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Design of Error Efficient Inaccurate 3:2 Compressor
for Approximate 8 X8 Multiplier

Srinivasa Gupta Noolu, M. Satya Anuradha, and Krishna Veni Sahukara

Abstract—Energy-efficient arithmetic units are critical for
modern error-resilient computing systems. This work introduces
a novel inaccurate 3:2 compressor that exploits input probability
characteristics to reduce complexity by allowing a single, low-
probability error condition. The proposed approximation alters
only the sum output for the all-one input combination, while
maintaining an exact carry output. The compressor is integrated
into a radix-4 methodology based 8 x 8 multiplier realized through
a hierarchical composition of 2x2 and 4 x4 multiplier modules.
Three alternative architectures are developed for intermediate
partial product accumulation using the proposed inexact 3:2
compressor. Error behavior is analyzed in MATLAB and bench-
marked against existing inaccurate designs using Error Rate
(ER), Mean Error Distance (MED), and Normalized Mean Error
Distance (NMED). Hardware implementations are carried out in
Cadence Spectre with GPDK 45-nm technology to evaluate area,
power consumption, and delay. Experimental results indicate that
the proposed multiplier provides favorable accuracy—efficiency
trade-offs. Application-level validation using image multiplication
and image convolution further demonstrates improved perceptual
quality measured through PSNR and SSIM.

Index Terms—Approximate Multiplier, Error Metrics, inaccu-
rate 3:2 compressor, Image Processing.
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I. INTRODUCTION

HE widespread adoption of multimedia applications on
portable electronic platforms has created a strong demand
for efficient digital signal processing (DSP) architectures.
DSP blocks constitute the fundamental components of such
applications, enabling computational tasks including image
and video processing. Since the human visual system cannot
detect every subtle variation in images or videos, outputs that
are nearly accurate are often acceptable [1]. This tolerance
opens the door to approximate computing, a design paradigm
where slight inaccuracies in results can lead to substantial
power savings.
Although Digital Signal Processing (DSP) and multimedia
applications remain significant beneficiaries of approximate
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computing, the rapid expansion of Deep Learning has be-
come the principal catalyst for the adoption of approximate
arithmetic. Modern architectures, such as Convolutional Neu-
ral Networks (CNNs) and Large Language Models (LLMs),
require the execution of millions of Multiply—Accumulate
(MAC) operations, resulting in substantial computational de-
mands [2]. Owing to the inherent resilience of neural networks
to minor arithmetic inaccuracies, approximate multipliers can
be employed to achieve significant reductions in area and en-
ergy consumption while maintaining high predictive accuracy
and inference quality [3].

Binary arithmetic is fundamental to DSP operations, with
addition, subtraction, multiplication, and division relying heav-
ily on adders [4]. Over recent years, various forms of inexact
adders have been introduced in the literature. One of the
earlier designs, known as the Lower-part OR Adder (LOA),
described in [5], applies exact addition for higher-order bits
while employing simple OR gates for the lower bits. In order to
generate the carry-in for the accurate higher significant part, an
AND gate has been introduced. While LOA offers low power
consumption and reduced area, it suffers from a high error
rate.

Another architecture, the Error Tolerant Adder-1 (ETA-
1) proposed in [6], improves upon LOA by using modified
XOR gates in the lower-bit section and standard adders for
higher bits. Despite enhancements in performance, ETA-1 still
exhibits notable inaccuracies. Napoli et.al. [7] provides an
extensive evaluation of 86 approximate full adders, catego-
rizing them into four distinct families based on their logic
functions and transistor-level implementations. Using 45-nm
CMOS technology, the researchers analyzed each design’s
trade-offs between hardware efficiency (area, power, delay)
and error metrics to identify the most effective circuits for
specific use cases. The analysis concludes by recommending
the best-performing adders for different optimization goals,
such as the overall most efficient designs and those best suited
for high-precision or low-power applications.

Multiplication, another key operation in DSP algorithms,
can also be approximated at different design levels. For wide-
width operands, hybrid radix Booth encoding is often utilized
to produce partial products [8]. Consequently, several works
have focused on designing approximate Booth decoders [9]—
[12]. For smaller-width multiplications, partial products are
usually summed using various compressor structures [13]—
[16], which have also been targeted for approximation to
enhance power and area efficiency.

