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ABSTRACT

In recent years, the demand for energy-efficient computing
systems has increased rapidly due to the growth of portable
electronic devices, artificial intelligence-based applications, and
multimedia processing systems. Arithmetic units are the major
components that influence the power consumption and
performance of digital systems. Among these units, adders play a
significant role because addition operations are frequently used in
processors, image processing circuits, and signal processing
applications.

Approximate computing is an emerging design approach that
reduces hardware complexity by allowing controlled
computational errors while improving power efficiency, speed,
and area utilization. This paper presents a low-power approximate
adder design suitable for error-tolerant applications. The proposed
design reduces unnecessary logic operations by modifying the
conventional adder structure and replacing exact computation
with simplified logic functions in less significant bit positions.
The approach achieves reduced power consumption and lower

\fduitraerldty Whlis saietifind\AagpiApie) Rduracy.

The proposed approximate adder architecture is analyzed based on
important performance parameters such as power consumption,
propagation delay, area utilization, and error characteristics. The
design can be effectively used in applications where small
computational errors do not significantly affect the final output
quality. The results indicate that approximate adders provide an
efficient solution for developing low-power and high-performance
digital systems.

Keywords— Approximate Computing, Low Power Design,
Approximate Adder, Error Tolerance, Digital Circuits, Energy
Efficient Systems.
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. INTRODUCTION

The rapid development of modern electronic systems has created
a strong requirement for low-power and high-performance
hardware architectures. Portable devices, wearable electronics,
Internet of Things (IoT) devices, and artificial intelligence
applications require circuits that consume minimum energy while
providing reliable performance. In conventional digital systems,
accuracy is considered the primary design objective. However,
achieving complete accuracy often increases hardware
complexity, power consumption, and processing delay.

Arithmetic circuits are fundamental building blocks in almost
every digital system. Among arithmetic circuits, adders are
widely used in processors, digital signal processors, image
processing units, and communication systems. A conventional
accurate adder performs exact binary addition using complex
logic structures. Although these circuits provide accurate results,
they require more hardware resources and consume higher power.

Many modern applications such as image enhancement,
multimedia processing, machine learning, and computer vision
can tolerate small errors without affecting the overall system
performance. This property has encouraged the development of
approximate computing techniques. Approximate computing
reduces computational complexity by introducing controlled
errors in the output, resulting in improvements in power, area, and
speed.

An approximate adder is one of the important components in
approximate computing systems. Instead of generating an exact
carry propagation through all bit positions, approximate adders
simplify the carry generation process in selected regions. This
reduces the number of logic gates required and improves circuit
efficiency. The design accuracy can be adjusted according to the
requirements of specific applications.

The main objective of this work is to design a low-power
approximate adder architecture that provides a balance between
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accuracy and hardware efficiency. The proposed design focuses
on reducing power consumption and delay while maintaining
acceptable error performance. The architecture is suitable for
error-tolerant applications where energy efficiency is more
important than perfect computational accuracy.

The remaining sections of this paper are organized as follows.
Section Il discusses existing research works related to
approximate adders. Section Ill explains the proposed
approximate adder design. Section 1V describes the methodology
followed for implementation and analysis. Section V presents the
results and discussion. Section VI describes various applications,
and Section V11 concludes the paper

1. RELATED WORK / LITERATURE SURVEY

Approximate computing has gained significant attention in recent
years because of its ability to improve energy efficiency in digital
systems. Several researchers have proposed different approximate
arithmetic circuits by modifying conventional logic structures and
reducing unnecessary computations.

Traditional adders such as Ripple Carry Adders (RCA), Carry
Look-Ahead Adders (CLA), and Carry Select Adders (CSLA)
provide highly accurate results but require additional hardware
resources. The major limitation of these designs is the propagation
of carry signals through multiple stages, which increases delay
and power consumption.

