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ABSTRACT:

Booth recoding is widely used to reduce the number of
partial products in multipliers. The benefit is mainly an
area reduction in multipliers with medium to large oper-
and widths (8 or 16 bits and higher) due to the massively
smaller adder tree, while delays remain roughly in the
same range. Differentrecordings exist resulting in differ-
ent gatelevel implementations and performance.

In this work the XOR-based implementation gives lowest
area and delay numbers in most technologies due to the
small selector size and the well-balanced signal paths.An
implementation of a radix-4 butterfly has been developed.
The number of stages has been reduced. This reduction
comes from the fact that, to achieve a throughput compa-
rable to that of radix-2.

Therefore, the implementation of the radix-4 butterfly is
suitable for high speed applications, since the hardware
cost, the power consumption and the latency are reduced.
To reduce the number of calculation steps for the partial
products, MBA algorithm has been applied mostly where
Wallace tree has taken the role of increasing the speed to
add the partial product.

Keywords:
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LLINTRODUCTION:

The existing recoding schemes may provide efficient im-
plementation, but the disadvantage is that they use com-
plex manipulations at bit level with the circuits imple-
mented in gate level.
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The authors proposed an efficient Sum to Modified Booth
(S-MB) recoder for implementing AM unit using a Ra-
dix-4 algorithm. The S-MB recoder is efficient and struc-
tured. With the increase in the radix number, the number
of partial products gets reduced and hence the hardware
and delay. So the main focus of this work is the design
and implementation of Radix-8 Modified Booth Recoder
that yield better performance when implemented with
Add-Multiply Unit (AM).

Compared to the Radix-4 design, the modified Radix-8
MB Recoder design is simple, structured, better in per-
formance and can be easily modified for any higher radix.
This proposed FAM unit can be used in Signal Process-
ing applications such as Fast Fourier Transform (FFT).
Figure 1.1 shows the conventional and modified design
of AM Unit.
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Fig. 1: Add multiply unit (a) conventional design (b)
modified design

II.LRELATED WORK:

Number of promising technologies shows an enormous
advancement of multiplier over the past few decades. The
array multiplier was an earliest reported multiplier that
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employs a series of ripple carry adders to compute the
product by repetitive addition. It has regular structure
but the speed of this multiplier is relatively slow [7]. The
shortcomings of array multiplier are resolved by Wallace
tree multiplier. The Wallace tree construction method is
used to accelerate the multiplication by compressing the
number of partial products in a tree-like fashion and pro-
duce two rows of partial products that can be added by uti-
lizing the suitable adder in the last stage. Generally, Wal-
lace tree multiplier is used to reduce the time complexity
and the depth of the adder chain. In high speed multipli-
ers, 4:2 compressors are used extensively to curb the time
taken at the partial product accumulation stage. By virtue
of'its regular interconnection, 4:2 compressorsare used to
construct regularly structured Wallace tree multiplier with
reduced complexity [8]. In the S-MB2 recoding mecha-
nism, the sum of two continuous bits of two

inputs A(“Qi- ”-2j+l} and B[h?}- "’Ej-{-l) are

}/.a'.l' B

recoded into single MB digit *J In

general, three bits are comprehended in
forming a MB digit. The most significant bit
of them has negative weight but the two
least significant bits are positively weighted

and signed-bit arithmetic is wused to

transform the above pairs of bits into MB
form. Bit-level signed Half Adders (HA)
and signed Full Adders (FA) was used for
this purpose. Two types of signed HAs such
as HA* andHA** are used. The Boolean
equation for half adder HA* is given

byc=PVQ-S=P'$q, where p and

q are the binary inputs and ¢, s are the carry and sum out-
puts respectively. Fig. 2(a) symbolizes the schematic of
HA**. Two types of signed FAs such as FA* and FA**
are used as a building block in the S-MB recoders. Bool-
ean equations and schematics for signed FA* and FA**
are given inFig. 2(b) and Fig. 2(c) respectively. Here p
and q are the inputs and Ci,S are the output carry and
sum respectively. FA* implements
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The relation 2:C0 — S =P —q +¢;

where the bits sand Ciare negatively signed.
In FA** the two inputsp and gare
negatively signed and FA** implements the

relation” @ +s=—P—g+c.

