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Abstract—Residue Number System (RNS) is a non-weighted 

number system. Residue Number System can be performed 

parallel, fast, low power and secure arithmetic operations. 

Arithmetic operations in the Residue Number System, such as 

addition, subtraction and multiplication are executed high speed 

and in a short period of time without the need to propagation 

carry. Therefore RNS can be used for some of applications that 

require to high speed. For increase speed and reduce power 

consumption in the RNS a method has been proposed that named 

One-Hot Residue Number System. The delay arithmetic 

operation with using of this method is equivalent to a transistor, 

and power consumption in this method is minimal. The main 

problem with this method is the great increase in the number of 

transistors they are increased in order m2 (m is the module size). 

Hence OHRNS are suitable for small modules, and practically 

using this method is impossible for large modules. Proposed 

design of OHRNS in this paper generates many operations (such 

as addition, subtraction and multiplication) of two parameters 

synchronously, without hardware overhead compare to one 

original design of OHRNS.  

Keywords—Computer Arithmetic; one hot Adder/Multiplier; 

One-Hot Residue Number System (OHRNS); Residue Number 

System (RNS) 

I. INTRODUCTION 

Residue Number System is an integer, unconventional and 
non weighted number system. RNS can be supporting high 
speed and parallel arithmetic operation. In RNS, an integer is 
defined by a set of residue with shorter binary representations, 
which can be processed independently and in parallel. Because 
the arithmetic operations such as addition, subtraction and 
multiplication are able to execute in RNS very speed without 
the need to propagation carry, RNS arithmetic is used in the 
numeral real-time applications. The inherent fault tolerant 
properties of the residue number system can be able used for 
reliable and high performance applications.   

The several applications of Residue Number System are as 
follows:                      

1-implementing DSP algorithm [1]  

2-Image processing [1,2,3,4]   

3-Numberal Filters [5,6] 

4-Numberal Communication [7]  

5-cryptography algorithm [8] 

RNS architectures are also inherently fault tolerant against 
faults and easily provide fault detection and correction [9]. 

The important parameters in design and implementing the 
arithmetic circuits are hardware area, speed and power 
consumption of arithmetic units.  

One-Hot is the method that this ability has created 
arithmetic operation in a RNS that can implementation of the 
system minimum power consumption and maximum speed. 
But other important parameter is hardware area in the 
implementation of arithmetic operation circuits. And 
hardware-based provider One-Hot is a barrel shifter, which is 
a regular and simple structure. Adders and multipliers are 
barrel shifter-based and, therefore, regular and simple. 

Although the One-Hot the implementation arithmetic 
circuits is suitable for small modules. On the one hand in some 
applications need to the large dynamic ranges but for 
achieving a large dynamic range, must the increased in 
module size so number of transistors increased in order m

2
 

where m is the module size. If the selected module is m, then 
the amount of hardware in modular add or subtract in OHR 
using barrel shifter is in the order of m

2
.This rate will cause 

problem when two or more barrel shifters are needed in the 
circuit. For example when we need both add and subtract 
operations then we have two barrel shifters. In this case 
amount of hardware is equal to 2m

2
. And if we need three 

operations (such as addition, subtraction and multiplication) 
amount of hardware is equal to 3m

2
. In this paper a new 

design for OHR add/multiply circuit is presented that generate 
both modular add and multiply results. In this design just one 
barrel Shifter structure is used. 

The rest of this paper is organized as follows: argue about 
Residue Number System (RNS) in section II and One-Hot 
RNS (OHRNS) in section III. In section IV present design for 
one hot Adder/Multiplier. And compare proposed structure 
with basic OHRNS structure in section V, finally conclusion is 
in section VI. 

II. RESIDUE NUMBER SYSTEM 

       Residue Number System is a non-conventional and 
non weighted number system. This System can be performed 
parallel, fast, low power and secure arithmetic operations. 

 RNS Advantage a cause which many used in the 
arithmetic applications such as numeral signal processing 
systems, image processing, Numeral Filters, implementing 
DSP algorithm, ad hoc networks and reliable systems is used. 
On for general is very used of RNS in the systems that usage 
that a range of numbers and applying addition, subtraction and 
multiplication of very is repeats. 

