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Abstract- Multipliers have a lot of applications like in DSP, 
FIR filters, Image Processing, Microprocessors and 
communication. Multipliers for higher order multiplications 
are not very efficient in terms of speed. Also, a huge number of 
compressors or adders are required to perform the partial 
product generation and addition. Due to the increase in the 
need of high-speed processors, the need of high speed 
multipliers is also increasing. High speed and high 
performance architecture of a multiplier implemented on the 
Field Programmable Gate Array (FPGAs) is proposed in this 
paper. The proposed paper is based on ancient Indian Vedic 
mathematics which provides us with a fast multiplication 
method. In this, the whole system of mathematics is covered in 
terms of 16 sutras (word formulae). Among all of these 
various methods of multiplication in Vedic mathematics, 
UrdhavaTiryakbhyam is discussed in detail. It is a general 
multiplication formula and can be applied to all the cases of 
multiplication. The most significant aspect of 
UrdhavaTiryakbhyam sutra is its vertical and crosswise 
structure. It generates all the intermediate products parallel 
and eliminates unwanted steps of multiplication with zeros. 
The proposed multiplier is very efficient, gives minimum delay 
for multiplication of small as well as large numbers.This 
particular Vedic multiplier has various advantages over the 
previously proposed Vedic multipliers. One of the advantage 
is that it is easy to design and easier to implement as it does 
not use complex circuits. The code is easy to understand and 
modify according to the requirement. Unlike other proposed 
multipliers, the aim is solely to increase the speed and make it 
better compared to conventional multiplier. The paper, 
therefore, thoroughly lists out advantages of Vedic Multiplier 
in terms of speed. In the proposed multiplier based on 
UrdhavaTiryakbhyam, the two 8-bit numbers to be multiplied 
are grouped into 4-bit numbers so that the multiplier 
decomposes into 4×4 multiplication modules, which in turn 
are converted to 2x2 multiplication modules. The coding is 
done in VHDL (very high speed integrated circuit hardware 
description language) and synthesis is done using Xilinx ISE 
series. A FPGA is used to display the results for the same. 
 
Keywords- Vedic Mathematics, UrdhavaTiryakbhyam, 
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I. INTRODUCTION 
 
 Out of all the arithmetic operations, multiplication is 
considered to be the most fundamental function. The search 
for new algorithms and the ever increasing need for faster 
processing speed is perpetually driving major developments in 
processor technologies. One of the key hardware blocks in 
most Digital Signal Processing Systems is the multiplier. 
Multiply and Accumulate (MAC) and inner product are 
multiplication based operations which are among some of the 
most frequently and commonly used Computations Intensive 
Arithmetic Functions (CIAF), at present, implemented in 
many Digital Signal Processing (DSP) applications such as 
Fast Fourier Transform (FFT), filtering, convolution and in 
microprocessors in its arithmetic and logic unit [8]. Since 
multiplication dominates the execution time of most 
algorithms, there is a never ending need of high speed 
multipliers. Reducing the time delay and power consumption 
are very essential requirements in many applications [2, 9]. 
Many engineers, with the recent developments in technology, 
have tried to design multipliers which offer either high speed, 
low power consumption, area efficiency or an even 
combination of them. 
 

Array multiplication algorithm and Booth 
multiplication algorithm are two most common multiplication 
algorithms used in digital hardware. Due to the partial 
products independently calculated in parallel, the computation 
time taken by the array multiplier is comparatively less. The 
delay associated with array multiplier is the time taken by the 
signals to propagate through the gates that form the 
multiplication array. Another important multiplication 
algorithm is Booth’s multiplication algorithm. They are used 
for high speed multiplication and exponential operations. 
Large partial sum and partial carry registers are required to 
carry out these operations. The approach taken in Vedic 
Mathematics is totally unique in itself and is considered to be 
very similar to the way a human mind functions. In this 
project, multiplication operations and its implementation are 
done using Vedic Mathematics method in VHDL language 
[1]. Vedic Mathematics is an ancient Indian system of 
mathematics or a unique method to make calculations based of 
simple rules and principles with the help of which any 
mathematical problem can be solved – be it algebra, geometry, 
trigonometry or an arithmetic problem. It existed in ancient 
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India and was reintroduced to the world by a popular 
mathematician, Sir Bharati Krishna Tirthaji. It deals with 
several basic as well as complex mathematical operations. 
Methods used for basic arithmetic calculations are extremely 
simple and powerful [2, 9]. Vedic Mathematics is based on 16 
sutras which are word formulae describing the methods of 
solving a whole range mathematical problems. The simplicity 
of the sutras of Vedic Mathematics lays the foundation for its 
application in several major-league domains of engineering 
such as Signal Processing, VLSI and Control Engineering.  

