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Abstract- Vedic Mathematics is the ancient methodology of Indian mathematics, which has a unique technique of 
calculations based on 16 Sutras (Formulae). A high speed complex multiplier design and FFT application of it using Vedic 
Mathematics is presented in this paper. The idea for designing the multiplier and adder/subtractor unit is adopted from 
ancient Indian mathematics "Vedas". On account of those formulas, the partial products and sums are generated in one step 
which reduces the carry propagation from LSB to MSB.  The ever increasing demand in enhancing the ability of processors 
to handle the complex and challenging processes has resulted in the integration of a number of processor cores into one chip. 
Still the load on the processor is not less in generic system. This load is reduced by supplementing the main processor with 
Co-Processors, which are designed to work upon specific type of functions like numeric computation, Signal Processing, 
Graphics etc. The speed of FFT depends greatly on the multiplier. This work is carried out on xilinix platform usig HDL 
programming.comparing with the conventional multiplier 50% of the slices are reduced for the vedic multipliers. 
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I. INTRODUCTION 
 

Complex multiplication is of immense 
importance in Digital Signal Processing (DSP) and 
Image Processing (IP). To implement the hardware 
module of Discrete Fourier Transformation (DFT), 
Discrete Cosine Transformation (DCT), Discrete Sine 
Transformation (DST) and modem broadband 
communications; large numbers of complex 
multipliers are required [7-12]. Complex number 
multiplication is performed using four real number 
multiplications and two additions/ subtractions. In 
real number processing, carry needs to be propagated 
from the least significant bit (LSB) to the most 
significant bit (MSB) when binary partial products 
are added. Therefore, the addition and subtraction 
after binary multiplications limit the overall speed.   
Many alternatives Methods had so far been proposed 
for complex number multiplication [2-7] like 
algebraic transformation    based Implementation,[2] 
bit-serial multiplication using offset binary and 
distributed arithmetic, [3] the CORDIC (coordinate 
rotation digital computer) [4] algorithm, the quadratic 
residue number system (QRNS) [5], and recently, the 
redundant complex number system (RCNS) [6]. 

In algorithmic and structural levels, a lot of 
multiplication techniques had been developed to 
enhance the efficiency of the multiplier; which 
encounters the reduction of the partial products 
and/or the methods for their partial products addition, 
but the principle behind multiplication was same in 
all cases. Vedic Mathematics is the ancient system of 
Indian mathematics which has a unique technique of 
calculations based on 16 Sutras (Formulae). "Urdhva-
tiryakbyham" is a Sanskrit word means vertically and 
crosswise formula is used for smaller number 
multiplication. "Nikhilam Navatascaramam Dasatah"  
 

 
also a Sanskrit term indicating "all from 9 and last 
from 10", formula is used for large number 
multiplication and subtraction. All these formulas are 
adopted from ancient Indian Vedic Mathematics [1]. 
In this work, we formulate this mathematics for 
designing the complex multiplier architecture in 
transistor level with two clear goals in mind such as: 
i) Simplicity and modularity multiplications for VLSI 
implementations and ii) The elimination of carry 
propagation for rapid additions and subtractions. 

Mehta [9] have been proposed a multiplier 
design using "Urdhva-tiryakbyham" sutras, which 
was adopted from the Vedas. The formulation using 
this sutra is similar to the modem array 
multiplication, which also indicating the carry 
propagation issues. A multiplier design using 
"Nikhilam Navatascaramam Dasatah" sutras has been 
reported by Tiwari [10], but he has not implemented 
the hardware module for multiplication. By 
employing the Vedic mathematics, an N bit complex 
number multiplication was transformed into four 
multiplications for real and imaginary terms of the 
final product. "Nikhilam Navatascaramam Dasatah" 
sutra is used for the multiplication purpose, with less 
number of partial products generation, in comparison 
with array based multiplication. When compared with 
existing methods such as the direct method or the 
strength reduction technique, our approach resulted 
not only in simplified arithmetic operations, but also 
in a regular array like structure. The multiplier is fully 
parameterized, so any configuration of input and 
output word-lengths could be elaborated. . The results 
are calculated using the Xilix spartan3E tool and the 
results revealed for the (16,16) x (16,16) vedic 
multiplier have less number of occupied slices, so 
that we have reduced the 50% of slices comparing 
with the conventional array multiplier  
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In this paper, we report on a novel high 
speed complex multiplier design using ancient Indian 
Vedic mathematics. The paper is organized as 
follows; Mathematical formulation of the Vedic 
sutras and its application towards multiplier is 
described in section II; section III consists FFT 
design using vedic sutras. section IV representing the 
simulation results and finally Section V representing 
the conclusions. 
 
