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64 32 16 8 4 2 1

0 01 1 1011

-128

64 32 16 8 4 2 1

0 01 1 1011

-127

64 32 16 8 4 2 1

0 01 1 1011

+/-

128 64 32 16 8 4 2 1

1 0 01 1 101

-128 = 58

= -70

= -69

-58=

= 186

128 64 32 16 8 4 2 1

1 0 01 1 101

Sign Magnitude

‘1’s complement

-127 to +127

-127 to +127

-128 to +127

‘2’s complement

-128 to +127

(+/- zero)

(+/- zero)

Unsigned

0 to 255

Biased (bias =128)

�
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1 0 01 1 101

01101011

000110 10

00 0 0 1 1 01

+

Unsigned

+
186

28

214

‘2’s complement

+
-70

+28

-42
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A
B

S

C

+S = A B

C = A B

´ ½�¾@¿�¼C»gÀ »�¾,Áa»_¼�Â ¾,ÃGÁ

HA

A B

S C

HA

A B

S C

HA

A B

S C

HA

A B

S C

X[0] X[1] X[2] X[3]

Y[0] Y[1] Y{2] Y[3]

INC

Y[4]

Y[ ] = X[ ] + INC

Ä
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A
B

S

C
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C

S
B
A

C

B
A

S
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Cin

Cout

S
B
A

Cout = A.B + A.Cin + B.Cin

CinBS = A ++
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Cin

BA

S

CoutCin
FA

BA

S

CoutCin
FA

BA

S

CoutCin
FA

A[0] B[0]

BA

S

CoutCin
FA

A[1] B[1] A[2] B[2] A[3] B[3]

S[0]

S[ ] = A[ ] + B[ ] + Cin

S[1] S[2] S[3]

Cout
(S[4])
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S

Cout

B
Cin

A

Cin
B
A

S

Cout
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C[i] = G[i] + P[i].C[i-1]

P[i] = A[i] + B[i]

G[i] = A[i].B[i]

P[i]

C[i]

C[i-1]

A[i]
B[i]

A[i]
B[i]

G[i]

B[i]

C[i-1]
S[i]

A[i]
C[i-1]B[i]S[i] = A[i] ++

ø
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Cin

C[3]C[2]C[1]C[0]

P[3]G[3]P[2]G[2]P[1]G[1]P[0]G[0]

1

0

1

0

1

0

1

0

A[i]
B[i]

G[i]

S[i]
P[i]

C[i-1]

B[i]
A[i]

P[i]

+ C[i-1]P[i]S[i] =

G[i] P[i]+P[i]C[i-1]C[i] =

+ B[i]A[i]P[i] =

B[i]A[i]G[i] =

N
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P[3]P[2]P[1]P[0]

C[3]C[2]C[1]C[0]

G[3]G[2]G[1]G[0]

P[3]P[2] C[3]C[i-1] P[0] P[1]

G[i]

C[i]

C[i-1]

P[i]

P[i]

P[i]

P[0] P[1] P[2] P[3]
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C[i-1]

B[i]
A[i]+ +S[i] = A[i] B[i] C[i-1]

G[i]
B[i]
A[i]G[i] = A[i].B[i]

P[i] = A[i] + B[i]

C[i] = G[i] + P[i].C[i-1]

S[i]

P[i]
A[i]
B[i]
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P[2]

P[0]
Cin

P[1]

G[3]

G[2]

G[1]

G[0]

Cin

P[3]

P[2]

P[1]

P[0]

P[3]

P[3]

P[3]

P[2]

P[2]
P[1]

C[3]

G[0]

C[2] = G[2] + P[2].G[1] + P[2].P[1].G[0] + P[2].P[1].P[0].Cin

C[3] = G[3] + P[3].G[2] + P[3].P[2].G[1] + P[3].P[2].P[1].G[0] + P[3].P[2].P[1].P[0].Cin

C[1] = G[1] + P[1].G[0] + P[1].P[0].Cin

C[0] = G[0] + P[0].Cin

G[0]
P[0]
Cin

C[0]

P[0]
Cin

P[1]
G[0]
P[1]
G[1]

C[1]

C[2]

G[2]
P[2]
G[1]
P[2]
P[1]

ÌMÍ
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C[3]

Cin

P[1]

P[2]

P[3]
G[3]

G[2]

G[1]

G[0]
P[0]

C[0] = G[0] + P[0].Cin

C[1] = G[1] + P[1].(G[0] + P[0].Cin)

C[2] = G[2] + P[2].(G[1] + P[1].(G[0] + P[0].Cin))

C[3] = G[3] + P[3].(G[2] + P[2].(G[1] + P[1].(G[0] + P[0].Cin)))

ñMò
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Sum
A B

Cin Cout

Lookahead
Unit

Ripple

Sum
A B

Cin Cout

Lookahead
Unit

Ripple

Sum
A B

Cin Cout

Lookahead
Unit

Ripple

Sum
A B

Cin Cout

Ripple

A[0:3] A[4:7] A[8:11] A[12:15]B[0:3] B[4:7] B[8:11] B[12:15]

Sum[0:3] Sum[4:7] Sum[8:11] Sum[12:15]
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S[0] S[4] S[8] S[12]

Cin Cout

A[15]
B[15]

A[0]
B[0]

A[4]

A[4]

A[8]

A[8]

A[12]

A[12]

1

0 0 0

1 1
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00 11 1 00 1

1 0 01 101 0

00011110

1

+

Unsigned

+

0110000

178

198

120

Overflow!
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00 11 1 00 1

1

00011101

1 01 101 01
+ +

011000

-58

1

-72

-14

‘2’s complement
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00 11 1 00 1

1 0 01 101 0

00011110

1

+ +

0110000

120

Overflow!

-78

-58

‘2’s complement

00 11 00 10

01 101 00 1

0

+ +

011000
Overflow!

1

114

70

0001111 0 -72

‘2’s complement

I J K <L> 6MN<�OQPD6 J 6HR�RTSUOQ2 ? K < 2VE�WB> 6YX'? K < OZ<[2VS;:�? E�2 CFE�X�X�<�O�<�>@?'XGO�68
? K <\2VE�W]> 6YXN<[E�? K <�O'6Y9^<�O`_a>bC
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BA

S

CoutCin
FA

BA

S

CoutCin
FA

BA

S

CoutCin
FA

A[0] B[0]

BA

S

CoutCin
FA

A[1] B[1] A[2] B[2] A[3] B[3]

S[0] S[1] S[2] S[3]

BA

S

CoutCin
FA

BA

S

CoutCin
FA

BA

S

CoutCin
FA

BA

S

CoutCin
FA

B[7]A[7]B[6]A[6]B[5]A[5]B[4]A[4]

S[4] S[5] S[6] S[7]

0

V

C
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BBBBBBBB

A[7]A[6]A[5]A[4]A[0] A[1] A[2] A[3]

S[]  = -A[] = A[] + 1

S[0] S[1] S[2] S[3]

S

Cout

S

Cout

S

Cout

S

Cout

S[4] S[5] S[6] S[7]

V

S

Cout

S

Cout

S

Cout

S

Cout1
HA HA HA HA HA HA HA HA
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