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Abstract - In modern digital systems, especially in image processing and digital signal processing (DSP) applications,
achieving high performance with low power consumption is crucial. Approximate computing has emerged as a promising
paradigm to optimize power, area, and delay by allowing controlled inaccuracies in computations where exact results are
not critical. This paper proposes the design and implementation of a 64-bit approximate multiplier using high- order
compressors such as 8:2, 4:2, and 3:2 to reduce the number of partial product reduction stages. The use of higher- order
compressors significantly lowers the critical path delay and power consumption by minimizing the number of intermediate
additions required in the reduction tree. The proposed 64- bit multiplier is evaluated and compared against conventional exact
multipliers in terms of delay, power, and accuracy metrics. Simulation results demonstrate a substantial improvement in
delay and power efficiency, making the design well-suited for image processing tasks and DSP operations where approximate
results are acceptable.

Keywords: Approximate Computing, Approximate Multiplier, High-Order Compressors, Partial Product Reduction,
Low-Power VLSI Design.

1. INTRODUCTION

Approximate computing is an emerging concept in digital design that relaxes the requirement of exact computation to achieve
improvements in power consumption, speed, and hardware efficiency. This approach is especially useful for embedded
and mobile systems that operate under strict energy and performance constraints. Many modern applications such as
multimedia processing, image processing, machine learning, and data mining can tolerate small errors, meaning that a
perfectly accurate result is not always necessary. Multipliers are fundamental components in microprocessors, digital signal
processors, and embedded systems where they are used in operations such as filtering, convolution, and neural network
computations. However, multipliers are complex circuits and consume significant power and hardware resource because
of this, the design of Approximate multipliers has become an important research area to improve system performance and
reduce energy consumption. In the proposed multiplier design, exact compressors are used in specific parts of the circuit
to maintain computational accuracy. While approximatecomputing reduces power consumption and delay by
allowing small errors, using exact compressors in critical sections of the multiplier ensures that the overall error does not
significantly affect the final output. In particular, exact comp ressors are typically used in the most significant (MSB) region
of the partial product reduction stage, where errors would have a larger impact on the final result. By combining
approximate techniques with exact compressors, the design achieves a balance between performance and accuracy. The
approximate compressors help reduce delay, power consumption, and hardware complexity, while the exact
compressors preserve the reliability of important computations. This hybrid approach improves the efficiency of the
multiplier while still maintaining acceptable output quality for applications such as digital signal processing and machine
learning. In our project, the partial product reduction stage is implemented using 8:2, 4:2, and 3:2 compressors. These
compressors help combine multiple input bits into fewer output bits, thereby reducing the number of reduction stages
and improving the overall speed of the multiplier. The use of these compressors creates a balanced reduction tree that
decreases propagation delay and improves power efficiency while maintaining acceptable accuracy, making the design
suitable for applications such as digital signal processing and artificial intelligence systems.
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2. LITERATURE REVIEW

Narayanamoorthy, S., Moghaddam, H. A, Liu, Z,, Park, T., & Kim, N. S. (2015). Energy- Efficient Approximate Multiplication
for Digital Signal Processing and Classification Applications. IEEE Transactions on Very Large Scale Integration (VLSI)
Systems, 23(6), 1180-1184. The need to support various digital signal processing (DSP) and classification applications on
energy-constrained devices has steadily grown. Such applications often extensively perform matrix multiplications using
fixed-point arithmetic while exhibiting tolerance for some computational errors. Hence, improving the energy efficiency of
multiplications is critical. In this brief, we propose multiplier architectures that can tradeoff computational accuracy with
energy consumption at design time. Compared with a precise multiplier, the proposed multiplier can consume less
energy/op with average computational error of 01%. Finally, it is demonstrated that such a small computational error does
nonotably impact the quality of DSP and the accuracy of classification applications. Summary: In this paper, Power
consumption and area can further be reduced. Zervakis

G., Xydis, S., Tsoumanis, K., Soudris, D., &Pekmestzi, K. (2015).Hybrid approximate multiplier architectures for improved
power-accuracy trade-offs. 2015 IEEE/ACM International Symposium on Low Power Electronics and Design (ISLPED).
Approximate computing forms a promising design alternative for inherently error resilient applications, trading accuracy for
power savings. In this paper, we exploit multi-level approximation,i.e. at the algorithmic, the logic and the circuit level, to
design low power approximate arithmetic architectures for hardware multipliers. Motivated from the limited power
savings that approximation techniques can achieve in isolation, we explore hybrid methods that apply simultaneously
more than one techniques from different layers. We introduce the concept of perforation for approximate arithmetic
circuit design and we explore the newly defined design space of hybrid designs showing that it leads to lower power
consumption at every examined error range. To address the increased complexity of the target design space, we
introduce an heuristic optimization technique and the corresponding design framework that automatically generates
hybrid low-power approximate multipliers requiring a small number of design evaluations,i.e. synthesis, simulation power
and timing analysis Through extensive experimentation, we show that the proposed techniques converge towards optimal
solutions and deliver approximate designs that are always more efficient with respect to state-of-art approaches. Power
savings of 11% are reported for small error bounds and more than 30% in case of more relaxed error constraints.
Summary: In this paper, power consumption can further be reduced.

