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Representação em Ponto Fixo (cont.)
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Representação em Ponto Fixo (cont)

Representação em complemento de dois

ćırculo da representação + overflow

x + x = −1

x + x + 1 = 0

x + 1 = −x
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Representação em Ponto Fixo – Complemento de 2
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ULA + registradores
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Unidade de Lógica e Aritmética

Operações lógicas: E, OU, OU-EXCL, INV

Operações aritméticas: +, −, ∗, ÷, =, <
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Representação em Ponto Fixo (cont.)

(x31 · −2
31) + [ x30 · 2

30 + . . . + x0 · 2
0 ]

(0 · −231) + [ . . . ] →0 001

(1 · −231) + [ . . . ] →1 111

–128 64 32 16 8 4 2 1

+1 = 0 + 1 0 0 0 0 0 0 0 1

−1 = −128 + 127 1 1 1 1 1 1 1 1

−125 = −128 + 3 1 0 0 0 0 0 1 1

−3 = −128 + 125 1 1 1 1 1 1 0 1
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Somador Completo de Um Bit

SOMA

a b ci co s

0 0 0 0 0

0 1 0 0 1

1 0 0 0 1

1 1 0 1 0

0 0 1 0 1

0 1 1 1 0

1 0 1 1 0

1 1 1 1 1

s = a⊕ b⊕ ci

co = (a ∧ b ∧ ci) ∨ (a ∧ b ∧ ci) ∨ (a ∧ b)
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ULA de 32 bits

Para contruir uma ULA de 32 bits

contrói-se uma de 1 bit e usa-se 32 delas (ou quatro...)
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♣♣♣♣♣♣♣♣♣♣♣♣♣♣
♣♣♣♣♣♣♣♣♣♣♣♣♣♣
♣♣♣♣♣♣♣♣♣♣♣♣♣♣
♣♣♣♣♣♣♣♣♣♣♣♣♣♣
♣♣♣♣♣♣♣♣♣♣♣♣♣♣
♣♣♣♣♣♣♣♣♣♣♣♣♣♣
♣♣♣♣♣♣♣♣♣♣♣♣♣♣
♣♣♣♣♣♣♣♣♣♣♣♣♣♣
♣♣♣♣♣♣♣♣♣♣♣♣♣♣
♣♣♣♣♣♣♣♣♣♣♣♣♣♣
♣♣♣♣♣♣♣♣♣♣♣♣♣♣
♣♣♣♣♣♣♣♣♣♣♣♣♣♣
♣♣♣♣♣♣♣♣♣♣♣♣♣♣
♣♣♣♣♣♣♣♣♣♣♣♣♣♣
♣♣♣♣♣♣♣♣♣♣♣♣♣♣
♣♣♣♣♣♣♣♣♣♣♣♣♣♣
♣♣♣♣♣♣♣♣♣♣♣♣♣♣
♣♣♣♣♣♣♣♣♣♣♣♣♣♣
♣♣♣♣♣♣♣♣♣♣♣♣♣♣
♣♣♣♣♣♣♣♣♣♣♣♣♣♣
♣♣♣♣♣♣♣♣♣♣♣♣♣♣
♣♣♣♣♣♣♣♣♣♣♣♣♣♣
♣♣♣♣♣♣♣♣♣♣♣♣♣♣
♣♣♣♣♣♣♣♣♣♣♣♣♣♣
♣♣♣♣♣♣♣♣♣♣♣♣♣♣
♣♣♣♣♣♣♣♣♣♣♣♣♣♣
♣♣♣♣♣♣♣♣♣♣♣♣♣♣
♣♣♣♣♣♣♣♣♣♣♣♣♣♣
♣♣♣♣♣♣♣♣♣♣♣♣♣♣
♣♣♣♣♣♣♣♣♣♣♣♣♣♣
♣♣♣♣♣♣♣♣♣♣♣♣♣♣
♣♣♣♣♣♣♣♣♣♣♣♣♣♣
♣♣♣♣♣♣♣♣♣♣♣♣♣♣
♣♣♣♣♣♣♣♣♣♣♣♣♣♣
♣♣♣♣♣♣♣♣♣♣♣♣♣♣
♣♣♣♣♣♣♣♣♣♣♣♣♣♣
♣♣♣♣♣♣♣♣♣♣♣♣♣♣
♣♣♣♣♣ ♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣

♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣
♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣
♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣
♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣
♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣
♣

r0r1r2r3

oper

b3 a3 b2 a2 b1 a1 b0 a0

1 0 1 0 1 0 1 0

UFPR Bacharelado em Ciência da Computação 8

ci212 — unidade de lógica e aritmética 2014-1

Operações lógicas: E, OU

Circuito para um bit

tttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt
ttttttttttttttttttttt
ttttttttttttttttt
ttttttttttttttt
tttttttttttttt
tttttttttttttt
tttttttttttttt
ttttttttttttttt
tttttttttttttttt
ttttttttttttttttttt

ttttttttttttttttttttttttttt
ttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt

tttttttttttttttttt
tttttttttttttttt
ttttttttttttttt
ttttttttttttttt
tttttttttttttt
tttttttttttttt
tttttttttttttt
ttttttttttttttt
tttttttttttttttt
tttttttttttttttttt
ttt

ttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt
ttttttttttttttttttttt
ttttttttttttttttt
ttttttttttttttt
tttttttttttttt
tttttttttttttt
tttttttttttttt
ttttttttttttttt
tttttttttttttttt
ttttttttttttttttttt

ttttttttttttttttttttttttttt
tttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt

③

③

ttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt

ttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt

rr

♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣
♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣
♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣
♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣
♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣
♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣
♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣
♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣
♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣
♣♣♣♣♣♣♣♣♣♣♣♣♣♣
♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣
♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣
♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣

♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣

♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣
♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣
♣♣♣♣♣

a

b

0

1

res

oper
a & b

a | b
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Subtração e Negação

subtração

a− b ⇔ a + (−b) ⇔ a + (b + 1) ⇔ a + b + 1

sssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss
sssssssssssssssssss
ssssssssssssssss
ssssssssssssss
ssssssssssssss
sssssssssssssss
sssssssssssssssss
ssssssssssssssssssssss

sssssssssssssssssssssssssssssssssssssssssssssssssssssssssss

ssssssssssssssssss
ssssssssssssssss
sssssssssssssss
ssssssssssssss
ssssssssssssss
sssssssssssssss
ssssssssssssssss
ssssssssssss

sssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss
sssssssssssssssssss
ssssssssssssssss
ssssssssssssss
ssssssssssssss
sssssssssssssss
sssssssssssssssss
ssssssssssssssssssssss

sssssssssssssssssssssssssssssssssssssssssssssssssssssssssss
①

①

①

①

qqqqqqqqqqqqqq
qqqqqqqqqqqqqqq
qqqqqqqqqqqqqqqqqq
qqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqq
qqqqqqqqqqqqqqqqqq
qqqqqqqqqqqqqqq
qqqqqqqqqqqqq

sssssssssssssss
sssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss
ssssssss

①

qq

ssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss

ssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss

ssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss

ssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss

ssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss

1

res

operci

co

2

bInv

b

a

0

0

1
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ULA de 4 bits

co3

a0

b0
r0

co

ci

ci

co

ci
r1

a1

b1

co

ci
r2

a2

b2

co

ci
r3

a3

b3

oper { and or + }
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Somador Completo II

ssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss
sssssssssssssssssss
ssssssssssssssss
sssssssssssssss
ssssssssssssss
sssssssssssssss
ssssssssssssssss
ssssssssssssssssss
sssssssssssssssssssssssssss

sssssssssssssssssssssssssssssssssssssssssssssssssssss

ssssssssssssssssss
ssssssssssssssss
sssssssssssssss
ssssssssssssss
ssssssssssssss
sssssssssssssss
ssssssssssssssss
sssssssssssssssss
ssssss

sssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss
ssssssssssssssssssss
ssssssssssssssss
sssssssssssssss
ssssssssssssss
sssssssssssssss
sssssssssssssss
ssssssssssssssssss
ssssssssssssssssssssssssss

sssssssssssssssssssssssssssssssssssssssssssssssssssssss
②

②

②

②

rrrrrrrrrrrrrr
rrrrrrrrrrrrrrr
rrrrrrrrrrrrrrrrrr
rrrrrrrrrrrrrrrrrrrrrrrrrrr

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr
rrrrrrrrrrrrrrrrrrr
rrrrrrrrrrrrrrr
rrrrrrrrrrrrrrr
rrr

rr

ssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss

ssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss

a

b

0

1

res

operci

co

2
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set-on-les-than II

r←(a < b) ≡ r←((a− b) < 0)

