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ABSTRACT

This paper aims at incorporating residue adder in the design of multiplier based,on Nikhilam Sutra of Vedic
mathematics. The residue adder employs residue number system (RNS). Thedperformance is the proposition is
compared with a Vedic multiplier employing carry save adder. The mdltiplier is coded in Very High Speed
Integrated Circuits (VHSIC) Hardware Description Language (VHDL) while the simulation and synthesis is
done using the Xilinx ISE Design Suite 14.2 software.

Keywords: Nikhilam Sutra, Residue Adder, Residue Number<System (RNS), Vedic
Mathematics, VHDL

I. INTRODUCTION

The use of multipliers is inevitable'in any of thelembedded system applications and they find great use in digital
signal processing and highg#speedigeneral purposeyprocessor design. So, an important task is to design a
multiplier which is effiCient enough to hélp a designer design‘the final product with good performance
parameters. VLSI dealswith these methodologies and basically, there are three important parameters — power
dissipation, chip“area and delay. Due to the evelution and rapidly increasing use of the battery-based mobile
embedded technology, design emphasis is now laid oh optimizing the conventional delays and power dissipation
while still\maintaining high performance. To achieve this, different architectures and designs are explored.
Sorme of the architectures of multipliersiinclude array multiplier and Booth multiplier [1]. Booth multiplier is a
way to perform multiplication of binary numbers in signed 2’s complement notation. A modified Booth
architecture has been proposed in;[2]'with improved performance. But the quest to find an optimized solution
brought in the use of the ancient*Vedic sutras. There are 16 different sutras in Vedic mathematics out of which
two of them are used to design efficient multipliers. The performance of Urdhva Tiryagbhyam sutra of Vedic
and the Booth multiplierérchitectures are compared in [3] in terms of the area, delay and power. In [4], a simple
and basic Vedic multiplier is simulated while in others [5-8], the two sutras, Urdhva Tiryagbhyam Sutra and
Nikhilam Sutra, are employed to design various 4-bit and 8-bit multipliers. Gunakasamuchyah Sutra is
investigated in [9] for 4-bit Vedic multiplier implementation. The effectiveness of Vedic multipliers is
demonstrated for convolution [10] and AES algorithm [11] which are used for digital signal processing and
cryptography applications respectively. The adder is an integral part of all multipliers and influences the delay.
The efficiency of the Vedic multiplier has also pronounced dependence on adder. Ripple Carry adders are used
in [5-7] while [8] use Carry save adder in its architecture. Carry save adders have an obvious advantage of

delaying the addition of the carry of different stages to next stages, thereby optimizing the delay. In [12-13],
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Pradhan and Panda have also worked on multipliers based on the Nikhilam Sutra and Urdhva Tiryagbhyam
Sutra using the carry save adder. It was found that the speed of 16-bit multiplier based on Nikhilam Sutra is
better than Urdhva Tiryagbhyam Sutra when magnitude of both operands are more than half of their maximum
values. Using this result, they have designed a Vedic multiplier based on Nikhilam Sutra [13] using the Carry
Save adder. The speed of the multiplier can be further improved by residue adder which is based on Residue
number system (RNS) [14]. This system removes the carry propagation and provides an efficient way to
perform calculations faster. Vedic multipliers have been designed based on CSA but to the best of author’s
knowledge, residue adders have not been investigated in Vedic multipliers. In this paper, residue adder based 8-
bit Vedic multiplier design is put forward . The performance is compared with Vedic multiplier having a carry
save adder. The paper has been formulated in six sections: Section Il and Ilifpresent the concepts of Vedic
mathematics and Residue Number System (RNS). The proposed multiplief has been presented inSection 1V.