To overcome these limitations, researchers introduced
approximate adder architectures by reducing carry propagation
complexity. One commonly used approach is to divide the adder
into accurate and inaccurate regions. The most significant bits are
calculated accurately to maintain output quality, while the least
significant bits are simplified to reduce hardware requirements.

Various approximate full adders have been developed by
modifying conventional XOR and AND logic operations. These
designs reduce the number of transistors and logic gates required
for implementation. Although these methods introduce small
errors, they provide considerable improvement in power and area
efficiency.

Another approach uses error compensation techniques, where
additional logic is introduced to reduce the impact of
approximation errors. These techniques improve accuracy but
may increase circuit complexity. Therefore, selecting an
appropriate approximation level is important for achieving a
balance between accuracy and power reduction.

Recent studies have shown that approximate adders are highly
suitable for multimedia and artificial intelligence applications. In
these applications, small numerical errors are acceptable because
the final output is generally based on human perception or
statistical processing. Therefore, approximate arithmetic units can
provide better energy efficiency compared with conventional
exact circuits.

The literature survey indicates that approximate adders are
effective solutions for low-power VLSI systems. However,
designing an efficient approximate adder requires careful
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consideration of error rate, power consumption, delay, and area
requirements.

I11. PROPOSED APPROXIMATE ADDER DESIGN

The proposed design introduces a low-power approximate adder
architecture by simplifying the logic operations in selected bit
positions. The main idea is to reduce the complexity of carry
generation and minimize switching activity inside the circuit.

A conventional N-bit binary adder consists of multiple full adder
stages connected in series. Each stage generates a sum output and
transfers a carry signal to the next higher bit position. The
continuous carry propagation increases the delay of the circuit and
consumes additional power.

In the proposed approximate adder, the complete adder structure
is divided into two sections:

1. Accurate Computing Region
2. Approximate Computing Region

The accurate region processes the higher-order bits where
correctness has a greater impact on the final output. The
approximate region processes the lower-order bits using
simplified logic expressions. Since lower-order bits contribute
less significance to the final result, controlled approximation can
be introduced without major output degradation.

The approximate section eliminates unnecessary carry
propagation by replacing complex full adder structures with
simplified logic circuits. This reduction decreases the number of
transistors and logic gates required for implementation. As a
result, the overall circuit achieves lower power consumption and
improved processing speed.

Proposed Architecture Description
The proposed architecture consists of
- Input binary operands A and B.
- Approximate logic unit for lower significant bits.
- Accurate adder unit for higher significant bits.
- Combination stage to generate final output.

The simplified structure reduces the internal switching activity of
the circuit. Lower switching activity directly contributes to
reduced dynamic power consumption. The architecture also
provides flexibility by allowing designers to select different
approximation levels according to application requirements.

. This reduction decreases the number of transistors and logic
gates required for implementation. As a result, the overall circuit
achieves lower power consumption.

IV.METHODOLOGY

The methodology followed for designing the proposed low-power
approximate adder focuses on reducing hardware complexity
while maintaining acceptable output accuracy. The design process
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involves analyzing conventional adder structures, identifying
power-consuming  sections,  introducing  approximation
techniques, and evaluating the performance parameters.

The complete methodology is divided into several stages:
1. Analysis of Conventional Adder Structure

Initially, the operation of a conventional binary adder is studied.
A normal full adder consists of three input signals: two binary
inputs and one carry input. It generates two outputs, namely sum
and carry. Multiple full adders are connected to form an N-bit
adder.

The main drawback of conventional adders is the carry
propagation delay. Each carry output depends on the previous
stage, which increases the computation time and power
consumption for large bit-width operations.

2. Approximation Technique Selection

In the proposed design, approximation is introduced by
simplifying the logic operations in the less significant bit
positions. Since lower-order bits have minimum influence on the
final output, they can tolerate a certain amount of error.

The approximation technique reduces the dependency between
consecutive adder stages by limiting carry generation. This
reduces the number of logic operations and improves the overall
circuit efficiency.

