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Abstract

Decimal arithmetic operators are an important tool in fi-

nancial and commercial applications, however the related

art uses the traditional binary system to realize these oper-

ations. The work herein presented is focused on an evalua-

tive study on the potential of implementing Decimal multi-

plication operators using Residue Number Systems (RNS).

This work proposes new RNS moduli sets to be used on

these Decimal applications, adapted to reconfigurable de-

vices. Experimental results suggest that the conversion

from Decimal to the operation base and the multiplica-

tion operation have better performances in RNS when com-

pared with the binary representation. However, the conver-

sion from RNS to Decimal representation has worst perfor-

mance than the binary to Decimal conversion. This RNS

to Decimal conversion becomes the bottleneck for the all

system. From this work it can be concluded that RNS may

improve the implementation of Decimal multiplication op-

eration. However, improved RNS to Decimal conversion

units and moduli sets more adapted to FPGAs have to be

derived.

1. Introduction

Computer arithmetic is predominantly based on bi-

nary arithmetic since the hardware implementations of the

operations are simpler than those for decimal computa-

tion. However, decimal arithmetic is becoming a necessity

in many applications, such as financial and commercial,

where the results must be exact, matching those obtained

by human calculations. Since many decimal numbers can-

not be represented exactly as binary numbers with a finite

number of bits, example of value 1
10

needs a infinite number

of bits, (2−12−2 · · ·). Financial and commercial applica-

tions require that the arithmetic operations have to be done

directly over decimal numbers.

Software algorithms based on binary arithmetic have un-

til very recently been used to implement these decimal op-

erations. However, software solutions are three to four or-

ders of magnitude slower than binary arithmetic’s directly

implemented in hardware [1]. The IBM Power6 is an ex-

ample of a processor with dedicated hardware for decimal

floating-point operations, in order to speed-up the execu-

tion of decimal arithmetic.

Decimal multiplication is a basic operation for any algo-

rithm with arithmetic operations, also needed to implement

decimal division. Decimal multiplication is more complex

than binary multiplication due to the inherent difficulty to

represent decimal numbers using a binary number system.

Bit and digit carries, as well as invalid results, must be con-

sidered in order to produce the correct representation in the

decimal format.

The state of art for decimal multiplication considers two

main approaches to the design of a decimal multiplier: i)

iterative and ii) parallel. In the iterative approach [2] the

multiplicand is iteratively multiplied by one or a group of

digits of the multiplier to generate a partial product. Partial

products are then added to produce the final decimal result.

Parallel decimal multipliers were recently proposed to

improve performance [3]. These authors propose a struc-

ture were the Binary Coded Decimal (BCD) inputs are con-

verted to binary representation, on the next step it is com-

puted the binary multiplication of operands, and then the

result it is converted back to BCD. This approach is partic-

ularly attractive when binary multipliers are already avail-

able in the hardware architecture, such as in coarse-grain

reconfigurable hardware architectures or in microproces-

sors with binary arithmetic units.

This paper focuses on evaluating the potential to im-

plement the Decimal operations using an Residue Number

Systems (RNS) as an alternative representation system on

reconfigurable devices. To accomplish this objective a new

RNS moduli sets is proposed to be used on Decimal appli-

cations and adapted to reconfigurable devices. The experi-

mental results suggest that the conversion from Decimal to

operation base and the multiplication operation have better

performance in RNS when compared with the binary rep-

resentation. However, the proposed implementation for the

conversion from RNS to Decimal representation has worst

performance than binary to Decimal.

The rest of this paper is organized as follows. The

next section formulates the problem of computing the Dec-

imal multiplication using binary representation. Section 3

gives a brief introduction to the Residue Number System

representation. On section 4 the conversion from Deci-

mal to Residue Number representation is described (sub-

section 4.1), the computation of multiplication and addition

operations in the RNS channels (4.2) and are presented the

conversion from RNS to Decimal representation (4.3). Sec-

tion 5 evaluates the relative performance of RNS system

multiplication against the binary implementation on FPGA

devices. On the last section (6), the conclusions of this

analysis with some final remarks and suggestions for fu-

ture work are presented.



