B+C)+(A+C)(B+C)=DA+C)+D(B+C)

=DB+DA+C
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v F=B(C+A)+AB=BC+BA+A+B=BC+A+B=A+(B+B)(B+C)=A+B+C=ABC

A
B__|
c_

B

Instructor: Daniel Llamocca



ELECTRICAL AND COMPUTER ENGINEERING DEPARTMENT, OAKLAND UNIVERSITY
ECE-278: Digital Logic Design Fall 2016

b) Using ONLY Boolean Algebra Theorems, determine whether or not the following expression is valid, i.e., whether the left-
and right-hand sides represent the same function: (5 pts)
X1X3 + Xpx3 + X5 X3 = (% + X5 + x3) (1 + %2 + X3) (X7 + %, + X3)

I B R R R R R R R R R R R R R RRRRRRRRRRRRRRR R R RRRRRERRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRERREREAN
(e + %5 +23) (0 + %, +53) 06 + 3, +%3) = (0 + (O + x3) (xp +%3)) (37 + x5 + X3) = (g + X3 X3 + x,%3) (%7 + %, + X3)

= X1X> +X1X—3+EEX—1+EE +x2x3E+x2x3 = X1X> +xlﬂ+ﬁx_3 +xZ.X3 = X3Xy +x_3x1 +x2x1 +EE
= X3X3 +Ex1 +Ex_3=xlﬂ+x2x3 +Ex_3

c) 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 ooolo 1
(POS). 001f0 1

= Express the Boolean functions using the minterms and maxterms representations. o101 1

= Sketch the logic circuits as Canonical Sum of Products and Product of Sums. o110 1
1001 O

LA AR R EERRRERRRRRRRRERRRRRRRRRRRRRRRRRERRREERRERRRRRRRRERRERERRERRERERERERNERNHNHN] 1 0 1 0 0
Sum of Products Product of Sums 11041 1
fi=XYZ+XVZ+XYZ+XYZ =X +Y+DX+Y+ DX +7+ DX +Y +2) 11111 0

L =XYZ+XVYZ+XYZ+XYZ+XYZ fob=X+Y+2D)X+Y+2D)X+Y+2)

Minterms and maxterms: f; = Y.(m,, my, mg, m;) = [1(My, My, M3, Mg).
f2 = X(my, my, my, mz, mg) = [1(My, Ms, M7).
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PROBLEM 2 (15 PTS)

sab|f
a) The following circuit has the following logic function: f = Sa + sb. a S oolo
= Complete the truth table of the circuit, and sketch the logic circuit using ONLY 2-input 001lo
NAND gates. (5 pts) f o101
._| ~So— 011]1
S — .
) *TT Yo b 100]o0
g
a £ = © 1012
}f 1100
b DO—,_ s 11 1)1
b —
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b) The circuit on the right can be used to realize various different functions. (10 pts) -
i —
0
= For example, the following selection of inputs produce the function: g = x;x, + xx3.
Demonstrate that this is the case. in2 —1
inl in2 in3 in4 in5 in6 in7 in3 — g
0 X3 X, 0 1 Xy X1
in4 — 0
0 — 0] X2x3
in5 — in7
s ) |n fi = %2(0) + x5(x3) = x,x3 in6
f2 =%2(0) + x,(1) = x, _
Xy —— g
0 o 2 g = X1 (x2%3) + x1(x3) = x5 (1 +X1x3) = x5(x1 + %) (% + x3)
g = x(%1 + x3) = x1%; + Xp%3
X
1 1) 72 %
Xy ——
= Given the following inputs, provide the resulting function g (minimize the function).
inl in2 in3 in4 in5 in6 in7
X1 0 X3 1 0 X1 X2
1 o] Xy
0 Y |a
fi= %3 (x1) + x3(0) = x3(x1)
X3 —— g =% +x300) =%
g = X3 (X3x1) + x,(X7) = X1x, + X% X3
PROBLEM 3 (12 PTS)
» Design a circuit (simplify your circuit) that verifies the & — i i x £
logical operation of a 3-input NOR gate. f = '1' (LED ON) if P | S — L+
the NOR gate does NOT work properly. Assumption: when € 4 1 N
the NOR gate is not working, it generates 1's instead of 0's - N
and vice versa. -
EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEENDR
b £
re>° Zgeed F%00 01 11 10
ooo0o0|l1 1 PbPeN— — . B
ooo01fo o oo/ 1| off1] o0o]|F< T f = xa + xb + xc + xab¢
0010/0 O — - B ] L
00110 0 011 0 0 [1 1\ B c f=xabc+x(a+b+c)
0o100f{0 O - - ¢ .
0101f0 o0 12700 o1 N be f=x%(a+b+c)+x(a+b+c)
011040 0 N / L b2 C 5
0 111 0 0 10 — "F f=x@a+b+c
1000/0 1 OO L) Ype | ]
10011 0 —_——— —_
101011 0 ‘xaxa“xaxa,
10111 o0 = x
11001 o0 N T —
11011 0 a a a
11101 o % \
1111/1 0 s T > c
b
J
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PROBLEM 4 (20 PTS)
a) Complete the timing diagram of the logic circuit whose VHDL description is shown below: (6 pts)
library ieee; | | , | | | 1 | 1
use ieee.std logic_1164.all; ; ' ! ' ! ' ' ! |
1 1
e a ! | !
entity circ 1is | 1 | 1 | 1 1 | 1
port ( a, b, c: in std logic; ' ' ! , ' ' ! ' '
f: out std logic); b i ! ' i '
end circ; : : i : i : : : :
] 1 1 1 I 1 1 I ]
architecture st of circ is c o i | i
signal x, y: std logic; i | | ! ! ! | i :
| T —
pegin_ . O T N S R B b
® ST axor b : | ! | : | | : |
y <= X nor c; f | : | : | | !
f <= y nand (not b); £ ! ! ! ! : | —
end st; . | ' ! | | ! , i

