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Abstract - A design of high speed Vedic Multiplier based on the compressor which takes advantage of old Indian Vedic 
mathematics that has improved performance is defined in this paper. Almost each advanced design today needs low power, 

high speed, small area multipliers in system. In this compressor based architecture, parameters like hardware speed, 
complexity, power and delay are improved over conventional multiplier. The system of ancient Indian Vedic mathematics, is 
based on unique technique of solutions based on only 16 sutras. 4:2 compressors and 7:2 compressors are being used for 
improvement that boost the speed of multiplier and reduces the area required than conventionally used multiplier. 5:2 
compressors and two full adders are used to construct 7:2 compressors. The design proposed in this paper was implemented 
on FPGA to obtain the speed and area improvements, over the reference designs. 
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I. INTRODUCTION 

 

Urdhva-Tiryakbhyam Sutra of Vedic mathematics 

enhance the speed of the binary multiplication so 

Urdhva-Tiryakbhyam based compressor architecture 

is proposed in this paper. Ancient mathematical 
teachings of India called Veda is a system of 

reasoning and mathematical working. It makes use of 

algebraic and arithmetic operations accepted 

worldwide, which is easy to learn and understand, 

fast, and efficient. Vedic mathematics has its origin 

from Atharva Veda. In a single step partial products 

and the sums are generated which are then added as 

defined in the Vedic math‟s algorithm to obtain the 

product, which in turn leads to high speed 

multiplication approach. Compressors are capable of 

adding more than three bits simultaneously using less 

number of gates resulting in reduced area with higher 
speed when com-pared to conventional full adders. 

 

II. VEDIC SUTRAS 

 

The word „Vedic‟ is derived from the word „Veda‟. 

Veda means the library of all knowledge. Vedic 

mathematics is based mainly on 16 Vedic Sutras. 16 

Sutras with their brief meanings are listed below. 

A. Shunyamanyat– If one is in ratio, the other is 

zero 

B. Chalana-Kalanabyham– Differences and 
Similarities. 

C. Ekadhikina-Purvena– By one more than the 

previous one 

D. Ekanyunena-Purvena– By one less than the 

previous one 

E. Gunakasamuchyah– The factors of the sum is 

equal to the sum of the factors 

F. Gunitasamuchyah– The product of the sum is 

equal to the sum of the product 

G. Nikhilam-Navatashcaramam-Dashatah– All from 

9 and the last from 10 

H. Paraavartya-Yojayet– Transpose and adjust. 

I. Puranapuranabyham– By the completion or 

noncompletion 

J. Sankalana-vyavakalanabhyam– By addition and 

by subtraction 

K. Shesanyankena-Charamena– The remainders by 

the last digit 
L. Shunyam-Saamyasamuccaye– When the sum is 

the same that sum is zero 

M. Sopaantyadvayamantyam– The ultimate and 

twice the penultimate 

N. Urdhva-tiryakbyham– Vertically and crosswise 

O. Vyashtisamanstih– Part and Whole 

P. Yaavadunam– Whatever the extent of its 

deficiency 

 

The design proposed in this paper make use of only 

Urdhva-tiryakbyham sutra which is based on 

compressor approach. The detail description of other 
sutras is out of the scope for this paper. 

 

III. VEDIC MATHEMATICS-

URDWATIRYABHYAM SUTRA 

 

The ancient Indian mathematics sutras contribution, 

in the history of mathematics has been immense. The 

Urdhvatiryakbhyam Vedic Sutra is a general 

multiplication formula which can be applied to any or 

all scenarios of multiplication. Which means formula 

can be applied “vertically” and “crosswise”. The fact 
that only logical “AND” operations, half adders and 

full adders are implemented to compute the 

multiplication is the most important benefit of using 

this algorithm when compared with existing 

conventional multiplication methodologies. The 

computation time is minimized by generating the 

partial products necessary for multiplication in 

parallel. 

