D
w ‘ é ISSN(O): 2320-9801
II.' I R cc E ISSN(P): 2320-9798

International Journal of Innovative Research 1in

Computer and Communication Engineering
(A Monthly, Peer Reviewed, Refereed, Scholarly Indexed, Open Access Journal)

Impact Factor: 8.771 Volume 13, Issue 4, April 2025

@ www.ijircce.com X ijircce@gmail.com & +91-9940572462 (L +9163819 07438



© 2025 IJIRCCE | Volume 13, Issue 4, April 2025| DOI:10.15680/IJIRCCE.2025.1304156
www.ijircce.com | e-ISSN: 2320-9801, p-ISSN: 2320-9798| Impact Factor: 8.771| ESTD Year: 2013|

% p} "A\‘ International Journal of Innovative Research in Computer
m ¥ and Communication Engineering (IJIRCCE)
IJ I RCCE (A Monthly, Peer Reviewed, Refereed, Scholarly Indexed, Open Access Journal)

Optimized Approximate 7:2 Compressor for
Fast and Low-Power Multiplication

Mrs.Karuna gone!
D.N.Harshitha?, V.L.Prasanna’, Sk.N.Basha*,Ch.Akash’, N.J.N.Sagar®
Assistant Professor, Department of ECE, Sri Vasavi Institute of Engineering & Technology (Autonomous),
Nandamuru, Pedana, A.P, India'
D.N.Harshitha?, V.L.Prasanna’, Sk.N.Basha*,Ch.Akash’, N.J.N.Sagar®
Department of ECE, Sri Vasavi Institute of Engineering & Technology (Autonomous), Nandamuru, Pedana, A.P, India

ABSTRACT: Multiplication is a fundamental arithmetic operation widely used in digital signal processing (DSP),
artificial intelligence (Al), machine learning (ML), cryptography, image processing, and high-performance computing
(HPC). However, traditional exact multipliers are power-hungry and introduce high latency due to their complex partial
product reduction stages. To address this challenge, approximate computing techniques have emerged as a promising
approach to enhance energy efficiency while maintaining an acceptable trade-off in computational accuracy. In this
work, we present the design and performance analysis of high-efficiency approximate multipliers leveraging advanced
7:2 compressor architectures optimized for low-power and high-speed applications. The proposed 7:2 compressor-
based multiplier significantly reduces the number of partial product reduction stages, leading to lower power
dissipation, reduced circuit complexity, and improved processing speed. By strategically implementing approximate
adders and compressors, we achieve a substantial reduction in transistor count, thereby minimizing propagation delay
and dynamic power consumption. We evaluate the proposed approximate 7:2 compressor-based multiplier using a
comprehensive set of performance metrics, including delay, power consumption, energy efficiency, and accuracy loss,
and compare it against conventional exact multipliers, such as Wallace tree, Dadda multipliers, and Booth multipliers.
To further optimize performance, we explore different approximation strategies, including truncated multipliers, bit-
width reduction, and error-tolerant logic techniques. The impact of approximation on signal-to-noise ratio (SNR), mean
squared error (MSE), and peak signal-to-noise ratio (PSNR) is analysed in various real-world applications, such as
image enhancement, edge detection, and Al-based classification models. Results indicate that even with slight accuracy
degradation, the proposed multiplier provides significant gains in power efficiency and speed, making it highly suitable
for resource-constrained environments such as battery-operated devices, wearable electronics, and real-time processing
units.Additionally, we discuss potential future enhancements, including the integration of adaptive approximation
techniques, reconfigurable architectures, and Al-driven dynamic accuracy control, which can further improve the
versatility and robustness of approximate multipliers in next-generation digital systems.

KEYWORDS: Approximate 7:2 Compressor, CMOS Technology, Error-Resilient Computing, High-Performance
Multiplier, Low Power VLSI Design, Power-Delay Product (PDP).

LINTRODUCTION

The rapid advancements in modern computing systems, especially in the domains of digital signal processing (DSP),
machine learning (ML), artificial intelligence (Al), and high-performance computing (HPC), have highlighted the
increasing need for high-speed, low-power arithmetic units. Multiplication, a key operation in these systems, is often
one of the most computationally intensive and power-consuming tasks. Traditional multipliers, such as Wallace Tree
and Dadda Multipliers, are designed to ensure high precision, but their complexity and resource demands lead to
significant power dissipation, area overhead, and longer processing delays.

This paper presents a comprehensive design and performance analysis of high-efficiency approximate multipliers that
utilize the 7:2 compressor architecture. The primary goal is to demonstrate how this design can be applied in low-
power, high-speed applications, making it ideal for battery-operated devices, real-time signal processing systems,
embedded systems, and Al accelerators. We explore various techniques to optimize the power consumption, speed, and
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accuracy trade-offs through different design and approximation strategies. These include bit-width reduction, truncated
multiplications, and error-tolerant approximation techniques, all of which help in
reducing the hardware complexity and energy usage while maintaining the required level of accuracy for practical
applications.In conclusion, this work aims to demonstrate how the combination of approximate computing and 7:2
compressor architectures can revolutionize the design of low-power, high-speed multipliers, paving the way for next-
generation computing systems that prioritize both performance and energy efficiency. By leveraging approximation
techniques, this paper highlights the potential for significant improvements in modern computing, where power
efficiency is paramount, and small errors are acceptable.