II. MATHEMATICAL FORMULATION OF 

VEDIC SUTRAS 
 
The gifts of the ancient Indian mathematics 

in the world history of mathematical science are not 
well recognized. The contributions of saint and 
mathematician in the field of number theory, 'Sri 
Bharati Krsna Thirthaji Maharaja', in the form of 
Vedic Sutras (formulas)  are significant for 
calculations. He had explored the mathematical 
potentials from Vedic primers and showed that the 
mathematical operations can be carried out mentally 
to produce fast answers using the Sutras. In this 
paper, work has been carried out on "Urdhva-
tiryakbyham", and "Nikhilam Navatascaramam 
Dasatah" formulae and other formulae are beyond the 
scope of this paper. 
 

A. "Urdhva-tiryakbyham " Sutra 
The meaning of this sutra is "Vertically and 
crosswise" and it is applicable to all the 
multiplication operations. Fig. 1 represents the 
general multiplication procedure of the 4x4 
multiplication. This procedure is simply known as 
array multiplication technique [12]. It is an efficient 
multiplication technique when the multiplier and 
multiplicand lengths are small, but for the larger 
length multiplication this technique is not suitable 
because a large amount of carry propagation delays 
are involved in these cases. To overcome this 
problem it has been described Nikhilam sutra for 
calculating the multiplication of two larger number. 

Fig, I: Multiplication using "Urdhva-tiryakbyham" [16] 
B. "Nikhilam Navatascaramam Dasatah" 

Sutra 

Nikhilam sutra means "all from 9 and last from 10". 
Mathematical description of this sutra can be 
fonnulated as: 
Assuming A and B are two n-bit numbers to be 
multiplied and 
their product is equals to P.  [ 16] 

퐴 = A 10               푤ℎ푒푟푒 퐴  휖 {0,1 … ,9}       (1) 

퐵 = B 10               푤ℎ푒푟푒 퐴  휖 {0,1 … ,9}     (2) 

 
 (2) Multiplication Rule: 
 

P=AB  (3) 
 
Equation (3) can be reformulated as by adding and 
subtracting the term 10 + 10 (퐴 + 퐵)  in the right 
hand side 
 
푃 = 퐴퐵 + 10 + 10 (퐴 + 퐵)− 10 −
10 (퐴 + 퐵)(4)  = {10 (퐴 + 퐵)− 10 } + 10 −
10 (퐴 + 퐵) + 퐴  (5) 
 
Equation no 5 can be derived for both the numbers if 
the number is greater than the base or less than the 
base. If the number is greater than the base: 
 

푃 = 10 {(퐴+ 퐵)− 10 } + {(10
− 퐴)(10 퐵)}        (6) 

 
If the number is less than the base: 

 
= 10 {(퐴 + 퐵)− 10 }

+ {(퐴 − 10 )(퐵 − 10 )}        (7) 
= 10 {퐴 − (10 − 퐵)} + {(10 −퐴)(10

−퐵)}        (8) 
= 10 (퐴− 퐵)
+ (퐴̅퐵)                                                         (9) 

 
 
Where A bar and B bar are the10^n’s compliment of 
A and B. 
 
III. DESIGN OF VEDIC FFT 
 

In this section, several methods for 
computing the DFT efficiently have been discussed. 
In view of the importance of the DFT in various 
digital signal processing applications, such as linear 
filtering, correlation analysis, and spectrum analysis, 
its efficient computation is a topic that has received 
considerable attention by many mathematicians, 
engineers, and applied scientists. From this point,  
change the notation that X(k), instead of y(k) in 
previous sections, represents the Fourier coefficients 
of x(n). Basically, the computational problem for the 
DFT [15] is to compute the sequence {X(k)} 
of N complex-valued numbers given another 



International Journal of Advanced Computational Engineering and Networking, ISSN (p): 2320-2106, Volume- 1, Issue- 8, Oct-2013 

 A Novel And Efficient FFT Design Using Vedic Principles 
 
7 

sequence of data {x(n)} of length N, according to the 
formula 

푋(푘) = ∑ 푥(푛)푤        0<=k<=N-1    (10)               

  W = 푒                                                         (11) 
 For each value of k, direct computation 

of X(k) involves N complex multiplications (4N real 
multiplications) and N-1 complex additions (4N-2 
real additions). Consequently, to compute 
all N values of the DFT requires N 2 complex 
multiplications and N 2-N complex additions. The 
computation is performed in three stages, beginning 
with the computations of four two-point DFTs, then 
two four-point DFTs, and finally, one eight-point 
DFT. The combination for the smaller DFTs to form 
the larger DFT is illustrated in Figure 2 for N =8. 

 
Fig 2 Three stages in the computation of an N = 8-point FFT 

[7]. 

Fig 3 stage 1 computation of an N = 8-point FFT [15]. 
 