The proposed methodology of [17] optimizes Mitchell’s
logarithmic multiplication for convolutional neural network
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(CNN) inference by utilizing a customizable truncation pa-
rameter (w) to reduce mantissa bit processing and a one’s
complement approximation for energy-efficient handling of
negative numbers. These hardware optimizations achieve sig-
nificant energy savings with minimal impact on accuracy. Liu
et.al. [18] introduces a methodology that enhances the stan-
dard Mitchell logarithmic multiplication by using a piecewise
linear approximation and data truncation to balance hardware
efficiency with computational accuracy. The primary outcome
that achieves lower MRED and NMED and better visual
quality in image processing tasks compared to state-of-the-art
approximate multipliers, though it occupies a slightly larger
circuit area and consumes more power than the simplest
existing alternatives.

In this work, an inaccurate 3:2 compressor architecture
is introduced by inserting errors in the lower probable in-
put patterns and systematically analyzed. A detailed error
characterization is performed using MATLAB and the results
are compared against several previously published inexact
compressor designs. The proposed compressor is subsequently
integrated into a radix-4-based 8x8 multiplier for the ac-
cumulation of intermediate partial product (IPP) bits. Error
behavior of the resulting approximate multiplier is evaluated
and benchmarked against existing inexact compressor—based
multiplier implementations through MATLAB simulations.
To examine circuit-level performance, the 8 x8 multiplier is
realized in Cadence Spectre, where area, average power con-
sumption and critical path delay are extracted using GPDK 45-
nm CMOS technology. In addition, the practical applicability
of the proposed inexact multiplier is demonstrated through
an image multiplication and image convolution experiments,
with output quality assessed using Peak Signal-to-Noise Ratio
(PSNR) and Structural Similarity Index Measure (SSIM). The
main contribution of the paper is summerized below:

« The probability of occurrence of the input bit patterns in
the partial product column are determined.

e Probability of each pattern (000 to 111) are estimated
and discussed. Based on lower probable input pattern
errors are introduced in the truth table of the proposed
inaccurate 3:2 compressor.

« Errors are intentionally introduced only in the Sum out-
put, since any inaccuracy in the Carry would not only
corrupt the Sum but also propagate to subsequent stages,
thereby amplifying the overall error.

o Proposed inaccurate 3:2 compressor is used in Radix-
4 methodology based 8-bit multiplier to add the partial
product bits. Error metrics and Circuit parameters are
estimated.

e Proposed inaccurate 3:2 compressor is used in Radix-4
methodology based 8-bit multiplier and validated through
image multiplication and convolution application.

The remainder of this paper is organized as follows: Section
II summerizes different state-of-the-art designs. Section III
discusses the design methodology of the proposed inaccurate
3:2 compressor. In Section IV, the design of the 8 x8 multiplier
using 4x4 and 4x4 using 2x2 is discussed, followed by
the integration of the proposed compressor within the 8x§

multiplier architecture. Section V discusses the estimation of
simulation results and comparison of performance metrics.
Section VI focuses on validating the proposed inaccurate 3:2
compressor based Approximate 8x8 multiplier through an
application— Image Multiplication, and analyzes the results
using image quality metrics. Finally, Section VII concludes
the paper.

II. RELATED WORK

In literature, Beura et.al, [19] proposes multi-bit inexact
adders (2-bit, 4-bit, 8-bit) using K-map simplification and logic
reduction to improve power and delay. Results show reduced
error metrics, lower PDP, and improved performance in 45 nm
technology. The design is validated through image de-noising,
achieving better PSNR, NCC, and SSIM. Yang et.al., [20]
proposes low-power approximate adders using XOR/XNOR
and pass transistor logic, achieving reduced area, delay, and
PDP. AXAI1 is fastest, AXA2 smallest, and AXA3 most
accurate. However, designs suffer from voltage degradation
and are limited to single-bit analysis. [21] proposes inexact
adders (InXA1 — InXA3) using cell replacement to reduce
power and delay. InXA2 shows the best performance with low
error and high efficiency. However, use of pass logic creates
swing issue.

In [22] authors presents a reversible logic-based Haar
wavelet and lifting scheme using approximate full adders
(RAFA-1, RAFA-2) to reduce quantum cost, gate count, and
power. It achieves efficient hardware performance with accept-
able image quality validated on FPGA. Ramaswamy et.al.,
[23] proposes carry-based approximate full adders (CBAA)
by simplifying logic and avoiding complex XOR operations,
replacing them with basic AND/OR gates to reduce area
and power. Simulation results show significant improvements.
Multiple variants (CBA1-CBA4) offer different trade-offs
between error and performance. However, the design lacks
validation in real application scenarios like image processing
or DSP systems.