II. PROPOSED SYSTEM

Working of the Design and Performance Analysis of High-Efficiency Approximate Multipliers Leveraging Advanced
7:2 Compressor Architectures for Low-Power and High-Speed Applications. The design and performance analysis of
high-efficiency approximate multipliers based on advanced 7:2 compressor architectures are aimed at achieving low
power consumption, high-speed operation, and area efficiency for applications where slight approximation in results is
acceptable. The key idea behind approximate multipliers is to balance between computational accuracy and resource
usage, thus optimizing power and speed while tolerating minimal error in the computation. The proposed architecture
employs a 7:2 compressor, which is a higher-order compressor known for its ability to reduce the complexity of partial
product reduction in multiplication. It optimizes the multiplication process by compressing multiple bits into fewer
output bits, thus reducing the number of operations required in partial product summation.

Compressor-based Multiplier Architecture:

The multiplier design begins by splitting the two input operands into smaller bit-width chunks and generating their
corresponding partial products. The 7:2 compressor is employed in the partial product summation stage to combine
multiple bits into fewer bits while minimizing delay and power. In the 7:2 compressor, 7 input bits are compressed into
2 output bits, reducing the number of bits that need to be propagated through the circuit. The reduction of bit-width in
each step of the computation results in fewer logic gates being used, which reduces the overall power consumption of
the design. This is particularly beneficial in large multiplication operations, such as those required in image processing
and machine learning, where large numbers of multiplications are performed.

Approximation Strategy and Power-Accuracy Trade-off:

The core idea of approximate computing in this design is to sacrifice a small degree of accuracy in favor of significant
reductions in power and increased processing speed. The proposed approximate multiplier leverages approximate
compressors and bit truncation techniques that reduce the number of significant bits in the multiplication operation.
This results in lower precision in the final product, but the error introduced is minimized through error-tolerant
techniques such as bit-width reduction, which limits the number of bits used in the final multiplication results.

For instance, in some cases, the least significant bits (LSBs) of the result can be ignored or approximated, leading to a
trade-off between accuracy and efficiency. This trade-off is particularly useful in applications where slight inaccuracies
in computation have minimal impact on the overall functionality, such as image processing or signal filtering. In these
scenarios, the approximate multiplier can offer a substantial speedup and lower power consumption compared to exact
multipliers.

To analyze the performance of the proposed 7:2 compressor-based approximate multiplier, we evaluate it using several
performance metrics, including power consumption, speed (delay), and accuracy loss. The design is implemented and
simulated using industry-standard tools such as Cadence Virtuoso and Synopsys Design Compiler for digital design
synthesis. Simulations are conducted to compare the proposed approximate multiplier with conventional exact
multipliers, such as Wallace Tree Multipliers and Dadda Multipliers, on the basis of area, speed, and power.

In the performance analysis, power consumption is measured in terms of dynamic power (due to switching activity)

and static power (due to leakage currents). The speed of the multiplier is evaluated by calculating its critical path delay,
which determines how quickly the multiplication operation can be completed.
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Fig: Working of 7:2 Compressor

The accuracy is evaluated by measuring the mean squared error (MSE), signal-to-noise ratio (SNR), and peak signal-to-
noise ratio (PSNR) for various real-world application scenarios. In most cases, the approximate multiplier is able to
achieve up to a 40% reduction in power, 30% reduction in area, and 50% faster operation compared to traditional exact
multipliers, while maintaining acceptable levels of accuracy loss, typically under 5% error.
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A 16-bit multiplier is a digital circuit that multiplies two 16-bit binary numbers to produce a result, typically a 32-bit
product (since the maximum product of two 16-bit numbers can be up to 32 bits). The operation is based on the
principles of binary multiplication, similar to long multiplication in decimal but adapted for binary arithmetic.

III. EXPERIMENTAL RESULTS
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IV.CONCLUSION

We successfully designed and analysed an optimized approximate multiplier architecture using a 7:2 compressor to
achieve fast and energy-efficient computation. The proposed design significantly reduces power consumption,
propagation delay, and hardware complexity when compared to traditional exact multipliers like Wallace Tree, Dadda,
and Booth multipliers.

By integrating approximation techniques and advanced compressor logic, we achieved substantial improvements in
speed and energy efficiency, making the design highly suitable for error-tolerant applications such as image processing,
neural networks, and embedded systems. Simulation results validate that the proposed

architecture offers up to 40% power savings, 30% area reduction, and up to 50% improvement in speed, with only
minimal accuracy degradation.The flexibility and scalability of this design demonstrate its potential for use in

modern VLSI systems where low power, high speed, and approximate computing are critical. Overall, this project
contributes to the growing field of approximate computing and provides a strong foundation for future enhancements
such as adaptive accuracy control and Al-driven optimization in arithmetic units
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