
© 2022 JETIR July 2022, Volume 9, Issue 7                                                                       www.jetir.org (ISSN-2349-5162) 

JETIR2207306 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org d52 
 

Signal aware Approximate Multipliers based on a 

Novel Unbiased Approximate 4-2 Compressor 

 1Shri.Harish Kumar.P, 2Dr.P.G.Kuppusamy 

1PG Scholar, 2Professor,  

1&2 Department of Electronics and Communication Engineering,  

1Siddharth Institute of Engineering & Technology, Puttur, Andhra Pradesh,India 

 

Abstract :   

In error-tolerant applications like multimedia and machine learning, approximate computing which relaxes full 

precision to obtain higher performance or reduced power consumption is frequently used. For a lot of these 

applications, multiplication is a fundamental operation. The approximate 4-2 compressor used in this investigation is 

fair and produces both positive and negative sign mistakes in balance. Two 8 x 8 unbiased approximate multipliers 

(UBAMs), based on the unbiased 4-2 compressor, are created to satisfy different accuracy (or power) needs. According 

to experimental data, one of the proposed designs gives a 39 percent smaller power-delay product (PDP) and nearly 

a 46 percent smaller energy-delay product, while the other offers a smaller normalised mean error distance (NMED) 

than earlier approximate multipliers (EDP). The proposed multipliers perform better than previous approximative 

designs in image filtering applications because they produce outputs of higher quality while using less energy. 

IndexTerms – UBAM, PDP, EDP, NMED, VerilogHDL 

I. Introduction 
Due to the enormous volumes of data and intricate computations needed in these applications, big data processing 

and artificial intelligence are becoming increasingly important. Applications-specific integrated circuits and energy-

efficient, high-performance general-purpose compute engines are urgently needed to support the development of 

these novel technologies. On the other hand, precise or high-precision computing is not always required. Instead, 

a few little errors may cancel each other out or have little impact on the outcome of the computation. As a result, 

approximation computing (AC) has become a new strategy for designing energy-efficient systems and boosting 

computing system performance with a minimal loss in accuracy [1]. A. Inspiration Moore's rule [2] has caused an 

exponential decline in transistor feature size over the past few decades, which has led to constant advancements 

in integrated circuit performance and power efficiency. 

However, the supply voltage cannot be further lowered at the nanoscale scale, which has significantly increased 
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power density. To completely eliminate the heat problems, a portion of the transistors in an integrated circuit must 

be switched off; these transistors are referred to as "black silicon" [3]. According to a study, the "black silicon" area 

for an 8-nm technology could be as high as 50% [4]. This shows that employing traditional technologies to increase 

circuit performance and power efficiency is becoming more and more difficult. In order to overcome this issue, new 

design approaches like as multicore architectures, heterogeneous integration, and AC [5]. 

The idea of AC stems from the realisation that many applications, including multimedia, recognition, classification, 

and machine learning, can live with minor errors. Some faults in image, audio, and video processing do not cause 

noticeably worse output quality because of human perceptual limits. Additionally, as the external input data to a 

digital system are typically noisy and quantized, there is already a limit to how precisely or accurately valuable 

information may be represented. Stochastic computing, a type of probability-based computing, employs 

straightforward logic gates to perform arithmetic operations on random binary bit streams, with the outcome being 

unaffected by minor errors [6]. Finally, several applications, Iterative refining is the foundation of machine learning. 

This procedure can mitigate or make up for the effects of small errors [7]. As a result, AC has emerged as a 

potentially attractive method for a range of error-tolerant applications. B. Approximate Arithmetic Circuit 

Development History Division has been accelerated since the 1960s by using the Newton-Raphson method to 

compute an approximate quotient [8], which was followed by numerous more useful iteration-based algorithms as 

Goldschmidt [9]. Therefore, by stopping the computation at various points, several precision dividers can be 

obtained [10]. Mitchell [11] also suggested a logarithm-based technique for addition and subtraction in the early 

1960s. A few simple approximation (or rounding) techniques have gradually been taken into consideration, for 

example in truncation-based multipliers to obtain an output with the same bit width as the inputs, even though 

specific approximation techniques aimed at arithmetic circuits were not significantly developed in the following few 

decades. A fixed-width multiplier is the name given to this kind of multiplier. 

The approximation is produced by adding a few most significant partial products (PPs) and a correction constant 

that is approximated to be the sum of the least significant PPs by statistical analysis [12, 13]. In order to boost the 

clock frequency of a microprocessor in 2004, adders and Booth multipliers in a superscalar processor were 

approximated [14]. The effective carry chain of an adder is substantially shorter than the whole carry chain for the 

majority of inputs, and this observation is used to construct the approximate adder. According to Burks et al. [15], 

the longest carry chain in an n-bit addition rarely exceeds the binary logarithm of n, or log(n). In an n-bit adder, a 

carry is therefore acquired from the previous k input bits rather than the previous n bits (so, k n). The critical path 

of an approximative adder is significantly shorter than that of an accurate adder (AccuA). 

