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Abstract—This paper presents a novel approximate 

multiplier architecture tailored for error-resilient 

applications such as image processing and machine 

learning. The proposed design emphasizes reduced 

hardware complexity, high operational speed, and 

improved area efficiency without compromising 

acceptable accuracy. By optimizing the partial product 

generation and employing segment-based approximate 

addition, the multiplier significantly reduces critical path 

delay and resource utilization. The design achieves high 

performance in applications where slight computational 

inaccuracies are tolerable, making it suitable for next-

generation edge and embedded systems. 

 

Index Terms—Approximate computing, error-tolerant 

arithmetic, area-efficient design, high-speed multiplier, 

hardware simplification. 

 

I. INTRODUCTION 

 

In recent years, there has been a rapid increase in the 

demand for high-speed and resource-efficient 

arithmetic units, especially in the fields of digital 

signal processing (DSP), machine learning, image 

processing, and computer vision. These domains often 

operate on large volumes of data and are tolerant to 

minor inaccuracies due to their inherent error 

resilience. Traditional multiplier designs aim for 

complete accuracy, which results in complex circuitry, 

higher latency, and increased area on chip. These 

characteristics make them less suitable for 

applications where energy, speed, and hardware 

resource optimization are crucial. 

Approximate computing has emerged as a promising 

design paradigm that intentionally introduces 

controlled imprecision into computations to achieve 

significant gains in performance metrics such as 

speed, area, and hardware simplicity. Instead of 

striving for perfect arithmetic accuracy, approximate 

designs focus on delivering acceptable results for 

error-tolerant workloads, which can lead to substantial 

design optimizations. 

Among arithmetic operations, multiplication is 

considered the most complex and resource-intensive, 

both in terms of logic depth and circuit area. 

Therefore, optimizing multipliers through 

approximate techniques can yield substantial system-

level improvements. The proposed work addresses this 

challenge by designing an ultra-efficient approximate 

multiplier that targets error-resilient applications while 

significantly reducing logic complexity and critical 

path delay. The design avoids computation of less 

significant partial products and uses simplified adder 

logic, thereby reducing the number of logic gates and 

interconnections required. 

The architecture is specifically tailored for 

applications where speed and area are critical 

parameters, such as edge computing devices, real-time 

image processors, and embedded AI accelerators. 

Through extensive simulation and synthesis using 

standard hardware design tools, the proposed 

multiplier has been validated for its accuracy, delay 

performance, and logic area footprint. The results 

demonstrate that the proposed architecture 

outperforms several conventional and existing 

approximate multiplier designs in terms of speed and 

area efficiency. 

This paper details the architecture, methodology, and 

evaluation of the proposed multiplier and compares it 

with prior designs, emphasizing its suitability for high-

speed and area-sensitive applications where a slight 

compromise on accuracy is permissible. 

 

II. RELATED WORK 

 

Research in approximate arithmetic has expanded 

significantly over the past decade, driven by the 

increasing demand for energy-efficient computing 

solutions. Among the arithmetic units, multipliers 
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have garnered particular attention due to their central 

role in computation-heavy applications like neural 

networks and image processing. Various architectures 

have been introduced to approximate multiplication 

while minimizing the trade-off in accuracy. 

One of the foundational approaches includes using 

truncated multipliers, where the least significant bits 

(LSBs) of the partial products are discarded to 

simplify computation. While this reduces power 

consumption and circuit area, it often results in a 

significant drop in accuracy, which may not be 

acceptable in certain application scenarios. 

Another commonly adopted technique is the use of 

approximate compressors. For example, the 4:2 and 

3:2 compressors developed by Esposito have become 

a cornerstone in the design of approximate multipliers. 

These compressors are designed to introduce a 

bounded amount of error while drastically reducing 

gate count. However, when these compressors are 

used across the full width of a multiplier, error 

propagation becomes a serious concern. 

To address this, some researchers proposed hybrid 

designs where only a portion of the multiplier—

usually the lower bit-width section—is implemented 

using approximate compressors. The rest is handled 

with exact logic to maintain a balance between 

performance and accuracy. These hybrid designs offer 

more controlled error characteristics but still retain 

relatively high complexity. 

Additionally, error compensation modules (ECMs) 

have been integrated into approximate multipliers to 

correct predictable errors resulting from 

approximation. These ECMs are usually based on 

statistical models that predict likely error patterns and 

adjust the final output accordingly. While effective, 

ECMs can themselves introduce additional logic 

overhead, which diminishes the gains from 

approximation. 

The RoBA (Round-Based Approximation) technique 

introduced in this project extends the idea of hybrid 

and compensatory design. Instead of generating a 

complete matrix of partial products, the RoBA method 

estimates the result using mathematically rounded 

inputs. This approach allows large sections of the 

multiplication process to be bypassed, replaced instead 

with simpler operations like shifts and additions. 

When combined with the novel 4-gate 4:2 compressor 

and lightweight ECM, the result is a multiplier 

architecture that significantly reduces gate count and 

area without a considerable drop in accuracy. 

