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Addition/subtraction of signed 

numbers
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Legend for stage i
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At the ith stage:
Input:
ci is the carry-in
Output:
si is the sum
ci+1 carry-out to (i+1)st

state
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Addition logic for a single stage

Full adder
(FA)
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Full Adder (FA): Symbol for the complete circuit 
for a single stage of addition.
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n-bit adder

•Cascade n full adder (FA) blocks to form a n-bit adder.
•Carries propagate or ripple through this cascade, n-bit ripple carry adder.
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n-bit adder/subtractor (contd..)

Add/Sub
control

n-bit adder
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•Add/sub control = 0, addition.
•Add/sub control = 1, subtraction.
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Detecting overflows

 Overflows can only occur when the sign of the two operands is 
the same. 

 Overflow occurs if the sign of the result is different from the 
sign of the operands.

 Recall that the MSB represents the sign.
 xn-1, yn-1, sn-1 represent the sign of operand x, operand y and result s 

respectively.

 Circuit to detect overflow can be implemented by the following 
logic expressions:

111111   nnnnnn syxsyxOverflow

1 nn ccOverflow
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Computing the add time

Consider 0th stage:
x0

y0

c0
c1

s0

FA

•c1 is available after 2 gate delays.
•s1 is available after 1 gate delay.
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Computing the add time (contd..)

x0
y0

s2
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Cascade of 4 Full Adders, or a 4-bit adder

•s0 available after 1 gate delays, c1 available after 2 gate delays.
•s1 available after 3 gate delays, c2 available after 4 gate delays.
•s2 available after 5 gate delays, c3 available after 6 gate delays.
•s3 available after 7 gate delays, c4 available after 8 gate delays.

For an n-bit adder, sn-1 is available after 2n-1 gate delays
cn is available after 2n gate delays.
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Fast addition

Recall the equations:
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Second equation can be written as:
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We can write:
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•Gi is called generate function and Pi is called propagate function
•Gi and Pi are computed only from xi and yi and not ci, thus they can 
be computed in one gate delay after X and Y are applied to the 

inputs of an n-bit adder.
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Carry lookahead

ci1  Gi  Pici

ci  Gi1  Pi1ci1

 ci1  Gi  Pi(Gi1  Pi1ci1)

continuing

 ci1  Gi  Pi(Gi1  Pi1(Gi 2  Pi 2ci2 ))

until

ci1 Gi  PiGi1  PiPi1Gi2  ..  PiPi1..P1G0  PiPi1...P0c0

•All carries can be obtained 3 gate delays after X, Y and c0 are applied.
-One gate delay for Pi and Gi

-Two gate delays in the AND-OR circuit for ci+1

•All sums can be obtained 1 gate delay after the carries are computed.
•Independent of n, n-bit addition requires only 4 gate delays.
•This is called Carry Lookahead adder.
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Carry-lookahead adder

Carry-lookahead logic
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4-bit 
carry-lookahead 
adder

B-cell for a single stage
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Carry lookahead adder 

(contd..)
 Performing n-bit addition in 4 gate delays independent of n is good only theoretically because of fan-in constraints.

 Last AND gate and OR gate require a fan-in of (n+1) for a n-bit adder. 
 For a 4-bit adder (n=4) fan-in of 5 is required.
 Practical limit for most gates.  

 In order to add operands longer than 4 bits, we can cascade 4-bit Carry-Lookahead adders. Cascade of Carry-Lookahead adders is called Blocked Carry-
Lookahead adder.
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Assessment

What is

1.Generate function_____

2. Propagate function____

3.Gate delay _____

4.Overflow______
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