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Abstract: 

This paper proposes a high speed and low power 16 x 16 Vedic Multiplier using Modified Carry Select 

Adder(MCSA).An ancient technique of Vedic Mathematics is introduced namely Urdhva-Tiryagbhyam sutra 

which is quite different from normal shift and addition operations. Carry Select Adder(CSA) is known to be 

fastest among conventional adder structures.In this paper,we employ a newly incremented circuit in CSA 

architecture.The main focus of this paper is to design a low power and high speed Vedic Multiplier using a high 

speed and low power MCSA architecture. This multiplier is simulated using Modelsim SE 5.7g. 

Keywords—Vedic Multiplier, Carry Select Adder, Binary to Excess-1 converter, Ripple Carry Adder. 

1. INTRODUCTION  

Real time digital signal processing(DSP) involves rigorous multiplication operations, which increases the 

computational complexity of modern day processors[10].Thus need of fast and efficient multiplication units is 

essential. Performance of Multiplier is essential in the entire processing system. Performance of multiplier speed 

and area has become a major challenge in today‟s DSP systems and microprocessor applications. The ancient 

mathematical techniques known as Vedic Mathematics is implemented to reduce computional complexity, 

increases speed and requires less hardware[5].Sri Bharti Krishna Trithaji(1884-1960) proposed a theory of Vedic 

Mathematics consisting of 16 sutras which is related to different branch of mathematics like algebra, arithmetic 

geometry[9][5].Associating Vedic multiplication techniques with processing systems would save computional 

time. 

2. RELATED WORK 

Devika Jaina[1]implemented a high speed and low power Vedic Multiplier using conventional carry save 

adder.In this paper, combinational delay is compared with Modified Wallace Tree Multiplier.Here,Vedic 

multiplier shows better performance in terms of delay.  

Prabha S[2] presented a technique for implementing squaring operation using Vedic multiplier.It is implemented 

using VHDL and synthesized using Xilinx tool. Computational Time, Delay, area have been evaluated and 

compared . 

Vaijyanath Kunchigi[3] presented implementation of Vedic multiplier and synthesized using Xilinx tool. It is 

implemented for 4x4 bit multiplication using Verilog HDL language.  

R. Pushpangadan[4] implemented  high speed Vedic multiplier  for digital signal processors.  
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3.  VEDIC ALGORITHM 

3.1  Urdhva-Tiryagbhyam Sutra 

In this section, we propose a Vedic multiplication technique called “Urdhva-Tiryagbhyam”(Vertically and 

Crosswise algorithm) which is used for decimal as well as binary multiplication. This technique mainly consists 

of generation of partial products parallel and have to perform addition operation simultaneously[5].As high 

frequency operation increases processing power it leads to power dissipation at high operating temperature.Vedic 

Multiplier does not depend upon the clock frequency operation[5][13].The use of Vedic multipliers reduces 

power dissipation, delay and area as compared to other multipliers.This Vedic multiplier is used for n x n bit 

multiplications. 

Figure 1 shows the steps required for multiplication by using Urdhva-Tiryagbhyam sutra.For this we consider 

the multiplication example of 576 x 324.From figure 1 first multiply the left most digit 6 of the multiplicand 

vertically by the left most digit 4 and it gives the result as 24 from that result product 4 and carry 2 set down as 

the left hand most part of the answer,then multiply 7 x 4 and 6 x 2 crosswise and add them get 40 and add carry 

2 from previous as the sum set it down as the middle part of the answer and so on.lastly we get the result as 576 

x 324 = 186624[9]. 

 

 

 

Fig 1:Multiplication steps of Urdhva-Tiryagbhyam sutra[9]. 

