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ABSTRACT: Reversible digital technology is paving the way for faster processing speeds and 

reduced power consumption, making it a promising approach for modern computation. This 

study introduces the construction of 8-, 16-, 32-, and 64-bit multipliers leveraging the high-speed 

capabilities of the proposed HNFG gate adder. The design integrates carry-save adders, 

KoggeStone adders, and HNFG adders with the Vedic multiplier to achieve enhanced efficiency. 

By utilizing reversible logic gates, the proposed design improves computational performance 

while minimizing area and power consumption. The implementation focuses on achieving high 

operational speeds through optimized multiplier and adder units, which are critical for improving 

the accuracy and efficiency of arithmetic operations. A comparative analysis between the 

conventional approach and the HNFG-based Kogge-Stone adder highlights the significant 

performance gains of the proposed method. The simulation and synthesis of the designs are 

carried out using Xilinx 14.7, demonstrating superior speed and efficiency of the HNFG-based 

multiplier-adder architecture over traditional method 
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INTRODUCTION 

1.1 Overview 

Vedic multiplication is a method of multiplication based on ancient Indian Vedic mathematics. It 

involves breaking down a multiplication problem into smaller, simpler components that can be 

solved more easily. The Vedic multiplication method is based on the sutra (formula) "Urdhva 

Tiryagbhyam," which means "vertically and crosswise." 

The Vedic multiplication algorithm involves multiplying numbers using a set of mental arithmetic 

techniques that are easy to perform and can be applied to all types of numbers. This method is 

particularly useful for large numbers, as it reduces the number of operations required to obtain 

the product. 

The Vedic multiplier is a hardware implementation of the Vedic multiplication algorithm. It is a 

digital circuit that performs fast multiplication of two binary numbers using a combination of 

adders, shifters, and logic gates. The Vedic multiplier can significantly reduce the number of 

partial products generated during the multiplication process, resulting in a faster and more 

efficient multiplication operation. 

The Vedic multiplier has several advantages over traditional multiplication circuits, including 

reduced power consumption, smaller area requirements, and higher speed of operation. The 

Vedic multiplier is particularly useful in applications that require high-speed multiplication, such 

as digital signal processing, image processing, and cryptography. 

Vedic multiplication involves breaking down a multiplication problem into simpler components 

based on a set of sutras. These sutras are a set of formulas that help in performing various 

arithmetic operations easily and quickly. The Vedic multiplication algorithm uses the Urdhva 

Tiryagbhyam sutra, which can be translated as "vertically and crosswise" in English. This sutra 

involves multiplying the digits of the two numbers vertically and then diagonally to obtain the 

product. 

The Vedic multiplication algorithm can be applied to any type of numbers, including binary 

numbers used in digital circuits. The Vedic multiplier is a hardware implementation of the Vedic 

multiplication algorithm, which can be used to perform fast multiplication of two binary 

numbers. 

The Vedic multiplier uses a combination of adders, shifters, and logic gates to perform fast 

multiplication. It can significantly reduce the number of partial products generated during the 

multiplication process, resulting in a faster and more efficient multiplication operation. The Vedic 
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multiplier can also handle large binary numbers with fewer operations compared to traditional 

multiplication circuits. 

One of the key advantages of the Vedic multiplier is its ability to perform fast multiplication with 

reduced power consumption. This makes it particularly useful in low-power applications such as 

mobile devices, IoT devices, and wearable devices. The Vedic multiplier can also be implemented 

using smaller area requirements, making it a useful technique in designing compact and efficient 

digital circuits. 

In summary, Vedic multiplication and Vedic multiplier are important concepts in digital circuit 

design and offer several advantages over traditional multiplication circuits. The Vedic multiplier 

can perform fast multiplication with reduced power consumption and smaller area requirements, 

making it a useful technique in designing efficient and compact digital circuits. 

Vedic multiplier can also be implemented using reversible gates, which is a type of logic gate that 

can be used to perform computations in a reversible manner. The use of reversible gates can 

further reduce power consumption, which is important for low-power applications. Reversible 

gates can also help in reducing the overall area of the Vedic multiplier circuit. 

The Vedic multiplier using reversible gates involves breaking down the multiplication problem 

into smaller components, just like in the traditional Vedic multiplication algorithm. However, 

instead of using traditional logic gates, reversible gates are used to implement the multiplication 

operation. 

