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Funcdes com Saidas Nao-Especificadas

e Suponha-se uma funcéo cuja entrada é um cédigo BCD
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» Sabe-se que estas combinacbes de entradas
nunca ocorrerao
*Valor da saida ndo precisa ser especificado

don’t care = X
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» X pode ser 0 ou 1 => 0 que for mais conveniente para simplificar a funcao

E=CD+CD



Técnicas Digitais

Exercicio;

Represente a Funcéo F relativa ao Mapa de Karnaugh abaixo, através de uma soma de
mintermos. Faca a MINIMIZACAO da funcao, escreva a funcéo resultante e desenhe o

circuito logico.
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F= W XY Z’+WXY ' Z'+WX'Y' Z'+WXY Z+WXY Z'+WX'Y Z’
F= XY'+WZ’
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Exercicio:
Projeto conversor BCD - 7 segmentos

1) Definicao

D3 D2 D1 DO ] ]
% BCD-7SEG i A
Exemplos: e

—
1001 I I 0111 I
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Técnicas Digitais

Projeto conversor BCD - 7 segmentos

2) Montagem da Tabela Verdade

) ( ]

) | ]

f

D3D2D1D0Oa b ¢ d e

X[ X[ XX | X|X]|X
X[ X| XX | X|X]|X
X | XXX | X]|X]|X
X[ X[ XX | XXX
X[ X | XX | X|X]|X
X[ X | XX | X|X]|X

—

0
1
0
1
0
1

decimal
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Projeto conversor BCD - 7 segmentos

3) Extracao das funcbes booleanas a, b, c, d, e, f, g simplificando
no mapa de karnaugh.

4) Desenho do circuito logico CMOS.

5) Simulacao funcional do conversor BCD-7 segmentos (usando
simulador logico)

6) Compilacao e sintese da descricdo para uma das familias de
FPGA.

7) Simulacao temporal.

Medir: tplh, tphl, tr e tf.
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Minimizacao de Funcoes Booleanas
Metodo de Quine-McCluskey
Aula 13
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UFR{ Método Quine-McCluskey

Exemplo

ab
A\’ 00 o1 11 10

00 Xo 14 0122 18
01 01 15 113 19
11| 03 X7/ X5, (Qu
100 0, 14 04 14
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Metodo Quine-McCluskey

Cd\ab

00
01
11
10

Coluna 0
0000 ( 0)
Exemplo
0100 ( 4)
1000 ( 8)
00 01 11 10
X 0 1 4 012 1 8
0, 1 1 1,
0: X3 X1 gu 0101 (5)
0110 ( 6)
0, 1¢ 04 1y 1001 (C 9)
1010 (10)
0111 ( 7)
1101 (13)

1111 (15)
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UFR{ Método Quine-McCluskey

Coluna 0 Colunal

—Ter

Exemplo 010- ( 4, 5)

o100 ¢ ay 010 (4. ©)

1000 (8 100_ ¢ 5. o)

ab 10-0 ( 8,10

@\ 00 01 11 10 ( 8,10

00 “xXo 14 01 18

01 0, 1, 1, 1, 01-1 (5, 7)

11 03 X7 X1 0 u 0101 ( 5) | -101 ( 5,13)
0110 ( 6)

10 0,1 14 Oy 1w 1001 (9) 011- (6, 7)
1010 (10)

1-01 ( 9,13)

o111 ( 7) -111 ( 7,15)
1101 (13) 11-1 (13,15)

1111 (15)
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Metodo Quine-McCluskey

Coluna 0 Colunal

omorew 55 €3 3

Exemplo 010- ( 4, 5)

0100 ¢ 4y 010 (4. ©)

1000°C8) ' 190- ( 8, 9)

ap 10-0 ( 8,10

@\ 00 01 11 10 ( 8,10)

00 X0 > 4 01 158

01 0, 1, 1, 1, 01-1 (5, 7)

11 03 X7 X1 0 u 0101 ( 5) | -101 ( 5,13)
0110 ( 6)

100 0,1 16l Oul Ll ‘1001 (9) 011- (6, 7)
1010 (10)

1-01 ( 9,13)

o111 ( 7) -111 ( 7,15)
1101 (13) 11-1 (13,15)

1111 (15)
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Metodo Quine-McCluskey

Coluna 0 Colunal

0-00 ( 0, 4

0000 ( 0) “o0g g o 8%

Exemplo 010- ( 4, 5)

o100 ¢ ay 010 (4. ©)

