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Abstract  
Multiplier is the vital component and key block in high speed processor or computing machine like ALU,MAC,DSP,FFTs,etc. 
With the increasing constrains on delay, more emphasis is being laid on design of faster multiplications. To enhance speed many 
modifications over the standard modified booth algorithm, Wallace tree methods for multiplier design have been made.Amongest 
these Vedic multipliers based on Vedic mathematics are presently under focus due to these being one of the fastest and low power 
multiplier. There are sixteen sutras in Vedic multiplication in which Urdhva- Tiryakbhyam has been noticed to be the most 
efficient one in terms of speed. I n this paper design and implementation of 64x64 Vedic multiplier is described. It has been 
modified with different adders and performance is compared in terms of propagation delay. It is proved that Vedic multiplier with 
simple adder achieves minimum propagation delay. 

Keywords -Multiplier; Vedic Multiplier; Vedic Mathematics; Adders; Urdhva-Tiryakbhyam Sutra 

I. INTRODUCTION 
Multiplication is an important fundamental function in 
arithmetic operations. Multiplication-based  operations  
such  as  Multiply  and  Accumulate(MAC)  and  inner 
product  are  among some  of  the  frequently used 
Computation-Intensive Arithmetic Functions(CIAF)  
currently implemented in many Digital Signal  Processing 
(DSP) applications  such as  convolution ,Fast  Fourier 
Transform(FFT),filtering and in microprocessors in its 
Arithmetic And Logic unit(ALU).Since multiplication 
dominates the execution time of most DSP algorithms, so 
there is a need of high speed multiplier. The demand  for  
high  speed  processing  has  been  increasing  as  a  result  
of expanding computer and signal processing 
applications.  

Higher throughput arithmetic operations are 
important to achieve the desired performance in many 
real-time signals and image processing applications. One 
of the key arithmetic operations in such applications is 
multiplication and the development of fast multiplier 
circuit has been a subject of interest over decades. 
Reducing the time delay and power consumption are very 
essential requirements for many applications. Multiplier 
based on Vedic Mathematics is one of the fast and low 
power multiplier with reduced delay 

II. VEDIC MATHEMATICS 
 The word “Vedic‟ is derived from the word Veda which means 
the store-house of all knowledge. Vedic mathematics is part of 
four Vedas (books of wisdom). Jagadguru  Shankaracharya  
Bharati  Krishna  Teerthaji  Maharaja(1884-1960) rediscovered 
Vedic Mathematics.Swamiji constructed 16 sutras (formulae) 
and 16 Upa sutras (sub formulae).Vedic mathematics is mainly 
based on 16 Sutras. The advantage of Vedic mathematics lies 
in the fact that it reduces the cumbersome-looking 
calculations in conventional mathematics to a very simple 
one.  

III. VEDIC MULTIPLIER 
Among the 16 sutra 2 sutras are used for the multiplication. It 
has been found that the most efficient is Urdhva-Triyakbhyam 
sutra which gives min delay for multiplication of all types of 
numbers. 
 

3.1.    Urdhva-Tiryakbhyam - Vertically and Crosswise. 
The multiplier is based on an algorithm UrdhvaTiryakbhyam 
(Vertical &Crosswise) of ancient Indian Vedic Mathematics. 
UrdhvaTiryakbhyam 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 with the concurrent addition of these partial products. . 
Ex: Multiplication of two decimal numbers- 456x789=359784 
 
 

 
            Fig.1 Multiplication Using Urdhva-Tiryakbhyam sutra 
 

3.1.1. Algorithm for 4x4 Vedic multiplier  

X= A3 A2 A1 A0  Input X 

Y=  B3 B2 B1 B0  Input Y 

P0= A0xB0  

        P1=A1xB0 +A0xB1  

       P2=A2xB0+A1xB1+A0xB1+C1  

P3=A3xB0+A2xB1+A1xB2+A0xB3+C2  
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P4=A3xB1+A2xB2+A1xB3+C3  

P5=A3xB2+A2xB3+C4  

P6=A3xB3+C5 

P7=C6 

3.1.2.   Hard Ware Design 

 
                                  Fig.2. Hard Ware Design 
    

3.1.3. Flow Chart  
 

                                                                              .                                              
.                              Fig.3. Flow Chart 

 
IV. ADDERS 

 In electronics, an adder or summer is a digital circuit that 
performs addition of numbers. In many computers and other 
kinds of processors, adders are used not only in the 
arithmetic logic units, but also in other parts of the 
processor, where they are used to calculate addresses, table 
indices, increment and decrement operators, and similar 
operations. There are two basic adders, half adder and Full 

adder. Apart from these two adders there are four different 
adders 

 Simple Direct Adders 
 Ripple Carry Adder 
 Modified Ripple Carry Adder 
 Carry Look Ahead Adder 

 
4.1    Simple Direct Adder 
The Simple Direct Adder is constructed using the inbuilt 
functions. The 2 inputs A and B are added by the convolution 
method by using the simple addition method using the addition 
symbol “+”the equation is C=A+B. 