An Adder/Multiplier C   ircuit for One
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Residue Number System is defined by moduli set such 

as 𝑚1 , 𝑚2 , 𝑚3 , … , 𝑚𝑛 . All modules are positive integers 
and selection of modules is very important in the Residue 
Number System. also while all the modules are relatively pair 
wise prime the system will have the largest possible dynamic 
range which equals [α, α+M ) in which α  is an integer and M  
is:  

𝑀 =  𝑚𝑖
𝑛
𝑖=1          (1) 

Any integer X that α ≤ X< α+M in Residue Number 

System show by the set of reminder(𝑥1 , 𝑥2 , 𝑥3 , … , 𝑥𝑛)      
.and according to the following formula calculated remaining 
are: 

𝑋
𝑅𝑁𝑆
    (𝑥1 , 𝑥2 , 𝑥3 , … , 𝑥𝑛)      (2) 

Where                                                                       

𝑥𝑖 =  𝑋 𝑚 𝑖
 , 𝑖 = 1,2,3, … , 𝑛       (3) 

And  𝑋 𝑚 𝑖
denotes the operation x mod mi. If the integers 

X and Y have RNS representations (𝑥1 , 𝑥2 , 𝑥2 , … , 𝑥𝑛) and 

(𝑦1 , 𝑦2 , 𝑦3 , … , 𝑦𝑛) respectively, then the RNS representation 

of 𝑍 = 𝑋𝑜𝑌 (where o denotes addition, subtraction, or 
multiplication) is given by: 

 

𝑍
𝑅𝑁𝑆
   (𝑧1 , 𝑧2 , 𝑧3 , … , 𝑧𝑛)       (4) 

 

𝑍𝑖 =  𝑥𝑖𝑜𝑦𝑖 𝑚 𝑖
 , 𝑖 = 1,2,3, … , 𝑛        (5) 

What was expressed to up subject understood that 
arithmetic operations in the RNS executed to parallel, high 
speed and without any propagation carry. [10,11,12,13,14]. 

Also for calculate X number of the remainder used of 
Chinese Remainder Theorem (CRT). This theorem can be 
expressed as follows: 

 

𝑋 =    𝑥𝑖 . 𝑁𝑖 𝑚 𝑖
× 𝑀𝑖

𝑛
𝑖=1  𝑀         (6) 

Where: 

 𝑀 =  𝑚𝑖
𝑛
𝑖=1        (7) 

And 

𝑀𝑖 =
𝑀

𝑚 𝑖
 , 𝑁𝑖 =  𝑀𝑖

−1 𝑚 𝑖
 , 𝑖 = 1,2,3, … , 𝑛            (8) 

And the  𝑀𝑖
−1 𝑚 𝑖

  specified in the formula is defined as a 

multiplicative inverse of Mi modulo mi [12,13]. 

In the Residue Number System, executing arithmetic’s on 
the remaining to be done independent and separately. Hence if 
the one remaining fault occurs its effect on another is not 
transferred as a result of the inherently RNS architecture is 
fault tolerant. Therefore the characteristics of the Residue 
Number System used in applications that are needed to 
reliability. 

III. ONE-HOT RNS 

The OHRNS is a method for represents RNS operands 
using technique one-hot encoding. This technique of encoding 
allows implementation of arithmetic circuits with lower power 
consumption and maximum speed. The delay arithmetic 
operations in this method equal one transistor. Because all 
major operations like as addition, subtraction, multiplication 
and modulus conversion are performed using barrel shifters 
result used of this method is very useful. 

For every mi Moduli remainders are from zero to mi -1. 
For mi moduli remainders are shown in fig. 1that One-Hot 
representation a signal line is allocated for each of these 
numbers: The activity of each signal shows the similar 
remainder with it. In this representation system in each 
moment only one of the lines are active. By changing the 
entrance amount, the amount of two lines changes at 
maximum level. Therefore the power consumption is 
minimum level.  

 

1im 

0

1

2Line Number

(Digit Value)

Only one line 

active at any 

time

Fig. 1.  OHRNS representation for number ix . 

