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Abstract-the performance of any processor will mainly depend upon   its power and delay. The power and delay should be 
less in order to get a high performance .Multipliers are the basic building blocks in almost all processors. Hence, there is a 
need for highly efficient and sophisticated multiplier. The need of efficient multiplier is to increase the processing speed of 
the system in real time signal and processing applications. A high speed low power multiplier design (ASIC) using Urdhva 
and Nikhilam sutra ofVedic mathematics is presented in this paper. The proposed urdhva and nikilam multipliers achieve 
60%, 77% improvement in speed and 37%, 50% improvement in power respectively, as compared with that of conventional 
array multipliers. 
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I .INTRODUCTION 
 
Multiplication process is used in many applications 
like Instrumentation and Measurement, 
Communications, Audio and Video processing, 
Image Enhancement, Navigation, Radar, Global 
Positioning System (GPS), control applications like 
Robotics and Machine Vision, etc. Multipliers are the 
key components of many high performance systems 
such as FIR filters,Microprocessors and Digital 
Signal Processors (DSP). A typical processor 
willconsume a considerable amount of time in 
performing the arithmetic operations, particularly the 
multiplication operation. The system performance is 
generally determined by the performance of the 
multipliers. Hence, there is a need for highly efficient 
and sophisticated multiplier. 
The need of fast multiplication gives rise to algorithm 
such as baugh-wooley method, booth multiplier using 
recoding bits, modified booth algorithm (MBE), 
although the MBE is most successful algorithms yet it 
is also a time consuming process .Nowadays, new 
methods are required for even faster multiplication, 
the conventional mathematical algorithms can be 
simplified and even optimized by the use of Vedic 
mathematics. 
The need of fast multiplication gives rise to algorithm 
such as baugh-wooley method, booth multiplier using 
recoding bits, modified booth algorithm (MBE), 
although the MBE is most successful algorithms yet it 
is also a time consuming process .Nowadays, new 
methods are required for even faster multiplication, 
the conventional mathematical algorithms can be 
simplified and even optimized by the use of Vedic 
mathematics. 

 
II. VEDIC MATHEMATICS 
 

Vedic mathematics are rediscovered by Jagadguru 
Swami Sri Bharati Krishna Tirthaji (1884-1960), a  

 
scholar of Sanskrit, Mathematics, and History of 
philosophy. The whole mathematics is based on 16 
sutras (Formulae) and 13 upa sutras (Sub Formulae). 
It is actually sub module of “Sthapatya-veda” (book 
on civil engineering and architecture), which is an 
upya-veda (supplement) of Atharva Veda. Owing to 
its simplicity and regularity, it finds its utility and 
applications in the fields of geometry, trigonometry, 
quadratic equations, factorization and calculus. 
 
The sixteen sutras of Vedic mathematics are listed 
below. 

 
1 (Anurupye) Shunyamanyat  - If one is in ratio, 

the other is zero 
2 Chalana-Kalanabyham  - Differences and 

similarities 
3 EkadhikinaPurvena – By one more than the 

previous one 
4 EkanyuenaPurvena – By one less than the 

previous one 
5 Gunakasamuchyah – The factors of the sum 

equals the sum of the factors 
6 Gunitasamuchyah  - The product of the sum 

equal to the sum of the product 
7 Nikhilam Navatascaramam Dasatah – All from 

9 and last from 10 
8 ParaavartyaYojayet – transpose and adjust 
9 Purnapuranabyham – By the completion or non-

completion 
10 Sankakana – Vyavakalana – By addition and by 

subtraction 
11 ShesanyankenaCharamena – The remainders by 

the last digit 
12 ShunyamSaamyasamuccaye – When the sum is 

same that sum is zero 
13 Sopaantyadvayamantyam – The ultimate and 

twice the penultimate 
14 Urdhva – Tiryakbyham – Vertically and 

Crosswise 
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15 Vyashtisamanstih – Part  and whole 
16 Yaavadunam – Whatever the extent of its 