 
The partial products required for multiplication are 

calculated well in advance, much before the actual 
multiplication operation begins. Addition of these partial 
products takes place based on the Vedic Mathematics 
algorithm to obtain the final product. This in turn results in a 
very high speed approach to perform multiplication 
operations. 
 

The Vedic multiplier is based on the Vedic 
Mathematics formulae i.e. sutras, traditionally used in the 
decimal number system for the multiplication of two or more 
digits. In this project, the same ideas and methods are applied 
to the binary number system to make the proposed algorithm 
compatible with the digital hardware. The sutra used in the 
proposed algorithm is called UrdhavaTiryakbhyam. 
 
UrdhavaTiryakbhyam sutra: 
 
 The proposed multiplier is based on 
UrdhavaTiryakbhyam algorithm which is one of the sutras of 
ancient Indian Vedic Mathematics. It is applicable to all cases 
of multiplication. Originating from two Sanskrit words, the 
term ‘UrdhavaTiryakbhyam’ literally means ‘vertically’ and 
‘crosswise’ respectively. In this sutra, generation of all 
products is done with the concurrent addition of all the partial 
products which are generated way before the actual 
multiplication process starts. The partial products and their 
sums are calculated in parallel hence making the proposed 
multiplier independent of the processor’s clock frequency. By 
increasing the widths of the input and output data buses, the 
processing power can be easily increased. The gate delay and 
area consumption of the multiplier increases very slowly on 
the increase in the number of bits which proves to be an 
advantage. Therefore, the proposed multiplier is time, power 
and area efficient.   
 
Multiplication of two decimal number: 

 
 

II. DESIGN AND IMPLEMENTATION 
 
To design N-bit Multiplier based on 

UrdhavaTiryakbhyam Sutra of Vedic Mathematics, we use 
N/2-bit Multiplier based on the same technique. In this paper, 
one can see how a Vedic Multiplier can be build. The 
proposed paper has the design and simulation results of 8-bit 
Vedic multiplier. The similar concept can be extended to 
design higher order multipliers. 
 
2x2 Vedic Multiplier: 

 
First, the LSBs were multiplied to produce the LSB 

of the final product (vertical). Next, the least significant bit is 
multiplied with the next nearer bit of the multiplier and then 
sum with the product of least significant bit of multiplier and 
next nearer bit of the multiplicand (crosswise). The resulted 
sum gives the second bit of the final product. The resulted 
carry is added with the partial product which is attained by 
multiplying the MSB to give the sum and carry.In the final 
product, the carry be fourth bit and the sum is the third bit. 
This 2X2 Vedic multiplier module can be implemented using 
four input AND gates & two half-adders as shown in the 
figure below. 
 

 
Fig. (b): 2x2 Vedic multiplier 
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Fig. (c): Schematic of 2x2 Vedic Multiplier 

 
4x4 Vedic Multiplier: 

 
Divide the no. of bits in the inputs equally in two 

parts.First 2x2 multiplier inputs are “A1 A0” and “B1 B0”. 
The last block is 2x2 bit multiplier with inputs “A3 A2” and 
“B3 B2”. The middle one shows two, 2x2 bit multiplier with 
inputs “A3A2” & “B1B0” and “A1A0” & “B3B2”. The first 
RC Adder is used to add two 4-bit operands obtained from 
cross multiplication of the two middle 2x2 bit multipliers. The 
second RC Adder is used to add two 4-bit operands, i.e. 
concatenated 4-bit (“00” & most significant two output bits of 
right hand most of 2x2 multiplier) and one 4-bit operand we 
get as the output sum of first RC Adder. Its carry is forwarded 
to third RC Adder. Now the third RC Adder is used to add two 
4-bit operands, i.e. concatenated 4 - bit (carry, “0” & most 
significant two output sum bits of 2nd RC Adder) and one 4-
bit operand we get as the output sum of left hand most of 2x2 
multiplier module.  
 
