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X; Y, Carry-in c; Sums; Carry-outc;,, At the jth stage:
0 0 0 0 0 Input:
0 0 1 1 0 ¢;is the carry-in
0 1 0 1 0
Output:
0 1 1 0 1 : D
1 0 0 1 0 s;is the sum
1 0 1 0 1 C;,; carry-out to (i+1)*
1 1 0 0 1
1 1 1 1 1 state

S = XYGHXYGHXYG +XYG = X0y O

Ca= Y%G+XG+%Y,
Example:

X 7 0O 1] 1 |1 _ X r
+Y = +6 = +0011|110]|00 CagleUt »Dy:D< Car(';ym
. — i+ |

Z 13 1 1 0 |1 S

Legend for stage i
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Addition logic for a single stage

Sum Carry

X _0 X

Full adder
Ci +1 = (FA) — Ci

|
'

S
I

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

eCascade n full adder (FA) blocks to form a n-bit adder.
eCarries propagate or ripple through this cascade, n-bit ripple carry adder.

-1 Ynoa X Y1 % Yo
Ch- 1 1
Cn e FA - wma FA - FA S CO
Sh- 1 S1 o
Most significant bit Least significant bit
(MSB) position (LSB) position
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Add/Sub
control

1 1 0

Al I B |t

X
n-
C n-bit adder (o
: \ C
0

eAdd/sub control = 0, addition.
eAdd/sub control = 1, subtraction.
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Detecting overflows ~

INS T Priely s

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.

® x ., Y., S, representthe sign of operand x, operand y and result s
respectively.

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

Overflow = Xn—l yn—1§n—1 T )_(n—l yn—lsn—l

Overflow=c,  ®c_,
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X0 Yo :
\ \ Consider 0 stage:
oc, is available after 2 gate delays.
*s, is available after 1 gate delay.
50

Sum Carry

sl
¢
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Computing the add time (contd..)

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

le after 2 gate d
le after 4 gate d
le after 6 gate d
le after 8 gate d

*s, avail
o5, avail
*s, avail
*s, avail

le after 1 gate delays, ¢, avail

el lays.
le after 3 gate delays, ¢, avail

e

e

lays.
lays.
lays.

le after 5 gate delays, c; avail
le after 7 gate delays, ¢, avalil

QL L
S O O O

QO L
S O O O

®© o @ D

For an n-bit adder, s, ; is available after 2n-1 gate delays
c,is available after 2n gate delays.
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Fast addition

.- =
I ’
q

A p i b ‘ ..
N ST

Recall the equations:

5 =X DY, D¢

Cia = XY T X6 T Y6
Second equation can be written as:

Ciy =X Y; +(X +Y,)C,
We can write:
G,y =G +RG;
where G, = x.y. and P =X. + .

oG, is called generate function and P, is called propagate function

G, and P; are computed only from x;and y; and not c;, 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

INSTIZ P2l

Civ1 = Gi T Bci
C; = Gi—l T B—lci—l
— C; = Gz’ +Pi(Gi—1 T B—lcz’—l)

continuing
= ¢y =G, +P(G_ + B (G_, + F ,¢,))
until

¢, =G +bPG_ +FP_G,_,+..+ BE_|.HG,+ BE_,...Fc,

*All carries can be obtained 3 gate delays after X, Y and c, are applied.
-One gate delay for P, and G,
-Two gate delays in the AND-OR circuit for ¢,
*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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INS T/ Fpiely 5y
s 2 Y2 SRR X0 Yo
T
C c c .
3 2 1
adder

- —
o) ———
-
oV -—

G.,| |P G| |P, G| |P G| |P
IR R oyt Yo
Carry-lookahead logic -~
X Y,

B-cell for a single stage

| B cell

v v
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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.

¢, =G +FPG_ +bBP_G_,+.+FPP_ .FG +FF_ . .Fc
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Assessment

What Is

1.Generate function
2. Propagate function
3.Gate delay
4.0verflow
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