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Abstract – This paper proposes a novel design of a 

power- efficient and accurate approximate multiplier that 

utilizes the concepts of approximate compressors and 

adders. In many applications, such as image processing, 

neural networks, and wireless communications, the 

requirement of precision may not be high. Therefore, the use of 

approximate computing techniques may be used to improve 

the performance and reduce the power consumption. In this 

paper, the design of the multiplier is simplified with the use 

of approximate logic blocks, which include the use of 

approximate half adders, full adders, and compressors. In 

addition, the design includes an error compensation mechanism 

that ensures the design is accurate. In this paper, the design is 

coded using Verilog HDL and then simulated and synthesized 

using the Xilinx Vivado tool. The simulation results reveal 

that the designs proposed in this paper significantly reduce 

the power consumption while ensuring the accuracy of the 

designs. In this paper, the proposed design is compared with the 

existing designs, where the power consumption is reduced 

by 59.16% and 65.93%, with average accuracies of 93.14% and 

91.98%,respectively. 

Keywords: Reduced power, Increased speed, Decrease 

area, Accuracy is increased. 

1. INTRODUCTION 

Multiplication is a very important arithmetic operation 

used in many digital systems and computing applications. 

This operation is used in many applications such as 

digital signal processing, image processing, machine 

learning, artificial intelligence, communication systems, 

etc. The arithmetic circuits used in traditional computing 

systems are designed to give completely accurate results. 

However, to obtain accurate results in computing 

systems, complex hardware circuits are used. This results 

in an increase in power consumption and processing time. 

 

However, in recent electronic devices, especially in 

portable electronic devices that are battery- powered, 

minimizing power consumption and maximizing 

processing speed are very important issues. To resolve 

these issues in computing systems, a new concept known 

as approximate computing has been introduced. The 

concept of approximate computing is to introduce a 

certain level of errors in computing systems in order to 

obtain a significant reduction in hardware complexity, 

power consumption, and processing 
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time. Many applications in real-life computing systems, 

such as multimedia processing and image processing, can 

tolerate a certain level of errors because these errors are 

not recognizable by humans. Out of various approximate 

circuits, the approximate multipliers have drawn much 

more interest, as multiplication operations are often 

performed for various computational operations. An 

approximate multiplier performs multiplication 

operations with reduced hardware complexity, 

considering minor errors in the output. Compared to the 

exact multipliers, the approximate multipliers consume 

less power, occupy less chip area, and operate faster. 

These advantages of the approximate multipliers enable 

the use of these multipliers for various applications where 

errors are allowed. The approximate multipliers are 

designed by modifying the internal components of the 

multipliers, i.e., compressors and adders, to reduce  the 

complexity of the multipliers. 

Compressors are often used in the multiplier architectures 

to reduce the multiple partial products to fewer bits, 

thereby speeding up the multiplication process. 

Approximate compressors simplify the multiplication 

process by considering minor errors, ignoring the rare 

combinations of inputs, or performing logic operations. 

Similarly, the use of approximate adders is utilized to 

reduce the complexity of the design. In this case, the 

complexity of the design is reduced by replacing the 

complex logic gates with simpler logic gates. For 

example, the use of the OR gate is used instead of the 

XOR gate used in the design of the sum output of the half 

adder. In this case, the OR gate uses fewer transistors 

compared to the XOR gate, which reduces the power 

consumption. In the design of the full adder, the use of 

the OR gate is similar to the use of the OR gate in the 

design of the half adder. 

In this paper, a novel design of power-efficient and 

accurate approximate multiplication is proposed. In this 

design, the use of approximate compressors and adders is 

used. In this design, the hardware complexity and power 

consumption are reduced while the level of accuracy is 

high. In the proposed design, the architecture of the 

multiplier is designed with the use of exact and 

approximate techniques 

along with the use of the error correction mechanism to 

reduce the inaccuracies that occur due to the use of the 

approximation techniques. In this design, the Verilog 

HDL is used to implement the design. The simulation and 

synthesis tools were used to verify the design. In the 

proposed design, the power consumption is reduced 

while the level of accuracy is high. Thus, this design is 

useful for the design of energy-efficient computing 

applications. 

