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Abstract – Vedic multiplication is the efficient and fastest 

technique for multiplication operation. In fast Forurier 

transform application in digital signal processing, 

multiplication computation complexity is large and is most 

time consuming operation. This paper discusses the addition 

and partial product generation method in multiplication with 

which improved the computational time. The ancient 

mathematic techniques of vedic multiplication uses 16 

formulae which makes the multiplication operation easy and 

faster. The operation is base on Urdhva-Triyagbhyam 

method of Vedic mathematics. This work explores the aspects 

of concurrent CMOS logic design on 50nm technology for 

Vedic mathematics base multipliers. The leakage power and 

average power dissipation of multiplier after simulation is 

found in the range of 0.3 to 14.65uW and the area of design is 

in the range of 1564.0625um2. 
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I. INTRODUCTION 
 

The convolution plays a preciously role in Digital Signal 

Processing and Image Processing. It is used for designing 

of digital filter and correlation application. The 

multiplication operation in linear convolution effectively 

designs by using simple Vedic multiplier. Convolution is 

basic concept to designing the finite impulse response 

filter, Discrete Fourier Transform (DFT) and Fast Fourier 

Transform (FFT). The challenge in recent multipliers 

design in microprocessors and digital signal processors 

deters the progress in VLSI implementations is the 

scalability of the networks and its practical limitations in 

solving large variable Boolean logic problems. The area 

and power dissipation are the major design constraints for 

Vedic additions and multiplications for efficient 

Arithmetic Logic Unit design. Because the partial products 

and their sums are calculated in concurrently, the 

multiplier is not dependent of the clock frequency of the 

processor. Thus the multiplier switching speed is improve 

for the calculation of the product.  
 

II. CONVOLUTION ALGORITHM USING 

URDHVA-THIRAYAKBHYAM SUTRAS 
 

Urdhva-Thirayakbhyam sutras are the basic sutras 

which is applicable for all case of multiplication also in 

the division of a large number by another large number. 

This itself is very short and compendious consisting of 

only one combine word and means “vertically and 

crosswise” i.e. the first bit of multiplicand and the first bit 

of multiplier are multiplied with vertically and crosswise 

method. Vertically and crosswise multiplication procedure 

is also known as array multiplication technique. 

For the length of the input sequence is four, consider 

two discrete time signal x(n) = {A0, A1, A2, A3}i.e. L=4 

and h(n) = {B0, B1, B2, B3} i.e M=4. Then the 

convolution signal length is L+M-1 i.e 7. 

This 4 bit multiplier can be used in developing an 8 bit 

multiplier which can be further used for the development 

of a 16 bit multiplier and so on.  

 
Fig. 1. Algorithm for 4X4 Vedic multiplication 

 

The bits of multiplicand and multiplier are multiplied 

vertically and crosswise stated in the Urdhva-

Tiryakbhyam sutra to generate the partial products. These 

partial products are added using half and full adders. Each 

block as shown above is 2x2 bit Vedic multiplier. First 

2x2 bit multiplier inputs are A1A0 and B1B0. The last 

block is 2x2 bit multiplier with inputs A3 A2 and B3 B2. 

The middle one shows two 2x2 bit multiplier with inputs 

A3 A2 & B1B0 and A1A0 & B3 B2. So the final result of 

multiplication, which is of 8 bit, S7 S6S5S4 S3 S2 S1 S0. 

To get final product (S7 S6 S5 S4 S3 S2 S1 S0), four 2x2 

bit Vedic multiplier (Fig. 3) and three 4-bit Ripple-Carry 

(RC) Adders are required. 

 
Fig. 2. 4X4 bit Vedic multiplier. 
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Fig 2   represents the general multiplication procedure of 

4×4 multiplier using the above sutra. This figure depicts 

the generation of different partial products and addition of 

them to get the final multiplier output.A0*B0 is a partial 

product which is the 1st bit of the multiplier output, S0. In 

the next step A1*B0 & A0*B1 are two partial products 

and by adding them we get S1. In this way we get 

S2,S3,..,S6 and consequently the final 7bit output of the 

4×4 multiplier. 

 
Fig. 3. 8X8 bit Vedic multiplier 

 

The 8X8 multiplier in Vedic mathematics is design by 

using four 4X4 multipliers as shown in fig 3. The 

multiplicands are of 8 bit each and the result generates is 

of 16 bits. Here both the multiplicand number is of 8 bits 

i.e a7a6a5a4a3a2a1a0 and b7b6b5b4b3b2b1b0. The inputs 

are break to four  bits numbers i.e multiplier 1 for input 

bits (a3a2a1a0 & b3b2b1b0), multiplier 2 for input bits 

(a7a6a5a4 &b3b2b1b0), multiplier 3 for input bits 

(a3a2a1a0 & b7b6b5b4), and multiplier 4 for input bits 

(a7a6a5a4 & b7b6b5b4).  