1000 € 8) 100- ( 8, 9)

ap 10-0 ( 8,10

N\’ 00 01 11 10 ( 8,10)

00 >0 A 4 01 e

01 Ol 1 5 113 19 01-1 (5, 7)

11 03 X7 Xz 0 u 0101 ( 5)  -101 ( 5,13)
0110 ( 6)

100 0, 14 04l 1w 1001 (9 011- (6, 7)
1010 (10)

1-01 ( 9,13)

o111 ( 7) -111 ( 7,15)
1101 (13) 11-1 (13,15)

1111 (15)
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Metodo Quine-McCluskey

Coluna 0 Colunal

0-00 ( 0, 4

0000 € 0)| _pog % 0. 83

Exemplo 010- ( 4, 5)

o100 ( 4y 210 (4. 6

1000 € 8) 100- ( 8, 9)

ab 10-0 ( 8,10

@\ 00 01 11 10 ( 8,10)

00 %0 > 4 01 118

01 Ol 1 5 113 19 01-1 (5, 7)

11! 03| X 7| X158 pou 812% g 2% -101 ( 5,13)

100 0, @4 0w lw 1001 (9) 011- ( 6, 7)
1010 (10)

1-01 ( 9,13)

o111 ( 7) -111 ( 7,15)
1101 (13) 11-1 (13,15)

1111 (15)
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UFR{ Método Quine-McCluskey

Coluna 0 Colunal

0-00 ( 0, 4)

0000 € 0) 00 ¢ 0. 8)

Exemplo 010- ( 4, 5)

0100 ¢ 4y 010 (4. ©)

1000 C8) 109_ ¢ 5. 9)

ab 10-0 ( 8.10

N\ 00 o1 11 10 ( 8,10)

00 X0 14 012 d 8

01 0, 1, 1, 1, 01-1 (5, 7)

11 03 X7 Xz 0 1 0101 ( 5) -101 ( 5,13)
0110 ( 6)

10 0,1 @, 0wl 1 [iooEmtEsyloii- ¢ 6, 7
1010 (10)

1-01 ( 9,13)

o111 ( 7) -111 ( 7,15)
1101 (13) 11-1 (13,15)

1111 (15)
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Metodo Quine-McCluskey

Coluna 0 Colunal

0-00 ( O, 4

0000 ( 0) “o0g g o 8%

Exemplo 010- ( 4, 5)

0100 ( 4) 210 4. 6)

1000°C8) | 190~ ( 8, 9)

ab 10-0 ( 8,10

@\’ 00 01 11 10 ( 8,10)

00 I oling»4| (12| <gus

01 0, 1, 1, 1, 01-1 (5, 7)

11 03 X7 Xz 0 1 0101 ( 5) -101 ( 5,13)
0110 ( 6)

10/ 0, @4 0w L 1001 (9) 011- ( 6, 7)
1010 (10)

1-01 ( 9,13)

o111 ( 7) -111 ( 7,15)
1101 (13) 11-1 (13,15)

1111 (15)
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UFR{ Método Quine-McCluskey

Coluna0 Colunal

0-00 ( 0, 4

0000 € 0) _pog E 0, 83

Exemplo 010- ( 4, 5)

0100 ( 4) 210 4. 6)

1000 € 8 100 ¢ 5. o)

ap 10-0 ( 8,10

@\ 00 01 11 10 ( 8,10)

00 I olingr4| (12| <@gus

01 0, A 1, 1, 01-1 (5, 7)

11 03 X7 X1 0 1 0101 ( 5) -101 ( 5,13)
A 0110 ( 6)

10 0 2 i 6 014 1 10 1001 ( 9) 011- ( 6, 7)
1010 (10)

1-01 ( 9,13)

0111 ¢ 7) -111 ( 7,15)
1101 (13) 11-1 (13,15)

1111 (15)
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UFR{ Método Quine-McCluskey

Coluna0 Colunal

0-00 ( O, 4
0000 € 0)| _gpg E 0, 8%
Exemplo 010° € 4. 5)
0100 ( 4) 01-0 ( 4, 6)
1000 € 8) 100- ( 8, 9)
ab 10-0 8,10
N\ 00 o1 11 10 ¢ 5.19
00 Immeolng-4] 12| -@ms
011 0, <wuiis § - OIoT(I5) 0161 g g’lgg
1] 02 A7 X= 0 For0 ¢ 6 ’
100 0, 46l 0wl 21w 1001 ¢ 9) 011- ( 6, 7)
1010 (10)
1-01 ( 9,13)

