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Abstract:Multiplication is a complex operation that introduces high delay and require large area  for 

multiplier design. In this paper, a high speed and area efficient 16x16 Vedic Multiplier is designed by 

using high speed modified carry select adder. Modified carry select adder is faster than other 

conventional adder structures. Vedic multiplication has been introduced, which is different from other 

multiplication by shift and addition operations. This paper presents a new design methodology for less 

delay and area efficient Multiplier based up on aVedic Mathematic techniques. Vedic multiplier is based 

on the crosswise and vertical algorithm.The comparison of delay and area of multipliers with different 

adder architectures has been made to prove its efficiency.  The performance analysis shows that the 

proposed architecture makes advantages in terms of delay and area. The design simulation is done in 

ModelSimPe 5.5using verilog hardware description language. It is synthesized by using Xilinx ISE14,2. 

 
Keywords—Ripple carry adder (RCA), Carry select adder (CSA) 

 
1. Introduction 

 

Multiplication is a complex building block in arithmetic logic unit[3]. This vedic multiplier is highly 

useful in the field of digital signal processing and microprocessor applications[2] since it introduce high 

speed and area efficiency. Vedic mathematics techniques reduce the computation time and complexity 

such that we can increase the speed. The vedic mathematics require less hardware to implement and it is 

very efficient. It can be used for the multiplication of binary numbers as well as decimal numbers. 

In this paper we introduce a vedic multiplication technique called“Urdhva-Tiryakbhyam –Vertically and 

crosswise” for the multiplier implementation. Thistechnique performs the generation of partial product 

and the addition simultaneously and it can be used for NxN multiplication [4]. Vedic multiplier does not 

depend up on the clock frequency because the sums and their partial products are calculated in parallel. 

Fig.1 shows the illustration of decimal multiplication using Urdhva-Tiryakbhyam algorithm.First multiply 

the both numbers present on the two sides of the line and then first digit is stored as the first digit of the 

result and remaining digit is stored as pre carry for the next coming step and the process goes on and when 

there is more than one line then calculate line and finally store it as a result and carry the product of end 

digits of first line and add the result to the product obtained from the other. The carry obtained from the 

previous steps can be considered as the carry for next steps. The initial carry value is taken as zero.  
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Fig .1Multiplication of two decimal numbers 

 

2. Modified Vedic Multiplier Architecture 

The multiplier architecture for 2x2, 4x4,8x8 and 16x16 bit modules are explained in this 

section. The modified vedic multiplier implementation uses „Urdhva-Tiryakbhyam‟ (Vertically and 

Crosswise) sutra which is a simple technique for multiplication with lesser number of steps and also in 

very less computational time 

2.1 2x2 Vedic multiplier 

 
Consider two 2 bit numbers A and B where A=𝑎1𝑎0and  B=𝑏1𝑏0 . The LSB of final product is calculated 

by taking the product of two LSB bits of A and B i.e.,𝑎0𝑏0. The next step is to take the products in 

crosswise manner such as the LSB of first number A is multiplied with next higher bit of B in a crosswise 

manner and add these product using a half adder. The sum obtained from the adder is taken as product 

digit and carry goes to the next step. Finally find the product MSB of A and B and add this value with the 

carry obtained from previous step then we get the final product. Theof 2×2 vedic multiplier architecture is 

shown below. 

 

 
Fig. 2. Block diagram of 2×2 vedic multiplier 
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2.2 4x4 Vedic Multiplier Block 

 

To explain this architecture let us consider two 4 bit numbers. The multiplication technique can be 

explained by using the following line diagram. The final product obtained as C6S6S5S4S3S2S1S0. 

 

S0 = a0b0(1) 

C1S1 = a1b0 + a0b1                                                                                                                   (2) 

C2S2 = C1 + a0b2 + a2b0 + a1b1                                                                                                          (3) 

C3S3 = C2 + a0b3 + a3b0 + a1b2 + a2b1                                                                                (4) 

C4S4 = C3 + a1b3 + a3b1 + a2b2(5) 

C5S5 = C4 + a3b2 + a2b                                                                                                            (6) 

C6S6 = C5 + a3b3(7) 

 
 

 The block diagram of 4x4 Vedic multiplier shown in fig .3. The architecture includes four 2x2 vedic 

multipliers and three ripple carry adders which are of four bit size. The first RCA takes the results from 

two middle multipliers and its sum acts as input of second 4 bit RCA. There are two zero input for second 

RCA. The carry generated from first RCA passed to third RCA. 