 

It was recommended to use the approximation adder to create the 3 multiplicand needed by the radix-8 encoding 

scheme for a Booth multiplier. The early designs include the almost correct adder (ACA) [16], the error-tolerant 

adder [17], the lower-part-OR adder (LOA) [18], the equal segmentation adder (ESA)[19], the approximate mirror 

adder [20], the broken-array multiplier (BAM) [18], the error-tolerant multiplier (ETM) [21], and the under designed 

multiplier (UDM) [22]. Since about 2008, approximate adders and multipliers have received significant Furthermore, 

for a given error restriction, logic synthesis techniques have been devised to decrease the circuit space and power 

consumption [23], [24]. The generation of approximating adders and multipliers has also been considered [25], [26]. 

A number of different memory and compute architectures have also been suggested to accommodate AC 
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applications [27], [28]. Particularly for low-power computers, a programming language can enable approximation 

data types [29]. Dividers [30]–[33], multiply-and-accumulate (MAC) units [34], squaring circuits [35]–[38], square 

root circuits [39], and a coordinate rotation digital computer (CORDIC) [40] are a few examples of recent 

approximate designs. 

II. METHODOLOGY AND PROPOSED ARCHITECTURE  

Methodology illustrates a methodical approach to work. It is customary to explain a procedure in the 

simplest possible terms. Design is the application of scientific theory, technical knowledge, and creative 

thinking to carry out a given function. Fig 2.1 shows Block Diagram of the proposed system, 

Block representation of the suggested architecture 

 

Signal Aware Module
Skip the zeros in the 

computation

If multiplicand or multiplier 

is ‘1’ the computation is 

reduced

Proposed Multiplier

Low power signal processing 

Applications

 

 

Figure 0 Block Diagram of the proposed system 

 

The signal aware computation block is depicted graphically in Figure 2.2. This block significantly simplifies computation 

in the design by analysing the input signal for the presence of "0"s and "1"s in the multiplier and producing the product 

based on their presence. 
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Fig .2.2 Signal Aware Computation Block  

 

2.1. Existing System 
 

2.2.1  Drawback 
 

 Massive computation for speech and picture recognition 

 Massive computation for speech and picture recognition 

 Reduced reliability  

 increased resource and electricity consumption 

 

2.2.Proposed system 

 

Then, we suggest a roughly full adder, which we combine with an adder and a 4-2 compressor to create a 6-2 

compressor. We then develop a rough multiplier architecture and suggest an unbiased 4-2 compressor.The 

estimated full adder The presentation of a new approximate complete adder. The compressor's primary 

objectives are to reduce delay and power. When used with compressors that mostly produce positive sign 

error, it primarily produces negative sign error, which might offer compensation. Table 1 displays the truth 

table for the proposed approximate full adder, where X1, X2, and Cin are its inputs and Carry and Sum are its 

precise full adder's outputs. Value is the precise outcome, whereas Vapp is the outcome of the approximate 

full adder. Carry and Sum are the outputs of the accurate full adder, while Carry' and Sum' are the outputs of 
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the approximate adder. Since there is no carry propagation in the proposed approximation full adder, Carry' 

and Sum' are equally weighted. As specified by Vapp  

Equation (2.1) 

The error between the exact and approximate compressor is Erri 

Equation (2.2) 

The mean error (ME) is used to estimate the error of the approximate compressor [28]: 

 

Equation (2.3) 

 

Each partial product has a 1/4 chance of being highly probable [28]. We can infer from the "Erri" column in 

Table 1 that the proposed approximation complete adder's ME value is 17/64. Although the approximation full 

adder [28] only generates positive sign error, it primarily generates negative sign error, and it is likely that the 

two adders balance each other out. The proposed approximate full adder's gate-level circuit is depicted in Fig. 

3(a). The circuit of [28] is depicted in Fig. 3(b). If we assume that each gate has a delay of, our design has a critical 

path delay of, and [28] has a delay of. As a result, we have decreased the timing delay by. Additionally, the 

suggested adder uses only a 2-input OR gate and a 3-input OR gate, saving some chip space. 