                       
                 Fig.4. Simple Direct Adder Design 
 
4.2      Ripple Carry Adder (RCA) 
It is possible to create a logical circuit using multiple full 
adders to add N-bit numbers. Each full adder inputs a Cin, 
which is the Cout of the previous adder. This kind of adder is 
called a ripple-carry adder, since each carry bit "ripples" to 
the next full adder. In a 4-bit ripple-carry adder, there are 4 
full adders, so as the no of bit increase there will be increase 
in the delay. 

           .                   Fig.5. Ripple Carry Adder (RCA) 
 
4.3.     Modified RCA 
This adder is same as that of Ripple carry adder, instead of all 
full adders the starting is half adder and remaining adders are 
full adders. The delay decreases compared to the  normal 
Ripple Carry adder. 
        

    .                                    Fig.6. Modified RCA  
                              
4.4.    Carry Look Ahead Adder 
A carry look ahead adder improves speed by reducing the 
amount of time required to determine carry bits, uses the 
concepts of generating and propagating carries. The carry  
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the sum, which reduces the wait time to calculate the result 
of the larger value bits. 
 

 
                             Fig.7. Carry Look Ahead Adder 
                              

                        V.       DESIGN  
The  designing of  Vedic  Multiplier  is  based  on  a  novel  
technique  of  digital multiplication which is quite different 
from the conventional method of multiplication like add 
and shift. Here smaller blocks are used to design the 
bigger one. The Vedic Multiplier is designed in Verilog 
HDL, as it gives effective utilization of structural 
method of modeling.The individual block is 
implemented using Verilog hardware description language 
.   
 
5.1     Implementation of Vedic Multipliers Using  
          Simple   Direct Adder (SDA) 
 
5.1.1       Architecture of 2x2 Vedic Multiplier           

 
 
            Fig.8. Architecture of 2x2 Vedic Multiplier 
 
5.1.2        Architecture of4x4  Vedic Multiplier  

 
               Fig.9. Architecture of   4x4 Vedic Multiplier 

 
5.1.3       Architecture of 8x8  Vedic Multiplier 
 
 

 
               Fig.10. Architecture of 8x8 Vedic Multiplier 
 
 
   5.1.4        Architecture of 16x16  Vedic Multiplier                             
             

 
                     Fig.11. Architecture of  16x16 Vedic Multiplier 
 
 
   5.1.5       Architecture of 32x32 Vedic Multiplier 
 
                  

                  Fig.12. Architecture of 32x32 Vedic Multiplier 
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          VI.    RESULTS 

 
6.1.     2x2 Vedic Multiplier Xilinx simulations  
 
               

         
         Fig.13. 2x2 Vedic Multiplier Xilinx simulations 
  
 6.2.     4x4 Vedic Multiplier Xilinx simulations  
 
               

 
 
              Fig.14. 4x4 Vedic Multiplier Xilinx simulations 
 
6.3.     8x8 Vedic Multiplier Xilinx simulations  
 

 
 
 
            Fig.15. 8x8 Vedic Multiplier Xilinx simulations 
 

 
 
 
6.4.     16x16 Vedic Multiplier Xilinx simulations 
 

 
 
         Fig.16. 16x16Vedic Multiplier Xilinx simulations 
 
 
6.5.     32x32 Vedic Multiplier Xilinx simulations  
 
 

 
 
              Fig.17. 32x32Vedic Multiplier Xilinx simulations 
 
 
6.6.    Comparison Table using Xilinx 
 
 

            Table.1. Delay Comparison Table using Xilinx 
 
 



International Journal of Advance Research in Engineering, Science & Technology(IJAREST), 
ISSN(O):2393-9877, ISSN(P): 2394-2444,  
Volume 2,Issue 12, December- 2015, Impact Factor: 2.125         

 

All Rights Reserved, @IJAREST-2015 59 

 
6.7.    Delay Comparison Table using Cadence                                                                                                       
 
 

 
          Table.2. Delay Comparison Table using Cadence 
 
 
6.8.     Area Comparison Table using Cadence 
 
 

             Table.3. Area Comparison Table using Cadence 
 
 
6.9.     Power Comparison Table using Cadence 
 

                           
Table.4. Power Comparison Table using Cadence 
 

VII. Conclusion 
 
Urdhva tiryakbhyam, being general mathematical formula, 
is equally applicable to all cases of multiplication. A 
multiplier architecture based on this Sutra has been 
developed and used different types of adders for 
comparative study in detail. Here simple direct adder has 
less delay compared to other adders. 
 

VIII. Future Scope 
 

Vedic mathematics deals with various topics of 
mathematics such as basic arithmetic, geometry, 
trigonometry, calculus etc. All these methods are very 
efficient as far as manual calculations are concerned. If all 

those methods effectively implement hardware, it will 
reduce the computational speed drastically. Therefore, it 
could be possible to implement a complete ALU using all 
these methods using Vedic mathematics methods. Vedic 
mathematics is long been known but has not been 
implemented in the DSP and ADSP processors 
employing large number of multiplications in calculating 
the various transforms like FFTs and the IFFTs. By using 
these ancient Indian Vedic mathematics methods world can 
achieve new heights of performance and quality for the 
cutting edge technology devices.  
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