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Abstract- The proposed system is an gﬁ’i’cient processing qf 16-bit Multiplier Accumulator using Radix-8 and Radix-16 modg’ﬁed Booth Algorithm
and other adders (SPST adder, Carry select adder, Parallel Prefix adder) using VHDL (Very High Speed Integrated Circuit Hardware Description
Language). This proposed system provides low power, high speed and fewer delays. In both booth multipliers, comparison between the power
consumption (mw) and estimated delay (ns) are calculated. The application of digital signal processing like fast fourier transform, finite impulse
response and convolution needs high speed and low power MAC (Multiplier and Accumulator) units to construct an added. By reducing the glitches
(from 1 to O transition) and spikes (from O to | transition), the speed of operation is improved and dynamic power is reduced. The adder designed with
SPST avoids the unwanted g]itches and spikes, reduce the switching power dissipation and the d)/namic power. The speed can be improved b)/ Ieducing
the number quartia] products to ha!f; by grouping quits in the multiplier term. The proposed Radix-8 and Radix-16 Modg'ﬁed Booth Algorithm
MAC with SPST reduces the delay and obtain low power consumption as compared to array MAC.

Keywords: Radix-8 modg'ﬁed booth algorithm Radix- 16 modgﬁed booth algorithm, Digital signal processing, VHDL (Very High Speed Integrated
Circuit Hardware Description Language), Spurious Power Suppression Technique (SPST).

I INTRODUCTION

Multiplication is a fundamental operation in digital signal processing application which consumes more power and area. Consequently,
there is a need for designing low power Booth Algorithm. Booth algorithm is a standard technique which provides significant
improvement in terms of chip area and power compared to other multiplication techniques. The implementation of the multiplier
depends on the type of adder which is used in the MAC unit. By combining the multiplication with the accumulation the development
of a hybrid type of adders like Parallel prefix adder and Carry save adder, the performance has improved. Several commercial
processors have selected the Radix-8 multiplier architecture to increase the speed of operation, thereby reducing the number of partial
products in the multiplication terms. The Radix-8 encoding reduces the digit number length in a signed digit representation as
compared to Radix-2 multiplication. Its performance is bottleneck by the generation of the term 3X (Multiplicand), also referred to as
hard multiple. The proposed MAC unit accumulates intermediate result in the terms of sum and carries bits instead of the output of
the final adder, which optimize the pipeline system to improve the overall performance. The modified Booth’s algorithm based on the
Radix-8, generally called Booth-2, is the most popular approach for implementing the fast multipliers using parallel encoding. In
general, multi-operand addition is the part of many complex arithmetic algorithms, such as multiplication and certain DSP algorithms.

One of the most popular multi-operand adders is the carry-save adder which is capable of adding more than two operands at a time.
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Figure 1. Hardware Architecture of General MAC Array Multiplier

The objective of this paper is to introduce the flexibility of adding three-input operands to a regular adder, thereby reducing the need
of a special adder to the same process. General architecture of MAC is shown in Figure 1. The proposed approach is implemented
using VHDL design with ModelSim 6.5¢c software. This executes the multiplication operation by multiplying the multiplier and the
multiplicand. Multiplier is considered as X and multiplicand is Y which is added to the previous multiplication result Z as an
accumulation step.

Il Types of Adders

A. SPST Adder

In SPST Adder, the 16-bit adder /subtractor are divided into MSP (Most Significant Part) and LSP (Least Significant Part) between the
8th and 9th bits.
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Figure 2. Proposed Low Power SPST Equipped Multiplier

The MSP of the original adder is modified to include the detection logical circuits, data controlling circuits, sign extension circuits,
latch and clock circuits and logic for calculating carry-in and carry-out signals. Figure 2 shows the Proposed Low Power SPST
Equipped Multiplier which consist of Latch, Detection logic and Sign extension logic.

B. Carry Select Adder

The 16-bit carry-select adder with a uniform block size of 4 can be created with three of these blocks and a 4- bit ripple carry adder is
used. Since carry-in is known at the beginning of computation, a carry select block is not needed for first four bits. The delay of this
adder will be four full adder delays, plus three MUX delays. The 16-bit carry-select adder with variable size can be similarly created
shown in Figure 3. Here an adder with block sizes of 2-2-3-4-5 is used. This break-up is ideal when the full-adder delay is equal to the
MUX delay, which is unlikely. The total delay is of two full adder delays and four multiplexer delays.
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Figure 3. Variable Sized CSLA
C. Parallel Binary Adder

The goal of this paper is to present the architectures that provide the flexibility within a regular adder to augment/decrement the sum
of two numbers by a constant which is considered in the addition process. This flexibility adds to the functionality of a regular adder,
which achieves a comparable performance to conventional designs, therefore eliminating the need of having a dedicated adder unit to
perform the same tasks. In this adder if the third operand is a constant, a design to accomplish three-input addition is required. These
designs are called Enhanced Flagged Binary Adders (EFBA), shown in Figure 4. It also examines the performance of the adder when
the operand size is expanded from 16 bits to 32 and 64 bits. Detailed analysis has been provided to compare the performance of the
new designs with carry-save adders in terms of delay, power dissipated and area consumes.
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Figure 4. EFBA Block diagram

III Implementation

The Booth multiplication is a technique that allows faster multiplication by grouping the multiplier bits. The grouping of multiplier bits
and Radix-8 Booth encoding reduce the number of partial products to half. The shifting and adding is for every column of the
multiplier term and multiplying by 1 or 0 is commonly used. Here every second column is taken and multiplied by £1, £2, or 0. The
advantage of this method is halving of the number of partial products. In Booth encoding the multiplier bits is formed in blocks of
three, such that each block overlaps the previous block by only one bit. Grouping is started from the LSB side, and the first block only
uses two bits of the multiplier term. Figure 5 below shows the grouping of bits from the multiplier term.