Mehrabani et.al., [24] introduces four novel approximate
full adders (DAFA1 — DAFA4) that utilize dynamic logic
and Carbon Nanotube Field-Effect Transistors (CNFETs). By
iteratively simplifying the circuit architecture, the designs
shows improvement in the Power-Delay-Area Product (PDAP)
compared to existing state-of-the-art models. Simulation re-
sults demonstrate that these compact adders maintain high
performance in image sharpening tasks while significantly
reducing energy consumption. [25] introduces eight low-cost
approximate full adders (LCAFAs) designed to optimize hard-
ware performance in error-tolerant applications like image
processing. The designs use a novel clock-control signal
approach to minimize transistor counts, resulting in average
area and delay reductions. Ziad et.al., [26] introduces a static
approximate adder that balances energy efficiency and accu-
racy by using a segmented Least Significant Module (LSM).
The architecture utilizes constant truncation for the lowest bits
and half-adders for the upper LSM bits to effectively predict
carries and reduce hardware overhead. Simulation results show
the design achieves the lowest energy consumption among its
peers while maintaining high-quality image reconstruction.
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Several approximate multipliers based on different inaccu-
rate compressors have been proposed in the literature during
the last 10 years. In [13], Momeni et al. introduced two
approximate 4:2 compressor architectures in which the carry-
in (Cin) and carry-out (Cout) signals were deliberately omit-
ted to achieve lower propagation delay and reduced power
dissipation. These compressor designs were subsequently in-
corporated into a Dadda multiplier framework to evaluate their
effectiveness. Yang et al. [14] proposed three approximate
4:2 compressors using Karnaugh map simplification. Among
them, ACCI1 offers the highest accuracy, producing erroneous
outputs only when all inputs are high, albeit with greater
area overhead due to its higher gate count. Akbari et al.
in [16], have introduced four approximate 4:2 compressors
with dual operating modes: inexact and supplementary. The
inexact mode minimizes power consumption by activating
only the approximate circuitry, whereas the supplementary
mode enhances accuracy by enabling additional exact logic. A
power-gating mechanism is employed to switch between the
two modes.Strollo et al. [27] proposed three approximate com-
pressors based on the stacking-circuit methodology. Among
them, the second design exhibits only two erroneous output
cases, offering superior error performance; however, its power
consumption and area overhead remain relatively high.

Approximate computing primarily aims to minimize circuit
area, energy consumption, and processing latency by allowing
a controlled level of inaccuracy, making it suitable for error-
resilient applications. Accordingly, the key objective of the
proposed design is to achieve an optimal trade-off between
computational accuracy and hardware overhead. Based on this
principle, an inaccurate 3:2 compressor has been developed,
as elaborated in the subsequent section.

III. DESIGN OF PROPOSED INACCURATE 3:2 COMPRESSOR

Over the past decade, extensive research has been conducted
in the field of inexact computing to develop low-power, com-
pact circuit designs. However, maintaining high accuracy and
operational speed continues to be a significant challenge. In
this work, the proposed compressor-based multiplier, designed
using the Radix-4 algorithm, demonstrates improved speed of
operation and power efficiency, while also offering improved
accuracy and faster performance compared to existing designs
reported in the literature [28].

A. Conventional 3:2 Compressor

The conventional 3:2 compressor, also referred to as a 1-
bit full adder, accepts three input signals and produces two
outputs: Sum and Carry, as defined in Egs. (1) and (2). The
logic implementation of the exact 3:2 compressor, illustrated
in Fig. 1, involves a significant number of circuit elements,
which leads to relatively high power consumption, as noted
in [29].

Sum=A®B& Cin (1)

Carry = AB + BCin + ACin 2)

W
» A

L

Fig. 1. Conventional 3:2 Compressor.

