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4-bit 2's Complement Bit Pattern
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Binary

Binary Arithmetic (4A)

Bit patterns
in a computer

Can represent
either unsigned
or signed numbers

The largest negative number : -1

2's complement

+ + + 4+ + + + +
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The Sum of 4-bit 2's Complement Numbers

1

00 00 0 0100 + 4 + X

106060 — 38 1100 — 4 —X

11000 8 1060600 —o0 L
—p

1 1 1 1 1 1 1 1

© 06 061 +1 ©1 01 + 5 (n+1)-bit

111 -1 101 — 5

10000 0 106000 0

1 1 1 1 1 1 1

00160 + 2 0110 + 6

11 — 2 101 — 6

1000 0 1000 0

1 1 1 1 1 1 1 1

0 0 11 + 3 0111 + 7

110 — 3 1001 —7

10000 0 106000 0
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Subtraction with Complements

+ X N
+ —X _ 3+ X 2's complement 2's complement of X
2" —X 7
n _ n —
s 2 —X = —X 2 —X = —X
(n+1)-bit
M M 2"+ M—N 2"+ M—N
- ——l
- N + 2"—N _ ,
(n+1) -bit (n)-bit
n
2+ M—N when M = N when M < N
an end carry no end carry
positive number negative number
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Subtraction with Complements

M M

— N 2"—N
2"+ M—N

4-3 3—4

1 1

01060 + 4 00 11

1101 - 3 1100

10001 +1 1111
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2"+ M—N
-
(n+l) -bit
when M = N

an end carry

positive number

2"+ M—N

A e
(n)-bit
when M < N

no end carry

negative number

~4~(-3)
1100 — 4
@011 + 3
1111 -1
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Overflow in the 4-bit 2's Complement System

23 22 2 2° 10°
0|9/0]®@ TR @6110 + 6 M (+)
0N GipeT 1 1 111 + 7 N (+)
0 06 10 + 2
o0 11 403 D1ro1 >3 (>2"-1)  (—)
O 10 0 + 4
0101 + 5
01160 + 6
0111 + 7 o)
1 0 0 0 — 8 10 00 — 8 M (_)
10601 -7 106061 —7 N ()
10610 - 6
1le|1]1 _|5 1@0 01 > (<—2") (+)
11060 _ 4
11601 — |3
1110 — 2
1111 —1
Binary 2's complement
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Unsigned Addition

6 06 0 0 1 1 1 ©
1 0106 +10 1 0106 +10 N-bit
0101 + 5 O 111 + 7 N-bit
overflow
O 06 0 0 1 1 1 0
1 06106 + 10 1 0106 +10 N-bit
0101 5 0111 + 7 N-bit
O 1111 + 15 1 00 01 + 17 (N+1)-bit 2's complement
. . . Young Won Lim
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Signed Addition

© 0 0 0 1 0
0 0611 3 0 611 + 3 N-bit
O 1 0 0 + 4 O 1 10 + 6 N-bit
O 06 11 + 7 © 1001 ><7< N-bit 2's complement
overflow
1 1 0 0 o 0
11061 -3 1101 -3 N-bit
1100 —4 1010 -—6 N-bit
11001 - 10111 9 \obit 2's complement
overflow
1 1 0 0 6 0 1 0
11061 -3 0 611 + 3 N-bit
0 110 + 6 1 O — 6 N-bit
1 0 01 + 3 0 1 1 -3 N-bit 2's complement
I I I Young Won Lim
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Signed Addition : (N+1)-bit Result

o 0 0 0 1 1 0
0 0611 3 0 01 3 N-bit
© 1 o0 + 4 O 11 + 6 N-bit
0 0 11 + 7 1 0 0 + 9 (N+1)-bit 2's complement
1 1 0 0 0o 0 0
1101 -3 1 10 — 3 N-bit
1 100 — 4 1 01 — 06 N-bit
1 10 0 — O 11 — 9 (N+1)-bit 2's complement
1 1 0 0 0 1 ©
111 01 — 3 0,0 1 + 3 N-bit
0|1 1 O + 6 1,0 1 — 06 N-bit
0 06 01 + 3 1 10 — 3 (N+1)-bit 2's complement
I I I Young Won Lim
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4-bit 1's Complement Bit Pattern
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Binary

Binary Arithmetic (4A)

Bit patterns
in a computer

Can represent

either unsigned
or signed numbers

- Zero

11

1's complement

+ + + 4+ + + + +
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The Sum of 4-bit 1's Complement Numbers

00 0 0 0 0100 + 4 +X

1000 — 7 1011 — 4 —X

01000 —7 01111 —20 Mm_1
e ——

80 01 + 1 ©101 +5 n-bit

1110 —1 10106 —5

0111 _ 0 0111 _ 0

0010 + 2 1160 +6

1101 — 2 1001 —6

1111 _ 0 0 1 1 _ 0

1 1 1 1 1 1 1 1

0011 +3 0111 +7

11060 —3 106060 —7 1's complement

0111 _ 0 011 1 _ 0
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Subtraction with Complements

M M 2"+M—N-—1 2"+M—N-1
_ N F N1 - > - >
(n+l)-bit (n)-bit
2"+M—-N-1 when M = N when M < N
an end carry no end carry
positive number negative number

. wrap the carry
M—-N - back to the LSB

4-3 3—4 —3—(—4) —4—(-3)

1 1 1 1 1 1 1 1

0100 +4 00 11 + 3 1100 -— 1011 — 4

1100 — 3 10 1 — 4 0100 +4 0 0 1 + 3

@oo 00 +1 10 -1 @o o000 +1 110 —1
L 1

0001 0001 1's complement

Binary Arithmetic (4A) 13 Young e



Unsigned Addition

1 1 1 1 1 1 1 1
O 060601 +1 © 1 061 + 5
111 — 1 1011 —5
10000 0 1 060 00 0
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Handling Overflow Flag

Software Interrupt INTO
Jump if overflow JO

Jump if not overflow JNO
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