2. Decimal multiplication

The decimal multiplication can be implemented using

the three step algorithm for a parallel approach [3], de-

picted in Figure 1. This implementation converts in the first

step from BCD to binary representation, computing the bi-

nary multiplication in the second step, and in the final step

converts the result to BCD.

BCD to Bin BCD to Bin

Bin to BCD

Ad−1:0 Bd−1:0

P2d−1:0

A×B

4d 4d

n n

2n

8d

Figure 1. Decimal multiplication

Furthermore, Decimal calculation is defined as an IEEE

Standard [4]. This standard specifies three different preci-

sion formats: i) Decimal32, ii) Decimal64, and iii) Dec-

imal128. On Table 1 are described the bit length of the

buses depicted in Figure 1 for these formats.

Format

Input Product

digit BCD bin digit BCD bin

d 4d n 2d 8d 2n

decimal32 7 14 28 14 24 48

decimal64 16 32 64 32 54 108

decimal128 34 68 136 68 113 226

Table 1. IEEE - 754 2008 Floating Point format

The conversion from BCD to binary can be performed

by two methods, the first one is the known process of

adding and shifting [5], and the second is an alternative

method presented by [2]. This alternative method is op-

timized for the conversion of 4− digit BCD number into

binary using (1).

D = D3D2D1D0 = D3103 +D2102 +D1101 +D0 (1)

Furthermore, this method uses 4-input lookup tables in or-

der to calculate (1). Each table stores the multiplication of

a decimal digit by his weight (10m). The binary result D

is given by adding the outputs of the lookup tables. This

structure is quite efficient when implemented in reconfig-

urable devices, as FPGAs.

The multiplication operation is basically implemented

using the standard binary multipliers available in the target

technology. The final step where the binary product is con-

verted to BCD representation a shift and add algorithm is

used [5].

3. Decimal multiplication using RNS

The Residue Number Systems (RNS) is a good alter-

native to conventional arithmetic, since it is based on a

non-weighted number system with a carry free propagation

scheme. This carry free characteristic allows concurrent

computation on each RNS channel. Moreover, this paral-

lelism also allows a power consumption reduction. RNS

systems have been applied to applications requiring inten-

sive computation, such as digital signal processing [6, 7],

for example for implementing linear filtering and for com-

puting the Discrete Fourier or Cosine transforms.

An RNS system is characterized by his moduli set, com-

posed by several mi channels, where mi represents positive

relatively prime integers. A number X is represented in

RNS by its residues xi = |X |mi
, where xi is the remainder

of the division of X by mi. The Dynamic Range (M), de-

termined by the Least Common Multiple (LCM), for this

moduli set is given by:

M = LCM (m0,m1, · · · ,m j) =

=
j

∏
i=0

mi . (2)

A typical Residue Number System is divided in three

calculation steps: i) conversion from binary-to-RNS; ii)

arithmetic calculations; and iii) conversion from RNS-to-

binary, as depicted in Figure 2. Over the last years several

mod p1

mod p2

mod pL

...

binary

to

RNS

RNS

To

binary

Operators Results

RNS Channels

Figure 2. Residue Number System architecture

moduli sets, reverse converters, forward converters, and

arithmetic units have been proposed. The most common

moduli set used in RNS systems applications is the tradi-

tional {2n − 1,2n,2n + 1} set [8]. Also, an extension of

this is commonly used, the {2n−1,22n,2n+1} (RNS I) [9]

moduli set, with a Dynamic Range (MRNS I) of 4n bit. The

Dynamic Range (MRNS I), determined by the Least Com-

mon Multiple (LCM), for this moduli set is given by:

MRNS I = LCM
(

2n − 1,22n
,2n + 1

)

=

= 24n − 22n
. (3)