 

 
Fig. (d):4x4 Vedic Multiplier 

 

 
Fig. (e): Schematic of 4x4 UrdhavaTiryakbhyam 

Multiplier 
 
8x8 Vedic Multiplier: 
 

Divide the no. of bits in the inputs equally in two 
parts. First 4x4 multiplier inputs are “A3 A2 A1 A0” and “B3 
B2 B1 B0”. The last block is 4x4 bit multiplier with inputs 
“A7 A6 A5 A4” and “B7 B6 B5 B4”. The middle one shows 
two, 4x4 bit multiplier with inputs “A7 A6 A5 A4” & “B3 B2 
B1 B0” and “A3 A2 A1A0” & “B7 B6 B5 B4”.The first RC 
Adder is used to add two 8-bit operands obtained from cross 
multiplication of the two middle 4x4 bit multipliers. The 
second RC Adder is used to add two 8-bit operands, i.e. 
concatenated 8-bit and one 8-bit operand we get as the output 
sum of first RC Adder. Its carry is forwarded to third RC 
Adder. Now the third 8-bit RC Adder is used to add two 8-bit 
operands, i.e. concatenated 8-bit and one 8-bit operand we get 
as the output sum of left hand most of 4x4 multiplier module.  
 

 
Fig. (f):8x8 Vedic Multiplier 
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Fig. (e): Schematic of 8x8 UrdhavaTiryakbhyam 

Multiplier 
 
Comparision of Vedic and array multiplier in terms of 
time: 
 

 
Fig (f): Timing Report of 8-bit Vedic Multiplier 

 

 
Fig (g): Timing Report of 8-bit Array Multiplier 

 

 
Fig (h): Timing Report of 8-bit Booth Multiplier 

 
From the timing reports above, it can be seen that the 

difference between Vedicand Array is almost about 10 
seconds for 8-bit multipliers. As the number of bits increase, 
this difference increases further. Hence, Vedic multipliers 
reduce the delay and increases the speed. 

 
Based on the study of the summary report of all the 

three multipliers, they can be compared based on the 
following grounds: 

 
 
This comparison is essential in choosing the type of 

multiplier to be used based on the requirement. It shows that 
Vedic multiplier is better than the existing multipliers in more 
than one aspects. For deciding between Vedic and booth 
multiplier, the multiplier best suitable for the current 
application should be considered as there are trade-offs 
between various factors. 
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III. SIMULATION RESULTS 
 

 
Fig (i): Simulation result of 8bit Vedic Multiplier 

 
IV. CONCLUSION 

 
Ancient mathematics which is also known as Vedic 

mathematics deals with various topics such as basic 
arithmetic, geometry, trigonometry, calculus etc. All these 
methods are very efficient as far as manual calculations are 
concerned. It gives us a clue of symmetric computation. Vedic 
multiplier has one main advantage, delay increases slowly as 
the input bits increases. The proposed Vedic multiplier proves 
to be highly efficient in terms of the speed. Since the 
multiplication time is generally far greater than the addition 
time, the total processing time for maximum processors 
primarily depends upon the number of multiplications. Hence, 
we can conclude that the proposed Vedic multiplier proves to 
be a better option over conventional multipliers used in several 
expeditious and complex VLSI circuits. Upon comparison 
based on speed, with two other popular multipliers, Vedic 
multiplier proves to be a better option. Hence, it can be 
considered as a potential alternative of the existing 
conventional multipliers. 
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