3. Design of Approximate Logic Unit

The approximate logic unit replaces complex full adder circuits
with simplified logic expressions. The simplified structure
requires fewer transistors and reduces switching activity.

The approximate unit generates estimated sum and carry outputs.
These outputs are combined with the accurate region output to
obtain the final addition result.

4. Integration of Accurate and Approximate Regions

The proposed architecture combines both accurate and
approximate sections. The higher significant bits are processed
using conventional addition methods to maintain output
reliability. The lower significant bits use approximate
computation to achieve power reduction.

This hybrid approach provides a balance between accuracy and
energy efficiency.

The significant bits are processed using conventional addition
methods to maintain output reliability. The lower significant bits
use approximate computation to achieve power reduction.

Hardware Implementation

The proposed design can be implemented using Verilog HDL and
simulated using digital design simulation tools. The generated
RTL model can be synthesized to analyze hardware parameters
such as power, area, and delay.
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The performance evaluation is carried out by comparing the
proposed approximate adder with conventional exact adders. The
important parameters considered for analysis are:

- Power consumption
- Propagation delay

- Area utilization

- Error distance

- Accuracy percentage

V.RESULTS AND DISCUSSION

The performance of the proposed approximate adder is evaluated
based on power efficiency and error characteristics. The main
objective of the design is to achieve significant power reduction
with acceptable output variation.

The approximate design reduces hardware resources by
eliminating unnecessary carry propagation paths. Due to fewer
logic operations, the circuit requires less switching activity,
resulting in lower dynamic power consumption.

The delay performance is improved because the carry signal does
not need to travel through all adder stages. This makes the
proposed architecture suitable for high-speed applications.

The error introduced by approximation depends on the number of
bits selected for approximate computation. Increasing the
approximate region provides higher power savings but may
increase output error. Therefore, an appropriate balance must be
maintained according to application requirements.

The proposed design achieves efficient performance for error-
tolerant applications where small computational differences are
acceptable. The obtained improvements demonstrate that
approximate adders can be effectively used for developing
energy-efficient VLSI systems.

VI. RESULTS AND DISCUSSION

The proposed low-power approximate adder is analyzed by
considering different performance parameters. The major focus of
the evaluation is to identify the improvement achieved in power
consumption, delay reduction, and hardware utilization compared
with conventional addition architectures.

Power Analysis

Power consumption is one of the most important factors in
modern VLSI circuit design. In conventional adders, power is
mainly consumed due to continuous switching of internal nodes
during carry propagation. The proposed approximate adder
reduces these switching activities by simplifying the carry
generation process.
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The reduction in logic transitions decreases dynamic power
consumption.This makes the proposed architecture suitable for
battery-operated devices and energy-constrained systems.

Delay Analysis

Propagation delay directly affects the operating speed of digital
systems. In traditional ripple-based adders, carry signals travel
through multiple stages before producing the final output. This
increases the computation time.

The proposed design reduces carry dependency in the
approximate region, resulting in faster operation. The reduced
delay improves the performance of systems requiring high-speed
arithmetic processing.

Area Utilization

The number of logic gates and transistors used in a circuit
determines the occupied silicon area. Conventional accurate
adders require more hardware components to maintain exact
computation.

The proposed architecture uses simplified logic circuits in
selected bit positions, reducing the total hardware requirement.
This reduction leads to smaller chip area and lower manufacturing
complexity.

Error Performance

Although the proposed design introduces approximation, the error
remains within an acceptable range for error-tolerant applications.
The error generated by the approximate region has less impact
because it mainly affects lower significant bits.

The quality of the output depends on the approximation level
selected during the design process. Applications with higher
tolerance for error can use a larger approximate region to obtain
greater power savings.

