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Recap: Binary Values Summation

Most Significant Bits (MSB) Least Significant Bits (LSB)




Recap: Binary Values Summation

Most Significant Bits (MSB) Least Significant Bits (LSB)

Computation starts with the least significant bits;
Excess is carried-out
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Recap: Binary Values Summation

“0” carried out
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Recap: Binary Values Summation

“1” carried out
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Recap: Binary Values Summation

“1” carried out
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Recap: Binary Values Summation

“0” carried out
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Recap: Binary Values Summation
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Recap: Binary Values Summation

The result of summation:
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Adder Circuit Design
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Adder Circuit Design
a,
b,
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Adder Circuit Design
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Adder Circuit Design

aq
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Adder Circuit Design

d1

b,

Carry-out case is not handled
(when both inputs are “1”s)

“1” carried out
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Adder Circuit Design

\ Cout

AND/
Carry-out case handling
(when both inputs are “1”s)
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Half-Adder Circuit: Least Significant Bits (LSB) Summation
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Half-Adder Circuit: Design Verification

a; 0
bi 0 >XOR 2 0

ANDJ\ Cout 0
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Half-Adder Circuit: Design Verification

a; 0
b: 0 >XOR w0
ANDJ\ Cout 0

a; 1
b1 0 >XOR a1
\ Cout ()

AND |

22



Half-Adder Circuit: Design Verification

a; 0
bi 0 >XOR “ 0
ANDJ\ Cout 0

a; 1
bi Q >XOR a1
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b, 1
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Half-Adder Circuit: Design Verification
a; 0

b1 0 " >XOR u_ 0 by 1 .?

> g O
XOR

ANDJ\ Cout 0

\ Cout 1

AND
/

b 0 " >XOR a1 b; 1 '?

> g 1
XOR

\ Cout Q

\ Cout Q

AND |

AND |

24



Half-Adder Circuit
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Adder Circuit Design: Continuation
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Adder Circuit Design
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Adder Circuit Design
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Adder Circuit Design:
Carry-in is to be handled

“1” carried out
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Adder Circuit Design:
Carry-in Handling

“1” carried out
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Adder Circuit Design:

a ‘ ] Carry-in Handling
b1 > XOR ! > “1” carried out
c 0O 0 1|1
\ Cout +
, 0011
0
C
a, out) q,
* XOR
b, > XOR -
. q Case not handled:

Coyt = landg =1

J

AND

k
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Adder Circuit Design:
Carry-in Handling

“1” carried out

+0011
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Case handling:
Couyt = landg =1

32



a
! d1
b4 ) XOR
AND\ Cout
%)
b,

XOR

~_

)

Coqt

Adder Circuit Design:
Carry-in Handling

“1” carried out
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AND These outputs are never equal

to ”1” simultaneously
(formal proof is available)
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Adder Circuit Design:
Carry-in Handling

“1” carried out
VSN
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Half-Adder:

- No carry-in handling
- Least Significant Bits (LSB) summation only
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- Least Significant Bits (LSB) summation only
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4-bit Adder Circuit
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4-bit Adder Circuit

Q=A+B
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Half Adder: Half Subtractor:

- No carry-in handling - No borrow-in handling
- Summation of Least Significant Bits - Subtraction of Least Significant Bit
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Half Subtractor Circuit:

a, - B A - No carry-in from outside
: T | di - The Summation of Least Significant Bit d,
b, | XOR .
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Half Subtractor Circuit:

a - Y - No carry-in from outside

|' 1 | di - The Summation of Least Significant Bit d,
b, | XOR .

* |
| |
| I
@ b
| AND : out
' y Full Subtractor Circuit:
TTTTTTT T T TTTT - - Takes borrow-in from outside
b Composed by two Half-Substractors and OR
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________ Subtractor Circuit for 4-bit Input Arguments
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Multiplier Circuit for 2-by-2 Bits Input Arguments
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