Recently, a 4-moduli set {2n − 1,2n + 3,2n + 1,2n − 3}
(RNS II) has been proposed [10] as a hierarchical base



composed of two pairs of moduli with larger dynamic

range. These moduli sets allow to implement multi-level

reverse converters [11, 12]. The Dynamic Range (MRNS II)

for this moduli set is given by:

MRNS II = LCM (2n − 3,2n − 1,2n+ 1,2n + 3) =

= 24n − 10 ·22n− 9 . (4)

The state of the art for forward conversion can be found

in [13, 14]. Efficient modular arithmetic units have been

proposed by [15, 16, 17], supporting arithmetic compu-

tation for several modulo channels, such as {2n ± 1} and

{2n ± 3}.

This work proposes to analyze if it is worthwhile to im-

plement Decimal Multiplication using the Residue Number

System representation (DM-RNS) on FPGA. Our proposal

to implement DM-RNS is similar to the binary parallel ap-

proach referred to implement Decimal multiplication. The

proposed architecture is based on the three step calcula-

tion of RNS system, depicted in Figure 3. The first step is

to compute the residue value of A and B for each modulo

channel. The second step is used to perform the calculation

of the product value of the residue A by residue B, this cal-

culation is independent for each RNS channel. The last step

is used to convert from RNS to Decimal representation.

BCD to RNS
#1BCD to RNS
#1BCD to RNS
#1

RNS to Bin

Ad−1:0 Bd−1:0

〈A×B〉#1

4d 4d

n

BCD to RNS
#1BCD to RNS
#1BCD to RNS
#1

nn n nn

n nn

Bin to BCD

P2d−1:0

8d RNS-to-BCD

Figure 3. DM-RNS architecture

In order, to implement this architecture compliant with

the IEEE-754 2008 Standard , it is necessary to choose the

appropriate moduli set for each basic format. Furthermore,

it is necessary to establish the Dynamic Range for each for-

mat, considering that they have different bit length. Also,

when considering a RNS system, it is necessary to previ-

ous calculate the final Dynamic Range. The two moduli

sets, described as MRNS I and MRNS II , are only applicable

for decimal32 format, and for the other formats new mod-

uli sets have to be proposed. The Dynamic Range for these

new moduli sets have to be M = 218 · j, where j is the num-

ber of RNS channels needed, considering the 18 bit restric-

tion proposed in [18].

On Table 2 are depicted the relation between the number

of decimal digits and the number of RNS channels needed

for each basic format. Also, is depicted the bit length per

RNS channel, in order to satisfy the final Dynamic Range.

Taking into account the number of RNS channels and the

Format
Product RNS

digit bin n. Ch. width bin

decimal32 14 48 3 16 48

decimal64 32 108 6 18 108

decimal128 68 226 16 18 234

Table 2. RNS channels for IEEE - 754 2008 formats

bit length needed for each decimal format, the relative

prime numbers to be used in the proposed moduli sets have

been calculated. These relative prime numbers have been

calculated using a developed application in Java. Further-

more, this application computes the weights of each RNS

channel to be use on the reverse converter. The reverse con-

verter is described in detail in the section 4.3. The obtained

relative prime numbers are presented on Table 3.

Format moduli set M

decimal32
{216 − 1,216,216 + 1} or ≃ 248

{216 − 1,216− 3,216 − 5} ≃ 248

decimal64
{218 − 1,218− 3,218 − 5,

≃ 2108

218 − 9,218 − 11,218− 17}

decimal128

{218 − 1,218− 3,218 − 5,

≃ 2234
218 − 9,218 − 11,218− 17,

218 − 21,218− 23,218− 27,

218 − 33,218− 35,218− 41,

218 − 45}

Table 3. Moduli sets for IEEE - 754 2008 formats

4. Proposed Architecture

In this section the RNS architecture proposed in the

previous section, implementing the Decimal multiplication

based on the Residue Number System representation is de-

picted in detail.