deficiency 
 
III. LITERATURE SURVEY 
 
Thapliyal and Srinivas, have proposed hardware 
implementation of RSA encryption/decryption 
algorithm using the algorithms of ancient Indian 
Vedic mathematics [1]. In their work the performance 
of the multiplier was improved with the help of 
squarer architecture, which is based on Vedic 
mathematics. 
Saikumar and Samundiswary have designed the 
different adder architectures [2]. In their paper, the 
comparative study of various adders is carried out. 
They showed that the carry save adder gives the 
reduced delay Compared to that of the ripple carry 
adder.  
Thenmozhi and Kishore have developed the RC6 
algorithm using Complex Vedic Multiplier [3].  
RC6 algorithm is widely used cryptographic 
algorithm for data security. In their work, the 
efficiency of the RC6 algorithm was improved using 
Vedic Sutras such as “Urdhva-tiryakbyham” and 
“Nikhilam Navatascaramam Dasatah”. 
Kumar and Bharati have implemented the multiplier 
architecture based on Dwandwa Yoga logic and a 
squaring algorithm [4]. They used the architecture of 
Urdhva sutra which is based on “Duplex” D property 
and they achieved the reduced propagation delay 
when compared with that of the conventional 
multiplication algorithms. 
Rajput et al. have implemented the 8-bit multipliers 
using Vedic sutras [8]. They designed the multiplier 
architecture using CMOS and Hybrid PTL/ CMOS 
logic style techniques. They have achieved the 
improved performance when compared to that of 
conventional CMOS implementation of array 
multiplier 
Krishnaveni and Umarani have implemented 4x4 
multiplier based on the Vedic sutra [5].  It is 
implemented using modified 4-bit adder.  When 
compared to normal 4 bit adder the modified 4 bit 
adder used in their work, there is a reduction of 
1.593ns of delay. They achieved a good speed when 
compared with that of the conventional array 
multiplier. 
Mittal and Kumar have implemented FFT design 
methodology using Vertical and Crosswise 
algorithms of Vedic mathematics [6]. The 
conventional multiplication method requires more 
time & area of silicon than Vedic algorithms. They 
achieved improved performance in terms of delay, 
power, and area when compared with that of the 
conventional multiplication algorithms. 
Silambarasan and Vanitha have implemented the 
Vedic multiplier using carry select adder [7]. With 
the use of Carry select adder in the multiplier they 
achieved the reduction in the area and power 

compared with the conventional adders and 
multipliers.  
P. Saha, A. Banerjee, A. Dandapat, P. Bhattacharyya 
in 2011 proposed a report on a 32×32 bit high speed 
low power multiplier design based on the formulas of 
Indian Vedic Mathematics[10]. The implementation 
was done in Spice spectre and compared with the 
mostly used architecture like Wallace Tree Multiplier 
(WTM), Modified Booth Algorithm (MBA), Baugh 
Wooly Multiplier (BWM) and Row Bypassing and 
Parallel Architecture (RBPA).This novel architecture 
combines the advantages of the Vedic mathematics 
for multiplication which encounters the stages and 
partial product reduction. The architecture offered 
29%, 31%, 35%, and 23% improvement in terms of 
propagation delay compared with Wallace WTM, 
MBA, BWM and (RBPA) based implementation 
respectively. Whereas the corresponding 
improvement in power is 17%, 26%, 29%, and 21% 
respectively compared with WTM, MBA, BWM and 
RBPA based architecture.  

 
IV. VEDIC MULTIPLICATION TECHNIQUE 
 
In Vedic mathematics there are two sutras, which are 
applicable for multiplication. They are Urdhva-
Tiryakbyham and Nikhilam Navatascaramam 
Dasatah. 
 
A. Urdhva-Tiryakbyham Sutra 
The Urdhva - Tiryakbyham sutra is a general 
multiplication formula applicable to all cases of 
multiplication. It literally means “Vertically and 
crosswise”.  It is based on a novel concept through 
which the generation of all partial products can be 
done and then the concurrent addition of these partial 
products can be done. This parallelism in generation 
of partial products and their summation is obtained 
using Urdhva-Tiryakbyham. The algorithm can be 
generalized for n×n bit number. Since the partial 
products and their sums are calculated in parallel, the 
multiplier is independent of the clock frequency of 
the processor.  Thus the multiplier will require the 
same amount of time to calculate the product and 
hence is independent of the clock frequency. The net 
advantage is that it reduces the need of 
microprocessor to operate at increasingly high clock 
frequencies, which in turn reduces the power 
dissipation. 
 