B. Proposed Inaccurate 3:2 Compressor

The proposed inaccurate 3:2 compressor is derived from the
conventional mirror adder structure, with a controlled mod-
ification introduced to reduce circuit complexity and power
consumption. Let the three binary inputs be denoted as A, B,
and C'in, and the corresponding outputs be the Sum (Spr)
and Carry (Chs). For an exact 3:2 compressor (1-bit mirror
adder), the outputs are defined as:

Cy = AB + BCin + ACin 3)
Sy = (A+ B+ Cin)Cy + ABCin )

In the proposed inaccurate 3:2 compressor, the carry output
is preserved exactly as in the conventional expression, whereas
the sum output is approximated by modifying only a single
input combination to reduce hardware complexity. Statistical
observations indicate that the probability of the all-zero input
pattern is the highest, while the probability of the all-one
input pattern is the lowest. Motivated by this distribution,
the approximation is introduced only for the least probable
case. Specifically, when all three inputs are logically high
(A = B = (Cin = 1), the exact implementation yields a
Sum output of ‘1°, but the proposed design forces the Sum
output to ‘0. It can be noted that the Sum output is dependent
on the Carry output. Any inaccuracy in the Carry will
consequently introduce an error in the Swum. Furthermore,
errors in the Carry may propagate to subsequent stages,
thereby significantly degrading the overall error performance
metrics. Accordingly, the inaccurate Sum (S;;) and Carry
(C;z) functions are defined as follows:

Cie = AB + BCin 4+ ACin 5
Siz = (A+ B + Cin)Cyy (6)
0, ifA=B=Cin=1
Siz = (7
A®B® Cin, otherwise

Only one error is introduced in the Sum output (highlighted
in yellow), occurring in the input combination (1,1,1), as
shown in Table I.



ELECTRONICS, VOL. 30, NO. 2, DECEMBER 2026 77

TABLE 1
TRUTH TABLE OF PROPOSED INACCURATE 3:2 COMPRESSOR

TABLE II
PROBABILITY OF OCCURRENCE OF INPUT BIT PATTERNS

A B Cin Cypn Sy G Siz
0 0 0 0 0 0
0 0 1 0 1 0 1
0 1 0 0 1 0 1
0 1 1 1 0 1 0
1 0 0 0 1 0 1
1 0 1 1 0 1 0
1 1 0 1 0 1 0
1 1 1 1 1 1 0

C. Probability-Based Justification

Assuming the input bits A, B, and C'in are independent and
identically distributed with probability P(A = 1) = P(B =
1) = P(Cin = 1) = 0.5, the probability that all three inputs
are high is:

P(A=1,B=1,Cin=1)=(1/2)3 =1/8

Thus, the probability of an erroneous output is:
Perror = % = 125%

This low error probability ensures that the proposed mod-
ification has negligible impact on overall accuracy, while
significantly reducing design complexity of the sum gener-
ation circuitry. Since the carry output remains exact, error
propagation in higher-order arithmetic stages is minimized,
making the design suitable for approximate multipliers and
DSP applications where full precision is not mandatory.

Table II describes the probability of occurrences of 3-bit
input patterns in the columns of the partial product bit matrix.
Group A contains only one pattern where all the bits are ‘0’s.
Group B has 3 patterns where there are two ‘0’s and one ‘1’
in a column of 3 bits. Group C has 3 patterns where one ‘0’
and two ‘I’s are there. Group D has only one pattern with
all ‘I’s. Group-A contains only 1 input pattern (000) with
a probability of occurrence of 37.5%. Group-B contains three
input patterns (001, 010, 100) and combinedly their probability
is 45.31%. Similarly, Group-C contains three input patterns
(011, 101, 110) with a net probability of occurrence of 15.62%.
The last Group-D has only one input pattern of all ‘1’s having
probability of occurrence of 1.56%. This analysis shows that
the probability of occurrence of maximum number of one’s in
the input pattern is lowest and it increases as the number of
one’s decreases. Therefore, insertion of errors in Group D or
C could offer improvement in the error metrics.

D. Error Metrics

The concept of approximate computing is based on the
principle that substantial improvements in performance pa-

Number of Probability of
Groups Patterns
occurrences® occurrence x 100
A 000 24576 37.5
B 001, 010, 100 29696 45.3125
C 011, 101, 110 10240 15.625
D 111 1024 1.5625

*Refers to the number of occurrences in 65536 possible input conditions

responsible for generating a 3-bit column of partial product matrix.

the intentional introduction of errors [30]. To quantify this
uncertainty, suitable error metrics are employed. The gate-level
architectures of both the previously reported 3:2 compressors
[19]-[25] and the proposed design are modeled and simulated
in MATLAB. Existing state-of-the-art studies have introduced
multiple design variants; for benchmarking purposes, the most
optimal configurations reported in those works have been
selected for comparison. The outputs generated by the pro-
posed inaccurate 3:2 compressor are subsequently evaluated
and benchmarked against those of existing architectures to
assess relative performance variations.

