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Binary, signed interger representation

b;b,b,;b,|Signand 2’s Complement
Magnitude
O 1 1 1 +7 +7
O 1 1 O +6 +6
O 1 0 1 +5 +5
O 1 0 O +4 +4
O 0 1 1 +3 +3
O 0 1 O +2 +2
O 0 0 1 +1 +1
O 0 O O +0 +0
1 0 0 O -0 -8
1 0 0 1 -1 -7
1 0 1 O -2 -6
1 0 1 1 -3 -5
1 1 0 O -4 -4
1 1 0 1 -5 -3
1 1 1 0 -6 -2
1 1 1 1 -7 -1
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c specification for a stage of binary addition

Carry-in ci Suns Carry-out Ci+

X
<

At the Ith stage:

Input:

c; Is the carry-in
Output:

S; IS the sum

Ci,1 Carry-out to (1+1)st
state

N =Yoo RoNa)
RPROORROO
RPORORORO
RPOORORRO
RPRROROOO

S = X¥G+XYG +XYG +XYG = xi®y:® c
Ca = YiC+XC +XYi

Example:

J]
K 7 0 1| 1 |1 ) X ;
4+Y = +6 = +00:1{:10|00 Ca(r;irilou-t———DYiD-——Cagym
Z 13 1 1 0 |1 S

Legend for stage
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Addition logic for a single stage D o
-

Sum Carry
Yi— )
X: —— Cl_J
I
X.
—3 s T O3 >ea
G .
(=
G pq=— Full(gg)der___ C,
|
S
I

Full Adder (FA): Symbol for the complete circuit for a single
stage of addition
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prle carry adder
y

« (Cascade n-full adder (FA) blocks to form a n-bit adder.
» Carries propagate or ripple through this cascade, n-bit ripple carry adder.

1 i | Y

- R

C
G=— FA |— Cnl_ FA |- - FA —Q

% # #

T 1 ! D
Most significant bit Least significant bit
(MSB) position (LSB) position
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K n-bit adder

* K n-bit numbers can be added by cascading k n-bit adders

(LU IoNs

1 ke 1 "n1 Y 1500 17n1 *0%
R he H"-H
coo | oot L bt |, T nbit |
0 adder adder adder 0
Skn-l S'(k— n Sm 1 Sn S'n-l SO

e Carry-in ¢y Into the LSB position provides a convenient way to perform
subtraction

« Each n-bit adder forms a block, so this is cascading of blocks.

« Carries ripple or propagate through blocks, Blocked Ripple Carry Adder
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Binary addition- subtraction logic network

n1 Y1 Y
... -— Add/Sub
control
A G
n-bit adder -
©
Snl 1
*Add/sub control = 0, addition

*Add/sub control = 1, subtraction

« X -=YIs equivalent to adding 2's complement of Y to X
« 2'scomplementis equivalentto 1's complement + 1
e« X=-Y=X+Y+1
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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.

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

OverﬂOW: Xn—l yn—ls_n—l T )zn—l yn—lsn—l

Overflow=c, ®c,_,
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Thank You
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