A. Momeni, ]. Han,“Design and Analysis of Approximate Compressors for Multiplication” IEEETransactions on
Computers. Inexact (or approximate) computing is an attractive paradigm for digital processing at nanometric scales.
Inexact computing is particularly interesting for computer arithmetic designs. This paper deals with the analysis and
design of two new approximate 4-2 compressors for utilization in a multiplier. These designs rely on different features of
compression, such that imprecision in computation (as measured by the error rate and the so-called normalized error
distance) can meet with respect to circuit- based figures of merit of a design (number of transistors, delay and power
consumption). Four different schemes for utilizing the proposed approximate compressors are proposed and analyzed
for a Dadda multiplier. Extensive simulation results are provided and an application of the approximate multipliers to
image processing is presented. The results show that the proposed designs accomplish significant reductions in power
dissipation, delay and transistor count compared to an exact design; moreover, two of the proposed multiplier designs
provide excellent capabilities for image multiplication with respect to average normalized error distance and peak signal-
to-noise ratio Summary: In this paper, high speed is achieved, but transistor count is more

3. PROPOSED WORK

The proposed method focuses on the design and implementation of a 64-bit approximate multiplier and 64 bit Exact
multiplier that utilizes a combination of high-order compressors — specifically 8:2, 4:2, and 3:2 compressors — to improve
speed and power efficiency at the cost of a small reduction in accuracy. This design is particularly suited for error-tolerant
applications such as image processing and digital signal processing (DSP), where a trade-off between accuracy and
hardware efficiency is acceptable.

1. Motivation Traditional multiplier architectures for higher-bit computations involve numerous addition stages to
compress the partial products, resulting in increased critical path delay, power consumption, and silicon area. The use of
approximate computing, combined with high-order compressors, offers a solution by simplifying the hardware and
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reducing the number of intermediate stages.

2. Compressor Hierarchy and Selection The core idea is to reduce the number of partial product reduction stages by
using high-order compressors capable of handling more input bits per compression unit. The proposed hierarchy
includes:

e 8:2 Compressor: Takes 8 input bits and produces 2 outputs (sum and carry), significantly reducing the depth of the
reduction tree. It is used in early reduction stages where more partial products are available.

¢ 4:2 Compressor: Used in the middle stages to further compress the already reduced partial products.

e 3:2 Compressor (Full Adder): Utilized in the final reduction stages to prepare inputs for the final adder. These
compressors are designed using approximate logic principles, where some carry outputs or sum bits are simplified to
reduce logic complexity, resulting in lower power and faster propagation delay

3. Partial Product Generation The partial products are generated using the AND gate array method, where each bit of
the multiplicand is ANDed with each bit of the multiplier, generating a total of 64 x 64 = 4096 bits. These are arranged in a
matrix form for reduction.

4. Partial Product Reduction using Compressors Instead of using traditional Carry Save Adders or just 3:2 compressors, the
partial products are fed

through the following stages:
Stage 1: 8:2 compressors are used to aggressively reduce partial products across rows.
Stage 2: The outputs of 8:2 compressors are further compressed using 4:2 compressors.

Stage 3: Remaining bits are reduced using 3:2 compressors to align the result into two rows (sum and carry). This
optimized multi-stage reduction strategy minimizes the number of clock cycles and critical path delay.

5. Final Addition Stage After reduction, the final two rows are added using a fast approximate adder, such as a
Carry Lookahead Adder (CLA) or an Approximate Carry Select Adder (ACSA), to obtain the final product.

1.16-bit multiplier with exact 8:2 compressor The proposed exact XOR-MUX 8:2 compressor is used to build the 16x16
multiplier as shown in below figure.
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Figure 1: 16x16 multiplier with8:2compressor

© 2026, IRJET | ImpactFactorvalue:8.315 | 1IS09001:2008 Certified Journal | Page996



u, International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056

JET Volume: 13 Issue: 03 | Mar 2026 www.irjet.net p-ISSN: 2395-0072
"1.'3 -
qrA M= @ M 2:1Mux | x XOR
a [
X

[
/
E

a3 -

A

CARKY

= C4

h M

X

SUR

Figure 2 :8:2 XOR-MUX based compressor

Presented in this this in a lower-order compressor with tolerable error and used in the construction of higher-order
compressors , so the erroneous in the higher- order compressor is not calculated accurately. This work overcomes the
above problem by creating the architecture comparing all the inputs to all the outputs for the accurate calculation of error
that can be created by approximating in any part of the circuit. adder and lower order compressors The compressors are
used in the multiplier for the tree reduction stage usually made up of full-adder. The full-adder is named as 3:2 compressors or
counter is usually used for the construction for any higher-order compressor. One full-adder will be constructed with two XOR’s
and one MUX is proposed so as reduce the area and power without any change in the truth table.