0111 ( 7) -111 ( 7,15)
1101 (13) 11-1 (13,15)

1111 (15)
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UFR{ Método Quine-McCluskey

Coluna0 Colunal

0-00 ( 0, 4
0000 € 0)| _gpg E 0, 8%
Exemplo 010~ ( 4, 5)
0100 ( 4) 01-0 ( 4, 6)
1000 € 8) 100- ( 8, 9)
ab 10-0 8,10
a\" 00 o1 11 10 ¢ )
00 imsmsoimy>+[ 02[ (=
01 0, R :| 15 1, 0101 ( 5) 0161 g g’lgg
11 0 3 ; 7] X1 u 0110 ( 6) ’
100 0, ® el Owul 211w 1001 (9) 011- ( 6, 7)
1010 (10)
1-01 ( 9,13)

0111 ( 7) -111 ( 7,15)
1101 (13) 11-1 (13,15)

1111 (15)
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UFR{ Método Quine-McCluskey

Coluna0 Colunal

0-00 ( 0, 4
0000 € 0> _gp9 E 0, 8%
Exemplo 010- ( 4, 5)
0100 ¢ 4y 010 4. 6)
1000 € 8) 100- ( 8, 9)
ab 10-0 8,10
N\’ 00 01 11 10 ¢ )
00 IMsse0tii@»4| (12| <@us
1 0. EEES———1 o ( 5) 2101 g g’lgg
i ) 11 - ’
11} 0s) @7 X&) U 0110 ( 6)
100 0,0 ® 6l Owul 21w 1001 C9) 011- ( 6, 7)
1010 (10)
1-01 ( 9,13)

0111 ( 7) -111 ( 7,15)
1101 (13) 11-1 (13,15)

1111 (15)
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Metodo Quine-McCluskey

Exemplo
cd\ab 00 01
001 w0l g
01 0, -a
11 03 &
10 0,

N

Coluna0 Colunal

0-00 ( 0, 4

0000 ( 0) 500 g o 8%

010- ( 4, 5)

0100 ( 4) 210 (4, 6

1000 € 8 | 100- ¢ 5. 9)

10-0 ( 8.10

11 10 ( )

O 12 :! 8

~=u P 01-1 ( 5, 7)
‘ 0110 ( 6)

0u| 2w 1001 ( 9) 011- ( 6, 7)
1010 (10)

1-01 ( 9,13)

0111 (7)) -111 ( 7,15)
1101 (13) 11-1 (13,15)

1111 (15)

1S
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Metodo Quine-McCluskey

Exemplo
cd\ab 00 01
00| =0l
01| 0, -&
11 03 &
10 0,

N

Coluna0 Colunal

0-00 ( O, 4
0000 ( 0) 500 g o 8%
010- ( 4, 5)
0100 ¢ 4y 010 (4. ©)
1000 € 8) 150_ ( 8. o
10-0 ( 8,10
11 10 ( )
O 12 :! 8
e 1 01-1 ( 5, 7)
: 0110 ( 6)
Uw 110 1001 ¢ 9)'011- (6, 7)
1010 (10)
1-01 ( 9,13)

0111 ( 7) -111 ( 7,15)
1101 (13) 11-1 (13,15)

1111 (15)

1S
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Metodo Quine-McCluskey

Exemplo
ab
cd\\ 00 01
00
01
11 03 8

10

D 0

- s

Coluna0 Colunal

0000 ( 0)

0100
1000

4| 0101
0110
Awn 1001
1010

( 5)
( 6)
( 9)
(10)

0111
1101

0,
(13)

1111 (15)

0-00
-000

010-
01-0

100-
10-0
01-1
-101
011-

1-01

-111
11-1

(0,
(o0,

~A A AA AN AA
o o oo AN

©

4)
8)

., 9)
., 6)

, 9)
,10)
. 1)
,13)

. 1)
,13)

,15)
s,

15)

1S
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Metodo Quine-McCluskey

Exemplo

b
cd\\a 00 01

Coluna0 Colunal

0000

0100
1000

4| 0101
0110
Awn 1001
1010

0111
1101

1111

C 0)

(4)
(¢ 8)

( 5)
( 6)
( 9)
(10)

0,
(13)

(15)

0-00
-000

010-
01-0

100-
10-0
01-1
-101

Ol

1-01

-111
11-1

(0,
(o0,

') ~ ‘Y ‘aYe) N\
o o1 o1 00

©

EEES

4)
8)

N
51

. 6)
. 9)
,10)
. 1)
,13)
L)