2. Literature Survey: 

In recent years, approximate computing has attracted 

considerable attention for digital system design due to its 

ability to reduce power consumption, hardware 

complexity, and delay with acceptable accuracy. Among 

all the arithmetic in various applications such as image 

processing, neural network design, signal processing, and 

multimedia system design. Traditional multipliers are 

optimized for producing accurate results. However, these 

multipliers are power hungry. In recent years, many 

applications are not highly sensitive to computational 

accuracy. Therefore, researchers proposed an 

approximate multiplier to reduce accuracy with a large 

improvement in power efficiency. 

Several studies have been conducted to design energy-

efficient approximate multipliers using various 

architectural styles. One significant work has been carried 

out by researchers to propose an ultra-efficient 

approximate multiplier with a truncated region, an error 

compensation module, and an exact computation unit. In 

this work, the least significant bits of the product are 

truncated to reduce hardware complexity and power 

consumption. To improve the accuracy of this 

approximate multiplier, an error compensation module 

has been used to compensate for the errors introduced due 

to truncation. This work has successfully demonstrated 

the trade-off between computational accuracy and 

hardware efficiency. 

Another area of research includes the use of compressor 

circuits in multiplier architectures. The compressor 

circuits are critical blocks that reduce partial products 

produced during multiplication. Several researchers have 

proposed an approximate 4-2 compressor design that 

reduces circuit complexity by considering a low 

probability of input combinations. The use of an 

approximate 
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compressor reduces the propagation delay, power, and 

area of the circuit with a marginal amount of error. The 

researchers have proved that the use of an approximate 

compressor improves the performance of the circuit for 

error-tolerant applications such as image processing and 

machine learning. 

image processing, neural networks, and multimedia, it 

has been observed that a certain operations, 

multiplication is one of the most common operations 

used. Apart from compressors, approximate adders 

have also been explored in the context of low-power 

arithmetic circuits. The approximate half adders and full 

adders reduce the hardware implementation 

complexities of the circuits by using simple logic gates 

instead of complex ones. For example, the XOR gate 

in the calculation of the sum output of the adder is 

replaced with an OR gate in the approximate adder, 

which reduces the power consumption of the circuit as the 

OR gate requires fewer transistors compared to the 

XOR gate. The efficiencyofthe pproximate adder inthe 

reduction of energy consumption has been shown by 

researchers. 

More research has also been done in the design of 

efficient multipliers by incorporating approximate 

compressors and adders in the design of popular 

multiplier architectures such as the Dadda multiplier. 

These designs have achieved an efficient balance 

between accuracy and power efficiency by using a 

combination of precise and imprecise components. 

Researchers have also proposed the use of majority- 

based imprecise compressors and recursive multipliers 

for better design efficiency. Energy-efficient designs of 

Dadda multipliers using voltage over-scaling have also 

been proposed for longer circuit life. 

Recent studies have further improved approximate 

multiplier designs with the development of high- 

accuracy compressors to optimize the designs for 

applications that require error resilience. The designs are 

targeted to achieve power saving, reduced delays, and 

acceptable levels of accuracy. From the literature, it can 

be concluded that approximate multipliers using 

compressors and adders are promising techniques for 

developing power-efficient computing systems. The 

techniques 

can be used to implement high-performance hardware 

designs that are suitable for applications where errors are 

tolerated, but power consumption and speed are critical 

factors. 

3. EXISTING SYSTEM 

The current model for approximate multipliers has 

emphasized hardware efficiency with a certain amount of 

error in the result obtained from the multiplication 

process. 

In a amount of error in the result obtained from the 

multiplication process does not affect the output to a large 

extent. 

Therefore, a new model known as an approximate 

multiplier has been proposed. The complexity involved in 

the arithmetic process for these multipliers results in a 

reduced power consumption, delay, and hardware area. 

In the existing designs, the implementation of the 

approximate multipliers is generally carried out with the 

help of techniques such as partial product truncation, the 

use of approximate compressors, and the use of 

approximate adders. In the partial product truncation 

method, the least significant bits of the multiplication 

products are eliminated to simplify the design. 

Compressors play a significant role in the design of the 

multiplication process, where the partial products are 

reduced to a minimum. In the case of exact 

multiplication, the compressors used produce accurate 

results. However, the use of the compressor reduces the 

complexity of the design and the use of the adder to 

produce near-accurate results with minimal errors. In the 

case of the adder, the complex design is simplified with 

the use of the OR operation instead of the XOR 

operation, which reduces the power consumption. 