The accuracy of the proposed 3:2 compressor and its
deviation from exact arithmetic are quantified using the error
metrics defined in Eqgs. (8)—(12).

o Error Distance (ED): It is the arithmetic difference be-

tween the accurate output (p) and the inaccurate output
(q) [30].

ED=|p—q|= ‘Zp[j] x 20 =" q[k] x 2’“} ®)

o Error Rate (ER): It is defined as the number of incorrect
outputs generated with respect to all possible outcomes
[30].

Number of incorrect outputs

ER = 100 (9

Total number of outputs

e Total Error Distance (TED): It is the absolute sum of
error distance [30].

TED = ‘Z ED‘ (10)

« Mean Error Distance (MED): It is the average ED for a

set of outputs [30].
TED

= (11)
Total number of outputs

e Normalized Mean Error Distance (NMED): It is the
normalized MED [30].

e Number of effective Bits (NoEB): To check whether the
number of bits is free from error, NoEB is used instead
of the root mean square of the errors (ERMS) [15].

MED

NoEB = 2n —loga(1 + ERMS) (12)

Table III shows that the proposed inaccurate 3:2 compressor
offers ER of 12.5% with only one error. Reported designs
[19]-[22], [25] offer 25% ER with two errors. The proposed
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TABLE III
ERROR METRICS COMPARISON OF PROPOSED AND REPORTED
INACCURATE 3:2 COMPRESSORS

Designs Error TED ER MED NMED
Proposed 1 1 125  0.125 0.0416
Beura [19] 2 2 25 0.25 0.0833
Yang3 [20] 2 2 25 0.25 0.0833
Almurib2 [21] 2 2 25 0.25 0.0833
Raveendranl [22] 2 4 25 0.5 0.1667
Raveendran2 [22] 2 4 25 0.5 0.1667
Ramasamy [23] 5 5 62.5 0.625 0.2083
Mehrabani4 [24] 3 3 375  0.375  0.1250
Yan4 [25] 2 4 25 0.5 0.1667

IV. DESIGN OF APPROXIMATE 8 x8 MULTIPLIER USING
PROPOSED INACCURATE 3:2 COMPRESSOR

After evaluating the performance of the proposed 3:2 com-
pressor, it is further integrated into a higher-level arithmetic
unit to demonstrate its practical applicability. The approxi-
mate 8x8 multiplier is designed using the radix-4 approach
for performing multiplication between two numbers. In this
design, multiple 2x2 multipliers are combined to construct
a 4x4 multiplier, as illustrated in Fig. 2. Subsequently, four
such 4x4 multipliers are utilized to realize an 8 x8 multiplier
architecture. Hence, a total of sixteen 2x2 multiplier units
are needed to design the complete 8x8 multiplier. All 2x2
multipliers operate concurrently, enabling parallel computation
and thus minimizing propagation delay.

©©
@@

@
®

=
ala0 xblb0 =
PP3 PP2 PP1 PPO
a3a2 xblb0 =
PP7 PP6 PP5 PP4
ala0 xb3b2 =
BRIIEE BEIO REES, PP8
a3a2 xb3b2 =
BBiIST BRIME PRIST BRI

1P7 IP6 IP5 IP4 1P3 P2 IP1 IPO

Fig. 2. Design of 4-bit Multiplier Using Four 2-bit Multipliers.

In the 2x2 multiplier structure, the input bits al, a0 serve
as the multiplicand, while bl, b0 represent the multiplier.
Partial product (PP) is generated using vertical and crosswise
multiplication of these bits. These partial products are then
combined through addition to produce PP3, PP2, PP1, and
PPO. In a similar manner, multiplying a3 and a2 with bl and
b0 yields PP11 through PPS8, and the process continues for

higher-order bits. The complete set of partial products from
PP15 to PPO is subsequently added to form the intermediate
results IP7 through IPO, as illustrated in Fig. 2.

The 8x8 multiplier is realized using four parallel 4x4
multiplier blocks, as shown in Fig. 3. Each of these blocks
produces its corresponding intermediate partial product (IPP)
bits (IP31 to IPO) concurrently. The final multiplication result
is obtained by combining these intermediate values through
an addition stage that employs the proposed inaccurate 3:2
compressors. In this architecture, IPO to IP3 are directly
truncated to generate output bits PO to P3, while IP4 to 1P27
are summed using inaccurate 3:2 compressor units.