The reversible Vedic multiplier circuit can be designed using various types of reversible gates, 

including Fredkin gates, Toffoli gates, and Peres gates. These gates can be used to implement the 

vertical and crosswise multiplication components of the Vedic multiplication algorithm. 

The reversible Vedic multiplier can also be designed to operate in a pipelined manner, which can 

further increase the speed of multiplication. In a pipelined Vedic multiplier, the multiplication 

operation is divided into multiple stages, with each stage being performed in parallel. 

The use of reversible gates in the Vedic multiplier circuit can provide several advantages, such as 

lower power consumption, reduced area requirements, and faster operation. Additionally, the 

use of reversible gates can also provide better error correction, which is important for 

applications such as cryptography. 

In summary, the Vedic multiplier can be implemented using reversible gates, which can provide 

several advantages over traditional multiplication circuits, including lower power consumption, 

reduced area requirements, and faster operation. The use of reversible gates can also provide 

better error correction, making it useful for applications such as cryptography. 
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1.2 Features Used 

VEDIC MULTIPLIER 

KOGGE STONE ADDER 

CARRY SAVE ADDER 

HNFG GATE 

1.2.1 Vedic Multiplier 

 Vedic multiplier is a method of multiplication that originates from ancient Indian 

mathematics. It involves breaking down a multiplication problem into smaller components based 

on a set of sutras, or formulas. The most commonly used sutra for Vedic multiplication is the 

Urdhva Tiryagbhyam sutra, which involves multiplying the digits of the two numbers vertically 

and diagonally to obtain the product. 

Vedic multiplier is widely used in digital circuits for fast multiplication of binary numbers. It uses 

a combination of adders, shifters, and logic gates to perform multiplication. One of the key 

advantages of Vedic multiplier is that it can significantly reduce the number of partial products 

generated during multiplication, resulting in faster and more efficient multiplication operation. 

1.2.2 Kogge Stone Adder 

 Kogge Stone adder (KSA) is a high-speed parallel prefix adder used in digital circuit design 

to perform addition of binary numbers. It is named after its inventors, Peter Kogge and Harlan 

Stone, and was first introduced in 1973. 

The Kogge Stone adder is a type of ripple carry adder (RCA) that uses a tree-like structure to 

perform the addition operation. Unlike a traditional RCA, which performs addition bit by bit, the 

KSA can perform addition of multiple bits in parallel, resulting in faster operation. 

The Kogge Stone adder consists of multiple stages, each of which performs a partial addition of 

the two numbers. Each stage has a carry lookahead unit that generates carry signals for the next 

stage. The carry signals are then propagated through the tree structure to generate the final sum. 

The Kogge Stone adder has a better performance than traditional RCA in terms of speed and 

power consumption. It can perform addition of large numbers with a reduced number of gate 

delays, resulting in faster operation. Additionally, it can be easily scaled up to accommodate 

larger bit-width numbers. 

However, the Kogge Stone adder requires more hardware than traditional RCA, and its area 

requirement increases rapidly as the bit-width of the numbers being added increases. Therefore, 

it may not be the best choice for designs with limited hardware resources. 
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In summary, Kogge Stone adder is a high-speed parallel prefix adder used in digital circuit design 

for addition of binary numbers. It has better performance than traditional ripple carry adder in 

terms of speed and power consumption, but requires more hardware resources. 

1.2.3 Carry Save Adder 

 Carry save adder (CSA) is a digital circuit used in digital signal processing and arithmetic 

operations to perform fast addition of three or more binary numbers. It is named as such because 

it saves the carry bits that are generated during the addition operation. 

The carry save adder operates by first adding the least significant bits (LSBs) of the numbers being 

added to produce a sum, and a carry out bit. The sum is then stored in a separate register, while 

the carry out bit is passed to the next stage. This process is repeated for the next bit positions, 

until all the bits have been added. 

Once all the bits have been added, the sums stored in the separate registers are added together 

using a final adder to obtain the final result. Because the carry bits have already been saved in 

the earlier stages, the final adder only needs to perform addition of the sum bits, resulting in 

faster operation. 

Carry save adder has several advantages over traditional adders, including faster operation, 

reduced power consumption, and reduced area requirement. It is commonly used in digital signal 

processing operations such as multipliers, convolution, and Fourier transforms. 