The module of 8X8 bit Vedic multiplier shown in Fig. 

can be implemented by using four 4X4 bit Vedic 

multiplier modules. Analyzing 8X8 multiplications, inputs 

are a7-a0 and b7-b0 and the multiplication’s 16 bits output 

will be s15-s0.In this , four 4X4 bit Vedic multipliers and 

three 8 bit Ripple carry Adders(having 2 input of 8 bits) 

are required. Inputs are given to the 4x4 bit Vedic 

multipliers and the output of multiplier is of 8 bits. Now, 

the input of the 1st RC Adder is the output of the 2nd and 

3rd 4x4 bit multipliers which gives output of 8 bits (7-0) + 

one carry. The 2nd RC Adder will add the output of 1st 

RC Adder (7-0) and 4 bits (7-4) output of 1st 4x4 bit 

Vedic multiplier, other 4bit of are considered as 0.So 

output is of 8-bits(7-0) and one carry(carry is discarded) 

 

III. 64-BIT URDHVA MULTIPLIER 
 

The proposed Vedic multiplier can be used to reduce 

delay. Early literature speaks about Vedic multipliers 

based on array multiplier structures. On the other hand, we 

proposed a new architecture, which is efficient in terms of 

speed. Interestingly, 8x8 Vedic multiplier modules are 

implemented easily by using four 4x4 multiplier modules. 

 

IV. LAYOUT DESIGN 
 

Example: Find the product 14 × 12 

I. The right hand most digit of the multiplicand, the first 

number (14) i.e., 4 is multiplied by the right hand most 

digit of the multiplier, the second number (12) i.e.,  2. The 

product  

4 × 2 = 8 forms the right hand most part of the answer. 

II. Now, diagonally multiply the first digit of the 

multiplicand (14) i.e., 4 and second digit of the multiplier 

(12) i.e., 1 (answer 4 × 1=4); then multiply the second 

digit of the multiplicand i.e., 1 and first digit of the 

multiplier i.e., 2 (answer 1 × 2 = 2); add these two i.e., 4 + 

2 = 6. It gives the next, i.e., second digit of the answer. 

Hence second digit of the answer is 6. 

III. Now, multiply the second digit of the multiplicand 

i.e., 1 and second digit of the multiplier i.e., 1 vertically, 

i.e., 1 × 1 = 1. It gives the left hand most part of the 

answer. 

Thus the answer is 16 8. Symbolically we can represent 

the process as follows: 

 
 

 
Fig. 4. Layout Design 2 Bit Vedic Multiplication using 

CMOS logic 

 

Fig 4 shows the layout design for 2 bit Vedic 

multiplication process using two half adder and four AND 

logic gate.  The area of design is 38.67 um2.  Each AND 

gates requires 3 NMOS and 3 PMOS  transistors and each 

half adders requires 10 NMOS and 10 PMOS transistors. 

Thus multiplier is design with 64 transistors.  
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Fig. 5. Timing Simulation of 2 Bit Vedic Multiplication 

using CMOS logic 

 

In 2 bit Vedic multiplication method digits on both sides 

of the lines are multiplied and the carry from the previous 

step is added. In this step one bit of the result and the carry 

is generated. This carry is added in the next step and the 

same process is repeated. The switching delay measure at 

0.24fF (m3) output node is 0.004ns. 
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Table 1. Parametric Analysis of 2Bit Vedic Multiplier 

 

 
Fig. 6. CMOS Layout Design for 8X8 Multiplication 

Architecture 

 
Fig. 7. Timing Simulation of 8X8 Vedic Multiplication 

Architecture 
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Table 2. Parametric Analysis of Reference work and 

proposed work 

 

V. CONCLUSION 
 

In this work area and power optimized multiplication 

operation of two finite length sequence is design on 

0.05µm technology. The channel length of NMOS 

transistor is 50nm and that of its width is 1.0µm. whereas 

the channel length and width of PMOS transistors is 50nm 

and 1.5µm is use. The operation is base on Urdhava-

Triyagbhyam method of Vedic mathematics. This designs 

the faster computational algorithm which is implemented 

in back end design of 50nm CMOS Technology.  

In this propose work, this multiplication operation is 

possible to use in  convolution, circular convolution, cross 

correlation, auto correlation is possible using Vedic 

mathematics. The leakage power and average power 

dissipation of multiplier after simulation is found in the 

range of 0.3 to 14.65uW and the area of design is in the 

range of 1564.0625um2. The algorithm provides a 

platform to solve DSP operation mentally and easily for 

small length of sequences. 
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