Since PO corresponds to the least significant position and the
significance increases progressively up to P15, incorporating
inexact circuits within the multiplier requires careful consid-
eration to limit error propagation. Fig. 4 presents three archi-
tectural options for integrating the inaccurate 3:2 compressor.
In Architecture-1, the IPPs enclosed within the dotted region
are combined using inaccurate 3:2 compressors. Architecture-2
and Architecture-3 follow a similar methodology, employing
inexact compressors to sum the partial products located within
their respective dotted regions.

V. PERFORMANCE ESTIMATION AND COMPARISON OF
APPROXIMATE 8 x 8 MULTIPLIER

The approximate 8x8 multiplier is modeled and simulated
in MATLAB. For comparative evaluation, the exact 3:2 com-
pressors used in the partial product accumulation stage are re-
placed with the proposed design as well as previously reported
inaccurate compressors [19]-[25]. The resulting error metrics
obtained for the different multiplier architectures discussed in
the preceding section are summarized in Tables IV-VL.

A. Estimation of Error Metrics and Comparison

The proposed and reported [19]-[25] inaccurate 3:2 com-
pressors are utilized to add the intermediate partial products as
shown in Fig. 4 (Architecture-1). The estimated error metrics
is shown in Table IV.

TABLE IV
ESTIMATED ERROR METRICS OF APPROXIMATE 8 X8 MULTIPLIER FOR
ARCHITECTURE-1

Designs ER MED NMED NoEB
Proposed 21.0151 14.2 0.0003 12.3112
Beura [19] 39.8438 23.5 0.0008 10.4388
Yang3 [20] 719116 63.75 0.0022 9.4625
Almurib2 [21] 52.1851 48.75 0.0017 9.6782
Raveendranl [22] 73.4619 1285176  0.0044 8.4688
Raveendran2 [22]  63.5010 89.0332 0.0031 8.8918
Ramasamy [23] 95.4163 96.2954 0.0033 9.1239
Mehraban4i [24] 77.6134  74.5942 0.0028 9.8787
Yan4 [25] 61.2287 87.4952 0.0030 9.6622

Table IV shows the estimated error metrics for Architec-
ture-1. It is observed that the proposed inaccurate 3:2 com-
pressor based approximate 8-bit multiplier offers 46.15%
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Fig. 3. Detailed Architecture of 8x8 Multiplier.
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Fig. 4. Placement of Inaccurate 3:2 Compressors in the IPP-bit Array. ARCHITECTURE-3

improvement in ER, 39.5% improvement in MED, and 62.5%
improvement in NMED over best reported counter-part [19].
The proposed design based approximate multiplier also offers
2-bits improvement in NoEB.

Table V shows the estimated error metrics for Architec-
ture-2. The error metrics summarized in Table V indicate
that the design reported in [19] achieves the lowest ER,
along with better MED and NMED values compared to the
other existing approaches. In contrast, the proposed inaccurate
3:2 compressor—based multiplier offers further improvement
across these parameters, outperforming the design in [19].

The error parameter evaluation for Architecture-3 is pre-
sented in Table VI. This is the most erroneous architecture as
all possible IPs are added using inaccurate 3:2 compressors.
The approximate 8x8 multiplier designed using the proposed

Designs ER MED NMED NoEB
Proposed 37.7451 255.14 0.0033  8.2535
Beura [19] 60.5469  413.69 0.0142  6.3860
Yang3 [20] 89.2944  735.94 0.0253 59172
Almurib2 [21] 68.4647  569.31 0.0196  6.0592
Raveendranl [22]  92.4118 285370  0.0982  4.1291
Raveendran2 [22]  82.5089  1120.50  0.0385  4.7364
Ramasamy [23] 99.7284 155620  0.0535  5.1083
Mehrabani4 [24] 92.3261 108292  0.0333  4.7482
Yan4 [25] 80.2181  1101.48  0.0380  4.6216

inaccurate 3:2 compressor achieves significantly better accu-
racy metrics compared to the other reported architectures, with
the design in [19] ranking next in performance.



