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Abstract 

Multipliers form an obligatory component in arithmetic operations. Therefore, in fast-processing systems, the 

most practical multipliers are required. The essential objective of this work is to make a successful multiplier that 

uses less on-chip power and delay than conventional multipliers. The Urdhva Tiryakbhyam (Vertically and 

Crosswise) Sutra, one of the 16 sutras in Vedic mathematics, is the method explained here. This research employs 

a carry-look-ahead-based carry increment adder to construct a 32x32-bit Vedic multiplier. For the comparison, 

the 32-bit Array multiplier and 32-bit modified-booth multiplier have been synthesized and implemented. As per 

the results, it is proven that the parameters considered (delay and power consumption) are reduced in Vedic 

multiplier than the conventional methods and show that it has better performance. Verilog HDL is utilized to code 

every one of these parts. After cautiously analyzing the multiplication tasks, Vivado 2023.2 programming is 

utilized to procure reenactment, combination, and execution results. 

Keywords—Vedic mathematics, Urdhva-Tiryakbhyam Sutra, Carry-increment adder, Verilog HDL, modified-

booth multiplier, array multiplier 

I. INTRODUCTION

Multiplication is an essential activity in 

arithmetic operations, which is utilized in Digital 

Signal Processing (DSP) such as FIR filter, Fast 

Fourier Transform (FFT), convolution, and ALU 

(Arithmetic and logical unit) in Microchip. Since 

Multiplication requests the execution time in most of 

the DSP applications, there is a prerequisite for a 

high-speed multiplier. High throughput mathematical 

operations are fundamental to accomplish in some 

real-time and picture-handling applications. One of 

the fundamental operations in such an application is 

multiplication. The improvement of fast multiplier 

circuits has been a degree of interest for quite a while. 

A multiplier considering Vedic Science is one of the 

fastest and low-power multipliers. Limiting time 

delay and power usage are especially major essentials 

for certain applications. Employing this method in the 

calculation will lessen the intricacy, execution time, 

power, and many more. 

Vedic Mathematics is the oldest known mathematical 

system. The word ‘Vedic’ is the Sanskrit word ‘Veda’ 

which implies – the storehouse of all knowledge. This 

arrangement of math is basic and straightforward. 

Vedic math was restored from Vedas in 1911 and 

1918 by Expert Bharati Krishna Tirthaji Maharaj 

(1884 - 1960). As shown by his survey, all math 

depends on sixteen sutras or formulae and thirteen 

sub-sutras. 

This paper proposes a straightforward 32-bit 

computerized multiplier utilizing the Urdhva-

Tiryakbhyam (Vertically and Crosswise) Sutra of 

Vedic math. Urdhva-Tiryakbhyam sutra is an overall 

multiplication formula applicable to all cases of 

multiplication. Generally, Urdhva-Tiryakbhyam 

means ‘Vertically and Crosswise’. It relies upon a 

unique thought through which the generation of all 

the intermediate results can be done with the 

simultaneous addition of partial products and their 

simulation is obtained using the Urdhva-

Tiryakbhyam sutra. Two 32-bit binary numbers are 

multiplied using this sutra. This paper's primary idea 

is the circuit's power utilization and the proposed 

engineering's propagation delay. 

http://www.trendytechjournals.com/


    International Journal of Trendy Research in Engineering and Technology 
Volume 8 Proceedings of NCCDS-24 

 ISSN NO 2582-0958 
_________________________________________________________________________ 

www.trendytechjournals.com 

55 

Array multipliers and Modified-Booth 

Multipliers are standard methodologies for digital 

multipliers, suitable for VLSI implementation. This 

design is executed using Verilog-HDL and simulated 

with Xilinx Vivado 2023.2. The paper is structured as 

follows: Section II details the Array and Modified-

Booth Multipliers, while Section III discusses the 

Carry-Increment Adder. Section IV describes the 

proposed 32-bit multiplier architecture based on 

Vedic multiplication. The results are discussed in 

Section V, followed by the conclusion and references 

in Sections VI and VII, respectively. 

II. ARRAY AND MODIFIED BOOTH 

MULTIPLIER

A. Array Multiplier:

 A digital circuit that multiplies two binary 

values is known as an array multiplier. It chiefly 

comprises two parts: a network of AND gates to 

generate partial products and an array of adders to 

sum up these intermediate products to generate the 

final product. For all of the multiplicands, the whole 

multiplier is multiplied using the AND gate to 

produce the intermediate products. The summation of 

these fractional items brings about the eventual 

outcome.

Fig.1  Implementation diagram of Array Multiplier 

B. Modified Booth Multiplier:

The Modified-Booth Multiplier is an 

enhancement of the Booth algorithm used for binary 

multiplication, focusing on lowering the count of 

partial-products and shift operations for quicker 

multiplication. In this algorithm, three bits from the 

multiplier are analyzed at a time. Depending on the 

combination of 3-bit binary numbers, explicit 

operations are carried out on the product register. The 

operations comprise addition and subtraction of the 

multiplicand and its shifted versions. After each 

operation, both the product register and the multiplier 

are right-shifted by one bit.  This method is rehashed 

until every bit of the multiplier is analyzed, yielding 

in the eventual outcome. 

Fig.2 Implementation diagram of Modified-Booth 

Multiplier 
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III.  CARRY-INCREMENT ADDER

The Carry-Increment Adder (CIA) 

combines a progressive circuit design with a Carry-

Look-Ahead Adder (CLA). The incremental 

circuitry, constructed using half adders, is 

consistently connected in a sequential order. The 

CLA functions by generating two key signals: 

Propagate and Generate. In the CLA, the Propagate 

signal represents the sum produced by the Half 

Adder, while the Generate signal represents the carry 

output. When the Propagate and Generate signals are 

determined, the carry is propagated to every bit 

position. In this design, an 8-bit input can be divided 

into two 4-bit groups, with the addition performed 

using a CLA, four Half Adders, and one OR gate. A 

16-bit CIA is composed of two 8-bit CLAs and an

incremental circuit made up of eight Half Adders

followed by an OR gate. The most significant bit

(MSB) and the carry output from the second CLA

serve as inputs to the OR gate, ultimately producing

the final carry output.