‘ 

3.2. Approximate 6-2 compressor proposed The direct processing of six input values (X1, X2,..., X6) and 

production of two output values (Sum 1' and Sum 2') by an approximately 6-2 compressor is presented. Figure 

4 depicts how it is used. As can be seen, the 6-2 compressor is made up of a 4-2 compressor [28], an approximate 

full adder [28] that primarily creates positive sign error, and the suggested approximation full adder [28], which 

primarily produces negative sign error. The two full adders are more likely to produce opposite sign errors with 

this configuration. The proposed 6-2 compressor is carry-free because all three of these parts are carry-free. It 

produces about 6-2 compressor outputs. 

 

           Equation (2.4) 
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2.3.1 An objective 4-2 compressor The number of "1"s in the inputs are counted by a 4-2 compressor. When 

Cin and Cout are disregarded, the circuit complexity can be effectively decreased with only a little loss in 

precision [19–21]. Here, expression (4) can be rewritten as  

                                           Equation (2.5)  

The precise 4-2 compressor's Karnaugh map (K-MAP), which is missing Cin and Cout, is shown in Table 2. The 

inputs are X1–X4, while the outputs are Carry and Sum (CS). The computation logic is made simpler by using the 

Karnaugh map. The proposed unbiased approximation 4-2 compressor App4-Carry' 2Com's and Sum' Karnaugh 

maps are shown in Tables 3 and 4, respectively. The inputs are X1–X4, and the outputs are Carry and Sum, 

ignoring Cin and Cout. "0 1" in Tables 3 and 4 denotes an entry where "0" is swapped out for "1," while "1 0" 

denotes the opposite.  

 

                                  Equation (2.6) 

Consequently, the estimated 4-2 compressor's outputs are provides the approximation 4-2 compressor's truth 

table, where X1 through X4 are the inputs and Erri is the app 4-2 compressor's error. The ME of [21] is +37/256 

from (7), while App4-ME 2Com's is 0. This is due to App4-propensity 2Com's to make both positive and negative 

sign errors. When an even number of approximate 4-2 compressors are utilized to accumulate partial products 

in the same column, the suggested approximate 4-2 compressor suffers less accuracy loss than [21]. The 

approximation multiplier created using App4-2Com has less accuracy loss because the errors of App4-2 Com are 

more likely to cancel each other out and reduce the error of the total multiplier. The gate-level circuit of the 

suggested roughly 4-2 compressor is shown in Fig. 5. App4-latency 2Com's is 2 ms, which is 2 ms less than [21] 

overall. Four AND gates, two XOR gates, and two OR gates make up App4-2Com. 

 

2.3.2 Approximate multiplier architecture  

Using the suggested approximation compressors, we develop the approximate multiplier architecture. Three 

components are frequently used to create a quick (exact) multiplier [29]: 1. Numerous AND gates are used to 

create a set of partial products. 2. These incomplete products are compressed (or reduced) to a two-operand 

addition. 3. The final binary result is created using a carry propagation adder (CPA). In terms of area, delay, and 

power usage, the second of these three components is crucial. In order to reduce power consumption and 

improve performance, a partial product compression tree has been widely compressed using approximative 

compressors. 
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The most significant bits (MSBs) in a partial product have a substantial impact on the multiplier's accuracy 

when using an approximation compressor to compress a partial product compression tree, while the least 

significant bits (LSBs) have little impact. 

As seen in Fig. 6, our proposed 8-bit approximate multiplier (LSBs are from columns 1 to 8, and MSBs are from 

columns 9 to 15, with the rightmost column being the first column) divides the partial product compression tree 

into three parts: the exact part, which is the multiplier's MSBs (columns 11 to 15), and the approximate part, 

whose significance is between MSBs and LSBs. This results in an optimized trade-off between accuracy and 

hardware overhead. 

To assure the precision of the MSBs, the exact compressors are utilized to calculate the partial product for the 

precise part. Our major goal is to reduce the accuracy bits from seven to five bits in order to shorten the timing 

delay of the critical path, as the critical path of the entire multiplier always originates from the accuracy-part 

circuit for computing the first seven bits of the output in the multiplier. The accuracy loss brought on by accuracy 

bit trimming can be reduced thanks to the approximate unbiased compressor we suggested for the 

approximation component. The roughly corresponds to columns 6 through 10. 

Six partial products are created using a 6-2 compressor and the two generated output values for stage 2's 

input for the first and last columns of the approximate section. Two 4-2 compressors make up each of columns 

7 through 9, and zeros are added to the column that has just seven partial products. For stage 2, each 4-2 

compressor produces two output values after processing four input values. To decrease the chip size and power 

consumption in the truncated region, the matching compressors are deleted and the least significant five bits 

are trimmed. To understand the trade-off between circuit performance and error metrics, refer to Fig.2.3's 

thorough comparison of approximative multipliers. PDP vs. NMED for the approximative 88 multipliers that are 

thought to be unsigned are shown in Fig. 8. The designs with the smallest PDPs and highest accuracies can be 

seen in the lower-left corner. The smallest PDP and NMED are found in UBAM-M2 and UBAM-M1, respectively. 

