ELECTRICAL AND COMPUTER ENGINEERING DEPARTMENT, OAKLAND UNIVERSITY
ECE-2700: Digital Logic Design Winter 2018

Solutions - Homework 1

(Due date: January 18t @ 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 = Y(Z +X) +W v F = H(I‘flil‘{4!_1W5!_M7)
v F(A,B,C) = ABC + (A®C)B v F=XYZ+X(Y®Z)

v FX,Y,2)=YZ+X)+XY =YZ+YX+X+YV=YZ+X+Y =X+ +VV+2)=X+V+Z=XYZ

:—[>o—'_j_

v F(X,Y,X) = H(Ml,M4_,M5,M7) = Z(mo,mz,m3,m6) ZXYZ_‘l'XYZ_‘I'XYZ‘I’XYZ_ = XZ"‘)?YZ""XYZ_
=XZ+YD)+XYZ=XZ+Y)+XYZ=XZ+XY+XYZ=XY+Z(X+XY)= XY +Z(X+Y)

=XY+ZX+7ZY
2>~

x> L

Y g

LLU g

v F(A,B,C) = ABC + (A®C)B = ABC + (AC + AC)B = AB(C + C) + ACB = AB + ACB = B(A + A()
=B(A+C)=B+(A+C)=B+AC

D

YD) =XYZ+ XV Z+YZ)=XYZ+XVYZ+XYZ=XYZ+YZIX+X)=XVYZ+YZ
=XYZYZ=F+2)X+Y+Z)=YX+YV.Z+ZX+ZY =ZX+Z Y+ XY +ZY =ZX+Z.Y + ZY

Y — >
>0

z

&

b) Demonstrate the following Theorem: (5 pts)
X+NEX+2DHY+2)=X+NEX+2)

U

£

Notethat: (X + V(X +2)=XZ+YX+YZ

TheniX + VKX +2)Y +2)=XZ+YX+YZD)Y +2)=XZY +YX +YZ+XZ+XYZ+YZ =YX+ XZ+XYZ+XYZ+YZ
=YX+XZ+YZX+X+1)=YX+XZ+YZ=XZ+YX+YZ=X+Y)X+2)
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ELECTRICAL AND COMPUTER ENGINEERING DEPARTMENT, OAKLAND UNIVERSITY

ECE-2700: Digital Logic Design Winter 2018
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 xyz|£f £
(POS). 0001 O
= Express the Boolean functions using the minterms and maxterms representations. 001lo0 1
= Sketch the logic circuits as Canonical Sum of Products and Product of Sums. o10lo0 1
(AR R R RRRRRRRRRRRRRRRRRRRERRERRERRRRRRERERERRERRRRRRERERERERERNERRENRENRNENRNERNHNH] 0 1 1 0 0
1 00§50 1
Sum of Products Product of Sums 10171 1
fi = XYZ + xyz + xyz =G +y+D)x+7+2)x+7+DE+y+2)(F+7 +2) 11050 0
fo=xyz+ixyz+xyz+xyz+xyz fo=x+y+2)(x+y+2)(x+y+2) 11191 1

Minterms and maxterms:

0

L

S

fi= 2(mg, ms,my) = [1(My, My, M3, My, M).
fZ = Z(mlim21m4im51m7) = H(MOIM3IM6)'

U UUU
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PROBLEM 2 (26 PTS)

a) Construct the truth table describing the output of the following circuit and write the simplified Boolean equation (8 pts).
Note that a®b®c = (a®b)®c = a®(b®c) = b®(a®c)

xyz|tf

% 00000
| . 00111

4 \Do_f 01010
) 01110

z 10001
t 10110

11011

11111

f =x®@y®(y + z) = ¥®(yz) = Xyz + xyz = Xyz + xy + xZ

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 ieee.std logic 1l64.all;

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

f: out std logic);
end circ;

architecture st of circ is

begin f I

f <= not (a xor b xor c);

N

end st;
abc|f
000 |1 &b o 01 11 10
001]o c a
01010 000 c
011 |1 bHDO—
100 0 1 0 1 0 1
T
1101
11110

f = @bé¢ + abc + abc + abc = a(bc + bc) + a(be + be) = a(b®c) + a(b®c) = a®(bdc) = a®b®c