Many of the available multiplier designs also include 

error compensation mechanisms that handle errors due to 

approximate components. These mechanisms adjust 

certain values or add values to the components to ensure 

that the accuracy level is within the desired range. Using 

the components of truncation, approximate compressors, 

approximate adders, and error correction, the available 

multiplier designs achieve an effective trade-off between 

power  efficiency  and  accuracy.  The  proposed 
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approximate multipliers are highly effective in improving 

performance and power efficiency conventional digital 

system, the multipliers are usually designed to give an 

exact result. 

However, this results in a large number of logic gates, 

power consumption, and an increased delay. However, 

with the current trends in various digital systems such as 

over traditional multipliers and are thus applicable in 

error-tolerant applications such as digital signal 

processing, artificial intelligence, and image processing. 

 

4. Proposed Model: The proposed model is the current 

work is based on designing an efficient and precise 

approximate multiplier using approximate compressors 

and adders. The multiplication operation is one of the 

basic arithmetic operations that are used in digital 

systems such as image processing, neural networks, and 

signal processing. The conventional multipliers are 

designed to obtain precise results, but they are associated 

with increased hardware complexity, power 

consumption, and delays. However, in real- world 

scenarios, the error rate is tolerable, as it does not impact 

the final outcome of the system. The proposed model is 

based on the concept of applying approximate computing 

techniques to achieve reduced hardware complexity and 

power consumption without compromising the precision 

of the system. 

 

Fig1: Behavioral Simulation 

 

The proposed multiplier’s architecture is based on an 8x8 

multiplication operation and involves several stages that 

include the use of both exact and approximate 

components. In the initial stage, partial products are 

generated based on the input values. In order  to  

minimize  the  complexity  and  power 

consumption of the circuit, 50% of the generated partial 

products are replaced by an 8-bit constant value, 

“00000110.” The truncation of the partial products is an 

effective way to minimize the number of logic 

operations in the proposed multiplier. The rest of the 

partial products are then processed using compressors and 

adders. The 4-2 compressors are employed in the initial 

stage of the multiplication operation to achieve some 

level of accuracy, followed by the use of approximate 

compressors in later stages to minimize power 

consumption and maximize speed. The compressors are 

effective in reducing the number of input bits to be 

combined and thus accelerate the multiplication 

operation. 

 

Fig2: Schematic Diagram 

The design includes approximate adders such as half 

adders and full adders. These adders are included to 

further simplify the hardware implementation. In an 

approximate half adder, the XOR gate used for the sum 

calculation is replaced with an OR gate. This reduces the 

number of transistors used, thus reducing power 

consumption. In an approximate full adder, the sum 

calculation is modified, while the carry calculation 

remains the same. These design modifications simplify 

the gates and thus enhance the speed of the process. 

However, this design includes a controlled error. Since 

the design will be used for error-tolerant applications, this 

minor error will not be a problem. 

 

 

 

 

Fig3: Circuit Diagram 
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Another significant part of the proposed model is the 

error correction mechanism. Due to the presence of 

inaccuracies in the design of the approximate compressor 

and partial products, the error compensation block is 

added to the design to ensure that the accuracy level is at 

a reasonable level. A correction value is generated as part 

of this block, which is used during the critical 

computation part. In the design, two OR gates are used to 

obtain the carry value used in the accurate part of the 

multiplication. The correction mechanism reduces the 

overall error that is accumulated due to the 

approximations. Thus, the design ensures that the 

multiplication is carried out with a reasonable balance 

between power efficiency and accuracy. 

 

Fig4: IC physical design view 

The architecture of the proposed model is such that there 

are two designs in the proposed architecture. The first is 

Design 1, in which the first stage of the proposed 

architecture consists of exact compressors, the second 

stage consists of approximate compressors, and the last 

stage consists of approximate adders in order to reduce 

the logic gates. The second is Design 2, in which the first 

and second stages of the proposed architecture consist of 

exact compressors, and the last stage consists of 

approximate full adders in order to reduce the power 

consumption of the proposed architecture. The results of 

the proposed architecture show that the power 

consumption of the proposed architecture is 

significantly reduced 

compared to the conventional architecture of the 

multiplier. The proposed architecture is thus effective in 

the creation of an energy-efficient, high- speed multiplier. 
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