UBAM- M1 can therefore be used for applications that demand great accuracy. The UBAM-M2 is recommended 

for moderate power savings with improved performance. We use the multipliers' application to image 

processing to demonstrate how accurate it is. The multipliers are employed in the multiplication-intensive 

Gaussian image filtering process. When comparing a distorted image to a reference image, two popular metrics 

are structural similarity (SSIM) and peak signal-to-noise ratio (PSNR). Better designs typically have higher PSNRs. 

SSIM was developed to enhance established image quality evaluation techniques like PSNR [31]. The range of 

values is [0, 1], and a higher value is preferable. 

The PSNR value for UBAM-M1 is the greatest and it much outperforms AM [21]. This is due to the fact that 

the suggested unbiased approximate 4-2 compressors reduce the overall multiplier's inaccuracy.  

Due to the MSB pruning technique's decreased accuracy, UBAM-M2 has a little worse accuracy than AM [21]. 

But UBAM-M2 offers a greater PDP saving (58.12 percent vs. 18.63 percent ). The image that UBAM-M2 

processes is of high quality as well (a PSNR of 30 dB is frequently regarded as adequate) [32]. Because of their 

significant accuracy loss, the quality of images processed by UDM [8] and AM [10] is inferior to that of our 
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suggested designs. Although the mul8u DM1 [30] design performs worse in terms of delay, it still offers a good 

PSNR. 

 

 

                         Fig. 2.3. Proposed approximate multiplier. 

 

 

 

 

Table:2.1 Approximate multipliers(AMs) and their features 
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III. IMPLEMENTATION AND RESULTS 
The suggested architecture is executed using a bottom-up methodology by creating the submodules, which are 

then connected to form a bigger system. Fig.3.1 depicts the implementation process in flow.

Signal Aware Low power Multiplier

Apply a)Efficient 4-2 compressor  b)Signal aware 

module 

[ MODEL USING VERILOG]

PERFORM SYNTHESIS 

PERFORM SIMULATION 

USING MODELSIM

ESTIMATE  COMPARE AND REPORT THE SYNTHESIZED 

RESULTS

OPTIMIZATION NOT 

MET

OPTIMIZATION MET

 

Fig.3.1 Implementation Flow 

proposed approximate full adder, where X1, X2, and Cin are the full adder's inputs; Carry and Sum are the exact full 

adder's outputs; Carry' and Sum' are the approximate adder's outputs; Value is the precise result; and Vapp is the 

approximate adder's result. Since there is no carry propagation in the proposed approximation full adder, Carry' and 

Sum' are equally weighted. Equation Vapp is defined as. 
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Fig 3.2  Exact 4.2 compressor 

 

OUTPUT: 

 

 

 

Fig 3.3 Simulated Waveform of   Exact 4.2 compressor 
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3.1 COMPARATOR CHAIN 

 

 

 

Fig 3.4  Exact 4:2 Compressor Chain 

 

OUTPUT: 

 

 

Fig 3.5  Simulated output of Compressor Chain 

 

                  CONCLUSION 

We put forth an impartial approximation 4-2 compressor that produces an equal number of positive and negative 

sign mistakes. This can lower the error of the entire multiplier and enhance the chance for error compensation 

compared to the 4-2 compressors in the same column of the partial product compression tree. A brand-new, about 

6-2 compressor was suggested. Two innovative approximate multipliers, UBAM-M1 and UBAM-M2, were created 

based on the proposed compressors. Applications requiring great accuracy can use the UBAM-M1. The approximation 

designs' NMEDs are all the smallest for UBAM-M1 (Table 8), and its MAE is only around 1/18 of UDM's [8]. Given that 

it saves 7 percent power and 36 percent on delay compared to mul8u DM1, the UBAM-M2 is recommended for greater 

performance and power efficiency [30]. Due to its proposed multiplier design with MSB trimming and LSB truncation, 

UBAM-M2 outperforms AM by over 22% in latency, 28% in power consumption, 26% in chip area, approximately 39% 

in PDP, and nearly 46% in EDP. Applications for image filtering evaluated the suggested multipliers. By obtaining higher 

quality, it was demonstrated that UBAM-M1 delivers output that is more accurate than that of other approximation 
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multipliers (in terms of SSIM or PSNR). At a cost of 1.24 percent SSIM deterioration, UBAM-M2 yields a 58.12 percent 

PDP saving.  
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