✉

✉

a0
r0b0

r3
a3
b3
0

r2
a2
b2
0

r1
a1
b1
0

slt

co

ci

co

ci

co

ci

co

ci

bInv

oper

less

less

less

less

co
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set-on-less-than

slt rd, rs, rt ≡

rd← (rs < rt)

rd recebe 1 se (rs < rt)

(rs− rt) < 0

⇒ (rs− rt) + rt < (0 + rt)

⇒ (rs + 0) < (0 + rt)

⇔ rs < rt

qqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqq
qqqqqqqqqqqqqqqqq
qqqqqqqqqqqqqq
qqqqqqqqqqqqqq
qqqqqqqqqqqqqqqqq
qqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqq

qqqqqqqqqqqqqqqqqqqqqq

qqqqqqqqqqqqqqqqq
qqqqqqqqqqqqqqq
qqqqqqqqqqqqqq
qqqqqqqqqqqqqq
qqqqqqqqqqqqqqqq
qqqqqqqqq

qqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqq
qqqqqqqqqqqqqqqq
qqqqqqqqqqqqqqq
qqqqqqqqqqqqqqq
qqqqqqqqqqqqqqqq
qqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqq

qqqqqqqqqqqqqqqqqqqqq
✉

✉

✉

✉

♣♣♣♣♣♣♣♣♣♣♣♣♣♣
♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣
♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣
♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣♣
♣♣♣♣♣♣♣♣♣♣

qqqqqqqqqqqqqqqqq
qqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqq
q

✉

✉

♣♣

qqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqq

qqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqq

qqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqq

qqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqq

qqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqq

cibInv

0

1

1

res

oper

2

0

3

sco

b

a

less
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Subtração II

a− b ⇔

a + (−b) ⇔

a+(b+1) ⇔

a + b + 1

a0
r0b0

r3
a3
b3

r2
a2
b2

r1
a1
b1

co

ci

co

ci

co

ci

co

ci

bInv

co

sub=+ , bInv=1

add=+ , bInv=0
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Primeira solução

antecipar cálculo do ci em função dos bits menos significativos

ci1 = (b0 ∧ ci0) ∨ (a0 ∧ ci0) ∨ (a0 ∧ b0)

ci2 = (b1 ∧ ci1) ∨ (a1 ∧ ci1) ∨ (a1 ∧ b1)

= (b1 ∧ a0 ∧ b0) ∨ (b1 ∧ a0 ∧ ci0) ∨ (b1 ∧ b0 ∧ ci0) ∨

(a1 ∧ a0 ∧ b0) ∨ (a1 ∧ a0 ∧ ci0) ∨ (a1 ∧ b0 ∧ ci0) ∨

(a1 ∧ b1)

ci3 = · · · muito complicado
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Melhora no somador

Esta ULA de 4 bits é MUITO

lenta

o cin somente é conhecido após

todos os cim, m < n

serem computados, um após o

outro

Qual o número de portas lógicas

entre ‘ci’ e ‘co’?
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Igualdade

a = b ⇒ a− b = 0

zero = r0 ∧ r1 ∧ r2 ∧ r3
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Adiantamento de vai-um

Este circuito se chama “carry lookahead”

calcula os quatro ci’s em paralelo

agrupa-se quatro grupos de quatro para somador de 16 bits

agrupa-se quatro grupos de dezesseis para somador de 64 bits
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Segunda solução II

Antecipar cálculo do ci em função dos bits menos significativos

gi = ai ∧ bi gera vai-um

pi = ai ∨ bi propaga vai-um

ci1 = g0 ∨ (p0 ∧ ci0)

ci2 = g1 ∨ (p1 ∧ g0) ∨ (p1 ∧ p0 ∧ ci0)

ci3 = g2 ∨ (p2 ∧ g1) ∨ (p2 ∧ p1 ∧ g0) ∨ (p2 ∧ p1 ∧ p0 ∧ ci0)

ci4 = g3 ∨ (p3 ∧ g2) ∨ (p3 ∧ p2 ∧ g1) ∨ (p3 ∧ p2 ∧ p1 ∧ g0)

∨ (p3 ∧ p2 ∧ p1 ∧ p0 ∧ ci0)
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Segunda solução

Antecipar cálculo do ci em função dos bits menos significativos

a b ci co s

0 0 0 0 0

0 1 0 0 1

1 0 0 0 1

1 1 0 1 0

0 0 1 0 1

0 1 1 1 0

1 0 1 1 0

1 1 1 1 1

gi = ai ∧ bi gera vai-um

pi = ai ∨ bi propaga vem-um
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