4. IMPLEMENTATION OF VEDIC MULTIPLIER ARCHITECTURE 

In this section, the Vedic multiplication for 2 x 2 ,4 x 4,8 x 8,16 x 16 bit are discussed.The main advantage of 

Vedic Multiplier is that generation of partial products and addition is done simultaneously.This feature of parallel 

processing of results becomes more attractive to binary multiplications. 
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4.1 Implementation of  2 x 2 Vedic Multiplier 

    For implementation of 16 x 16 Vedic multiplier we use 2 x 2 Vedic multiplier as the basic building block.As 

shown in figure 2, let us consider 2 bit numbers A and B  where A =a1a0 and B = b1b0.The least significant 

bits(LSB) are multiplied which gives the LSB of the final product(vertical).Then, the LSB of the multiplicand is 

multiplied with the next higher bit of the multiplier and added with the product of the LSB of the multiplier and 

next higher bit of the multiplicand (crosswise).The sum gives second bit of the final product and the carry is 

added with the final product obtained by multiplying the most significant bits(MSB) to give sum and carry. The 

sum is the third corresponding bit and carry becomes the fourth bit of the final product.    

 

s0 = a0b0;                                                          (1) 

c1s1 = a1b0 + a0b1;                                          (2) 

c2s2 = c1 + a1b1;                                              (3) 

 

The final result will be c2s2s1s0.This multiplication methods  is applicable for all the cases[11][5]. 

 

 

Fig 2:Vedic Multiplication method for 2 bit binary numbers[11]. 

 

 

Fig 3: Block Diagram of 2 x 2 Vedic Multiplier[11] 

 

The 2 x 2 bit Vedic multiplier block is implemented using four 2-input AND gates and two half  adders. 

4.2 Implementation of 4 x 4 Vedic Multiplier 

The  4 x 4 bit Vedic Multiplier  module is implemented using four 2 x 2 bit Vedic Multiplier modules as 

described in figure 4.Let us consider 4 x 4 multiplications ,say A =A3 A2 A1 A0 and B = B3 B2 B1 B0.The output 

line for the multiplication result is S7 S6 S5 S4 S3 S2 S1 S0.Lets divide A and B into two parts, say A3 A2 and A1 

A0 for A and B3 B2  and B1 B0  for B. By using Vedic Multiplication technique, taking two bit at a time and using  

2  bit multiplier block,we have the following structure for multiplication as shown in figure 4[11].  
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Fig 4:Vedic Multiplication method for 4 bit binary number[11]. 

Observe the block diagrams for 4 x 4 as shown in figure 5 and within the block diagram, there are four 2 x 2 

Vedic Multiplier blocks and three ripple carry adders which are of four bit size are used.The four bit ripple carry 

adders are used for addition of two four bits and likewise totally four are used at intermediate  stages 3 of 

multiplier.The carry generated from the first ripple carry adder is passed on to the next ripple carry adder and 

there are two zero inputs for second ripple carry adder.The arrangement of the ripple carry adders are shown in 

fig  5 below. 

 

Fig 5:Block Diagram 4 x 4 Vedic Multiplier[5] 

4.3  Implementation of 8 x 8 Vedic Multiplier 

 

In this section,we will discuss about 8 x 8 bit Vedic Multiplier.Let us consider two 8 bit numbers A and B can 

be respresented as A[7:0] and B[7:0] respectively.The final output can be obtained as S[15:0].The partial 

products are calculated in parallel and delay is decreased effectively.Here the multiplication is followed  

according to the steps shown in the below diagram in figure 6.After the performing all the steps the sum (Sn) 

and carry (Cn) is obtained and in same way at each step the previous stage carry is forwarded to the next stage 

and the process goes on. 
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Figure 6. Block Diagram of 8x8 bit Vedic Multiplier[5] 

Observe the block diagrams for 8 x 8 as shown above in figure 6 and in the block diagram there are totally four 

4 x 4 Vedic multiplier modules and three 8 bit Modified Carry Select Adders(MCSA).The  two 8 bits are added 

in the 8 bit MCSA and totally four are used at intermediate stages of multiplier.The carry generated from the 

first MCSA is passed on to the next modified carry select adders.Thus,this adder reduces the computational 

time[5][11]. 