Fig.3  Block diagram of 8-bit CIA using CLA 

Fig.4  Block Diagram of a 32-bit Carry-Increment 

Adder (CIA) Utilizing 16-bit CIA Module 

The Urdhva Tiryakbhyam Sutra, among the 

16 main sutras in Vedic math, has been chosen to be 

used for the Vedic multiplier because, as we are likely 

aware, it is appropriate in every scenario of 

multiplication. 

Urdhva-Tiryakbhyam Sutra: 

An algorithm called Urdhva-Tiryakbhyam is 

used to multiply two binary values both horizontally 

and vertically. Using this procedure, the partial 

products are counted in simultaneously. This sutra 

holds true for any number of bits up to N. Compared 

to other multipliers, this one has the advantage of 

having latency and an area that rises extremely 

gradually as the bit count rises. In comparison to array 

and Modified-Booth multipliers, it not only shortens 

turnaround times but also speeds up the production 

process. A 2-bit Vedic multiplier is designed using 

the Urdhva-Tiryakbhyam Sutra with inputs A[1:0] 

and B[1:0]. S[3:0] is the result's outcome which is as 

follows 

S[0] = (A[0]*B[0]) 

S[1] = (A[1]*B[0]) + (A[0]*B[1]) 

S[2] = (A[1]*B[1]) 

S[3] = Carry if present 

The process of multiplication from right to left is as 

follows: 

1. Start by multiplying the multiplicand and

multiplier final bits vertically.

2. After that, add the subsequent bits as indicated and

multiply them across.

3. Lastly multiply the first bits vertically to obtain the

final product.

Fig.5  Block diagram of 2-bit Urdhva multiplier 

Next, we develop a 4-bit Vedic multiplier using the 

Urdhva-Tiryakbhyam Sutra with inputs A[3:0] and 

B[3:0]. S[7:0] is the result's output line. We'll foster 

PROPOSED METHODOLOGY 
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the accompanying conditions for the results in light of 

the thinking behind a 2-bit Vedic multiplier: 

       Utilizing the information sources A[15:0] and 

B[15:0], an 8-bit Vedic multiplier is made with the 

rationale of the Urdhva-Tiryakbhyam Sutra. S[31:0] 

is the outcome's result line. We create conditions for 

each total piece, understand the rationale of a 4-bit 

Vedic multiplier, and utilize extraordinary adders 

(four input adders) and standard adders, much like in 

a 4-digit multiplier. 

     By grouping the 16-bit multiplicands into two 

8-bit sections each, A[7:0], B[7:0], and A[15:8],

B[15:8], we may expand this to a 16-bit multiplier

with the inputs A[15:0] and B[15:0]. Now that we

have these, we can use the 2-bit Urdhva Tiryakbhyam

sutra logic to obtain partial products. CIA (base CLA)

is used to add these partial products, yielding the final

(S[31:0]) 32-bit product.

      As a result, two 16-bit Vedic multipliers are 

used to construct a 32-bit Vedic multiplier, with each 

32-bit multiplicand divided into two 16-bit segments.

A[15:0], B[15:0], and A[31:16], B[31:16]. Utilizing

this, we presently apply the 2-bit Urdhva-

Tiryakbhyam sutra rationale, and the outcome is the

fractional items shown in Fig.6 beneath. CIA(base

CLA) is utilized to join these incomplete items to

make the last (S[63:0]) 64-bit item.

Fig.7  Block diagram of 32-bit Urdhva 

Tiryakbhyam Sutra 

IV. RESULTS

   Fig.8  Output waveform of 32-bit CLA 

Fig.9  Output waveform of 32-bit Urdhva multiplier   

Fig.10  LUTs count of 32-bit Urdhva multiplier 
 Fig.6  Implementation diagram of 16-bit Urdhva 

multiplier 
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      Fig.11  Delay of 32-bit Urdhva multiplier 

 Fig.12  Total on-chip power of 32-bit Urdhva 

multiplier 

  Fig.13   LUTs count of 32-bit Array multiplier 

Fig.14  Total on-chip power of 32-bit Array 

multiplier  

 Fig.15  Delay of 32-bit Array multiplier 

 Fig.16  Total on-chip power of 32-bit 

Modified Booth  

       Fig.17  Delay of 32-bit Modified Booth 

multiplier 

     Fig.18   LUTs count of 32-bit Modified Booth 

multiplier 
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 Table.1  Comparison table 

V. CONCLUSION

From the above results and its comparison 

we can say that the Urdhva multiplier is superior. 

However delay and LUTs count in Array multipliers 

are less, and power consumption comparatively is 

high.  

In the modified-booth multiplier, power consumption 

is almost the same as the Urdhva multiplier but delay 

and LUTs are pretty high. Since our main 

concentration is on delay and power consumption, on 

comparing these two parameters we can easily 

conclude that the Urdhva Tiryakbhyam Sutra gives 

better performance. Also, the fact that Vedic 

multipliers are implemented using CIA rather    than 

CLA or RCA, improves its efficiency much more. 
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Urdhva 
Tiryakbhyam 
multiplier 

Modified 

Booth 

Multiplier 

Array 

Multiplier 

Power(W) 0.264 0.265 0.341 

Delay(ns) 1.85 2.04 1.85 

LUTs 1807 1984 1732 
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