80 ELECTRONICS, VOL. 30, NO. 2, DECEMBER 2026

B. Estimation and Comparison of Circuit Parameters of Ap-
proximate 8x8 Multipliers

Architecture-3 is chosen for the evaluation of circuit-level
performance parameters, namely area, average power con-
sumption, and minimum propagation delay. Architectures 1
and 2 employ four inaccurate 3:2 compressors for processing
the input operands (as shown in Fig. 4), resulting in identical
area and power characteristics. Architecture 3, in contrast,
replaces all eight accurate 3:2 compressors with inaccurate
counterparts, thereby achieving the lowest area and power
consumption relative to Architecture-1 and Architecture-2.
A detailed Pareto analysis comparing all three architectures
is presented in the subsequent subsection. As depicted in
Fig. 4, Architecture-3 utilizes eight exact 3:2 compressors
for intermediate partial product accumulation; these units are
substituted with the proposed inaccurate 3:2 compressors to
assess performance impact. In addition, several previously
reported inexact compressor designs [19]-[25] are also inte-
grated for comparative analysis, allowing the generation of
corresponding approximate outputs of the 8 x8 multiplier. All
configurations are implemented and simulated in Cadence
Spectre using the GPDK 45-nm CMOS technology to extract
the relevant performance metrics.

TABLE VII
ESTIMATED CIRCUIT PARAMETERS OF APPROXIMATE 8 X 8 MULTIPLIER
FOR ARCHITECTURE-3

. Area Power Delay PDP ADP
Designs
(uM?)  @W)  (ns)  ())  (fM3s)

Proposed 122 8.3 14.3 118.7 1744.6
Beura [19] 115 7.3 13.8 100.74 1587
Yang3 [20] 131 8.2 14.8 121.36  1938.8
Almurib2 [21] 127 7.8 14.5 113.12  1841.5
Raveendranl [22] 152 8.7 15.3 133.11  2325.6
Raveendran2 [22] 155 8.6 15.1 129.86  2340.5
Ramasamy [23] 178 9.1 15.6 141.96  2776.8
Mehrabani4 [24] 129 8.1 14.6 118.26  1883.4
Yan4 [25] 118 7.8 14.1 109.98  1663.8

From Table VII, it is observed that the reported inaccu-
rate 3:2 compressor-based multiplier [19] exhibits 5% less
area, 12% lower power dissipation and 3.5% faster operation
compared to the proposed inaccurate 3:2 compressor based
approximate 8 x 8 multiplier. Owing to the compact 6-transistor
implementation of the inexact 3:2 compressor in [25], it
achieves approximately 3.2% reduction in area, 6.02% lower
power consumption, and a 1.4% decrease in computational
delay compared to the proposed inexact 3:2 compressor-based
8x8 approximate multiplier. However, the proposed design
offers improved circuit parameter results over other state-of-
the-art designs reported in [20]-[24].

C. Pareto Analysis

The Pareto plot in Fig. 5 evaluates various architectures used
in the radix-4 methodology based approximate 8 x 8 multipliers
by considering PSNR as the accuracy metric and PDP as the
performance indicator. Architecture-1 and Architecture-2 are
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Fig. 5.
Multipliers.

Pareto Diagram of PSNR Versus PDP of Approximate 8x8

also implemented in Cadence Spectre for extracting circuit
parameters. Designs located toward the top-left region of the
plot are more desirable, as they exhibit higher accuracy along
with lower PDP. The analysis demonstrates that, [19] located
in the left side of the plot, but due to less PSNR value it
resides in the middle. In comparison with existing state-of-the-
art approaches, the proposed inexact 3:2 compressor-based 8-
bit approximate multiplier occupies top-middle position which
provides an improved balance between computational accu-
racy and energy efficiency.

VI. APPLICATION: IMAGE PROCESSING

The validation of the approximate 8 x 8 multiplier using pro-
posed inaccurate 3:2 compressor can be demonstrated through
several error-tolerant applications. Prior works [27], [31], [32]
have employed a variety of image-processing benchmarks to
evaluate and validate their inexact computing architectures.

In this section, the architecture-3 based 8x8 multiplier
is utilized for image multiplication and image convolution.
The proposed inaccurate 3:2 compressors are substituted in
place of the exact compressors for performing the operations.
For comparative analysis, the state-of-the-art inexact designs
reported in [19]-[25] are also incorporated.

