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These slides introduce subtraction with Binary Numbers



* Elementary school concepts

e Subtract columns of numbers and keep track of how much
is borrowed from the next column

245 minuend
- 189 subtrahend

56 difference
315 113

245 24 23 >
- 189 ':> - 189 ':> - 189 ':> - 189
6 6 56
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* This is very difficult to implement in hardware

2

1 245
:> - 189 :> - 189
056 56
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e Binary Subtraction
* Negate the subtrahend and add
*a—-b—>a+(-b)
* Works for Signed and Unsigned binary numbers
* Overflow — Unsigned

* No carryout of the addition indicates overflow
* This is the opposite of normal unsigned addition

e Overflow — Signed
* MSB carry-in # MSB carry-out indicates overflow
* This is the same as normal signed addition
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e Binary Subtraction

* Unsigned
71 7N 71
29 2 + -(29 29
O BT 0 g0 a1 111 71
- 00011101 29
[l 31 il
01 0 0 0 1 1 1 71
+ 1 1 100011 + (-29)
0 01 01 0 10 42
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Carry-out = no overflow
Answer is correct
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e Binary Subtraction

* Unsigned

AR, |7 71
- 82 + -(82) + (-82)
O I™N0* 0v0 '1 11 71
01 01001 82
0 1 1 1
01 00011 71
T0°T1 101 LN 1 + (-82)
Il 1.1 OlpE O 245

No Carry-out = overflow
Answer is incorrect
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* Unsigned Overflow — Interpretation

01000111 71
- 01010010 = 82
8 bit unsigned binary b Overflow
EIO 1 1 il
01000111 71 No Carryout
+10101110 +(8)
(L LR abR gl (o) ale (o) ¥l 245

8 bit
Unsigned Binary
Number Line

6 bit

Unsigned
Binary

127
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e Binary Subtraction
* Signed

-67 = -67 -67
- -82 + -(-82) + (82)
11008 U ol LR L R 0 B -67
1 01 01110 -82
W3 Al
1 01 11101 -67
+ 01 01 0 010 + 82
0 00 01111 15

Carry-out = carry-in = no overflow
Answer is correct
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e Binary Subtraction

* Signed
ETRA. | 67 -67
- 82 + -(82)  +(-82)
L™ 111 "1 10 -67
01 01001 82
110 1 1 1 1
1 01 1110 -67
L 010 3Nt 1 + 82
0110101 117

Carry-out # carry-in = overflow
Answer is incorrect
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 Signed Overflow — Interpretation

1401 +18 1 RO -67
01 01 0 0 10 82
8 bit signed binary 4 L
0 1 il 1 il
1R0F AT 1191 0N -67
+ 13:0f 1 0 1 HT ¥ R0 + 82
0Of 11 1010011 JORSISE 117

8 bit
Signed Binary
Number Line

Overflow

MSB Carry-out # carry-in
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