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ABSTRACT

An approximate computing technique has been applied in recent years to develop low-power design solutions for fault-tolerant applications. Since an
application's accuracy requirements can change dynamically at runtime, it is necessary to design reconfigurable approximate circuits with varying
power requirements proportional to computational accuracy. In this work, a new approximate booth multiplier circuit capable of accurately
reconfiguring compressor based on sorting network has been designed. 4:2 compressor-based sorting network that minimizes propagation path delay
during partial product reduction. The design involves partial error correction through the addition of sign bits in a broken array multiplier. The design
space of the 16-bit broken array multiplier, sign included, is deeply analyzed to include only non-redundant precision modes. The horizontal and
vertical breaks introduced into the booth multiplier circuit are controlled by external control signals stored in the ROM. The proposed reconfigurable
multiplier provides significant power savings compared to state-of-the-art accurate multiplier circuits and precision configurable multiplier designs.
The proposed ACBAM multiplier using a classification network achieves 57.81% efficiency in area and 68.61% efficiency in latency compared to the
current system.

Keywords: Approximate Computing; Booth multiplier; Sorting Based Compressor.

1. Introduction

There are different types of multipliers used in computing, but we use booth multipliers because we can perform
signed multiplications, and we can perform partial product reduction using modified booth encoding algorithms.
Approximations are used here to reduce the area, the power and the delay in an architecture like signal and image
processing application where there would be a need for more adders or multipliers and to reduce the hardware
complexity. This approximate booth multipliers are used in error tolerant application. The Reconfigurable
multipliers can be dynamically reconfigured during run time according to the accuracy requirements of the
application [1-9]. Approximate computing is a promising approach to designing energy-efficient digital systems, as
it allows for the tolerance of loss of quality or optimization in calculated results. ‘Approximate Computing: An
emerging paradigm for energy-efficient design’ discusses recent advances in approximate arithmetic block design,

error and quality measurements, and algorithm level techniques for approximate computing [10].

Speculative adders reduce critical path delays to sub-logarithmic delays by harnessing the tradeoffs between
reliability and performance. The design of reliable variable latency adders combines speculative adders with error
correction to achieve high performance for low area overlay compared to traditional adders. The authors describe
Speculative Carry Select Adders (SCSA), a new function speculation technique to design low error rate speculative
adder and low overhead, high performance, reliable variable latencies adders [11-12]. The authors propose a
low-error, reduced-width Booth multiplier that uses the right compensation vector based on input data. The design
results show that both the gate count and key path delay of these new reduced-width multipliers are 50.94% and
66.04%, respectively. They also create a module generator based on their proposed architecture that generates C

code and Verilog codes for each of the reduced width multipliers [13-19].
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Fixed-width multipliers are attractive to many media and digital signal processing systems that want to keep a fixed
format and a small loss of accuracy to output data. The authors design high-accuracy, fixed-width modified Booth

multipliers that reduce truncation error and derive an efficient error compensation function [11].

Approximate calculation reduces design complexity while improving performance and energy efficiency for
error-resistant applications. The authors discuss a novel design approach for approximating multipliers, which
introduces different probability terms and varies the logic complexity of approximation according to their
probability [20].

Partial Product Perforation (PPP) is a promising approach to reduce power consumption of error-tolerant
applications. The authors conduct extensive experimental testing using different multiplier architectures and reveal

the optimal architecture-perforation configuration pair for various error constraints [8].

Approximate computing allows for the reduction of the requirement of accuracy by reducing the complexity of the
circuit by reducing power consumption. ‘Design of Approximate Radix-4 Booth Multipliers for Error-Tolerant
Computing’, approximate radix-4 modified Booth encoders (MBE) are proposed and analyzed [21-23].

1.1. Study Objectives

Digital signal processing relies heavily on multipliers and adders, which affect the speed of operations. Faster
multipliers are recommended for high-speed applications. To increase multiplier speed, techniques are proposed,
such as adding partial product terms. The implementation of multipliers involves three steps: generation of partial
products, reduction tree generation, and vector merge addition. The second step consumes more power, but is
applied in the reduction tree stage. Partial product accumulation in 4 x 4 multipliers is represented by two unsigned
operands, a and £3, and the product is denoted by y. The bits of y are produced in stages from the LSB to the MSB,
with no further operation in Stage 0. A 4:2 compressor is required for generating and carrying in Stage 2.

Section 2 provides a Low Error Fixed Width Booth Multiplier. Section 3 is about the Result and Discussion and

Section 4 is about Conclusion.
2. Accuracy configurable booth multiplier using sorting-based compressors

Booth's Algorithm is a multiplication algorithm that utilizes two's complement notation for signed binary numbers.
It allows for both addition and subtraction, and can be implemented in multiple ways. Multiplication is a series of
repeated additions, with the multiplier being the number to be added and the multiplier the number of times it is
added. The product is generated after each step of addition, which is usually twice the length of operands to protect
information content. Multipliers can be decomposed into two parts: the first part generates partial products, and the
second part collects and adds them. The fundamental multiplication principle involves evaluating partial products
and gathering shifted partial products through consecutive additions of columns of the shifted partial product
matrix. The delayed, gated case of the multiplicand must all be in the same column of the shifted partial product

matrix, then added to form the product bit for the particular form.