 

 
 

Fig. 3. Block Diagram of 4x4 bit Vedic Multiplier 

 

2.3 8x8 Vedic Multiplier 

 

The delay can be decreased for the increase in number of bits due to parallel calculation of partial 

products. This multiplier consist of four 4x4 vedic multipliers and three 8 bit modified CSA. The carry 
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from the first modified CSA goes to the third modified CSA and sum passed to second modified CSA. 

The detailed block diagram  shown in fig.4. This 8x8 vedic multiplier acts as the main building block for 

16 bit vedic multiplier. 

 

2.4 16x16 Vedic Multiplier  

 

The 8x8 vedic multiplier and the modified CSA are the main building blocks of a 16 bit vedic multiplier. 

Modified carry select adders are high speed adder compared to other conventional adder structures. Ripple 

carry adder,Binary to excess-1 converter and a multiplexer three elementsare the three main building 

blocks of modifiedCSA. 

 

 
 

Fig .4.Block Diagram of 8x8 bit Vedic Multiplier 

 

RCA consists series of full adders and each full adder used to add two bits along with carry bit. The carry 

generated from each stage acts as the input of next stage. The binary to excess 1 converter implemented 

using XOR, AND, NOT gates so that we can reduce the area, time delay and power consumption 

compared to RCA. The block diagram of binary to excess 1 converter shown in fig 5. Here the addition is 

performed using binary to excess 1 converter with a multiplexer. Input from RCA and the binary to excess 

1 converter output acts as the input of multiplexer and it selects the output according to the given control 

signal. 

 
Fig .5 Bit Binary to Excess-1 Code Converter 
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Fig .7 illustrates the modified 16x16 vedic multiplier. It consist of 8x8 Vedic multiplier modules, and 

three modified carry select adders which are of 16 bit size are used. The 16 bit modified carry select 

adders are used for addition of two 16 bits and likewise totally four are use at intermediate stages of 

multiplier. 

 

 
 

Fig .6 16 bit modified carry select adder 

 

The carry generated from the first and second  modified carry select adder passed to the inputs of two bit 

vectored multiplexer. The input of 2x1 mux are [ca1,ca2] and [~ca1,~ca2] and it is controlled by ca1 from 

first modified carry select adder.If we use ca1 instead of mux output, the output of the multiplier gives 

incorrect answer for input combination with all bits are 1. 

 
Fig .7 Modified architecture of 16 bit vedic multiplier 
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3. Results and Comparison 

 

The 16×16 multiplier architecture using carry increment adder and modified CSA were designed using 

Verilog HDL and simulation is performed in ModelSimPe 5.5.  The design is synthesized in Xilinx 1SE 

14.2. The simulation result of proposed architecture andcomparison of Vedic multiplier using carry 

increment adder and modified carry select adder are  given below. The comparison result shows our 

proposed method improves the speed 
. 
 

Table 1: Performance comparison of vedic multiplier using different adder 

 

Parameter Vedic multiplier using 

carry increment adder 

 

Vedic multiplier using 

modified carry select 

adder 

Delay (ns) 17.747 

 

15.964 

Number of slice LUTs 641 

 

635 

Number of bonded IOBs 65 

 

65 

Number of fully used LUT 

FF pairs 

0 0 

 
 

 
 

Fig.8 16x16 Vedic multiplier using modified carry select adder 
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Fig.9 RTL schematic of 16X16 vedic multiplier using modified carry selectadder 

 

4.Conclusion 

 

The proposed Vedic multiplier gives high speed when compared to other multiplier techniques because 

the number of additions gets reduced by applying Urdhva-Tiryakbhyam which is a short approach form of 

multiplication. This multiplier has very less delay because of the addition of modified carry select adder. 

This technique can be used well in DSP applications, as a squarer for the given number and cube also. 

Reducing the delay is very much advantage because it can increases speed and this Vedic multiplier is 

very useful for high speed applications. 
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