Section V shows the results while the final conclusions are drawn in thedast section.
I1. VEDIC MATHEMATICS

Vedic Mathematics is the ancient system of mathemati€s which was rediscovered from the Vedas between 1911
and 1918 by Sri Bharati Krishna Tirthaji Maharaja (1884-1960). Hisaresearch presented 16 Sutras & 16 Up-
sutras from Atharva Veda. These sutras are word formulae, whichfpresent an easyy,way {0 perform mathematical
calculations [5]. Nikhilam Navatashcaramam Dashatah“Sutra has been used to design the multiplier in this
paper. A single line meaning of thi§ sutra is “All from 9“and the last from 10”. The basic description of
Nikhilam sutra is as follows. Thé'two numbersto be multiplied are complemented by subtracting them from a
base. The numbers and their‘complements are aritten down, vertically'side by side. The right hand side of the
result is obtained by multiplying the two,complements whilethe left part is calculated by subtracting any of the
diagonal numbers i€. subtracting one’sicomplement from theé other number. The example below clearly depicts

the above described sutra.

9x7

Nearest base =10

9 o1 (10-9)
7 7 3(10-7)

Difference between

diagonals — 6 3 <— Product of the complements

Product = 63

Fig. 1. Example Showing Multiplication Using The Nikhilam

Sutra

Here the numbers to be multiplied are 9 and 7 written vertically. The complements of the two numbers 1 and 3
are also written vertically alongside the two numbers. The right part of the result is obtained by multiplying the

two complements 1 and 3 which gives 3 while the left portion is obtained by subtracting the diagonal elements
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to obtain the difference as 6 (9-3 or 7-1). Thus the product is obtained as 63. This method can be extended to
large numbers as well.

I11. RESIDUE NUMBER SYSTEM

The speed of the arithmetic systems is of primary concern in any application. The conventional representations
of numbers include decimal, binary and other weighted systems. The Residue Number System (RNS) represents
numbers in a way which removes the carry propagation in an arithmetic unit. This in turn makes it high speed
and low power arithmetic. RNS is very good for applications like digital signal processing, computer security,
image & speech processing and also in embedded processors, especially those found in portable devices, for
which power consumption is the most critical aspect of the design [14]. RNSginvolves the use of a set of
relatively prime integers called moduli. This set can be of the form {m,, m,.,.....m3}. Every number is then
represented by n integers which correspond to the remainders with respect{to each modulus. These n integers are

called residues and are of the form {ry, r»,....,r,}. So, for any number X, we,have,

X mod m;=r; ()
& X= {rl, I’z,....,rn} (2)

The dynamic range of this system is given by,
M = TCmi (3)

All numbers lying in this dynamic rafige are uniquely represented in, this systef. Thus, we have a system which
ensures parallel independent opérations on smallhnumber of digits, ThisgSignificantly speeds up the arithmetic
operations especially the addition and the multiplication. Since each modulus is only of a small number of bits,
the carries are strictly minimal. This makesdtimplementable through the use of Look-up Tables (LUTS).
The number in its_pinary, form is first converted into the residual form by choosing a particular set of moduli.
This set is chosen on the basis of some ruleshwhich adniquely represent the numbers. The largest modulus
determinesfthe speed of the operation, so the ‘smallest possible moduli are taken. According to the dynamic
ranges€quired for the application, the,choice of the moduli is made. Here, for 8-bit operations, the range is 256.
According to this range, moduli are chosen by taking prime numbers in sequence and including powers of
smaller primes_befere moving to_larger primes. The moduli are relatively prime and are represented by the
smallest possible number, of bits asthis decides the speed of the arithmetic. After the set is decided, it is used for
the conversion of binary numbers to RNS form. The moduli of powers of 2 ranging from 0 to 7 for 8-bit
numbers with respect to the set of moduli chosen are stored in a LUT. The following equality is used for the
conversion,

<KX .. XaXo)>m; = <<2X >m; + <22 o>my+ ... +<2X>m; + <2%g>m>m; (4)
Corresponding to each modulus, the residues are obtained on the basis of the above equality. The arithmetic
operations are performed on these residues which provide a carry free operation. The residue to binary
conversion is performed using the Chinese Remainder Theorem (CRT). Digits of the residue number system
(RNS) have position weightings s; which are given by

s; = M/m; (5)

According to the CRT, the binary form of the number is given by,
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X = {Z s [(Xish) mod mi]} mod M
where(s;si) mod p; = 1. (6)

This is also most efficiently done through a LUT as a very small number of entries are required in the table

which is equal to the sum of the moduli.