Fig. 2 Schematic for signed (a) ha*, (b) fa*and
(c) fa**

HIL.IMPLEMENTATION:

In this paper, we design a circuit of AM unit which imple-
ment the operation Z=X (A+B). The conventional design
of the AM operator (Fig. 1(a)) requires that its inputs A
and B are fed to an adder and then the input X and the
sum Y=A+B is fed to a multiplier to get the final result
Z. The drawback of this method is the delay is high. To
reduce the delay we use Carry-Look-Ahead adder but this
increases the area of the design and thereby increasing
the power consumption. By using the direct recoding of
sum to modified booth form we can reduce the delay and
power consumption.

I YK (4] 22X Y=X (A+B)
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Fig. 3. Add-multiply operator based on the (a) conven-
tional design and (b) fused design using direct sum to
modified booth recoding.
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Table 1. Modified booth encoding table

3.1 Modified Booth Form:

The Booth algorithm was introduced by A.D. Booth and
it has some drawbacks such as (i) while designing Parallel
multipliers it becomes more inconvenient as the number
of add/subtract operations are variable. (ii)) When there
are isolated 1s the algorithm becomes inefficient.These
problems can be relaxed by using Modified Booth algo-
rithm (Radix-4). It reduces the number of partial products
by half. The idea behind this technique is taking every
second column and multiply £ 1, +2 or 0 instead of shift-
ing and adding for every column of the multiplier term
and multiplying by 1 or 0 to obtain the same results. In-
stead of grouping the bits into two at a time as in booth
algorithm, modified booth algorithm groups the multipli-
cand bits into three at a time with overlapping technique.
The Modified booth encoding table is as follows.

Onej= Y5, @Yy
Two= (Yaj @Yy) ~ (One;)
SFY:H

(a)

(b)

Fig 4. (a) Boolean equations and (b) gate-level imple-
mentation of the MB encoding signals
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3.2 FAM Implementation:

The design of the FAM is shown in Fig.3.1(b) The mul-
tiplier part is implemented using the Modified Booth al-
gorithm. Let us consider the multiplier as X and multipli-
cand as Y. The value of Y=A+B. The recoded form of Y
is got by giving the inputs A and B to the S-MB recoder
Where A and B are added and recoded to MB form. The
partial products are generated and they added along with
the Correction Term (CT) in the Wallace tree Carry-Save-
Adder (CSA). Then the result of the CSA is fed to the
Carry-Look Ahead (CLA) adder to get the result Z=XY,
i.e. Z=X(A+B).

3.3 Sum to Modified Booth Recoding Tech-
nique:

Design of Signed-Bit Full Adders and Half Adders In
S-MB recoding technique we recode the sum of two con-
secutive bits of input with two consecutive bits of input
into one MB digit . Three bits are included in forming a
MB digit ; the Most significant Bit (MSB) is negatively
weighted and the two LSB bits are positively weighted.
In order to transform the two aforementioned pair of bits
in MB form we use signed bit arithmetic, which is done
using signed half adder and signed full adder.

IV.RESULTS:

s
E
¥
M 1
B

Fig 5 Top Module Resultant

S MBrecoder

The above simulation window shows the full adders re-
sult in the S M B recoder.
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V.CONCLUSION:

The above simulation has a and b as the input for sum-
mation and x as the multiplication factor .so FAM result
is shown as sum in the simulation result.a=2 and b=2 and
the final result is 12 Focusing on the optimizing the design
of the Fused-Add Multiply (FAM) operator. We propose a
structured technique for the direct recoding of the sum of
two numbers to its MB form. We explore three alternative
designs of the proposed S-MB recoder and compare them
to the existing ones . The proposed recoding schemes,
when they are incorporated in FAMdesigns, yield consid-
erable performance improvements in comparison with the
most efficient recoding schemes found in literature.
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