 

4.4 Implementation of 16  x 16  Vedic Multiplier 

In this section, we will discuss about 16 x 16 Vedic multiplier. Let us consider two 16 bit numbers A and B that 

are represented as A[15:0] and B[15:0] respectively.The final output can be obtained as C16S[31:0].The partial 

products are calculated in parallel and delay is decreased effectively. 

 16 bit Modified Carry Select Adder: The block diagram consists of the following parts 

1. Ripple Carry Adder(RCA) 

2. Basic Unit(Binary to Excess-1 converter) 

3. Multiplexer 

 

1)Ripple Carry Adder: The RCA uses multiple full adders to perform addition operation. Each full adder inputs 

a carry-in which is the carry-out of the preceding adder[].Each carry bit „ripples‟ to the next full adder. RCA is 

relatively slow, since each full adder must wait for the carry bit to be calculated from the previous full adder.It 

uses large AND, OR, NOT gates[12]. 

 

2)Binary to Excess-1 converter(BEC-1):BEC-1 is used to add 1 to the input numbers. We are using XOR, AND 

,NOT gates and by implementing this gates we are reducing the area,time delay, power consumption because of 

reduction in number of gates when compared to ripple carry adder. The 4 bit BEC-1 is shown in figure 7.Using 

BEC together with a multiplexer(mux) one input is the output of ripple carry adder gets as it input and another 

input of the mux is the BEC output. This gives the two partial results in parallel and the mux are used to select 

either BEC output or the direct inputs accordind to the given control signal[5][8].  
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The Boolean expressions of 4-bit BEC are listed below: 

                                                                                           𝑋0= ~ 𝐵0     

 

                                                                                         𝑋1 = 𝐵0 ^ 𝐵1     

 𝑋2 = 𝐵2 ^ (𝐵0 & 𝐵1)      

 𝑋3 = 𝐵3 ^ (𝐵0 & 𝐵1 & 𝐵2) 

 

Fig 7: 4 bit Binary to Excess-1 converter[8] 

3)Multiplexer:  Multiplexer has 2
n
 inputs having n select lines. Depending upon the select line the input is send 

to the output. In this architecture, for each RCA we are using five 2:1 Multiplexers and the outputs can be 

obtained as the five values and among them one can be used as the carry for the next block and remaining can 

be used for the representation of the output[5]. 

Figure 8 shows 16 bit Modified Carry Select Adder. MCSA makes use of single RCA and BEC-1 instead of 

using dual RCAs to reduce area and power consumption.Here the number of  logic gates are used less than that 

of RCA.Thus BEC replaces the RCA with Cin=1 instead of using dual RCAs to reduce area and power 

consumption of the conventional CSA.To replace the N-bit RCA,an N+1 bit BEC is required[8]. The five 

multiplexers can give the outputs as the ripple carry adder or BEC-1 output,based upon the control signal we are 

selecting the output. 

 

Fig 8: 16 bit Modified Carry Select Adder[8] 
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Observe the block diagrams for 16 x 16 as shown below in figure 9  and within the block diagram there are four 

8 x 8 Vedic multiplier modules and three Modified Carry Select Adders which are of 16 bit sized. 

  

 

Fig 9: Block Diagram of 16 x 16 Vedic Multiplier[5] 

 

5. RESULTS 

2x2, 4x4, 8x8, 16x16 multiplication operations are designed and simulated using Verilog HDL and Modelsim 

SE 5.7g. 

 

Fig 10:Simulated Waveform of 2 x 2 Vedic Multiplier 

 

Fig 11:Simulated Waveform of 4 x 4 Vedic Multiplier 

 

Fig 12:Simulated Waveform of 8 x 8 Vedic Multiplier 
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       Fig 13:Simulated Waveform of 16 x 16 Vedic Multiplier 

 

6.  CONCLUSION 

From the results it can be observed that Vedic Multiplier for 2 x 2, 4 x 4, 8 x 8, 16 x 16 is simulated and 

designed. Further can be extended to implement pipelined architecture of Vedic Multiplier to improve the speed 

of the multiplier. 
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