IV. PROPOSED MULTIPLIER

The proposed multiplier uses Nikhilam Sutra of Vedic mathematics along with a residue adder to get a high
performance 8-bit Vedic multiplier. The block diagram of the proposed multiplierds shown in Fig. 2.

The two 8-bit numbers, the multiplicand and the multiplier, are both complemented“when passed through the
complementer block which corresponds to the subtraction of the numbersffrom the neatgest base in the Nikhilam
Sutra. The complements which are also of 8 bits each are then multiplied to obtain the right,part of the product.
The multiplication of the complements yields a 16-bit result. The lower 8bitsiform the right part of the product
while the higher 8 bits are carried over to the residue adderqViaya binary to residue,converter. The multiplicand
and the multiplier are also passed through binary to residue converters. The converters,output thrée numbers in
their residual form. These residues are added usingd residue adder. Bhe left part is then obtained by passing the
output of the residue adder through a residue 46 binary, converterswhich,converts the residues back into their

binary form. The complete product is obtained by concatenating'the left and the right parts.

Multiphicand Multiper

. ; ! l
s . Complementer Complementer
Binary to Binary to O | I— i

Residue Residue
Converter Converter
Multiplier
Bmary to
Residue |
Converter

Residue Adder|

[Residue to Binary Converter|

 EE— —
!

Left Part Right Pant

Product

Fig. 2: Block Diagram of the proposed multiplier

The use of residue adder optimizes the performance parameters to obtain a highly efficient multiplier. The three
inputs to the residue adder are of 8 bits and so the maximum value can be 255. Based on this and the concept of
RNS, three moduli are chosen to represent the numbers. The three moduli taken here are 5, 11 and 14. The
binary to residue converters convert binary numbers into residue numbers using these three moduli. Look-up
tables are simulated using VHDL to carry out the conversion. The modulus operation is implemented using
Finite State Machine (FSM) concept having three states. For any residue, the modulus is subtracted from the

binary number until the remainders are obtained. Three residues then represent one binary number. This gives us
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in total nine residues, three for each binary number. These are added correspondingly by the residue adder to
give the output three residues of the sum. These are then converted back into binary form using the residue to
binary converter which is based on CRT. This residue arithmetic enables us to improve the delays by removing

the carry propagation due to smaller residues involved in addition rather than large 8-bit numbers.

V. RESULTS

The proposed multiplier using Nikhilam Sutra of Vedic mathematics incorporating a residue adder has been
designed and simulated in Very High Speed Integrated Circuits (VHSIC) Hardware Description Language
(VHDL) coding using the Xilinx Design Suite 14.2 and synthesis results are drawn for the XC3S50 device and
PQ208 package of the Spartan 3 family. Table 1 compares the results with thefmultiphier using carry save adder
proposed by Pradhan and Panda in [13]. The RTL schematic of the design is shown, in Fig. 3. The external
schematic with I/0’s and one of the sub modules inside the complete design. The complete schematic is made

up of many such sub modules and other sub modules combined together.

TABLE 1. Comparison of timings of the two multipliers

Device: Vedic mdltiplier based Propesed multiplier
Spartan 3 on«CSA proposed by based on Residue Adder
XC3S50: Pradhan & Panda

PQ208

Delay, 19.851 ns 15.912ns

vedicmul

Block: vediomul
Typet: vedicrmul

vedicmul

Fig. 3 (A) RTL Schematic Of The Proposed Multiplier (B) Schematic Of One Of The Sub Modules In The
Design.

VI. CONCLUSION

In this paper, an efficient Vedic multiplier based on Nikhilam sutra of Vedic mathematics and residue number
system based residue adder is proposed. The functionality is verified through VHDL simulations and synthesis

on Xilinx Spartan platform. The simulation results show that the proposed RNS based vedic multiplier has
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significant speed improvement over CSA based realization. The 8-bit multiplier presented here can easily be
extended to 16 bits.
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