It is shown the even samples and odd 
samples are processed separately. The outputs of 
Stage 1 are feed as the inputs of the Stage 2. Stage 2 
computation take place and this process repeats at the 

final stage, Stage 3. The output of Stage 1 is 
connected to the input of Stage 2. The complexity of 
the output equations increases as the Stage number 
increases because twiddle factor computations are 
involved. The twiddle factor includes multiplication 
and additions operations. 

 
Fig4 Stage 2 Computation of an 8-point FFT Computation [15]. 
 

 
Figure 5 Stage 3 computation flow of an 8-point FFT [15] 

 
Final equations for an 8-point FFT are: 
X(0)= X(0)+ X(4)+X(2)+ X(6)+ X(1)+X(5)+ X(3)+ 
X(7) 
X(4)= X(0)+ X(4)+X(2)+ X(6)- X(1)- X(5)-  X(3)-  
X(7) 
X(2)= X(0)+ X(4)-X(2)- X(6)+j X(1)+jX(5)-j X(3)-j 
X(7) 
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X(6)= X(0)+ X(4)-X(2)- X(6)-j X(1)-jX(5)+j X(3)+j 
X(7) 
X(1)= X(0)- X(4)+jX(2)- jX(6)+1.X(1) +1.X(1)-
1.X(5) 
- 1.X(5)-1. X(3)- 1. X(3)+1. X(7)+X(7) 
X(5)= X(0)- X(4)+jX(2)- jX(6)-1.X(1)-
1.X(1)+1.X(5) 
+ 1.X(5)+1. X(3)+ 1. X(3)-1. X(7)-1. X(7) 
X(3)= X(0)- X(4)+jX(2)- jX(6)-
1.X(1)+1.X(1)+1.X(5) 
- 1.X(5)+1. X(3)- 1. X(3)-1. X(7)+1.X(7) 
X(7)= X(0)- X(4)+jX(2)-jX(6)+1.X(1)-1.X(1)-1.X(5) 
+1.X(5)-1. X(3)+ 1. X(3)+1. X(7)-1. X(7). 
 The entire FFT design is taken as the path 
wise simplification. For every path we get the real 
and imaginary values based on the twiddle factor 
manipulations. 
 
IV. SIMULATION RESULT ANALYSIS 
 
  Simulation has been carried out using the 
Xilinx tool, and the code is written using HDL 
language. The results are analyzed. To evaluate the 
performance parameters, the input values are given 
for the computational effort using array multiplier 
and Vedic multiplier. As shown, the application of 
the Vedic method for multiplication cuts the amount 
of the hardware as well as increases the performance 
parameters such as propagation delay, dynamic 
switching power consumptions, and dynamic leakage 
power consumptions. The comparison is shown in the 
below table 1and table 2. 
 
FFT Design using nikhilam multiplier has been 
shown in the below fig.6 
 

 
Fig.6 simulation output of nikhilam multiplier. 

 
Array multiplier: 

 
 

Fig 7.  Synthesis report of array multiplier. 
 
Urdhva tiryakbhyam multiplier: 
 

 
Fig 8 Synthesis report of Urdhva tiryakbhyam multiplier. 

 
Nikhilam multiplier: 
 

 
Fig 9 Synthesis report of Nikhilam multiplier 

 
FFT Design using nikhilam multiplier: 
 

 
Fig 10 Synthesis report of FFT Design using Nikhilam 

multiplier 
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TABLE 1. SYNTHESIS REPORT OF 
MULTIPLIERS 

Multiplie
r type 

array Urdhva-
Thiryakbhya
m 

Nikhila
m sutra 

No of 
slices 

258/465
4 

125/4654 162/867
2 

No of 4- 
input 
LUTs 

505/931
2 

219/9312 250/173
44 

No of 
bonded 
IOB 

64/66 64/66 66/190 

 
TABLE 2. FFT DESIGN SYNTHESIS REPORT 
 

 
CONCLUSION 
 

The power of Vedic Mathematics can be 
explored to implement high performance multiplier in 
VLSI applications. Nikhilam Sutra in Vedic 
Mathematics is less complex than conventional 
multipliers, which can be tested with its 
implementation with different logics in VLSI. The 
proposed Vedic multiplier proves to be highly 
efficient in terms of speed. Due to its regular and 
parallel structure it can be realized easily on silicon as 
well. Regularity is a prominent feature of vedic 
mathematics which becomes vital in the 
implementation of circuit designs. The main 
advantage is delay increases slowly as input bits 
increase. VHDL implementation creates a flexible, 
fast method and high degree of parallelism for 
implementing the algorithm. By going through the 
results the array multiplier got 256 slices and the 
vedic multiplier got 50% lesser. 

.Currently, work is going on in the ASIC 
implementation of this Vedic FFT. 
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FFT Design 
using 

Urdhva-
Thiryakbhyam 

Nikhilam sutra 

No of slices 3610/8672 3317/8672 

No of 4- 
input LUTs 

6139/17344 5278/17344 