4.1. Forward conversion

The following describes the conversion from the Deci-

mal to RNS the representation. This conversion uses the

same approach used for converting from the Decimal to the

Binary representation proposed in [2]. This approach is

based on Lookup-Tables and adders, where each Decimal

digit is converted to the respectively modulo m value and

added with the other residue values, given by (5).

〈D〉m = 〈Di · · ·D3D2D1D0〉m =

= 〈〈Di10i〉m + · · ·+ 〈〈D3103〉m +

+ 〈D2102〉m + 〈D1101〉m + 〈D0〉m〉m (5)

The proposed structure for the Decimal128 format is de-

picted in Figure 4.

Each Lookup-Table has 4 address bits and has a max-

imum of 16 or 18 bit length, considering the moduli sets
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Figure 4. Conversion from Decimal128 to modulo

{2n − k}

proposed in the previous section. The residue values for

each Lookup-Table are given by 〈Di10i〉m, depicted in Fig-

ure 5.

=
lookup table

〈Di10
i〉m

n

Di
4

Di

Figure 5. Digit Conversion for modulo {2n − k}

These residue values have to be compressed in the

adder-tree block, in order to compute the final residue of

the decimal value for each modulo of the moduli set. This

adder-tree block can be implemented using two alternative

approaches, the first is to use only modular arithmetic units,

and the second alternative is a hybrid approach using binary

and modular adders. These two implementations are used

to implement the decimal to RNS converters, namely dec-

imal to RNS I and decimal to RNS II, respectively for the

modular and the hybrid implementations (see Figure 6).

nn

+

n

= 2
n − k

(a) RNS I

nn

+

n+1

=

(b) RNS II

Figure 6. Adder block

The decimal to RNS I implements a typical modular

adder-tree, compressing 2:1 on each level of the tree, and

the modular reduction is compute on each step.

The hybrid implementation uses a first step reduction

only using binary arithmetic’s to implement a more effi-

cient adder-tree and a final step to perform the modular re-

duction, as depicted in Figure 7 and supported by (6).
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Figure 7. Reduction block modulo {2n − k}

〈D〉m = 〈〈Di10i〉m + · · ·+ 〈D3103〉m + 〈D2102〉m +

+ 〈D1101〉m + 〈D0〉m〉m =

= 〈CPA[n+ j−1:0]〉m =

= 〈2nCPA[n+ j−1:n]+CPA[n−1:0]〉m =

= 〈k ·CPA[n+ j−1:n]+CPA[n−1:0]〉m =

= 〈Pk[ j+p−1:0]+CPA[n−1:0]〉m =

= 〈k ·Pk[ j+p−1:n]+Pk[n−1:0]+CPA[n−1:0]〉m

(6)

where Pk is the product vector of k by CPA[n+ j−1:n] and

p = log2(k) ≤
n
2
. The final residue is computed according

to equation (6), when j+ p− 1 is less than n.

4.2. Arithmetic operations

This section describes the basic modular arithmetic op-

erations, the addition and multiplication, in the Residue

Number System. These operations are described in detail

for modulo {2n − k}, since these modulo are the bases of

the proposed moduli set.

4.2.1. Addition

In order to compute the modular addition result it is

necessary to calculate the result of A+ B, and if this re-

sult is greater than 2n − k the final result is given by

A+B− (2n − k) performing the modular reduction, sup-

ported by (7).

〈A+B〉2n−k =







A+B ,A+B < 2n − k

A+B+ k ,2n − k ≥ A+B < 2(2n − k)
A+B+ 2k ,A+B ≥ 2(2n − k)

(7)

The computation required in (7), can be optimized. If both

input values are greater or equal to 2n−1, the addition re-

sult will be greater or equal to 2n then k or 2k has to be

added as a compensation value. On the other hand, if the

input values are lower than 2n−1 the final result will be



lower than 2n, in this case 0 or k has to be added to fi-

nal reduction. This optimization reduces the overall cost

by one Carry-Save-Adder and one Carry-Propagate-Adder.