B.Nikhilam Navatascaramam Dasatah Sutra 
Nikhilam Sutra literally means ‘all from 9 and last 
from 10”. The sutra basically means start from the 
leftmost digit and begun subtracting’9’from each of 
the digits; but subtract ‘10’ from the last digit. To 
subtract 4679 from 10000, all the digits except the 
last digit are subtracted from 9 and the last digit is 
subtracted from 10, yielding 5321.Although it is 
applicable to all cases of multiplication, it is more 
efficient when the numbers involved are large.  
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It finds the compliment of the larger number from its 
nearest base to perform the multiplication operation 
on it. Larger the original number, lesser the 
complexity of the multiplication.  This formula can 
be very effectively applied in multiplication of 
numbers, which are nearer to bases like 10, 100, 1000 
etc. That is to the powers of 10.  
 
V. PROPOSED WORK 
 
The literature survey on hardware implementation 
methodologies of Multipliers reveals the importance 
and trade-offs between the power, area and speed. 
Based on these trade-offs the objectives are fixed. To 
meet these objectives, the power and speed efficient 
Vedic multipliers are proposed.   
The proposed multiplier architectures are based on 
the Urdhva and Nikhilam sutras of the Vedic 
Mathematics. Here, the multipliers are designed using 
Carry save adder and implemented in 65 nm CMOS 
Technology. The proposed Urdhva and Nikhilam 
multipliers achieve significant improvement in power 
and speed, as compared with that of the conventional 
array multipliers. 

 
A. 64×64 bit Urdhva multiplier 
The 2- bit multiplier is used to develop other 
hierarchical blocks such as 4- bit, 8- bit, 16- bit and 
32- bit multipliers respectively. The 64- bit multiplier 
requires four 32- bit multipliers and three carry save 
adders. Partial product generated by each block of the 
multiplier is given to the adder blocks. First 32- bits 
of the first multiplier give the final 32- bits of the 
product and the remaining 96- bits are the output of 
the carry 

 
B. proposed Nikhilam Multiplier 
Nikhilam sutra is mainly used when both the 
operands are of different size. Here we are designing 
a multiplier in which both the operands of the same 
size. 
 

Figure1 Generalized Nikhilam Multiplier 

The two n-bit numbers A & B can be represented as 

 
Where k1 and K2 are the exponents and z1 and z2 are 
the residues. 
The above equation can be rewritten as 

 
 
Since we are using same size operands k1 and k2 will 
become same and hence that block is removed from 
the expression. Thus the above equation becomes  

 
 
V1.RESULTS AND COMPARISION 
 
The proposed multiplier architectures using Vedic 
mathematics have been coded using Verilog HDL 
and implemented using the Cadence RTL compiler 
(ASIC methodology) and Vertex-5 FPGA. In this 
implementation the simulations are carried out using 
Xilinx ISE 13.1 version. 
 
A .Synthesis Result of Urdhva Multiplier 

 

 
Figure 2.Synthesize Circuit for 64-Bit Urdhva Multiplier 

 
B.Synthesis Result of Nikhilam Multiplier 

 

 
Figure 3.Synthesize Circuit for 64-Bit Nikhilam Multiplier 
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C. Power and Speed Comparison of Conventional 
and Vedic Multipliers 
 

Table 1.  Power Comparison of 64-Bit Array, 
Urdhva and Nikhilam Multiplier 

 
 
The results are highlighted below: 

1. Overall Array multiplier consumes 14mW, 
which is very high when compared with that 
of urdhva and Nikhilam multipliers.    
 

2. The Urdhva Multiplier consumes 8.6 mw, 
which is high when compared with that of 
Nikhilam multiplier. 
 

3. Finally the Nikhilam multiplier achieves 
very less power when compared with that of 
the array and urdhva multipliers. 
 

D .Speed Comparison of 64-Bit Array, Urdhva 
and Nikhilam Multiplier 

 
Table 2.Speed Comparison of 64-Bit Array, 

Urdhva and Nikhilam Multiplier 

 
 

VII. SCOPE FOR FUTURE DIRECTION 
 
The methodology proposed for Vedic multipliers 
have been implemented at gate level. This can be 
further improved upon by using power optimization 

techniques such as RTL Clock gating, Dynamic 
Voltage Frequency Scaling (DVFS), Power gating 
etc. at the transistor level. 

 
CONCLUSION 
 
The proposed multiplier architectures are based on 
the Urdhva and Nikhilam sutras of the Vedic 
Mathematics. Here, the multipliers are designed using 
Carry save adder and implemented using cadence 
RTL compiler (ASIC Methodology) and vertex-5 
FPGA. The proposed Urdhva and Nikhilam 
multipliers achieve 60%, 77% improvement in speed 
and 37%, 50% improvement in power respectively, as 
compared with that of the conventional array 
multipliers. 
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