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ABSTRACT

In many multimedia and Digital Signal Processing(DSP) systems, Modified Booth Multiplier is
mostly preferred multiplier design for the high speed application. In this paper, Modified Booth Algorithm
(MBA) is used for both signed and unsigned multiplication process which is used for the FFT application in
frequency domain whose design parameter are analyzed along with the design of FFT with Baugh Wooley
multiplier. Wallace tree reduction technique is used to reduce the number of partial product which reduces
the hardware complexity with the low power consumption in Modified Booth Multiplier.

Keyword: FFT,Modified Booth Multiplier, Baugh Wooley multiplier

l. INTRODUCTION

In digital signal processing systems, the most important objectives are high processing performance and
low power dissipation. Among the basic operational block in a digital system, multiplier requires the longest delay.
In general, the critical path is determined by the multiplier. Modified Booth Algorithm (MBA) is commonly used for
high speed multiplication. The speed of the multiplication can be increased by reducing the number of partial
products [6]. Various multiplication algorithm Booth, Braun and Baugh Woolley have been used.

The modified booth algorithm is considered as the fastest multiplication algorithm and reduces the number
of partial products. Carry propagate adder has been used to sum the partial product in reduced time. Our goal is to
reduce computation frequency by using a Modified Booth algorithm for multiplication. Ripple carry adder (RCAs)
has the most compact design of all types of adders. The first stage is considered as a partial product generation. The
second stage is considered as a partial product reduction stage was high-speed algorithms are used to reduce the
number of partial products [5]. The final addition stage of the multiplier is Carry propagate Adder (CPA).

Modified booth encoding is used to achieve high speed which reduces the number of partial products. Due
to truncation error will be introduced in the kind of Direct-Truncated Fixed-width Multiplier (DTFM). The error
compensation value can be produced by the constant scheme [1] -[2] or the adaptive scheme [3] -[4]. Fixed width
modified booth multiplier achieves better performance in terms of error [7]. In wireless communication applications,
the most commonly used operation is Fast Fourier Transform (FFT).

Vedic Mathematics [8] and [9], Booth, Modified Booth, Barun, Array multipliers are designed to achieve
the high-speed FFT application. Where Booth multiplication is used to reduce the partial products at the
intermediate stage, which achieves the high-speed multiplication rather than other multipliers. In [10] for FFT
application modified booth along with the Wallace tree structure which is build using Carry Save Adder (CSA).
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In this paper, high-speed FFT architecture is designed based on two different multiplication algorithm such
as Modified Booth Algorithm and Baugh Woolley multiplication algorithm were Modified Booth multiplication
algorithm achieves better performance than Baugh Woolley multiplication algorithm.

1. FAST FOURIER TRANSFORM (FFT)

Fast Fourier Transform (FFT) as a method of efficiently evaluating a polynomial at the powers of a primitive root of
unity. In other words, we will define the FFT as “a technique which efficiently evaluates a polynomial over a special
collection of points” and the inverse FFT will be defined as “a technique which efficiently interpolates a collection
of evaluations of some polynomial at a special set of points back into this polynomial”. Fourier analysis converts a
signal from time or space domain to the frequency domain and vice versa. An FFT rapidly computes such
transformations by factorizing the DFT matrix into a product of sparse (mostly zero) factors. As a result, it manages
to reduce the complexity of computing the DFT from (O (n®)), which arises if one simply applies the definition of
DFT, to (O (n log n)), where n is the data size.
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Fig. 1. Butterfly diagram of 8-point DIF-FFT

. PROPOSED ARCHITECTURE
The proposed multiplier architecture consist of three stages they are,

1. Partial Product Generation
2. Partial Product Reduction
3. Final Addition

Consider ‘a’ and ‘b’ be the two 8-bit inputs for the multiplier, where ‘a’ represents the multiplicant bit and ‘b’
represents the multiplier bit. The multiplicant bit is encoded by using the booth encoder which reduces the bit count
from 8-bit to 3-hit resulting in 4 different combinations. These 4 different combinations acts the selection line for the
multiplexer.

The partial products are generated by using 8:1 8-bit multiplexer along with the multiplication algorithms like
Modified Booth Algorithm (MBA) and Baugh Woolley multiplication algorithm. Then further the accumulated
partial products are reduced using the Wallace tree structure. Finally, Carry Propagate Adder is used to produce the
required output. The architecture of MBA used for the FFT application is shown in figure 2.
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Fig. 2: Block diagram of Modified Booth Muliplier

1. Partial Product Generation

In the generation of partial products, Modified Booth Algorithm is used which consist of selection table to
generate the multiplied output. This modified booth multiplier’s computation time and the logarithm of the word
length of operands are proportional to each other. We can reduce half the number of partial product. Radix-4 booth
algorithm used here to increase the speed of multiplier and reduces the area of multiplier circuit.

In this algorithm, every second column is taken and multiplied by 0 or +1 or +2 or -1 or -2 instead of
multiplying by 0 or 1 after shifting and adding of every column of the booth multiplier which is explained in Table.
I. Thus, half of the partial product can be reduced using this booth algorithm. The multiplexer is used for the
selection of partial products which is generated by the modified booth multiplication algorithm.