To expand multiplication to both signed and unsigned numbers, a suitable number system would be the depiction of

numbers in two's complement format. A circuit that multiplies two unsigned n bit binary numbers uses a
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2-dimensional array of identical sub-circuits, each containing a full adder and an and gate. However, this approach
may not be appropriate for large numbers of bits due to the large number of gates needed. Booth's algorithm
conserves the sign of the end result by shifting strings of Os in the multiplier and adding or subtracting only at
positions where there is a switch from 0 to 1 or from 1 to 0.

The pre-processing unit takes input Y and generates groups of 3 bits yi’= {y2i+1, y2i, y2i-1} depending on control
signal k 1:0. By default, for any possible value of k, all three bits of y0 O are set to zero. For k = 1, only bits
corresponding to y0 are set to zero which is achieved by setting both control signals k1 and kO to 1. All bits of y1°
are forced to zero for k = 2, by setting {m3 = 1} and {m1=0}.
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Figure 1. Block diagram of ACBAM

Thus, the partial product row corresponding to bits {y3; y2; y1} becomes zero. Similarly, for k = 3, all the bits of
both groups y1’and y2’ are forced to 0 by setting both control signals to 0. The pre-processing unit requires six
AND gates. The reconfigurable PPG block drives all the partial products on the left of the vertical break to zero.
The signal ppi;t corresponds to the tth partial product of (i+1)th row, where i € [0, 7]. Here t refers to the (12-2i)th

bit of input X corresponding to ith partial product row.
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Figure 2. ACBAM-I Design
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For m =12, all control signals from mO to m5 are set to 1. When m is chosen as 13, m0 is set to 0 which means
ppi,12 is forced to zero in each ith row. The AND gates placed in front of each PPG block ensures the partial
product is forced to 0. The sorting network is a parallel hardware network used for data sorting, based on the
famous 0,1 principle. This principle states that if a sorting network can sort a group of data with all 1-bit numbers,
it can sort all types of numbers. This work focuses on 1-bit data sorting, using vertical lines representing sorters
with two data inputs and outputs.

Half Sort

Figure 3. 4:2 Sorting based compressor

The sorter always puts the larger input up, the smaller one down. An example is given for four-way sorting network

(4 SN) and three-way sorting network (3 SN). The input sequences are reordered after three layers of sorter.
:73. Results and Discussion

The segmentation process is shown below where the 16x16 operands are used where the segmentation is done and
the decimal values are shown as output. The proposed reconfigurable 16-bit multiplier ACBAM is designed using
sorting-based compressors. Figures 4 and 5 shows the simulation result of ACBAM with and without sorting
network-based compressors. X and Y is the input operands of the multiplier and OP is the product. SEL is the
selection line for selecting the ROM data which is used for performing different modes of operation.
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Figure 4. Design Summary of Proposed 16x16 ACBAM Multiplier with sorting network using Xilinx
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The multiplier designs are implemented in Verilog- HDL and synthesized with Xilinx ISE. The report also

demonstrates the area utilization, power consumption and delay analysis of the existing and proposed method. The

proposed sorting-based compressor used for partial product result in reduction of all three parameters compared to

existing design.
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Figure 5. Timing Report for 16 x 16 ACBAM Multiplier using Xilinx

The proposed ACBAM Multiplier using Sorting network achieves better performance of 57.81% in terms of Area

and 68.61% in terms of delay when compared with the existing system.
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Figure 6. X Power Analyzing Report for 16 x 16 ACBAM Multiplier using Xilinx
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Figure 7. Simulation waveform for proposed ACBAM Multiplier with sorting network using ModelSim Tool

Table 1. Performance analysing Report

Area Power
Types Delay(ns)
Slices LUT | Gate (mw)

Existing System 192 354 2,184 42.740 289.61

Proposed System 81 162 1038 13.415 274.08
— x| sting System Proposed System
2,184

289.61

21 T3.415 274.08
Slices LUT Gate (ns) (mw)
Area Delay Power

Figure 8. Performance Analysis Graph

=4, Conclusion

The booth multiplier operation is performed using multisim software and the power, area and delay are calculated
using the Xilinx suite where we could analyze that compared to the ACBAM using sorting compressors, in static

segmentation-based booth multiplication the area, power, delay are more efficiently used.
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We have also developed simple and effective error correction techniques, able to significantly reduce the
approximation error, at reduced hardware cost. And these could be used in varying applications involving image

processing. Design analysis shows that the proposed design outperforms the accurate multiplier with energy
savings to a greater percentage.
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