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ABSTRACT  

The logic gates electronic circuits computing the arithmetic operations for various 

multimedia applications. Therefore, reversible logic gates are necessary for advanced ultra-

low power requests. The recent VLSI technology mainly depending on adders and 

multiplayers functionality. Reversible logic circuits are major examples of quantum 

computing. The adaptive residual number system (ARNS) is an efficient tool to offering the 

fault tolerance and parallel addition and multiplication operations. In this research work novel 

ARNS and reversible logic circuits are utilized to improves the performance of VLSI chip 

design. The modulo 2
n
– 1 summer circuits with the help of reversible logic and ARNS blocks 

are used for multiplayer operations. At final comparing the existed methods through adaptive 

RNS model. Therefore simulation results outperform the performance measures and gives the 

accurate outcomes. 

1. Introduction  

Reversible logic is a computing paradigm that has attracted significant attention in recent years 

due to its properties that lead to ultra-low power and reliable circuits. Reversible circuits are 

fundamental, for example, for quantum computing. Since addition is a fundamental operation, 

designing efficient adders is a cornerstone in the research of reversible circuits. Residue Number 

Systems (RNS) has been as a powerful tool to provide parallel and fault-tolerant implementations of 

computations where additions and multiplications are dominant. In this paper, for the first time in the 

literature, we propose the combination of RNS and reversible logic. The parallelism of RNS is 

leveraged to increase the performance of reversible computational circuits. Being the most 

fundamental part in any RNS, in this work we propose the implementation of modular adders, namely 

modulo 2n-1 adders, using reversible logic. Analysis and comparison with traditional logic show that 

modulo adders can be designed using reversible gates with minimum overhead in comparison to 

regular reversible adders. 

Researchers in academia and industry believe that Moore’s law is ending, and even newly 

delivered deep-submicron transistors are not significantly more efficient than their previous 

generations [1]. Therefore, new computing paradigms should be investigated in order to overcome the 
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predicted performance wall which will be reached in 2020 [1]. This rebooting of computing has to be 

based on novel methods at different computing levels of design abstraction, including arithmetic and 

circuit level, in order to address the challenges of the emerging applications such as deep 

convolutional neural network (DNN) and internet-of-things (IoT) [2]. 

2. Literature survey  

 Residue Number System (RNS) is one unconventional number system [3] that can provide fast 

and low-power implementation of additions and multiplications. RNS is a different approach of 

dealing and representing numbers that provide parallelism at arithmetic level [4]. This number system 

has been applied to achieve parallel and efficient implementations for asymmetric cryptographic and 

digital signal processing (DSP) [5]. RNS is used nowadays to achieve also energy-efficient and high-

performance implementation of various emerging applications, such as deep neural networks, 

communication networks and cloud storage [3]. However, current implementations of RNS systems, 

on ASICs and FPGAs, are based on the CMOS technology, which is reaching its limit. Alternative 

methods and technologies, such as nanoelectronic, are considered to be used.  

 

Fig. 1. The full reverse converter for the moduli set {2n -1, 2n+k , 2n +1} 

One of these alternatives is Reversible Computing (RC) [6], which can provide ultra-low power 

computational circuits. In this paper, we propose the joint usage of these two unconventional 

computing approaches, Residue Number System and Reversible Computing, to achieve ultra-

efficient computing paradigm for the emerging applications. The ability of RNS to perform highly 

parallel and carry-free arithmetic is well suited for taking advantage of the features of reversible 

circuits. In other words, reversible logic can be efficiently used to implement RNS circuits. However, 

since all the available RNS structures are designed for ASIC implementation, rethinking of RNS 

architectures should be performed to adapt them to the properties of reversible circuits. The 

fundamental part of RNS systems is modular addition, since all parts of RNS including forward and 

reverse conversion are based on modular additions. Hence, the first step to implement RNS systems 
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based on reversible circuits requires the design of efficient modular adders using reversible logic 

gates. This paper presents the first implementation of modulo 2n -1 adders based on reversible 

gates. For these modular adders, which are frequently used in RNS structures, parallel-prefix and 

ripple-carry architectures are considered. 

 

Figure: 2 forward converter for the moduli set{2n -1, 2n+k , 2n +1} 

 

Most of the mentioned RNS operations are implemented using 3-to-2 carry-save adders (CSAs) with 

end-around carries (EACs) and 2-to-1 modular adders [14]. A full hardware design of RNS with 

moduli set {2n -1, 2n+k , 2n +1} is reported in [7], and herein forward and reverse converters for this 

moduli set are depicted in Figs. 1 and 2, respectively. It can be observed that CSAs and carry-

propagate modulo 2n -1 adders are the components required to implement a full RNS architecture, 

since arithmetic in a channel also requires modulo adders and multipliers. Thus, to have an efficient 

modular adder is fundamental for RNS-based applications. 

 

Fig. 3. The CSA with EAC using HNG reversible gates. 

The quantum depth and cost of a HNG gate is 5∆ and 6, respectively [22]. Therefore, the total 

quantum depth and cost of a n-bit CSA with EAC will be 5∆ and 6n, respectively, since the delay of a 
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CSA is equal to the delay of just one FA. Besides, the final reversible circuits will have n constant 

inputs and 2n garbage outputs. 

Since the designing of metallic interconnects is done toward the finish of the chip creation, the pivot 

time can be still short, a couple of days to half a month. Figure 5.9 shows an edge of an entryway 

exhibit chip which contains holding cushions to its left side and base edges, diodes for I/O assurance, 

nMOS semiconductors and pMOS semiconductors for chip yield driver circuits in the neighboring 

territories of holding cushions, varieties of nMOS semiconductors and pMOS semiconductors, 

underpass wire portions, and force and ground transports alongside contact windows. 

 

Fig: 4. internal prefix cells implementation using Peres gates 
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The total quantum cost and depth as well as number of constant inputs and garbage outputs 

of the different adders are presented in Table I. It can be seen that, as it was expected, the proposed 

2n -1 modulo adders have higher cost and depth than the equivalent binary adders. The proposed 

prefix-based modular adders have 19.81% and 7.55% overhead in terms of cost and depth, 

respectively, in comparison to the regular BrentKung prefix adder for n=32. However, for the same 

width, RCA with EAC results in 40% and 49.2% overhead in cost and depth, respectively, in 

comparison to the regular RCA. Therefore, it can be concluded that designing prefix-based modular 

adder results in less overhead than RCA-based design, in reversible logic. Besides, it can be seen 

from Table I that a 3-to-2 compression unit, like CSA, which is quite frequently used in RNS circuits, 

can be implemented quite efficiently using reversible gates. 

OUTPUT RESULTS 
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Conclusion  

This work presents the reversible design of modular adders, a basic and fundamental element 

of RNS-based architectures. It is shown that a modulo 2n -1 parallel-prefix adder can be designed 

using small overheads over regular prefix adders. The next steps, which should be considered for 

future work, are reformulating the adaptive residual number system (ARNS) operations, such as 

reverse conversion, sign detection and scaling, to adapt them to be implemented with reversible gates. 

They can benefit from the efficient proposed reversible-based modular adders. It is expected that this 

paper opens a new and substantial field of research to join modular arithmetic and reversible 

computing, resulting in efficient computational architectures for the post-Moore era. 
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