b) 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 leee.std logic 1164.all;

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

f: out std logic);

end wav;
c
architecture st of wav is ' ' ' ' : : : :
begin c ' ' i E E ’ \ '
f <= ¢ or (a and not (b)) : | :
end st; ' ' ' : ' : '
abc]|f
000 0 abOO 01 11 10
001 |1 c — a
010 0 0 0 0 0 1
0111 ( b —>o—
100 1 1 1 1 1 1
101 |1 — c 1S
11040 f=c+ab
111101
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c) Complete the timing diagram of the following circuit: (6 pts)

D N
DT AR

PROBLEM 5 (28 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 ¢,d,e, f,g and the Quine-
McCluskey algorithm for a, b. Note that it is safe to assume that the codes 1100 to 1111 will not be produced by the keypad.

cl
1283 x —
73 1] () | . [l I
z —_—y
7 819 v eI Ic
Hio P ® —
d
Value X YZW|labcdefg
1 0001 [ ] [ - _—
SETEE Ry
3 0011 — — _— -
Do I C O
5 0101
6 0110 —
7 0111
8 1000 6: 8: 9: P: H:
9 10011111011 - - - — —
P 1010
B 1011 [ 1L LI LIl
1100 — — — - —
o1 1
1110 — [ —
1111
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Value X YZW|abcdefg € xy dxy
00 01 11 10 ‘OO 01 11 10
0 0o0o0o0OO0Of1111110 zw ZwW y
1 00010110000 OO‘/l i X 1\ OOWO X 1
2 00101101101 :
3 00111111001 01@ 1 | x| 1) 010[1 Xllj
4 01000110011 N
5 01011011011 11\1 1 X 1 11| 1 0 X 0
6 01101011111 s /
7 011131110000
10 10
8 100001111111 0L | x)0 ,@[l X]O
9 10011111011 ! '
P 10101100111 e xy £ xy
H 101110110111 00 01 11 10 00 01 11, 10
ZwW zZwW

1100 ||XXXXXXX \)

1101 |XXXXXXX oy vy ol x| 00 [1 L [[x) 1T

1110 XXXXXXX

1111 01IXXXXXXX 01 O 0 X 0 01 O 1 X 1

L %
—

111 o 0 X 1 11 0o 0 X 1
c=ytztw 10/(9 T RX ﬁj\ oo 1 \a >,
d = xZ + Xyw + Xyz + Zwy + zwy A I
e=wy+zw+ xz g x
f=x+zw+yz+yw Y00 01 11 10
g=x+zw+yz+yz zw .

00| o (1 | XW 1)

TN NDE

1| 1) o ||x |1

10 [1 1 [Lx 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) + Y 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 Mz, 14 = 11-0 V' | sup24,33,05 =—FF—F
mi1= 1011 v miz,15 = 11-1 '
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 1 2 11
my xyzw X
mg,12 yZ_W X
mi1,15 XZW X
mi2,13,14,15 Xy
a = xyzw + yiw + xzw = a=x+y+z+w)F+z+w)(x+7+w)
6 Instructor: Daniel Llamocca
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= b =3¥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 l1-literal
of ones implicants implicants implicants implicants
= -101
ms = 0101 v | W22 = 710 _
5 o= 0110 me,14 = -110 mi2,13,14,15 = 11--
6 — 1100 v miz, 13 = 110- 4 fﬂa_gl_y},_lg,_l%%ﬂ_——-——"é
M12= miz,14 = 11-0 v
mp3= 1101 v miz, 15 = 11-1 v
3
mig4= 1110 v Mi4,15 = 111- v
4 ms= 1111 v
b = xyzw + yzZw + xzw + xy
VE
Prime Implicants B 1nterms6
ms,13 yZw
Me, 14 yZWw X
mi2,13,14,15 xy
b =yzw + yzw = b=GF+z+w)(F+z+w)
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