One-Hot Residue Number System is simple and rapid and 
has regular structure. For implementation one-hot operands, 
addition is used of a circuit that named barrel shifter. This 
circuit shift of one operand by an amount equal to the other’s 
value. Barrel shifter, constructed using pass transistors or 
transmission gates. Which in fig. 2 (a), the two inputs are 
specified as “shift” and “data” to make the internal operation 
[fig. 2 (b)] easily understood. The barrel shifter generates, in 
parallel, all possible rotations of the data input, and selects one 
of them for output. Which one is selected is determined by the 
shift input. 

The basic hardware in One-Hot is Barrel shifters. In 
addition to mi module one of the operands are shifted as the 
other shifter. The delay of this circuit is equivalent to a 
transistor. 

 Shift Input

       Line   

Modulo  Adderim

im

 Data Input

       Line   

 Output

       Line   

im

im
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(b) 

Fig. 2.  OHRNS adder: (a) symbol and (b) architecture. 

In fig. 3 a one-hot addition is shown for moduli 5 on 
transistor level. And the transistor delay is shown clearly in 
this figure. The TG version differs in that it uses transmission 
gates in place of the pass transistors, and lacks the dual output 
buffers. Furthermore, the complements of the shift inputs are 
generated by inverters, one per line, in order to drive the 
control inputs of the transmission gates. 

4Out

3Out

2Out

1Out

0Out

4Sh 3Sh 2Sh 1Sh
0Sh

0In

1In

2In

3In

4In

 

Fig. 3.  Modulo 5 OHRNS adder model. 

One of the important problems of One-Hot System is that 
it couldn’t be implemented for large moduli since the number 
of transistor are increased. Main centralization in this paper is 
rectifying this problem.  

IV. PROPOSED DESIGN FOR ONE-HOT ADDER/MULTIPLIER 

Delay of One-Hot RNS is equal the delay of only one 
transistor. However, the amount of needed hardware is in the 
order of m

2
, where mis selected module. For example in fig. 4, 

an adder for module 5 (m=5)is presented. Delay of this adder 
is equal to delay of one transistor. 25 transistors are needed to 
compose this circuit. 

 

 

Fig. 4.  one hot adder for module 5 

Multiply circuit is similar to add circuit with one 
difference. This difference is order of output to the circuit. In 
fig. 5, circuit of a multiplier for module 5 is shown. 

 

 

Fig. 5.  one hot Multiplier for module 5 

As shown in fig. 4 and fig. 5 for every value of input 1 and 
input 2, only one transistor will be activated. Therefor only 
one line in output will be activated. For example if line 
number 2 of input 1 and line number 3 of input 2 are active, 
only one transistor in adder circuit switched on and line 
number 0 in adder output will be activated. And in multiplier 
circuit line number 1 in multiplier output will be activated. 

Proposed adder/multiplier circuit for OHR system has two 
inputs, a and bfor barrel shifter structure, and two outputs, 
add-outand multiply-out. Each of them has five bits. That is, 
the module is 5. fig. 6 shows proposed adder/multiplier in 
OHR for module in special m=5. 
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Fig. 6.  one hot Adder/Multiplier for module 5 

 

The structure of the proposed one hot Adder/Multiplier can 
be described as follow. 

If line number i (ai) of input 1 and line number j (bj) of 
input 2 are active, only one transistor of proposed circuit 
switched on. As shown in fig. 7 , if output of active transistor 
connected to proper line in adder output and multiplier output, 
only one line of add–out and one line of multiply-out will be 
activated. Therefor proposed design generates add–out and 
multiply-out synchronously. 

 

Fig. 7.  one transistor of proposed one hot Adder/Multiplier circuit 

Proposed design shown in figure 6 present for 
addition/multiplication operation in module 5. But this method 
can use for every module 'm' and every operation.  

 

 

 

 

 

 

 

V. COMPARISON 

When ever we need both add and multiply operations then 
we have two barrel shifters. In this case amount of hardware is 
equal to 2m

2
. And if we need three operations (such as 

addition, subtraction and multiplication) amount of hardware 
is equal to 3m

2
. Proposed design one hot adder/multiplier 

circuit generates both modular add and multiply results. In this 
design just one barrel Shifter structure is used. 

 

VI. CONCLUSION 

Proposed design in this paper generates two operation 
results (addition and multiplication) synchronously, without 
change delay, and power consumption in original OHRNS. 
This design can use for every module and every operation. 
Proposed method is a MISD and can be used for parallel and 
pipe line processing.   
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