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M. Sirisha In this paper, a design of Multiply and Accumulate (MAC) unit using
Assistant Professor reversible logic gates is proposed. This methodology enables us to
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[VLSI] systems for different real-time applications. In this work, a 4-
bit MAC unit is designed with Sirisha-Purushottam-Tilak (SPT) reversible gate. The 4-bit
MAC unit is modeled using Verilog and implemented on the SPARTAN 3E family on the

XC3S500E using Xilinx 14.7 (IDE). The performance has been evaluated using parameters
such as gate count, garbage outputs, propagation delay, and power dissipation. The
performance of the proposed system found to be superior compared to the MAC unit

designed with Toffoli, Fredkin, and Feynman gates.

KEYWORDS: Very Large Scale Integration, gate count, garbage outputs and propagation
delay.

INTRODUCTION

Quantum signal processing framework can be felt in many applications that include frame
theory, quantization, wireless communication and signal detection and estimation.™! The
potential issue in quantum computing architectures is low latency due to feedback and feed-
forward operations./”) Real-time implementation of quantum signal processing systems relies
on low power consumption with low latency.”®! From the literature, it is understood that
reversible logic gates such as Toffoli, Fredkin, and Feynman gates have been used in the

domain of quantum signal processing.”! Moreover, the MAC unit plays a vital role in
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different signal processing applications and hence, we aim to design a MAC unit using
reversible logic gates with low quantum cost, fewer garbage outputs, and low propagation
delay. The proposed MAC unit has been implemented on Xilinx make Field Programmable
Gate Array (FPGA- SPARTAN 3E family — XC 3S500E) using Verilog hardware descriptive

language.

LITERATURE SURVEY

Low power dissipation is the important requirement in VLSI design. This can be achieved
using reversible logic, because of their ability to reduce the power dissipation. Reversible
logic circuits have wide applications in low power CMOS, Optical information processing,
DNA computing, quantum computation, and nanotechnology.”! Irreversible logic gates
dissipate more energy for every bit of information lost. This loss of information is due to non-
recovery of input from the corresponding output. Reversible logic gates enable us to recover
the inputs from corresponding outputs as they don't have fan-out, fan-in, or any feedback.
Landauer, Bennett, Fredkin, and Toffoli explored the potential of reversible logic to
synthesize circuits which eliminates the power dissipation.>®"® The modeling methodology
of reversible logic circuits for an intended objective yields a serial cascade of different basic
reversible gates. The modeling objective of the system is to minimize the number of
reversible logic gates with fewer garbage outputs and ancillary inputs.”! Design of a Novel
Reversible ALU using an Enhanced Carry Look-Ahead Adder was proposed by Morrison,
Matthew.!’® Haghparast and Navi proposed a 4x4 reversible gate called "HNG". The
reversible HNG as a full adder.*¥ MAC unit for reconfigurable systems using multi-operand
adders with double carry-save encoding has been proposed by Ugur Cini, Olcay Kurt.® The
design and implementation of reversible logic based RGB to grayscale color space converter
was proposed by Sithara Raveendran, Pranose J Edavoor,** With this motivation, the
reversible MAC unit has been designed with less power dissipation, low latency and fewer

garbage outputs.

REVERSIBLE SPT GATE

To design a 4bit MAC unit, a new logic gate is introduced and the block schematic of SPT
gate.'®*) is shown in figure 1. It is having 4 inputs and 4 outputs. The quantum realization
and implementation are shown in figure 2(a) & 2(b) respectively. The quantum cost of the

SPT gate was 4. This gate acts as full adder by applying zero input at.
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Figure 1: SPT Gate.
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Figure 2(a), 2(b): Quantum realization and implementation.

Reversible Mac Unit with Spt Gate

MAC is the basic building block in all digital signal processing operations such as
convolution, correlation and finite impulse response (FIR) filter. DSP functions are generally
implemented in general-purpose DSP processors where built-in multiply-accumulate (MAC)
units are used to perform mathematical operations. The speed of multiply operation is of
great importance in digital signal processors as well as in the general-purpose processors
today. Application-specific integrated circuits (ASICs) can also be used where high
performance is needed. However, field programmable logic (FPGA) offers the better of the
two technologies in addition to the reconfigurability feature of the hardware platform. An
important factor in a DSP processor is the limitation on hardware resources such as MAC
engines. This is not an issue with FPGASs since these devices not only offer sufficient

capacity to fit plenty of MAC processors into a single device.

AT1310.1481] are counterpart of the

Most of the existing reversible multiplier circuits.™®
conventional multiplier circuit proposed by Maaz.[*® The signed and unsigned multiplication
process is shown in Figures 3(a) and 3(b). Using SPT gate signed and unsigned multipliers

are designed.
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Figure 3(a): 4 x 4 signed Multiplication process.
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Figure 3(b): 4 x 4 unsigned Multiplication process.

The multiplier structure is based on generating all partial products in one step and then

summing their partial products using a binary tree network. Therefore, it has the following
two components: Reversible Partial Product Generation Circuit (PPGC) and Reversible
Parallel Adder Circuit (PAC). The combination of both PPGC and PAC gives the multiplier

circuit. Reversible Partial Product Generation Circuit (PPGC) and Parallel Adder Circuit

(PAC) are shown in Figures 4 and 5 respectively. The partial products can be generated by

using 16 SPT gates which are connected in parallel. Because of its lower hardware

complexity, SPT gate was used to design the multiplier.[****! and accumulator.
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Figure 4: Reversible Partial Product Generation Circuit (PPGC).
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Figure 5: Reversible Parallel Adder Circuit (PAC).

In MAC the product of the multiplier is added up with the previous result and stored in an
Accumulator. In this paper, the proposed MAC unit was designed using reversible gates for
low power dissipation. Multiply-Accumulate is a common operation that computes the
product of two numbers and adds that product to an accumulator. The multiplier M and
multiplicand N are assumed to have n bits each and the addend Z has (2n+1) bits.

Z—MxN)+Z

The MAC unit is made up of a multiplier and an accumulator as shown in Figure 6.
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Figure 6: Reversible MAC Unit.

EXPERIMENTAL RESULTS

This paper presents efficient approaches for designing fault tolerant multiply and accumulate
unit. The proposed design is optimized in terms of gate count, constant inputs and garbage
outputs. This work can be extended by implementing with more efficient multipliers and
adders. The proposed MAC unit performs better than the state-of art works in terms of delay,

area and power. The simulated result of the proposed MAC unit has been shown in Figure 7.
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Figure 7: Simulation result of reversible MAC unit.

CONCLUSION

MAC unit was designed using CMOS-technique based SPT gate. The performance of the
proposed MAC unit has been evaluated using parameters such as gate count, garbage outputs.
This work addresses the detection of stuck-at and missing gate faults using design for

testability techniques.
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