The proposed optimized structure is depicted in Figure 8 .
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Figure 8. Addition modulo {2n − k} unit

4.2.2. Multiplication

The modulo {2n − k} multiplication operation, is com-

puted by performing a binary multiplication of A by B and

performing the modular reduction. This modular reduction

is computed in three steps, considering the restriction to the

k values of:

log2k ≤
n

2
. (8)

In these cases, the modulo {2n − k} multiplication can

be calculated as:

〈A×B〉2n−k = 〈2n ·P1 +P0〉2n−k =

= 〈k ·P1 +P0〉2n−k =

= 〈k ·P′
1 +P′

0+P0〉2n−k =

= 〈P′′
0 +P′

0 +P0〉2n−k (9)

where P[n·(k+1):n·k] also represented by Pk, denotes the bits

n · (k+ 1) to n · k of the integer P, and the notation 〈P〉m is

used to represent the arithmetic modulo m of P. Also, P is

the binary product of A by B, P′ is the product of P1 by the

constant k and P′′ is the product of P′
1 by the constant k.

Figure 9(a) depicts the proposed generic structure to

compute (9). This structure has five pipeline stages, the

two first stages are used to compute the binary product of

A by B and the three last stages are used to perform the

modulo reduction steps.

For the particularly case of k = 1 the modular multipli-

cation can be calculate as:

〈A×B〉2n−1 = 〈2n ·P1 +P0〉2n−1 =

= 〈P1 +P0〉2n−1 . (10)

The structure used for this value of k can be optimized

using only one stage for modular reduction, still having two

stages for the binary product, as depicted in Figure 9(b).
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Figure 9. Multiplication with 5 pipeline stages

4.3. Reverse conversion

The proposed reverse conversion from RNS to Decimal

consists of two steps, the first converts from RNS to binary

and the second converts from binary to BCD. However,

this work only focus on the conversion from RNS to bi-

nary, since the conversion from binary to Decimal is equal

on both implementations. As future work a efficient con-

version unit without this binary intermediate representation

will be developed, which will allow to obtain an improved

structure for the conversion from RNS to Decimal.

Considering that this work as the first approach to im-

plement Decimal multiplication using RNS, the algorithm

selected for the reverse conversion is the most commonly

used converter which is based on the Chinese Remainder

Theorem (CRT) [19]. This converter consists of adding all

residues with their weight on the moduli set used. The sum-

mation result has to be in modulo M representation, and this

can be performed using the same structure that has been

proposed for the modular adder and compressor. There-

fore, M can be written as {2m − k}.

The resulting conversion structure from RNS to binary

is depicted in Figure 10 .

In Tables 4, 5, and 6 the residue weights for each of

the three moduli sets are presented, respectively used for

decimal32, decimal64 and decimal128.



Each M j value is given by:

M j =
channels

∏
i6= j

mi . (11)

modulo M adder

w0w1w2wnRNS

x0x1x2xnRNS

BinToBCD

Figure 10. RNS to Decimal (BCD)

modulo weight bit length

{218 − 1} M1 × 8192 45

{218 − 3} M2 × 16383 46

{218 − 5} M3 × 40957 48

Table 4. RNS weights per channel for decimal32

modulo weight bit length

{218 − 1} M1 × 52403 106

{218 − 3} M2 × 66608 107

{218 − 5} M3 × 238815 108

{218 − 9} M4 × 48553 106

{218 − 11} M5 × 254715 108

{218 − 17} M6 × 125312 107

Table 5. RNS weights per channel for decimal64

modulo weight bit length

{218 − 1} M1 × 108379 233

{218 − 3} M2 × 55772 232

{218 − 5} M3 × 82627 233

{218 − 9} M4 × 144311 234

{218 − 11} M5 × 49620 232

{218 − 17} M6 × 4043 228

{218 − 21} M7 × 33443 232

{218 − 23} M8 × 142535 234

{218 − 27} M9 × 162804 234

{218 − 33} M10 × 255551 234

{218 − 35} M11 × 146633 234

{218 − 41} M12 × 70719 233

{218 − 45} M13 × 54169 232

Table 6. RNS weights per channel for decimal128

Considering the modulo weight for the different deci-

mal formats, as well as the implementation of the reverse

conversion, it can be concluded that these implementations

require more hardware resources and have a higher critical

path compared with the forward conversion and arithmetic

operations. These results for area and delay were expected

since in almost all RNS systems architectures the reverse

conversion is the most requirement block [9, 10, 11, 12].

