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Abstract— High speed execution of arithmetic operations 

and high degree of precision in real time system are of major 

concern in any digital signal processing (DSP). Speed of 

DSP depends on speed of multiplier and algorithm used. In 

this paper we propose Residue Number System method for 

fast “carry free” floating point arithmetic operations. 

Floating Point RNS units have obvious advantages over 

traditional fixed point multiply & accumulate (MAC) units. 

Performance of multiplier is enhanced by VHDL 

implementation of Floating Point Multiplier using ancient 

Vedic mathematics. The Urdhva Tiryakbhyam sutra is 

applicable to all cases of multiplication. Any multi-bit 

multiplication can be reduced down to single bit 

multiplication and addition using this method. Using these 

formulas, the carry propagation from LSB to MSB is 

reduces due to one step generation of partial product. Thus 

enhanced speed of arithmetic operation is the key challenges 

in design of MAC using RNS algorithm & Vedic multiplier. 
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I. INTRODUCTION 

The speed of a processor greatly depends on its multiplier’s 

performance. This in turn increases the demand for high 

speed multipliers, at the same time keeping in mind low area 

and moderate power consumption. Many DSP applications 

essentially require the multiplication of binary floating point 

numbers. The Binary Floating point numbers are 

represented in Single and Double formats. The Single 

consist of 32 bits and the Double consist of 64 bits. The 

formats are composed of 3 fields; Sign, Exponent and 

Mantissa. The Figure 1 shows the structure of Single and 

Double formats of IEEE 754 standard. [1] 

A. Floating Point Multiplication: 

The multiplier for the floating point numbers represented in 

IEEE 754 format can be divided in four different units:-

Mantissa Calculation Unit 

Exponent Calculation Unit Sign Calculation Unit 

Control Unit 

The standard format for representation of floating 

point number is (−1) S 2E (b0 · b1b2 … bp−1). 

Let us Consider the multiplication of two floating 

point numbers A and B, where A = -19.0 and B = 9.5. The 

normalized binary representation are A = -1.0011x24 and B 

= 1.0011x23. IEEE representations of operands are 

 Sign Exponent Mantissa 

A = 1 10000011 00110000000000000000000 

B = 0 10000010 00110000000000000000000 

[2] 

 1BIT  8BIT    23BIT 

          

 SIGN  EXPONENT    MANTISSA  

          

   MSB LSB MSB LSB 

1BIT  11BIT    52BIT 

        

SIGN   EXPONENT    MANTISSA 

          

Fig. 1: binary floating point numbers 

II. RESIDUE NUMBER SYSTEM 

Residue Number System (RNS) gained popularity in the 

implementation of fast arithmetic and fault-tolerant 

computing applications. Its attractive properties such as 

parallelism and carry free computation have speed up the 

arithmetic computations. Floating Point can be represented 

as M x BE where M is Mantissa, E is the Exponent and B is 

the Base. The MAC unit consists of three units - Floating-

point multiplier, Conversion unit and an Accumulator.[3] 

Binary to RNS Conversion:  
Special Modulo set:  

                  
The input binary number is divided into 3 blocks 

B1, B2, B3 each of n bits 

     
      

     

   |        |     

      

   |        |     
Forward Conversion: 

RNS to Binary conversion is based on CRT Algorithm. 

X = { x1, x2, x3 } (< m1>,<m2>,<m3>) 

M1= (m1xm2xm3)/m1 

M2= (m1xm2xm3)/m2 

M3= (m1xm2xm3)/m3 

M 1
-1

 = M1 mod m1  

M 2
-1

 = M2 mod m2  

M 3
-1

 = M3 mod m3  

For RNS to Binary conversion, Chinese remainder 

theory (CRT) Algorithm is used. Original works on modular 

arithmetic are very old. The Chinese Remainder Theorem 

was first proposed around the fifth (Chinese Remainder 

Theorem). 

We consider a n-tuple of co prime numbers (m1, 

m2, . . . , mn) . We note M =Qni=1 mi, If we consider the 

n-uple (x1, x2, . . . , xn) of integer such that xi < mi. Then 

there exits an unique X which verifies: 

0 ≤ X < M and xi = X mod mi = |X|mi pour 1 ≤ i ≤ n 

The n-uple (m1, m2, . . . , mn) of coprimes is g

 enerally called RNS basis.  
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The main interest of the Residue Number Systems 

is to distribute integer operations on evaluations with the 

residues values. Thus an operation with large integers is 

made on the residues which are small numbers and where 

computations can be executed independently for each 

modulo allowing a complete parallelization of the calculus. 

 

Fig. 2: RNS multiplier architecture 

Multiplier based on Vedic Mathematics is one of 

the fast and low power multiplier.  

A. Vedic Mathematics: 

Vedic mathematics is part of four Vedas. It is part of 

Sthapatya- Veda (book on civil engineering and 

architecture), which is an upa-veda (supplement) of Atharva 

Veda. It gives explanation of several mathematical terms 

including arithmetic, geometry (plane, co-ordinate), 

trigonometry, quadratic equations, factorization and even 

calculus. 