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

a

> L
_Dy_r c
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d) Complete the timing diagram of the logic circuit whose VHDL description is shown below: (5 pts)

library ieee;

begin
x <= a nor b;

1 I 1
1 I 1
I 1
use ieee.std logic 1164.all; ! '
g — al 1 -
| 1 | 1 | 1 1 | |
entity circ is ! ! ! ' ! ' ! ! '
port ( a, b, c: in std logic; b ! ' : |
f: out std logic); : | ' i ' i | i i
end circ; ! ' ! ' ' ' ' ' :
c i | | |
architecture st of circ is b . 1 d ' f '
signal x, y: std logic; ' : ! ' : | |
X | ! i i
| T | T T
1 1 1
1 1 1
Vo :
| ' i
1 1 1
[
1
1
1

y <= X Xor cy; \ 1
f <= y xnor (not a); .
end st; . i
£ . ! | I
1 1 1

PROBLEM 3 (11 PTS)

= Complete the truth table for a circuit with 4 inputs x,y, z,w that activates an output (f = 1) when the number of 1's in the
inputs is equal than the number of 0's. For example: If xyzw = 1001 - f = 1. If xyzw = 1011 - f = 0.

= Provide the Boolean equation for the output f and sketch the logic circuit.

Xy zWw

00 01 11 10
ZW ~ -

00| O

o
o
o
o

(@)
o

(@)
N|
|

T
|

o1 o |[1] o[ 1] Zw

o
o
N
s

11\\1\ 0

10 ¢ ‘T‘O‘l‘zw rw

OOOD—‘OI—‘I—‘OOI—‘HOI—‘OOOll'h

HRRPRRPRRHHHROOOOOOO
HRPFRPPRPOOOORRKHKHOOO
HHPFOOKRHOORKFROOHKEHKO
HORPOHROHOROKHOHKOR

f =xyzw + xyzw + Xxyzw + xyzZw + xyzw + xyzw = xw(y®z) + yw(x®z) + xy(z®dw)

vy | v
| )DED—

|
ﬂ?
U
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PROBLEM 4 (11 PTS)

= Tic-tac-toe game: It is played on a 3-by-3 grid of squares: The players alternate turns. Each player chooses a square and
places a mark in a square (one player uses X and the other 0). The first player with three marks in a row, column, or diagonal

wins the game.

= A logical circuit is to be designed for an electronic tic-tac-toe that indicates the presence of a winning pattern for a player.
The circuit has 9 inputs (X; to X,) and an output F. F is ‘1’ if @ winning pattern is present and a 0 otherwise.

v Provide the Boolean expression for F. The 9 inputs (X; to Xs) are arranged in the following pattern:

X, —>
X, >

X, — F
X, | X5 | X4 X5 — —>

X6 —> [}
Xg —

X9 —

f =1 when there are three 1's in a line. Note that there can be more than three 1’s before we find three 1's in a line.
So, we make f = 1 when a winning pattern is present regardless of the values of the remaining variables:

X1 | X2 | X3 | X4 | X5 | X6 | X7 | Xg | X9 f
11T [1T ] X[ X[ X]|[X]|X[|X 1
X[ X | X|1]1T]1]X|X|X 1
X[ X | X[ X[ X[ X]1]1]1 1
1 [ X[ X 1T | X[ X]1T]|X[|X 1
X1 | X | X]|1T | X]|X]|]1][|X 1
X[ X1 [ X[ X][1T|X|[X]1 1
1 [ X[ XX [T [ X[ X]|X]|1 1
X[ X1 | X]1T | X]1]X[X 1

All remaining cases 0

First row: x;x,x3. (all permutations for x4xsxgX7XgXq) = X1X2X3.h(Xy, X5, X, X7, Xg, Xg)

Where: h(x,, x5, X6, X7, Xg, X9) = 2, m(0,1,...,63) =1 (the sum of all the minterms of a 6-variable function is always 1).
Thus, Then first row is just: x;x,x5

The same technique is applied for every row.

i f = X1XpX3 + X4X5Xg + X7XgXg + X1X4X7 + X2X5Xg + X3XgXg + X1 X5Xg + X3X5X7

v’ Sketch the logical circuit resulting from the Boolean equation for F.

