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ABSTRACT 

This paper is devoted for the design and implementation of a 16 bit Arithmetic module it is 

used for vedic Mathematics algorithms. We have various arithmetic multiplication 

techniques like Urdhva, Tiryakbhyam, Nikhilam, and Anurupye has been thoroughly 

analyzed. A 32 x 32 bit multiplier using Urdhava Tiryakbhyam, it has been designed and 

using this multiplier, a MAC unit has been designed. An Arithmetic module has been 

designed which employs these Vedic multiplier and MAC units for its operation. We verify 

these logical modules have been done by using model-sim 65nm. Then the whole design of 

arithmetic module has been realized on Xilinx Spartan 3E FPGA kit and the product of 32x32 

bits is 9.123 ns, and for the MAC operation is 11.151 ns. This paper proposes extension of 

this 8x8 array multiplication and Urdava multiplication can be implemented by using 

reversible DKG adder replacing Either Half Adder or Full Adder, by using 16x16-bit, 32x32-

bit are more than that. Finally this can be dumped in to Xilinx tools in that comparison 

between the adders like power consumption, and speed. 

Index Terms: KCM, Vedic-Math’s, DKG Adder, FPGA. 

INTRODUCTION 

More silicon-intensive functions are 

especially when implemented in 

Programmable Logic. The Multipliers are 

key components of many high 

performance systems such as FIR filters, 

Microprocessors, and Digital Signal 

Processors, etc. The system performance 

is generally determined by the 

performance of the multiplier; because of 

the multiplier is generally the slowest 

element in the system. Then furthermore 

it is generally the most area consuming. 

Finally, to optimizing the speed and area 

of the multiplier is a major design issue. 

The Vedic mathematics is the ancient 

Indian system of mathematics which 

mainly deals with Vedic mathematical  

 

 

formulae and their application to various 

branches of mathematics. The word 

'Vedic' is derived from the word 'Veda' 

which means the store-house of all 

knowledge. Vedic mathematics was 

reconstructed from the ancient Indian 

scriptures (Vedas) by Sri Bharati Krshna 

Tirthaji done in these years (1884-1960) 

these eight years of research on Vedas. 

According to his research the Vedic 

mathematics is mainly based on sixteen 

principles or word-formulae which are 

termed as Sutras. This is a very 

interesting field and presents some 

effective algorithms which can be applied 

to various branches of Engineering such 
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as Computing and Digital Signal 

Processing.  

 

RELATED WORK 

 

Array Multiplier 

 

The Array multiplier needs logical AND 

gates for generation of the bit-products 

and adders for accumulation of generated 

bit products. Bit products are generated in 

parallel and collected through an array of 

full adders or any other type of adders. 

The array multiplier is having a regular 

structure; wiring and the layout are done 

in a much simplified manner. Therefore 

among other multiplier structures are 

array multiplier takes up the least amount 

of area. But it is also the slowest with the 

latency proportional to O (Wct), where Wd 

is the word length of the operand. 

 

Urdhava multiplier 

 

In Urdhava Tiryakbhyam is a Sanskrit 

word which means vertically and crosswire 

in English. The method is a general 

multiplication formula applicable to all 

cases of multiplication. It is based on a 

novel concept through which all partial 

products are generated concurrently. This 

type of multiplier is independent of the 

clock frequency of the processor because 

the partial products and their sums are 

calculated in parallel. The net advantage 

is that it reduces the need of 

microprocessors to operate at increasingly 

higher clock frequencies. As the operating 

frequency of a processor increases the 

number of switching instances also 

increases. This results more power 

consumption and also dissipation in the 

form of heat which results in higher device 

operating temperatures. Another 

advantage of Urdhava Tiryakbhyam 

multiplier is its scalability T. 8 X 8 Bit 

Multiplication Using Urdhava Triyakbhyam 

(Vertically and crosswise) for two Binary 

numbers Consider two binary numbers A 

and B of 8 bits as respectively 

  

   A = A7A6A5A4   A3A2A1A0  

                  (X1)            (X0)  

    B = B7B6B5B4            B3B2B1B0  

              (Y1)                  (Y0)  

 

Which can be viewed as two four bit 

numbers each, i.e. A can be viewed as X1 

X0 and B can be viewed as Y1 Y0 

respectively, as shown above, thus the 

multiplication can be written as  

 

       X1 X0  

      * Y1 Y0 -------------------- EDC  

 

Where, CP= C = X0Y0 

             CP= A = X1Y0  

             CP = B = X0Y1  

             CP= D = A+B  

              CP= E = X1Y1  

where CP= Cross Product  

Thus, A*B= EDC, is achieved using 

Urdhava Triyakbhyam (Vertically and 

crosswise) sutra. 