The multiplier with 8:2 compressor has only three reduction stages is less than the 4:2 compressor has the reduction stage
of four, thereby it is efficient to use higher-order compressor if the multiplier width is increased. In Fig.1 the color code is
used to identify different components: pink - 8:2 compressors, red - 4:2 compressors, thick and light blue - full-adders

2.16x16 multiplier with approximate 8:2 XOR mux based compressor With the approximation finder method, many
inputs are matched with outputs for 75% of input combination. In our proposed approximate 8:2 compressor cin4 is
bypassed to carry, so as to reduced area, power, delay without affecting the image quality. The approximate computing is
the major concern in reducing the power, area, and delay. Novel approximation technique is presented in this paper. The
proposed 8:2 compressors consist of 13 inputs and having 213 = 8912 input combinations. The circuit consists of 7
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output cout0 - cout4, sum, carry. The previous work in approximation is done in a lower-order compressor with
tolerable error and used in the construction of higher-order compressors, so the erroneous in the higher-order
compressor is not calculated accurately. This work overcomes the above problem by creating the architecture
comparing all the inputs to all the outputs for the accurate calculation of error that can be created by approximating in
any part of the circuit. The flow chart shown which demonstrates the correlation of every input to every output. The
design of several 15:4, 9:4, 8:2 compressors are proposed respectively. All these designs are developed using full-adder
and lower order compressors. The approximation feasibility overall this design is very low. The Proposed 8:2
compressor is designed with the straight forward approach with the parallel stream of input to output through XOR -
MUX architecture as demonstrated. The compressors are used in the multiplier for the tree reduction stage usually made
up of full-adder. The full-adder is named as 3:2 compressors or counter is usually used for the construction for any
higher-order compressor. One full-adder will be constructed with two XOR’s and one MUX is proposed so as reduce the
area and power without any change in the truth table.

3. The figure illustrates the compressor-tree based partial product reduction strcture used in the proposed
multiplier architecture. It demonstrates how partial products are grouped column-wise and reduced using Exact 4:2
compressors, along with full adders and half adders, across successive stages. Although a smaller structure is shown for
clarity, the same reduction principle is applied in the proposed 16x16 multiplier design. The multi-stage compression
process reduces the number of partial product rows to two final operands, which are then summed using a carry-propagate
adder to obtain the final product. This approach minimizes the critical path delay while ensuring exact multiplication
results.
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Figure3:8x8 multiplier with exact 4:2 compressor

4.Results:

The obtained RTL schematics confirm the proper structural realization of the compressor-tree based reduction network and
final carry-propagate addition stage. demonstrating reduced logic complexity and improved hardware efficiency. This
reduction is achieved by selectively employing approximate compressor units in less significant bit positions while
preserving exact computation in the more significant bit regions, thereby maintaining acceptable output accuracy.
Furthermore, the compressor-based reduction approach shortens the critical path by minimizing the number of sequential
addition stages, which contributes to higher operating speed. Overall, the experimental results indicate that the proposed
multiplier architecture provides a favorable trade-off between accuracy, area, and performance, making it well suited for
error-tolerant applications such as image processing, signal processing, and multimedia computing.
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Figure 4 : Simulation Waveform for 64 bit Exact Multiplier using higher order compressors
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Figure 5: Simulation Waveform for 64 bit Approximate Multiplier using higher order compressor
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Figure 6: RTL Schematic for 64 bit Exact Multiplier using higher order compressor

© 2026, IRJET | ImpactFactorvalue:8.315 | 1SO09001:2008 Certified Journal | Page 999



’,/ International Research Journal of Engineering and Technology (IRJET)

e-ISSN: 2395-0056
p-ISSN: 2395-0072

> aizro)

JET Volume: 13 Issue: 03 | Mar 2026 www.irjet.net
B30 > S Prorn: T 1.0 .u‘,a E camy = 5
ws3.0] CLA_g4BIT N o B s =
Top_Module_32b8_approx ': :' J'"::'_m 1 I HarAdder 1 :1\9 1 =
v3a
31 2630 Ao ] ]I -
pava | Via T
Tap_Module_32b8_apprax 310 '°—| B30 l
wato |
Top_Medule_32bi_apprax
Via
v [@ 2pag

Top_Module_3Zbit_apprax

Figure 7: RTL Schematic for 64 bit Approximate Multiplier using higher order compressors

Table 1. Delay Analysis of Exact vs Approximate Multiplier Architectures

Multiplier Type Total Delay (ns)| Logic Delay | Net Delay (ns)
(ns)

Exact Multiplier 28.54 ns 7.44 ns 21.09ns

Approximate Multiplier 28.36 ns 7.31ns 21.05ns

6. CONCLUSIONS

The proposed 64-bit multiplier design, implemented using 32-bit submodules and optimized with compressors/adders,
demonstrates efficient architecture for high-speed arithmetic operations. By replacing conventional carry look- ahead
adders with compressorbased structures, the design achieves fast partial product accumulation, reduced propagation
delay, and improved Performance scalability. The modular approachusing32-bit multipliers allows easier synthesis,
verification, and hardware realization on FPGA or ASIC platforms. This architecture is highly suitable for applications in
digital signal processing, image processing, and cryptographic systems where both speed and accuracy are critical.
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