B. Urdhva-Tiryakbhyam Sutra: 

“Urdhva” and “Tiryagbhyam” words are derivedfrom 

Sanskrit literature. Urdhva means “Vertically” and 

Tiryagbhyam means “crosswise”. It is based on a novel 

concept, where the generation of all partial products can be 

done with the concurrent addition of partial products. 

Anyone can easily realize that this Vedic method probably 

makes difference for mental calculations [4]. 

 

Fig. 3: Line Diagram Of The Vedic Multiplier 

III. LITERATURE 

Improvement in multiplication speed by using new 

techniques can greatly improve system performance It is 

therefore seen that the Vedic floating point number 

multipliers are much faster than the conventional 

multipliers. This gives us method for hierarchical floating 

point multiplier design. So the design complexity gets 

reduced for inputs of large number of bits and modularity 

gets increased. Urdhva-Tiryagbhyam sutra algorithm is been 

used which can reduce the delay and hardware requirements 

for multiplication of Floating point numbers. The high speed 

multiplier algorithm exhibits improved efficiency in terms 

of speed. 

We use pipelined architecture to achieve our goal 

of maximum throughput and used to accelerate the 

multiplication speed. As the number of pipeline stages is 

increased, the path delays of each stage are decreased and 

the overall performance of the circuit is improved[5] 

by using residue number system parallel and carry free 

arithmetic can be obtained . So addition and multiplication 

is performed parallel on all the residues. Thus arithmetic is 

performed in a faster rate. Thus 16-bit floating point RNS 

MAC unit is found to be efficient. [3] 

M.N Mahesh Presented methods by which 

performance improvement achieved for precise processing 

for high precision processor. Over head to due residue to 

binary and binary to residue domain conversion is constant, 

as the processing of the signals in residue domain increases 

there is drastic improvement in performance. Due to 

reduction in number of memory accesses and number of 

additions in RNS based implementations, there can be 

significant reduction in the power dissipation of the RNS 

based implementations compared to the corresponding 

binary implementations. [7] 

We have seen in this paper that choosing 

successive co prime numbers can allow to construct efficient 

RNS implementations. The numbers of co primes we can 

expect in an interval is close to the quotient of the size of 

this interval with the logarithm of this size. As all the values 

of an RNS bases are close, we can choose one reference 

element and define the others by their differences to it, thus 

we just use small values. With this choice of moduli the 
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storage is reduced to nlog2 (d) + t bits for the mi and the 

complexities of conversions are more efficient.[8] 

There is one more method to improve the speed of 

multiplier Dadda Algorithm. Dadda proposed a sequence of 

matrix heights that are predetermined to give the minimum 

number of reduction stages. To reduce the N by N partial 

product matrix, dada multiplier develops a sequence of 

matrix heights that are found by working back from the final 

two-row matrix. In order to realize the minimum number of 

reduction stages, the height of each intermediate matrix is 

limited to the least integer that is no more than 1.5 times the 

height of its successor. 

The process of reduction for a dadda multiplier [9] 

is developed using the following recursive algorithm 

(1) Let d1=2 and dj+1 = [1.5*dj], where dj is the 

matrix height for the jth stage from the end. Find 

the smallest j such that at least one column of the 

original partial product matrix has more than dj 

bits.  

(2) In the j
th

 stage from the end, employ (3, 2) and (2, 

2) counter to obtain a reduced matrix with no more 

than dj bits in any column.  

(3) Let j = j-1 and repeat step 2 until a matrix with only 

two rows is generated.  

This method of reduction, because it attempts to 

compress each column, is called a column compression 

technique. Another advantage of utilizing Dadda multipliers 

is that it utilizes the minimum number of (3, 2) counters. 

{Therefore, the number of intermediate stages is set in terms 

of lower bounds: 2, 3, 4, 6, 9 . . . 

 
For Dadda multipliers there are N

2
 bits in the 

original partial product matrix and 4.N-3 bits in the final two 

row matrix. Since each (3, 2) counter takes three inputs and 

produces two outputs, the number of bits in the matrix is 

reduced by one with each applied (3, 2) counter therefore}, 

the total number of (3,2) counters is #(3, 2) = N
2
 – 4.N+3 

the length of the carry propagation adder is CPA length = 

2.N–2. 

IV. CONCLUSION 

Growing computational demands of scientific calculation 

show that there is a need for increased precision in floating 

point calculations and always has a scope for improving the 

speed by fast multiplication technique by reducing time 

delay. Residue number system (RNS) gained popularity in 

fast and fault tolerant computing applications. its captivating 

properties  of carry free and parallelism computation have 

speed up the arithmetic calculations. In addition to RNS 

algorithm which leads to enhancement in speed, use of 

Vedic mathematics techniques further increase the 

performance of the multiply and accumulate 

unit(MAC).computation of different types of numbers like 

signed, unsigned ,binary,decimal,fixed point, floating point 

by different method in Oder to increase the speed and 

accuracy is an active research area. Combine approach of 

RNS algorithm with Vedic mathematics create new 

advancement in various field of engineering. 
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