Furthermore, the modular nature of these components 

allows for easy integration into larger systems and 

scalability to higher bit-width designs. This project, 

therefore, builds upon existing methods while 

introducing meaningful innovations that address key 

limitations. 

 
 Fig.1. Approximate multiplier using Partial Products 

 

III. PROPOSED ROBA MULTIPLIER 

 

The architecture of the proposed approximate 

multiplier is strategically divided into three main 

components: the constant approximation region, the 

error compensation module (ECM), and the exact 

computation segment. These are combined to achieve 

a hybrid architecture that offers an optimal trade-off 

between computational accuracy and hardware 

resource utilization. The key differentiating factor in 

this design is the integration of the RoBA method, 

which approximates multiplication using shifts and 

additions. 

The RoBA method operates on the mathematical 

identity: 

A × B ≈ Ar × B + Br × A − Ar × Br, 

where Ar and Br are the rounded forms of inputs A and 

B. These values can be obtained by zeroing out the 

least significant bits, thus achieving rounding by 

truncation. The resulting expressions, Ar × B, Br × A, 

and Ar × Br, involve simpler operations—mainly 

shifts and adds—making the implementation more 

hardware-friendly. Since all components in this 

calculation can be represented using barrel shifters and 

basic arithmetic units, the design avoids complex 

partial product generation stages entirely. 

The constant approximation region forms the least 

significant bits of the multiplier output. Instead of 

calculating these bits through traditional logic, they 

are replaced with a fixed binary constant derived from 
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averaging expected values. This drastically cuts down 

the number of AND gates and adders required for that 

section. 

To mitigate the error introduced by approximation, a 

lightweight ECM is incorporated. This module 

primarily consists of simple logic gates (e.g., 4-input 

OR gates), which identify common error-prone 

patterns and provide correction signals. The ECM’s 

outputs are then fed into the compressor network to 

adjust the results of partial products, thereby 

improving overall accuracy. 

The topmost portion of the multiplier, responsible for 

high-significance bits, retains exact computation to 

ensure accuracy where it matters most. Exact 4:2 

compressors and ripple carry adders are used here to 

generate the final result. This selective exactness 

further balances the design’s accuracy-efficiency 

trade-off. 

Finally, the novel 4-gate 4:2 compressor is central to 

this architecture. Unlike conventional compressors 

that use up to 10 logic gates, this design reduces the 

gate count to just four by exploiting redundancies in 

signal paths and simplifying logic expressions.  

The resulting design is modular, low-power, and 

scalable, making it suitable for implementation in 

digital signal processors, embedded systems, and AI 

accelerators, where energy efficiency and space 

constraints are critical. 

 
Fig.2. RoBA Multiplier 

 

IV. SIMULATION AND PERFORMANCE 

ANALYSIS 

 

The performance of the RoBA-based multiplier was 

assessed using Xilinx Vivado for FPGA synthesis and 

simulation. This included generating behavioral 

simulations, synthesis reports, and implementation 

data. 

A. Timing Summary: Timing analysis confirmed that 

the multiplier design meets timing constraints with 

improved setup and hold margins due to the reduced 

logic depth. 

B. Utilization Report: The multiplier showed 

drastically reduced usage of LUTs and slices, 

confirming lower complexity and higher area 

efficiency. 

 

C. Functionality Testing: The design passed functional 

verification under testbenches simulating varied input 

conditions, validating its robustness. 

Overall, the simulation results from Vivado reaffirm 

the multiplier’s suitability for embedded and FPGA-

based systems where minimizing hardware 

complexity and maximizing area efficiency are key 

design goals. 

 

V. CONCLUSION 

 

This project introduces a hardware-efficient 

approximate multiplier tailored for applications that 

tolerate minor errors, such as image processing and 

neural networks. The proposed design significantly 

reduces hardware complexity by using a novel 4-gate 

4:2 approximate compressor and adopting the Round-

Based Approximation (RoBA) method. This 

technique bypasses traditional partial product 

generation, replacing it with a simplified computation 

model based on shifts and additions. As a result, the 

overall logic required is drastically minimized. 

Additionally, the architecture enhances area efficiency 

by limiting the use of high-overhead logic blocks and 

optimizing the layout of the multiplier structure. The 

use of a constant value for low-order bits and precise 

computation only for significant bits leads to a 

compact and resource-friendly design. 

Simulation and synthesis using Xilinx Vivado show 

that the multiplier achieves up to 80% reduction in 

resource utilization compared to conventional exact 

multipliers. This confirms its suitability for FPGA and 

embedded systems where minimizing area and 

complexity is critical. Overall, the proposed multiplier 

Category 
Existing 

Method 

Proposed 

Method 

Complexity 
More 

Complex 

Less 

Complex 

Average Total 

delay 
8 ns 4.9 ns 

No. of Slice LUTs 87 16 

No. of Bonded 

IOB 
160 32 
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delivers a strong trade-off between efficiency and 

accuracy, making it a practical solution for modern 

error-resilient digital systems. 
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