Fig. 1 explains how each bit is multiplied and final 

product is obtained, simply by appending from step-

1(LSB) to step-7(MSB) for 4-bit Vedic multiplication 

using UrdhvaTiryakbhyam sutra. 
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Fig. 1.  Line Diagram for Vedic Multiplier of Two 4-bit 

Numbers. 

 

IV. COMPRESSOR ADDER 

 

A. 4:2 Compressor 

Fig.2 shows a 4:2 Compressor. A 4:2 Compressor can 

add 4 bits and one carry and produce 3 bits output. As 

observed in Fig.3 it is clear that the critical path is 

smaller when using AND gates in comparison with a 

circuit to add 5 bits using full and half adders. 

 

 
Fig. 2.  4:2 Compressor Adder 

 

Considering propagation delay for each gate is “t” 

and from the half adder gate level design we can 

confirm that the propagation delay of half adder is 

“t”. Similarly from the full adder gate level design we 

can also confirm that the propagation delay of full 

adder is “2t”. So now if we design the 4:2 compressor 
using half adders and full adder the propagation delay 

can be calculated to be “5t” where as if we design a 

compressor using vedic technique the propagation 

delay is calculated to be “3t”, which shows the 

increase in speed when using Vedic multiplier. 

 

 
Fig. 3.  4:2 Adders using Full Adders and Half Adder. 

 

B. 5:2 Compressor 

Fig.4 shows a 5:2 Compressor. A 5:2 Compressor can 

add 5 bits and two carry and produce 4 bits output. 

 

 
Fig. 4.  5:2 Compressor Adder. 

 

C. 7:2 Compressor 

Fig.4 shows a 7:2 Compressor. A 7:2 Compressor can 

add 7 bits and two carry and produce 4 bits output. In 

this design 7:2 compressor is implemented using two 

full adders and single 5:2 compressor. 

 

 
Fig. 5.  7:2 Compressor Adder. 

 

V. COMPRESSOR BASED MULTIPLIER 

 

We need multiple half and full adders for addition of 

partial products in multiplier which is based on 
Urdhwa multiplication method, which results in 

greater propaga-tion delay producing low speed 

structures. In this implementation we are going to 
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reduce the larger propagation delay by combine the 

full adders and compressor to produce highly 
efficient high speed and low area 

UrdhwaTiryakbhyam multiplier architecture. 

Following Fig.6 shows the implementation 

architecture seen in the RTL viewer of the FPGA 
tool. 

 

 
Fig. 6.  Hardware Architecture of Compressor Based Urdhwa Multiplier 

 

VI. IMPLEMENTATION- SYNTHESIS AND SIMULATION 

 

The vedic multiplier is implemented using Verilog HDL language on Xilinx Spartan 6 XC6SLX9 FPGA & is 

simulated using ISim. 

 

A. Synthesis Results 

The synthesis result for conventional and proposed multiplier implementations are shown in Table I & Table II. 

Results show FPGA hardware resources consumed by the design logic. From the results it is clear that the 

system is suitable for portable devices which have limited resources. 

Conventional multiplier results: 

 
Table. I.  Conventional Multiplier Results. 

 

Proposed multiplier results: 

 
Table. II. Proposed Multiplier Results. 
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B. Timing Simulations 

The design was simulated using Isim. The simulation waveform are shown in Fig.7. The simulation waveform 
shows the inputs a, b and output result c. 

 

 
 

Fig. 7. Simulation Results 

 

CONCLUSION 

 
A hybrid high speed 64-bit multiplier architecture 

based on ancient Indian Vedic mathematics 

techniques was proposed and implemented. This 

proposed architecture take advantage of combining 

ancient Vedic based compressor techniques and 

conventional adders to implement high speed, area 

efficient 64-bit multiplier. Combination of 5:2 Vedic 

compressor and conventional full adders was used to 

obtain high speed and low area implementation 7:2 

compressor which none of these could have given 

independently. As seen from the synthesis and timing 
results it can be concluded that the multipliers based 

on Vediccompressor techniques is better option over 

conventionally used multipliers in digital designs. 
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