A. Image Multiplication

A MATLAB script has been developed to carry out the
multiplication process. Two 256x256 grayscale images, ap-
ple.jpg and rice.png, are used for pixel-wise multiplication,
where each pair of corresponding pixels is multiplied to
generate the resultant image shown in Fig. 6. As discussed
earlier, the human visual system has limited perceptual ability
to detect minor inaccuracies across a set of approximate
images. Therefore, quantitative metrics are required to assess
the quality improvement of the approximate output images.
Two widely used image quality metrics—Peak Signal-to-
Noise Ratio (PSNR) and Structural Similarity Index Measure
(SSIM)—are employed for this purpose. The corresponding
results are presented in Table VIIL.
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Fig. 6. Multiplication of Two Images Using Exact and Inaccurate 3:2 Compressors Based 8-bit Multiplier (a) Apple, Rice (b) Exact Multiplication (c) Inexact
Multiplication by Proposed design (d) [19] (e) [20]-3 (f) [21]-2 (g) [22]-2 (h) [23] (i) [24]-4 (j) [25]-4

TABLE VIII
ESTIMATED PSNR AND SSIM OF APPROXIMATE 8 X8 MULTIPLIER FOR
ARCHITECTURE-3

Image Image
Designs Multiplication Convolution

PSNR SSIM PSNR SSIM
Proposed 53.76 0.993 54.67 0.994
Beura [19] 47.73 0.986 48.54  0.987
Yang3 [20] 45.8 0.977 46.58 0.978
Almurib2 [21] 46.57 0.983 4736  0.984
Raveendran2 [22] 43.3 0.972 44.03 0.973
Ramaswamy [23]  41.23 0.968 41.93 0.969
Mehrabani4 [24] 45.6 0.975 46.37 0.976
Yan4 [25] 44.58 0.973 4534 0974

B. Image Convolution

Image convolution is a fundamental operation in image
processing. It involves a spatial filter (kernel) that slides across
an image, performing a sum-of-products operation between
the kernel weights and the pixel intensities in the local
neighborhood. In this task, the standard exact multipliers are
replaced with approximate ones.

The convolution of an input image I with a kernel K of
size m x n is defined as:

m n

Gla,y) =Y > Iw+i-1y+j—1)-K(i,j)

i=1 j=1

(13)

where:
o I(x,y) is the pixel intensity at coordinates (z,y).

o K(i,j) represents the weights of the convolution kernel.

e G(z,y) is the resulting output pixel.
The multiplication I - K is performed using proposed and
reported approximate 8 x8 multipliers. The error introduced is
evaluated by comparing the resulting G(x,y) with the output
of an exact multiplier. For the analysis cameraman.tif image
is considered. A 3x3 Laplacian kernel, which highlights areas
of rapid intensity change, is defined as:

01 0
K=1|1 01 (14)
01 0

The output images obtained after inexact multiplication,
along with their corresponding PSNR and SSIM values, are
presented in Fig. 6 and Table VIII, respectively. Although the
multiplied images exhibit minor differences, these variations
are generally imperceptible to the human eye. Nevertheless,
the computed PSNR and SSIM metrics clearly indicate that
the inexact multiplication using the proposed inaccurate 3:2
compressor achieves superior image quality compared to the
existing designs reported in [19]-[23]. The image convolution
resultant images are shown in Fig. 7. Estimated PSNR and
SSIM values are tabulated in Table VIII. By incorporating a
single low-probability error-based inaccurate 3:2 compressor,
our approximate 8 x8 multiplier achieves improved PSNR and
SSIM performance compared to existing counterparts.

VII. CONCLUSION

This paper presented a novel inaccurate 3:2 compressor
designed by introducing a single, low-probability error in
the sum output while maintaining an exact carry output. By
exploiting the statistical rarity of the all-one input combination,
the proposed design achieves reduced hardware complexity
with minimal impact on accuracy. The compressor was suc-
cessfully integrated into a radix-4 methodology based 8x8
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Image Convolution Using Inaccurate 3:2 Compressors Based Approximate 8-bit Multiplier (a) Cameraman.tif (b) using Exact multiplier (c) using
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multiplier architecture constructed hierarchically from smaller
multiplier units. Three different architectures were investi-
gated for partial product accumulation using the proposed
inexact compressor. Comprehensive error analysis revealed
that the proposed multiplier significantly improves ER, MED,
and NMED compared to existing inexact designs. Circuit-
level simulations using Cadence Spectre with GPDK 45-nm
technology further demonstrated that the proposed architecture
delivers competitive area, power, and delay characteristics rel-
ative to the best reported state-of-the-art designs. The practical
applicability of the proposed approach was validated through
an image multiplication and image convolution task, where
improved PSNR and SSIM values confirmed superior percep-
tual quality. Overall, the proposed inaccurate 3:2 compressor
and multiplier architecture offer an effective solution for low-
power and error-tolerant signal processing applications.
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