,13)

,15)
s,

15)

Coluna 2

0O1-- ( 4, 5, 6, 7}

-1-1 ( 5, 7,13,15)
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Coluna0 Colunal Coluna 2

0-00 ( 0, 4)

0000 € 0) 000 ¢ 0. 8

Exemplo 010-

0100 ( 4) 7Y

1000 ( 8)

b
al
\v

0O1-- ( 4, 5, 6, 7}
100-

ab 10-0
cd\\ 00 01 11 10

‘aYe) NN
00

=

o

o/

1 o gl

1 0101 ( 5) -101
0110 ( 6)

@ 1o/ 1001 ( 9) O11-
1010 (10)

1-01

o1 01

-1-1 ( 5, 7,13,15)

~A A A"
o
\l
O

©

,13)

0111 ( 7) -111 ( 7,15)
1101 (13) 11-1 (13,15)

1111 (15)

Metodo Quine-McCluskey —
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Metodo Quine-McCluskey

Exemplo

b
cd\\a 00 01

Coluna0 Colunal

0000

0100
1000

4| 0101
0110
Awn 1001
1010

0111
1101

1111

C 0)

(4)
(¢ 8)

( 5)
( 6)
( 9)
(10)

0,
(13)

(15)

0-00
-000

010-
01-0

100-
10-0
gy
-101
011-

1-01

-111
11-1

(0,
(o0,

a2 alale AN AA
o 010U oo AN

©

4)
8)

., 9)
., 6)

. 9)
.10)
D
,13)
. 1)
,13)

,15)
(13,

15)

Coluna 2

Ol__ ( 41 5’ 6’ 7)

-1-1 ( 5, 7,13,15)
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Metodo Quine-McCluskey —

Coluna0 Colunal Coluna 2

o000 03 %8 € 0+ 2

Exemplo 010-

0100 p1-0
1000 ( 8)

. 5)
. 6)
01-- ( 4, 5, 6, 7)
> 9)
»10)

100-
\ab 10-0
cd 00 01 11 10

A

D

o/
‘aYe) N
b

0o oo

1 o 01-1

11 0101 ( 5) -101
0110 ( 6)

@ 1o/ 1001 ( 9) O11-
1010 (10)

1-01

. 1)
213)

o1 g

-1-1 ( 5, 7,13,15)

, 1)

~A A AN
o

©

,13)

0111 ( 7) [-111 ( 7,15)
1101 (13) 11-1 (13,15)

1111 (15)
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Metodo Quine-McCluskey

Exemplo

b
cd\\a 00

01

/=D ¢

0

Coluna0 Colunal

0000

0100
1000

0101
0110
1001
1010

0111
1101

1111

C 0)

( 5)
( 6)
( 9)
(10)

0,
(13)

(15)

0-00
-000

010-
01-0

100-
IHBI=00;
01-1
-101
011-

1-01

-111
11-1

@)
B8

NN

4, 5)
., 6)

8, 9)
8,10)

N N
N

5, 7)
,13)

6, 7)

N\ ~ ‘Y
o1

9,13)

( 7,15)
(13,15)

Coluna 2

01-- (4, 5, 6, 7)

S PR T s )
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Tabela de Cobertura

TabeladeCobertura 4 5 6 8 9 10 13
( 0, 4) 0-00 X

( 0, 8) -000 X
o ( 8, 9) 100- G T
0 ( 8,10) 10-0 X X
o ( 9,13) 1-01 X X
o (4,5,6,7)01-[X X X
(5, 7,13,15) -1-1 X X

ab
cd\ 00 01 11 10

00| X o s 01 8
01/ O
1 5 ‘ji 9
11 0 ;| X}| X 11
100 O /]\
2 6 14 10
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Exemplo Implicantes Primos Essenciais

ABCD

e Tabela de Cobertura
MmO m5 ml0 ml1l ml2 ml3 ml5

ABC

ABC

F=2Xm(0,5,10,11,12,13,15)

BCD

pl | X

X

X

X X
X

X

X
X

X X

falta cobrir s6 m15 - pode-se escolher p4 ou p5

6 implicantes primos

pl ABCD — essencial mo0
P2 BCD — essencial m5
p3  ABC — essencial mi12
p4 ABD » Iher entre 1 destes
escolher
ACD
pP6 ABC -— essencial m10
essencial
essencial )
essencial Método de
escolher entre 1 destes Quine -
essencial McCIuskey

ABD

F=ABCD +BCD + ABC + ABC + ¢
ACD



