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Abstract- Mention Multiplication is a computationally 

intensive operation in digital signal processing and image-

processing hardware. Approximate arithmetic can reduce 

implementation cost when small numerical errors are 

tolerable, but the benefits must be assessed together with 

output quality. This paper documents an implementation-

oriented evaluation of two approximate multiplier designs and 

their use in image sharpening. The supplied output contains 

RTL/simulation artifacts, implementation reports, and side-by-

side image results labeled Exact Multiplier, Proposed Design 

1, and Proposed Design 2. The reference study by 

Chakraborty et al. presents probability-aware approximate 

4:2 compressors integrated into an 8 × 8 Dadda multiplier 

and reports a trade-off between power-delay product and 

image similarity [1]. The present manuscript uses that study 

as technical context while treating the uploaded screenshots 

as the available evidence for the implementation under review. 

The captured reports show different on-chip power summaries 

for the two design runs (0.222 W and 1.559 W), while the 

hierarchy reports show one versus two logic LUTs and six 

bonded I/O blocks. Because the screenshots do not 

unambiguously establish tool settings, device details, run-to-

design mapping for every report, or quantitative image-quality 

scores, these values are reported descriptively rather than as 

a controlled comparative benchmark. The paper sets out a 

reproducible evaluation framework using error rate, mean 

error distance, structural similarity, timing, area, and power, 

and identifies the additional evidence required before 

publication claims can be finalized. 
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I. INTRODUCTION 

 

Image-processing systems perform arithmetic 

repeatedly across pixels and filter windows. Multipliers are 

therefore important contributors to the area, latency, and 

energy consumption of digital signal-processing datapaths. In 

applications such as sharpening, smoothing, and image 

multiplication, a limited numerical deviation may be visually 

acceptable, creating an opportunity to use approximate 

arithmetic. The central design problem is not simply to 

minimize logic; it is to balance hardware cost against 

numerical error and the perceptual quality of the processed 

image. 

 

A multiplier typically forms partial products, reduces 

them through compressor stages, and adds the remaining rows. 

Compressor logic strongly affects the reduction network. 

Chakraborty et al. [1] proposed two approximate 4:2 

compressor designs using input reordering and evaluated them 

in an 8 × 8 Dadda multiplier. Their results illustrate that an 

accuracy-oriented design and a power-delay-oriented design 

can have different strengths. The present work examines 

implementation outputs supplied for two designs and focuses 

on the image-sharpening use case. 

 

The contributions of this manuscript are deliberately 

implementation-focused: (i) documenting the available design 

artifacts and implementation summaries; (ii) establishing a fair 

comparison protocol for exact and approximate arithmetic; 

(iii) describing image sharpening as the application-level test; 

and (iv) identifying reporting gaps that must be closed before 

the numerical results can support a publication-ready 

conclusion. The underlying approximate compressor concept 

is attributed to the reference work and is not claimed here as a 

new invention. 

 

II. LITERATURE STUDY 

 

It's   Approximate arithmetic has been investigated to 

reduce the hardware cost of multipliers used in image 

processing, neural networks, and other error-tolerant 

workloads. Momeni et al. [2] analysed approximate 

compressors for multiplication, while Akbari et al. [3] 

explored dual-quality compressors that allow accuracy to be 

configured. Esposito et al. [4] proposed multiplier 

architectures based on approximate compressors, and Edavoor 

et al. [5] studied dual-stage 4:2 compressors. Fang et al. [6] 

investigated an unbiased approximate 4:2 compressor. Other 



IJSART - Volume 12 Issue 10 – OCTOBER 2026                                                                                   ISSN [ONLINE]: 2395-1052 

 

Page | 123                                                                                                                                                                     www.ijsart.com 

 

work has explored error-recovery methods [7], mixed-logic 

compressors [8], and approximate compressor structures in 

VLSI datapaths [9]. 

 

The reference paper [1] places these methods in the 

context of 8 × 8 Dadda multiplication and image processing. It 

reports that selective approximation in lower-significance 

columns can reduce hardware cost while preserving more 

significant bits exactly. It also evaluates image multiplication, 

smoothing, and sharpening using mean structural similarity. 

These findings motivate the evaluation criteria adopted here; 

however, published values from [1] are not treated as 

measurements of the present implementation. 

 

For image-quality evaluation, SSIM compares local 

luminance, contrast, and structure between a reference image 

and a processed image [10]. For implementation evaluation, 

power and timing results are meaningful only when the target 

device, constraints, synthesis/implementation stage, clock 

assumptions, and tool settings are disclosed. Thus, image-level 

metrics and hardware-level metrics should be reported 

together. 

 

III. DESIGN AND EVALUATION METHODOLOGY 

 

A. Design Variants 

 

Three output classes are relevant to the evaluation: an 

exact multiplier baseline, Approximate Design 1, and 

Approximate Design 2. The supplied document includes 

screenshots with the labels “Design 1”, “Design 2”, and 

“Image sharpening output”, plus a comparison image that 

places the exact and approximate results side by side. The 

source artifacts do not provide a complete RTL listing or a full 

design specification. Accordingly, the implementation is 

described at the variant level; exact gate-level equations and 

the precise mapping of each report to a variant should be 

inserted from the original project files before submission. 