5. Experimental results

In order to fully evaluate the proposed architecture for

the Decimal multiplication based ion RNS, all structures

were described in VHSIC Hardware Description Language

(VHDL) and mapped to a Field-Programmable Gate Ar-

ray (FPGA) device, the Virtex 4 XC4VFX140-11ff1517

and XC4VSX55-11ff1148 FPGA from XILINX. Synthe-

sis, mapping and place and route were performed using ISE

12.4 tools from XILINX, tuned to delay optimization.

The first experimental results obtained are the perfor-

mance of binary multiplication for the three IEEE for-

mats, namely decimal32, decimal64 and decimal128, re-

spectively with a 28, 64 and 136 bits binary multiplica-

tion, depicted on Table 7. These results are presented in

two groups, the first shows the results of the combinatorial

implementation without pipeline and the second presents

the 5 stage pipeline results. From these results it can be

concluded that the occupation of slices and multipliers in-

creases exponentially with the bit length of the operands.

Additionally, experimental results for the modulo {2n −
k} multipliers with 5 stage pipelines and without pipeline

implementations have been obtained and are depicted on

Table 7. These results show that in the combinatorial im-

plementation only two built-in multipliers are needed for

each RNS channel. The first one is used to implement the

binary product itself, and the second one is used to compute

the modular reduction. In the pipeline implementation all

the multiplications by constants are performed by a built-

in multiplier, and the number of built-in blocks needed is

smaller or equal to 3.

However, for values of k ≤ 11 the number of built-in

multipliers is reduced to one, and the remaining multipli-

cation by constants are implemented using LUTs. From

these results it can be concluded that the pipeline supports

clock frequencies 3 times faster than the nonpipelined im-

plementation, but at a cost of a latency of 5 clocks cycles

and naturally requires more resources in terms of LUTs and

built-in multipliers.

Considering the multiplication results presented, a com-

parative study was made between binary and RNS imple-

mentation, which is depicted on Table 8. From this results

it can be concluded that the DM-RNS (multiplication oper-

ation, without conversions) has a better performance for the

decimal64 and decimal128 in the pipeline version, and only

the last format is better for the nonpipeline implementation.

Regarding the resources required, all the RNS implemen-

tations use less built-in multipliers than the binary version,

at a cost of an increase of 200% of the LUT usage.

In order to perform a realistic comparison between the



Modulo

without pipeline 5 stages pipeline

Slices Mult. Freq. Slices Mult. Freq.

(18x18) [MHz] (18x18) [MHz]

binary 28 18 4 104.778 48 4 445.236

binary 64 81 16 67.902 331 16 116.469

binary 136 459 49 47.708 1129 49 106,157

218 − 1 80 1 98.270 135 1 227.376

218 − 3 118 1 62.968 161 1 231.374

218 − 5 122 1 62.861 163 1 225.124

218 − 9 126 1 59.442 167 1 222.420

218 − 11 140 1 57.241 175 1 225.225

218 − 17 129 2 52.119 166 3 154.392

218 − 21 124 2 52.192 165 3 151.906

218 − 23 137 2 52.108 165 3 153.092

218 − 27 140 2 52.083 166 3 152.439

218 − 33 136 2 52.263 168 3 152.952

218 − 35 128 2 52.471 168 3 153.116

218 − 41 132 2 49.041 168 3 152.882

218 − 45 135 2 49.383 168 3 150.173

Table 7. Experimental results for multiplication operation

Format

without pipeline 5 stages pipeline

Slices Mult. Freq. Slices Mult. Freq.