The outcome of the encoder is taken as the 3-bit select line for the multiplexer. The input of the multiplexer is
the 8-bit data of count 8. Among the 8, one is used for the generation of output which is based on the select line.
Thus the four different combination outcome of encoder produce the four rows of partial products which all are
obtained from the previously used 8:1 multiplexer. The multiplier bit is associated with the following set of numbers
to produce the output, which is explained in the Table. I.

TABLE I
SELECTION TABLE OF MODIFIED BOOTH MULTIPLIER

il I i ADD
0 0 0 I*M
0 0 1 *M
0 1 0 I*M
0 1 1 *M
1 0 0 2
1 0 1 1*M
1 1 0 -I*M
1 1 1 0*M
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2. Partial Product Reduction

Here the reduction process is carried out by using the Wallace tree structure which consist of a tree of Carry
Save Adder (CSA). In order to diminish the number of PPs involved and therefore lessen the area/delay of the
circuit, one operand is usually recoded into high-radix digit sets. One of the most used and widespread radix-2n
algorithm is the radix-4 which has a set of digits given by {-2,-1, 0, 1, 2} for PPG.For PPR, two choices exist which
can be implemented: reduction by rows, which can be performed by taking into consideration an adder array and
reduction by columns, which can be performed by taking into consideration a counter array.

The adder used in the Wallace structure generates the result as the sum and carry. CSA is the most preferable
adder for the partial product reduction process which consumes less time to compute the result.
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Fig. 3: Wallace Tree Structure.
3. Carry Propogate Adder

The final addition is performed by using the carry propogate adder instead of Carry Propagate Adder(CPA) to
obtain the exact result. N-bit adder is designed using N 1-bit full-adder and carry bit is propagated through the
proceeding block to produce the required product output.

V. BAUGH WOOLLEY MULTIPLIER

An efficient way to analyze the sign bits, Baugh Woolley multiplication algorithm is used. Regular multipliers
are designed by using Baugh Wooley multiplication technique which suited for the 2’s complement humbers whose
architecture is shown in figure . Let us consider two N-bit numbers INPUT 1(A) and INPUT 2(B), where A
represents the multiplier bit, B represents the multiplicant bit and they are represented as,

A= —ap 2+ Yo ;2 )
_2 i
B= —b, 21+ Y b2 @

Where a;’s and b;’s are the bits in A and B respectively, ap; and b,_; are the sign bits.
The product P = A*B is given by, the following equation,

P=A*B
P=[-a,_2" 1 + Z::oz al-Zi]x
[_bn—lzn_l + Z:lz_()zblzl]
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Fig. 4: Architecture of Baugh Woolley Multiplier.

The two inputs A and B are fed as the input to the Partial Product Generation (PPG) unit. In the PPG unit
the partial products are generated and accumulated. The accumulated partial products are reduced by the Wallace
Tree reduction technique to achieve the better hardware as well as the timing constraints. The reduction process is
carried out through three stages. In each stage, the number of rows are being reduced. The reduced partial products
are passed through the carry propagate adder to generate the final product. The figure shows the accumulation of
partial products.
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Fig. 5: Partial Product Accumulation.

V. RESULT AND DISCUSSION

The modified booth multiplier has been designed and verified by the simulation and it is analyzed using a
Xilinx Spartan 3E kit. The following figure 6 and 7 shows the simulation waveform of modified booth multiplier
and baugh woolley multiplier. The comparison table of area and power of the multipliers are shown below.
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TABLE Il

COMPARISON OF DESIGN PARAMETERS FOR FFT WITH MODIFIED BOOTH AND FFT WITH BAUGH
WOOLEY MULTIPLIER

EXACT AREA(m’) POWER(mw)
MULTIPLIER
MODIFIED
BOOTH 1333 40
MULTIPLIER
BAUGH 55
WOOLLEY 1845 46.94
FFT MULTIPLIER
MODIFIED
BOOTH 3912 62.96
MULTIPLIER
BAUGH 3 i
WOOLLEY 8532 80.65
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Fig.7: Simulation Result of Baugh Wooley Multiplier

Exact modified booth multiplier attains power of about 40(mw) and occupy an area of about 1533 while, baugh
woolley multiplier attains power of about 46.94(mw) and occupy an area of about 1845. Thus modified booth
multiplier consumes low power and occupy less area when compared to baugh woolley multiplier. The both
modified booth multiplier and baugh woolley multiplier are implemented for FFT applications. FFT implemented
modified booth multiplier attains power of about 62.96(mw) and area is 5912 while baugh wooley multiplier attains
power of about 80.65(mw) and area is 8532. Thus, finally FFT implemented modified booth multiplier achieves low
power and area than the exact modified booth, Baugh Wooley and FFT implemented Baugh Wooley multiplier.

All Rights Reserved, @IJAREST-2018 181




International Journal of Advance Research in Engineering, Science & Technology (IJAREST)

VI.

Volume 5, Issue 3, March 2018, e-ISSN: 2393-9877, print-ISSN: 2394-2444

CONCLUSION

Modified Booth and the Baugh Wooley multipliers are implemented for FFT application. The partial products
are generated and accumulated which are reduced by using a Wallace tree reduction technique and finally the
product output is obtained by using Carry Propagate Adder (CPA). Both the multiplier has same simulation
outcome, but different operational flow. From the analysis, FFT with Modified Booth multiplier save power of about
14.78% compared with the FFT with Baugh Wooley multiplier design. Similarly FFT with Modified Booth
multiplier have a reduction in hardware complexity of about 16.91% than FFT with Baugh Wooley multiplier.
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