One potential disadvantage of carry save adder is that it requires additional hardware to save the 

carry bits, resulting in increased hardware complexity and area requirement. However, this is 

often outweighed by the benefits of faster operation and reduced power consumption. 

In summary, carry save adder is a digital circuit used in digital signal processing and arithmetic 

operations to perform fast addition of three or more binary numbers. It saves the carry bits 

generated during the addition operation, resulting in faster operation and reduced power 

consumption. 

1.2.4 HNFG Gate 
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     Fig 1.1 HNFG gate 

HNFG gate is a 4 × 4 reversible gate [26]. The HNFG gate can be described as: I V = (A, B, C, D); O 

V = (A, A⊕C, B, B⊕D), where I V and O V are input and output vectors respectively 

 

Literature Survey 

[1] High  Speed  and  Area-Efficient  Multiply  Accumulate  (MAC)  Unit  for  Digital Signal  

Prossing  Application 

 Abdelgawad, A., Magdy, B:This  work  presents  a  high-speed  and  surface-efficient  

multiplier  aggregate  aggregate  (MAC)  unit.  To  implement,  a  surface-efficient  and  high-

speed  MAC  unit  proposed  in  the  work,  we  first  study  the  critical  latency  and  hardware  

complexity  of  conventional  MAC  architectures  to  derive  a  unit  with  low  critical  latency  

and  low  complexity  material.  The  new  architecture  is  based  on  a  binary  tree  built  from  

the  improved  4:2  compressor  circuit.  The  reduction  in  overall  area  is  achieved  by  fully  

utilizing  the  compressor  rather  than  zeroing  the  in  the  'FREE  ENTRANCE.  The  runs  faster  

by  avoiding  a  modified  compressor  in  the  critical  path  of  the  Feeding  the  bits  of  the  

accumulation  operand  into  the  sum  tree  before  the  final  adder  also  speeds  up    The  

proposed  MAC  unit  and  the  previously  assembled  MAC  unit  were  mapped  to  a  Field  

Programmable  Gate  Array  (FPGA)  chip  for  comparison.  The  simulated  results  of  show  that  

the  proposed  8-bit,  16-bit,  and  32--bit  MAC  unit  areas  are  reduced  by  6.25%,  3.2%,  and  

2%.  5%  and  are  14%,  16%  and  19%  faster  respectively.  experimental  tests  of  the  proposed  

8-bit  MAC  are  carried  out  using  the  XESS  demo  board  (XSA-100,  Spartan–X2S100tq144). 

 

[2] A  32  BIT  MAC  unit  design  using  Vedic  multiplier  and  reversible  logic  gate 
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 Anitha, R., Neha, D., Prashant, A., Sarat, K.S., Prabhakar Karthikeyan, S., Jacob Reglend, 

I.:Vedic  multipliers  and  reversible  logic  gates  are  designed  and  implemented  in  a  

multiplication  and  accumulation  (MAC)  unit  as  shown  in  this  article.  The  Vedic  multiplier  

is  designed  using  the  Urdhava  Triyagbhayam  sutra  and  the  design  of  the  adder  is  done  

using  reversible  logic  gates.  Vedic  multipliers  are  used  in  the  multiplication  unit  to  reduce  

partial  products  and  achieve  high  performance  and  smaller  area.  Reversible logic is used to 

obtain less power.  MAC  was  designed  in  Verilog  HDL,  simulation  was  done  in  Modelsim,  

Xilinx  14.2,  synthesis  was  done  in  RTL  compiler  using  cadence  and  Xilinx.  The  design  of  

the  chip  of  the  proposed  MAC  is  also  carried  out. 

 

[3] High -speed energy efficient ALU design using Vedic multiplication techniques 

 Ramalatha, M., Deena Dayalan, K., Dharani, P., Deborah Priya, S.:The  growing  need  to  

improve  the  ability  of  processors  to  handle  complex  and  difficult  processes  has  led  to  the  

integration  of  multiple  processor  cores  into  a  single  chip.  Still,  CPU  load  is  not  uncommon  

in  a  general-purpose  system.  This  load  is  alleviated  by  supplementing  the  main  processor  

with  coprocessors  designed  to  handle  specific  types  of  functions,  such  as  numerical  

calculations,  signal  processing,  graphics,  etc.  The  speed  of  the  ALU  is  highly  dependent  on  