To obtain the correct partial product, each block is decoded from the grouped terms. Table 1 shows the encoding of the multiplier
value Y, which uses the Modified Booth Algorithm and generates the following five signed digits, -2, -1, 0, +1, +2. Each encoded
digit in the multiplier performs a certain operation on the multiplicand X.

000 (O fro

Figure 5. Grouping of bits from the multiplier term in the multiplication operation
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Table I Encoded five signed digits

Block IRe-code digit Operation on X
001 0 0X
001 +1 +1X
010 +1 +1X
011 +2 +2X
100 -2 -2X
101 1 1X
110 -1 -1X
111 0X

IV Modified Booth Algorithm for Radix-16

The numbers of subsequent calculation stages are decreased by enhancing the parallelism operation. So one of the solutions of realizing
the high speed multipliers is to enhance parallelism operation. The Radix-4 Booth multiplier is the modified version of the
conventional version of the Booth algorithm (Radix-2). The generation of Radix 2 and Radix 8 multiplication generally requires some
kind of carry propagate adder, which increases the latency mainly due to the long wires that are required for propagating carries from
the less significant to more significant bits.

High-speed modulo multipliers using the Booth encoding for partial product generation have been proposed in the Booth encoding
technique which reduces the number of partial products to be generated and accumulated. In Radix-4 Booth encoding all modulo-
reduced partial products can be generated by shifting and negation. The greater savings in area and dynamic power dissipation are
feasible for large word-length multipliers by increasing the radix beyond four.

In Radix-8 Booth encoding method as shown in the Figure 6, the number of partial products is reduced by two- thirds. However, this
reduction in the number of partial products leads to increased complexity in their generation. Compared with many other arithmetic
operations multiplication is the time consuming and power hungry. Thus enhancing the performance of the circuit and reduction the
power dissipation are the most important design challenges for all applications in which multiplier unit dominate the system

performance and power dissipation.

The effective way to increase the speed of the multiplier is to reduce the number of the partial products. The number of partial
products can be reduced with the higher radix Booth encoder, but the numbers of hard multiples are costly to generate and increases

simultaneously. To increase the speed and performance, many parallel MAC architectures are proposed.
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Figure 6. Block Diagram of Radix-8 MBA

There are two different common approaches that make use of parallelism to enhance the multiplication performance. The difference
between the two is the latest one carries out accumulation by feeding back the final CSA (Carry Save Adder) output rather than the
final adder results that are obtained. The entire process of parallel MAC is based on radix-8 booth encodings. Further the
implementation result and the characteristics of parallel MAC based on both of the booth encodings is exposed.
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V Results

The simulation results for 16-bit Radix-2 and Radix-8 modified Booth algorithm with three different adders and MAC are shown
below. Table II and IIl shows the synthesis report for array MAC, Radix-2 and Radix-8modified Booth algorithm with adders used in
MAC. The code is dumped onto the target device Spartan 3E (Xc3s500eft2564), inputs (Set frequency of asynchronous nets
as10MHz), signals (Set frequency for asynchronous nets as10MHz) and outputs (Set capacitive load of outputs as 28000 pf).

Table II shows the comparisons of power consumption and delay estimated of the Radix-2 Modified Booth Algorithm with three
different adders in MAC. Table IIl shows the Radix-8 using that same adders used in the Radix-2 MAC. The design summary and

simulation result also shown below.

Table II Comparison of radix-2 MBA

Array .
Device parameters Multiplier &PST adderParallel prefix adder Parallel Binary
adder
accumulator
Number of 636 out 1093 out 1083 out 549 out
4 input of of of of
LUTSs 29504 29504 29504 9312
Number of gate count 4209 5987 7167 3768
for design
Estimated delay(ns) 217.8 39.69 24 93 53.084
Power consumption (mw) 154 144 138.80 16.533
Table III Comparison of Radix-8 MBA
Array .
Parallel B
Device parameters Multiplier & SPST adderParallel prefix adder araflel Binary
adder
accumulator
Number of 636 out 1093 out 1083 out 1222 out
4 input of of of of
LUTSs 29504 29504 29504 9312
Number of gate count 4209 5987 7167 7155
for design
Estimated delay(ns) 217.8 39.69 24.936 66.10
Power consumption 154 144 138.80 19.93
(mw)
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Figure 7. Graphical comparison of different parameter of the adders
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Figure 10. Design Summary of Radix-2 MBA for Parallel Prefix Adder
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Figure 11. Design Summary of Radix-8 MBA for Parallel Prefix Adder
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VI Conclusion

The different adders are compared for various measures and works well either in power dissipation or in delay. So the performance of
each adder is different from the other. The adder is to avoid the unwanted glitches and spikes therefore switching power dissipation is
minimized. The Radix -2 modified booth algorithm reduces the number of partial products to half by grouping of bits from the

multiplier term in the multiplication operation, which improves the speed.
VII Future Scope

The modified booth algorithm which is different from the existing booth algorithm are commonly used. The Radix-2 and Radix-8
Booth Algorithm is used for all multiplication process that reduces the number of critical path, and reduces the power consumption. In
this paper, 16- bit Radix-8 Modified Booth Algorithm using spurious power suppression technique and Radix-16 MBA is also
implemented from the designed Radix-8 MBA. The benefits of miniaturization are high packing densities, good circuit speed and low

power consumption. A fixed-width multiplier is required to maintain a fixed format and minimum accuracy loss to output data.
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