X1 X2 X3 X4 X5 Xe X7XgXg9 X1 X4X7 X2 X5 Xg X3 XeXg X1 X5X9 X3 Xs5X7

old bl 4le ald ald Yl ald ble

il
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PROBLEM ) (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. The LEDs are lit with a logical ‘0’ (negative logic). The inputs are active
high (or in positive logic).

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

Value X YZW|abcdefg

1 0001 [ ] [ [ |

2 0010 11 1 1 11011

3 0011 - [ ] —

4 0100 I I I I I

5 0101

6 0110

7 0111

58; 1000 6: 7 8: 9: E: D:
100110000100 _— - _— _—

E 1010

b 1011 [ 111 0L [
1100 —— —— —— ] ——
1101 11 111 1101 0l
1110 —— —— —— —— —
1111
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a
f
Value XY Z W | |abcde g xyOO 01 11 10 xyOO 01 11 10
0 oooo0fjoo0o00001 zw zw
1 0oo0oo01l1001111 00| O 1 X 0 00| O 0 X 0
2 00100010010
3 0011|0000110 010 X | 0 o1l o |[1] x]| o
4 01001001100
5 010130100100 111 0 0 X 1 11| 0 0 X 0
6 01100100000
7 01110001111 10| ¢ 0 X 0 100[1 X l]
8 1000fJ0000O0OO00O0
9 10010000100
E 10100110000 c xy xy
D 10111000010 00 01 11 10 00 01 11 10
1100 |XXXXXXX z v Cj
1110 |XXXXXXX
1111 |XXXXXXX 01} 0 0 X 0 010 X 0
I __ 11 0 0 X 0 11 0 1 X 0
a = XxXyzw + yzw + xzw
b = yzw + yzw + xzw m —
¢ = yow loyox(loooxo
d =xyzw + yzw + yzw B -
e =yzZ+zZw +iw e
Xy
00 01 11 10
zZW
00 0 1 X 0
01 (1 1) x 1]
\ J
11 b 1 X 0
|/
10| o 0| x| o0
= f=¥Ym(1,2,3,7,11) + ¥ d(12,13,14,15)
Number 4-literal 3-literal 2-literal 1-literal
of ones implicants implicants implicants implicants
1 m = 0001 v my,3 = 00-1
m, = 0010 v mz,3 = 001-
m3,7 = 0-11 v m3,7,11,15 = --11
5 my = 0011 v | m3,1n = =011 v | m3,31,935 =—=3F
mi,= 1100 v/ mip, 13 = 110- v mig,15,12,13 = 11l-- We can’t combine
mip, 14 = 11-0 v 1o 1433 35 =Fb—— any further, so we
m; = 0111 4 m7,15 = -111 v StOp here
3 mp1= 1011 4 mii1,15 = 1-11 v
miz= 1101 v miz, 15 = 11-1 '
mig= 1110 4 Mi4,15 = 111- v
4 mps= 1111 4
f=Xyw+xyz+zw + xy
Prime Minterms
Implicants 1 2 3 7 11
mp,3 xyw X X
mz,3 Xyz X X
m3,7,11,15 W X X X
Mig,15,12,13 xy

- f =Xyw+ xyz + zw
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» g=Ym(0,1,7) +Xd(12,13,14,15).

- g = Xyz+yzw

Number 4-literal 3-literal 2-literal 1-literal
of ones implicants implicants implicants implicants
0 mo = 0000 v mo,1 = 000-
1 m; = 0001 v
miz,13 = 110- mi2,13,14,15 = 11--
2 mi,= 1100 v ! TR
e mip,14 = 11-0 32,14,43,35 ——FF—— We can’t combine
m; = 0111 v m;,15 = -111 any further, so we
3 mps= 1101 v mis, 15 = 11-1 stop here
mig= 1110 v mig,15 = 111-
4 ms= 1111 v
g=Xyz+yzw + xy
Prime Minterms
Implicants 0 1 7
mMo,1 xyz X
m7,15 yZw X
mi2,13,14,15 Xy
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