the  multiplier.  At  the  algorithmic  and  structural  level,  many  multiplication  techniques  have  

been  developed  to  improve  the  efficiency  of  multipliers,  these  techniques  focus  on  the  

reduction  of  partial  products  and  their  methods  of  addition,  but  the  principle  of  

multiplication  is  the  same  in  all  cases.  Vedic  mathematics  is  an  ancient  system  of  

mathematics  with  unique  calculation  techniques  based  on  16  scriptures.  Using  these  

techniques  in  coprocessor  computational  algorithms  will  reduce  complexity,  execution  time,  

area,  power,  etc.  Although  there  are  many  verses  dealing  with  different  sets  of  numbers,  

examining  each  will  yield  new  results.  Our  work  demonstrates  the  effectiveness  of  the  

Urdhva  Triyagbhyam-Vedic  method  of  multiplication,  which  makes  a  difference  in  the  actual  

process  of  multiplication  itself.  It  supports  parallel  generation  of  intermediate  Urdhvaiate  

products,  uses  Karatsuba's  algorithm  with  processors  to  eliminate  unnecessary  zero  

multiplication  steps,  and  scales  to  higher  bit  levels  compatible  with  different  data  types.  

This  script  should  be  used  to  build  an  efficient  and  high-speed  multiplier  in  a  coprocessor. 

 

[4] Design of Complex Multiplier with High Speed ASIC Using Vedic Mathematics 

 Saha, P., Arindam B., Partha, B., Anup, D.:Vedic  mathematics  is  an  ancient  method  of  

Indian  mathematics  with  unique  calculation  techniques  based  on  16  sutras  (formulas).  This  

article  describes  a  high-speed  complex  multiplier  (ASIC)  design  using  Vedic  mathematics.  

The  design  idea  of  multiplication,  addition  and  subtraction  device  is  taken  from  ancient  
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Indian  mathematics  "Vedas".  Based  on  these  formulations,  partial  sums  of  products  are  

generated  in  a  single  step,  which  reduces  carry  propagation  from  LSB  to  MSB.  The  

implementation  of  Vedic  mathematics  and  its  application  in  complex  multipliers  guarantees  

a  significant  reduction  in  propagation  delay  compared  to  the  most  commonly  used  

architectures  -  DA-based  architectures  and  parallel  addition-based  implementations.  The  

functionality  of  these  circuits  was  examined  and  performance  parameters  such  as  

propagation  delay  and  dynamic  power  consumption  were  calculated  per  spice  spectrum  

using  standard  90  nm  CMOS  technology.  The  resulting  (16,  16)x(16,  16)  complex  multiplier  

has  a  propagation  delay  of  only  4  ns  and  consumes  6.5  mW.  We  are  up  to  25%  faster  

than  previously  reported  complex  multipliers  such  as  parallel  adders  and  DA-based  

architectures 

 

[5] A Novel Design for High Speed Multiplier for Digital Signal Processing Applications 

 Haveliya, A.:There are various approaches to designing high-speed multipliers for digital 

signal processing applications. Here is a general overview of a novel design that could be used: 

Use a parallel array multiplier: A parallel array multiplier is a common approach to designing high-

speed multipliers. It involves breaking down the multiplication into smaller, simpler operations 

that can be performed in parallel. This approach can greatly reduce the overall processing time. 

Implement pipelining: Pipelining is a technique that involves breaking down the processing of a 

complex operation into several smaller stages. Each stage is executed in a separate clock cycle, 

and the output of one stage feeds into the input of the next stage. This approach can improve 

the throughput and reduce the latency of the multiplier. Use a carry-save adder: A carry-save 

adder is a type of adder that is optimized for speed. It operates on three inputs (two operands 

and a carry-in), and produces two outputs (a sum and a carry-out). By using a carry-save adder in 

the multiplier design, the critical path delay can be reduced, resulting in faster processing times. 

Employ a bit-level optimization technique: Bit-level optimization techniques involve optimizing 

the logic gates and interconnects at the individual bit level. This approach can lead to significant 

improvements in performance and power consumption. One such technique is the Wallace tree 

multiplier, which is a bit-level parallel multiplier that reduces the number of partial products 

generated and the number of additions required. 