 

 
Fig.1. Hardware architecture of 8x8 

Urdhava Tiryakbhyam multiplier. 

 

Now we will extend this Sutra to binary 

number system. For the multiplication 

algorithm, let us consider the 

multiplication of two 8 bit binary numbers 

A7A6A5A4A3A2A1A0 and 

B7B6B5B4B3B2B1B0. As the result of this 

multiplication would be more than 8 bits, 

we express it as …R7R6R5R4R3R2R1R0. 

As in the last case, the digits on the both 

sides of the line are multiplied and added 
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with the carry from the previous step. This 

generates one of the bits of the result and 

a carry. This carry is added in the next 

step and hence the process goes on. If 

more than one line are there in one step, 

all the results are added to the previous 

carry. In each step, least significant bit 

acts as the result bit and the other entire 

bits act as carry. For example, if in some 

intermediate step we will get 011, then I 

will act as result bit and 01 as the carry. 

 

PROPOSED METHODOLOGY 

 

In this proposed method approach to ROM 

however both the input for multiplier can 

be variables. And also the ROM is used for 

storing the squares of numbers as 

compared to KCM where multipliers are 

stored. 

 

Procedure and operation: 

First fins the (a x b) have to find the first 

whether the difference between a and b is 

either it is odd or even. Based on 

difference between two variables then we 

will calculate the product. 

 

In case of even difference 

 

Results of multiplication = [Average 

x(Average +1)]^2-[Deviation]^2 

In case of Odd Difference 

The Result of Multiplication =[Average x 

(Average + 1)]-[Deviation x (Deviation 

+I)] 

Whereas Average =[(a+b)/2] 

Deviation=[Average-smallest(a,b)] 

The proposed two variables multiplication 

is performed by averaging, squaring and 

subtraction. And also find the average 

[(a+b)/2], which is involves division by 2 

is performed by right shifting the sum by 

one bit. 

 
Fig.2. Block diagram for proposed 

multiplier. 

 

If the squares of the numbers are stored 

in a ROM, the result can be 

instantaneously calculated. However, in 

case of Odd difference, the process is 

different as the average is a floating point 

number. In order to handle floating point 

arithmetic, Ekadikena Purvena - the Vedic 

Sutra which is used to find the square of 

numbers end with 5 is applied. Example 4 

illustrates this. In this case, instead of 

squaring the average and deviation, 

[Average x (Average + 1)] - [Deviation x 

(Deviation+ I)] is used. However, instead 

of performing the multiplications, the 

same ROM is used and using equation the 

result of multiplication is obtained. n(n+l) 

= (n2+n) ... (10) Here n2 is obtained 

from the ROM and is added with the 

address which is equal to n(n+l). 

 



MASTAN VALI SK, et al, International Journal of Computers Electrical and 
Advanced Communication Engineering [IJCEACE]TM 
Volume 1, Issue 10, PP: 29 - 33, AUG - DEC’ 2016. 
 

 
 

 

International Journal of Computers Electrical and Advanced Communications Engineering 

                                               Vol.1 (10), ISSN: 2250-3129, AUG - DEC’ 2016                                  PP: 29 - 33                                                                                                                                            

     

Example 1:  

 

16 x 12 = 192 1) Find the difference 

between (16-12) = 4 ----Even Number 2) 

For Even Difference, Product = 

[Average]^2- [Deviation]^2 i. Average = 

[(a+b)/2] = [(16+12)12] = [28/2] = 14 

ii. Smallest (a,b) = smallest(l6,12) =12 iii. 

Deviation = Average - Smallest (a,b) = 14 

-12 =2 3) Product = 142- 22= 196 - 4 = 

192. 

 

 SIMULATION RESULTS 

  

Proposed comparison work is carried out 

in between the reversible and 

conventional logic gates by using XILINX 

9.1and program is written in VERILOG 

language. However, in reversible logic we 

use DKG and TSG gates for both 

adder/subtraction as it has low power 

consumption and less garbage output as 

already discussed. The comparison is 

carried out for the four operand four-bit 

adder/sub tractor in reversible and 

conventional gates. 

 

 
Fig.3. 8-bit Array multiplier using DKG. 

 

 
 

Fig4.8-bit urdhava multiplier using DKG. 
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Fig.5. 8-bit proposed multiplier. 

 

  

CONCLUSION 

 

The proposed reversible multiplier 

provides robust performance for higher 

order bit multiplication. In this paper the 

multiplier is used for higher order bit 

multiplication for 16 x 16 to realized by 

instantiating a lower order bit multipliers 

like 8 x 8. In these methodologies to 

deploy the memory compression 

algorithms it can yield better results. 
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