Advantages of Proposed Approximate Adder
* Feature| Benefit
* Reduced Carry Propagation| Improved Processing Speed
* Simplified Logic Structure| Lower Hardware Complexity
* Less Switching Activity| Reduced Power Consumption
* Adjustable Approximation Level| Application Flexibility

* Compact Architecture| Reduced Area Requirement
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VII. APPLICATIONS

The proposed low-power approximate adder can be used in
various error-tolerant applications where energy efficiency and
performance are important. Some major applications are
discussed below.

1. Image Processing Systems

Image processing operations involve a large number of addition
and multiplication operations. Small errors in pixel calculations
generally do not create noticeable changes in the final image
quality. Therefore, approximate adders can reduce power
consumption while maintaining acceptable image output

Applications such as image enhancement, filtering, and
compression can benefit from approximate arithmetic circuits.

2. Digital Signal Processing

Digital Signal Processing (DSP) systems require continuous
arithmetic operations for analyzing and processing signals. The
use of approximate adders reduces computational complexity and
improves energy efficiency in DSP hardware.

Low-power DSP processors using approximate arithmetic are
suitable for portable communication devices and sensor-based
systems.

3. Machine Learning Hardware

Artificial intelligence and machine learning algorithms require
large numbers of arithmetic operations. Since many machine
learning models can tolerate small numerical variations,
approximate adders can be integrated into neural network
accelerators.

The reduced power consumption helps in developing efficient Al
hardware for edge computing applications.

4. Multimedia Applications

Multimedia systems such as video processing, audio processing,
and graphics applications require high-speed computations.
Approximate adders improve performance by reducing delay and
power consumption while maintaining acceptable output quality.

5. Internet of Things (10T) Devices

10T devices operate with limited battery capacity and require
energy-efficient hardware. Approximate adders provide a suitable
solution by reducing power requirements and extending device
operating time.

The above applications show that approximate computing
techniques play an important role in designing future low-power
electronic systems.
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VIIl. CONCLUSION

This paper presented a low-power approximate adder design for
error-tolerant applications. The proposed architecture focuses on
reducing power consumption, hardware complexity, and
propagation delay by introducing controlled approximation in
selected bit positions.

Unlike conventional exact adders, the proposed design reduces
unnecessary carry propagation and simplifies logic operations in
the approximate region. This approach decreases switching
activity and improves energy efficiency while maintaining
acceptable computational accuracy.

The performance analysis shows that approximate adders provide
a better trade-off between accuracy and hardware efficiency. The
proposed architecture is highly suitable for applications such as
image processing, digital signal processing, artificial intelligence
systems, multimedia processing, and 0T devices where small
errors can be tolerated.

In future work, the design can be further improved by developing
adaptive approximation techniques that automatically adjust the
accuracy level based on application requirements. Advanced
optimization methods can also be applied to achieve better power
reduction and improved performance for next-generation VLSI
systems.

The proposed low-power approximate adder provides a practical
solution for digital systems in which complete arithmetic
accuracy is not always necessary. By allowing controlled
approximation in selected computation stages, the design can
reduce unnecessary logic operations and improve the energy
efficiency of the overall circuit. The resulting architecture is
particularly suitable for applications that perform repeated
arithmetic operations on large volumes of data.

Another important advantage of the proposed approach is its
flexibility. The degree of approximation can be selected according
to the requirements of the target application. Applications with
higher error tolerance can employ more aggressive approximation
to obtain greater power and hardware savings, whereas
applications requiring better accuracy can use a smaller
approximation level.

The design concept can be further extended to larger-bit
arithmetic units and integrated into complex processing
architectures. Future implementations may investigate adaptive
approximation, where the circuit dynamically changes its
operating mode depending on workload and required accuracy.
Such techniques can provide an improved balance between
energy consumption and computational quality.

Overall, low-power approximate arithmetic has significant
potential in the development of compact and energy-efficient
electronic systems. The proposed approximate adder can serve as
a useful building block for future VLSI architectures, edge-
processing devices, multimedia systems, and other error-tolerant
applications where power efficiency is an important design
objective.
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