 

B. Image-sharpening workflow 

 

A controlled image-sharpening experiment should 

begin with a fixed input image and fixed pixel representation. 

The image is processed once using the exact arithmetic 

baseline and once using each approximate design. The output 

images must use identical filter coefficients, border handling, 

clipping/saturation rules, and output scaling. A visual 

comparison is useful for interpretation, but quantitative 

metrics are needed to support a reproducible claim. 

 

The reference study [1] gives a sharpening-kernel 

example and compares approximate multiplier outputs with an 

exact multiplier. For the present implementation, the exact 

kernel, coefficient precision, image dimensions, and image 

source are not documented in the supplied text. These details 

must therefore be recovered from the source code or 

experiment notes instead of being inferred. 

 

C. Evaluation Metrics 

 

The following metrics are recommended for a 

complete comparison. Let yᵢ be the exact output and ŷᵢ the 

approximate output for test case i, with N total test cases. 

 

Table 1. Evaluation Metrics 

 
 

D. Implementation Evidence 

 

The implementation showing a power-analysis 

summary, hierarchy/resource summaries, timing summaries, 

and an image comparison. The evidence is transcribed in 

Section 4. Because the screenshots do not show all project 

metadata and some values appear in separate reports, the 

values should be treated as captured tool outputs rather than a 

verified apples-to-apples comparison. The manuscript does not 

infer a technology node, FPGA model, clock frequency, or 

measurement methodology that is not visible in the supplied 

artifacts. 

 

IV. RESULTS AND DISCUSSION 

 

A. Captured Hardware Summaries 

 

The captured power summaries differ substantially. 

That difference cannot be attributed to the approximate 
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multiplier alone without verifying that the same device, 

constraints, switching-activity assumptions, clock definition, 

and implementation stage were used. A power tool may report 

static and dynamic components separately, and an incomplete 

or mismatched activity file can change the estimate. 

Therefore, the present results should not be phrased as proof 

that one design consumes less power until the reports are 

regenerated under matched conditions. 

 

Table 2. Captured hardware summary 

 
 

B. Image-sharpening output 

 

The supplied output presents three processed images 

for visual comparison. At the displayed scale, the scene 

structure is broadly retained across the exact and approximate 

outputs. However, visual inspection alone does not establish a 

numerical similarity value, and the source file does not 

provide a legible SSIM/MSSIM result tied to these images. 

SSIM should be computed directly from the saved full-

resolution outputs, using the exact-multiplier result as the 

reference, and the input/output data should be archived. 

 

 

Fig. 1. Supplied side-by-side image comparison labelled Exact 

Multiplier, Proposed Design 1, and Proposed Design 2. 

 

 
Fig. 2. Additional supplied image comparison for the exact 

and approximate multiplier variants. 

 

C. Interpretation 

 

The screenshots suggest that both approximate 

variants were synthesized and that an image-sharpening 

example was produced. They do not, by themselves, establish 

a general performance advantage. The one- versus two-LUT 

difference is too small to generalize and may depend on 

synthesis optimization, coding style, and the chosen device. 

Likewise, the power values are not comparable until the 

reports are tied to their respective designs and run settings. A 

publishable evaluation should include the exact baseline and 

both approximate variants run through the same tool flow, 

with repeated or otherwise validated power estimates and 

explicit image-quality metrics. 

 

D. Reproducibility Checklist 

 

Table 3. Reproducibility Checklist 
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V. CONCLUSION 

 

This paper presents an implementation-oriented 

evaluation of approximate multiplier designs for image 

sharpening, highlighting the importance of balancing hardware 

implementation cost with computational accuracy and image 

quality. The supplied implementation reports and image 

comparisons demonstrate the feasibility of investigating 

approximate arithmetic in image-processing applications. The 

captured hardware summaries show variations in reported 

power consumption and logic resource utilization across the 

design runs. However, these observations require further 

verification under identical implementation conditions before 

any definitive conclusions can be drawn regarding power 

efficiency or hardware performance. Similarly, although the 

processed images retain broadly similar scene structures at the 

displayed scale, quantitative evaluation using Structural 

Similarity Index Measure (SSIM), Mean Error Distance 

(MED), and Error Rate (ER) is necessary to establish the 

accuracy of the approximate designs. 

 

Future work will focus on validating the RTL 

implementations, conducting controlled synthesis and 

implementation experiments, and evaluating all design 

variants using consistent device configurations, timing 

constraints, and power-analysis settings. Comprehensive 

numerical image-quality measurements and arithmetic-error 

analysis will also be performed to establish the relationship 

between hardware efficiency and output fidelity. These 

improvements will provide a reproducible basis for identifying 

suitable approximate multiplier architectures for resource-

constrained image-processing systems. Overall, the study 

establishes an evaluation framework for assessing 

approximate multiplier designs and emphasizes the need for 

reliable hardware measurements and quantitative image-

quality analysis before confirming their practical advantages. 
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