Use a high-speed process technology: The process technology used to fabricate the multiplier 

can have a significant impact on its performance. Using a high-speed process technology, such as 

a silicon germanium (SiGe) process or a high-performance CMOS process, can enable the design 

of faster and more power-efficient multipliers 
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[6] FPGA Implementation of Multiplier-Accumulator Unit using Vedic multiplier and Reversible 

gates 

 Rajesh, K., Umamaheswara Reddy, G.:It seems like you are describing the design of a high-

speed and low-power Multiplier-Accumulator (MAC) unit using Vedic multiplier and reversible 

logic gates. The use of Vedic multiplier and reversible logic gates can lead to a higher 

performance, reduced area, and fewer partial products. The proposed design includes an 8, 16, 

32, and 64-bit Vedic multiplier using various adders such as carry save adder (CSA), Kogge Stone 

adder (KSA), and DKG gate adder. The comparative analysis between the ripple carry adders 

(RCA), carry save adder, and Kogge Stone adder shows that the proposed DKG gate adder with 

Vedic multiplier-adder has the highest speed of operation. The simulation and synthesis process 

was carried out with Xilinx ISE 14.7 and dumped on the FPGA Zynq board. 

Overall, it seems like the proposed design aims to achieve high performance, reduced area, and 

low power consumption. The use of reversible logic gates and Vedic multiplier can significantly 

improve the performance of the MAC unit. The comparative analysis of different adders shows 

that the proposed DKG gate adder provides the highest speed of operation. The use of FPGA Zynq 

board can also help in implementing the proposed design. 

Proposed System 

The adder stage, which is even more advanced than the CSA depicted in Fig., was altered by a 

KSA.  An unmistakable technique is the reversible rationale standard. Zero is preferred here to 

loosen the data. This outcomes in similar info and result numbers. KSA Using the HNFG Gate The 

reversibility calculation is the sole foundation of the HNFG adder architecture. There are four of 

them—inputs and outputs; there are four and two inputs for waste. With the help of the HNFG 

gate, the stone adder Kogge can satisfy both the complete adder and the complete subtractor 

conditions that are set with the input "A." If A is 0, the reversible circuit is the full adder, and if A 

is 1, the reversible subtractor is the full reversible. The reversible HNFG port logic diagram is 

shown in Figure 4.3. Given the preceding architecture, designing a multiplier with a hierarchical 

structure is simple. A 32-bit architecture is required to produce a lower-level 64-bit Vedic 

multiplier. This plan likewise incorporates multipliers 16-, 8-, 4-digit, what's more, 2-digit. As a 

result, maintaining multipliers' modularity makes it simple to raise the level of abstraction of the 

concept. In fact, the proposed 64-bit process is primarily caused by two 32-bit halves. The inputs 

for the first step, simply by switching the second and third steps, account for the lower half of 

the numbers. An intermediate adder stage is needed in this design. A cutting-edge reversible 

rationale, right off the bat, entryway constructs the snake stage. Two transverse inputs are A and 

B; The maximum number of bits in the final output is 128 while the input size is 64. 64-bit inputs 

can be inserted into the appropriate registries and, if generated, into the subsequent stage. The 

zeroes might be added as one of the viper stage contributions to arrive at the complete number 

of pieces during the cycle of adding. We need to correct three HNFG rates in order to test the 



 

RameshKannan R, et.al                                       Journal of Science Technology and Research (JSTAR) 
  

Volume No.6, Issue No.1 (2025)       
  

 10 
 

architecture of the 64-bit multiplier. The first stage of the multiplier is the source of the LSB bits 

that we receive. Except for the 32-bit versions, which have 32 input bits and 64-bit inputs, the 

architecture and features of the 32-bit and 64-bit multiplier versions are identical. 

 

 

 

 

 

 

CONCLUSION 

Utilizing a computer multiplier that can be reversed, the proposed structure of the HNFG adder 

gate yields satisfactory results. Kogge developed the proposed 64-bit adder unit with success 
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using a multiplier and a stone adder, and it has been shown to be more efficient than the 

conventional system in total. The 64-bit basic blocks have been constructed successfully, and 

their subsequent output is evaluated in terms of total delay factor for the reversible logic 

principle. Using the tool Xilinx ISE 14.7, the entire simulation and synthesis process is completed 

successfully. The fundamentals make up the entirety of any architecture's design. Our proposed 

building blocks have one multiplier and one adder. In the future, our proposal will significantly 

improve these fundamental block designs. 
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