[%] [%] [%] [%] [%] [%]

decimal32 1333 74 94 956 75 51

decimal64 883 44 77 292 50 133

decimal128 359 43 103 189 59 141

Table 8. Comparative of RNS multiplication by binary

IEEE Format Operation Base Slices
Mult. Freq.

(18x18) [MHz]

decimal 64

BCD to

binary 1299 - 29.001

RNS i) 3315 - 58.889

RNS ii) 1470 - 74.173

multiplication binary 81 16 67.902

(without pipeline) RNS 816 7 55.633

multiplication binary 347 16 116.469

(5 stages pipeline) RNS 1034 8 143.168

RNS to binary 1447 92 20.427

decimal 128

BCD to

binary 5974 - 13.406

RNS i) 16413 - 45.145

RNS ii) 5392 - 62.539

multiplication binary 459 49 47.708

(without pipeline) RNS 1857 21 50.063

multiplication binary 1227 49 100.080

(5 stages pipeline) RNS 2358 21 145.560

RNS to binary 5989 366 12.891

Table 9. Experimental results for decimal multiplication

binary and RNS implementations, it is also necessary to

analyse the forward and reverse converters since they are

bottlenecks on the RNS systems. These converters have

been implemented using the structures described in the

previous sections. The experimental results obtained for

the decimal-to-binary and decimal-to-RNS representation

are presented on Table 9, for the XC4VFX140-11ff1517

device. This table also presents the experimental results

for the conversion from RNS-to-binary, since the option

selected in this work has been to compute the RNS-to-



Decimal in a two step approach, in this case has been used

the XC4VSX55-11ff1148 FPGA device with 512 built-

in multipliers. The converter from binary-to-Decimal has

been studied by several authors [5]. The results obtained

show that the conversion from decimal to RNS is up to

2.56 and 4.66 times faster than the conversion to binary,

respectively for decimal64 and decimal128. These speed-

ups are achieved almost with the same resources of the re-

configurable device. The RNS multiplication requires half

of the built-in multipliers compared to the binary imple-

mentation. Furthermore, these RNS multipliers allow to

increase in 22% and 45% the clock frequency, respectively

for decimal64 and decimal128. However, the conversion

from RNS-to-binary is slower than the other blocks and re-

quires a large amount of built-in multipliers. In this first

approach to implement Decimal multiplication using RNS,

the conversion from RNS-to-binary becomes the bottleneck

of the proposed architecture. As future work it is proposed

to improve this conversion block. A direct and efficient

conversion from RNS to BCD must be developed in order

to make it worthwhile to compute Decimal multiplication

in the Residue Number System, for the 64 and 128 bits pre-

cisions.

6. Conclusions

In this work, an architecture to implement Decimal mul-

tiplication in a Residue Number System is proposed. Also,

optimized structures have been proposed for conversion,

addition, and multiplication in RNS for modulo {2n − k}.

This architecture has been implemented on a FPGA device.

The obtained results suggest that the Decimal RNS multi-

plication is only advantageous to the two higher precision

formats defined in the IEEE-754 2008 standard, decimal64

and decimal128. However, to the overall RNS system to

be use as an option to the binary implementation, it is nec-

essary to optimize the converter from RNS-to-BCD. The

conversion from Decimal to RNS is up to 4.66 times faster

than the conversion to binary with the same resource us-

age. The computation of the product result is also 45%

faster, reducing the number of multipliers in 50%, at a cost

of up to 3 times the number of LUTs. The conversion from

RNS-to-BCD proposed in this work is not advantageous to

this application, since this block is the bottleneck of the

proposed system. As future work it is pointed out the need

to develop improved RNS-to-BCD conversion unit, with

a significantly reduction of resources. In order to achieve

these improvements the conversion units must be imple-

mented without the intermediate binary calculations.
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