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Abstract- The existing research, which suggests numerous circuits built with approximate 4:2 compressors, is quite interested 

in approximate multipliers. Because of the enormous variety of offered solutions, the designer who desires to employ 

approximate 4:2 compressors faces the difficulty of picking the appropriate topology. In this study, we give a complete 

analysis and comparison of previously suggested approximate 4:2 compressors in the literature. We also introduce a fresh 

approximate compressor, bringing the total number of approximate 4:2 compressors studied to twelve. The circuits studied 

are used to create 8*8 multipliers. 
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I. INTRODUCTION 
 

Improving digital circuit energy efficiency is a critical 

requirement for current systems on chip. Error-tolerant 
applications include machine learning, multimodal digital 

signal processing, data mining, and data recognition. 

Approximate computing is an excellent technique to 

increase efficiency in terms of power, speed, and area for 

these types of applications. Hardware-level approximation 

has been studied primarily for arithmetic units such as 

adders and multipliers, which are frequently among the 

most energy-hungry digital blocks. 

 

Several ways to obtaining very efficient approximation 

multipliers have been presented. Approximate recursive 
multipliers build simple 2* 2 approximate multiplier 

modules to produce n*n multipliers. 

 

Using a modest m* m multiplier (with m< n), approximate 

the output of n*n multipliers. Approximation in the 

creation of partial products by ignoring the computation of 

some multiplier partial products. Logarithmic multipliers 

add an estimate of the logarithms of the operands and 

compute the result as an antilogarithm of the total. Some 

partial products are not created in truncated multipliers, 

and the ensuing truncation error is minimised with the use 

of appropriate correction functions. Other approaches 
include approximation runtime configuration, approximate 

Booth encoding, approximate redundant binary 

multipliers, and approximation technique collaboration. 

 

Approximate compressors have lately emerged as a 

feasible option for implementing approximate multipliers. 

Compressors (also known as "one counters") are used in 

tree-based logarithmic reduction techniques such as 

Wallace, Dadda, or the Three-dimensional Method TDM 

to convert the multi-operand sum of the partial products 

into a two-operand addition. The complete adder is the 

most commonly used compressor since it turns three 

inputs into a count encoded in two outputs. In multipliers, 

the half-adder and higher-order compressors (such as 4:2 

or 5:3) are also widely used. The stacking circuit approach 

is used to create hardware-efficient 6:3 and 7:3 exact 

compressors. 

 

A compressor is a device that is commonly used in 

multipliers to decrease operands while adding partial 
product terms. A standard M-N compressor takes M 

evenly weighted input bits and outputs an N-bit binary 

value. The most basic and extensively used compressor is 

the 3:2 compressors, often known as a complete adder. It 

contains three inputs that must be summed and produces 

two outputs.  

 

Similarly, a 4:2 compressors may be constructed by 

combining two Cascaded 3:2 compressor circuits. As seen 

in fig.1, the traditional implementation of a 4:2 

compressor consists of two serially coupled full adders. 
Different architectures of 4:2 compressors have been 

published in the literature, and these are governed by the 

following fundamental equation: 

 

 
Fig 1. Block Diagram of 4-2 compressor. 



 

 

© 2022 IJSRET 
1177 

International Journal of Scientific Research & Engineering Trends                                                                                                         
Volume 8, Issue 3, May-Jun-2022, ISSN (Online): 2395-566X 

 

 

The ability to add numbers with minimum carry 

propagation is one of the key speed enhancement 
strategies utilised in current digital circuits. The 

underlying principle is that three integers may be reduced 

to two in a 3:2 compressors by executing the addition 

while keeping the carries and total distinct. This implies 

that all of the columns may be added in parallel without 

relying on the preceding column's result, resulting in a two 

output "adder" with a time delay independent of the size of 

its inputs. The sum and carry can be recombined in a 

conventional addition to provide the right result. 

 

This method may appear more complex and unnecessary, 

but the value of this strategy lies in the fact that any 
quantity, number of additions may be beat together in this 

fashion. Only the final recombination of the last carry and 

total necessitates the use of a carry propagating addition. 

Full adder is another name for a 3:2 compressors. 

 

Approximate multipliers can be created by replacing 

portions of the precise compressors with simpler circuits 

that contribute some inaccuracies while increasing 

efficiency in terms of power, speed, and space. It is 

proposed to employ approximate compressors generated 

by truncating the outputs of precise compressors, whereas 
approximate compressors with just two outputs are used. 

15:4 compressors, made with a 5:3 compressors as the 

core module. Lossy compression of partial product rows is 

performed using approximate half-adders to obtain a 

reduced set of product terms. Simple OR gates are used as 

approximate counters. There are no carry outputs in this 

new family of approximation compressors since the 

outputs of the compressors have the same weight as the 

inputs. 

 

Using encoded partial products and approximate 

compressors, two 4* 4 approximate multipliers with 
varying accuracies are produced; the suggested 4 *4 

multipliers are utilised as building blocks for scaling up to 

bigger multipliers. 

 

We concentrate on 4:2 compressors, which are often 

employed to construct precise multipliers due to their 

easier wiring and efficient transistor level implementation. 

Several ways for designing approximate 4:2 compressors 

and using them to create approximate multipliers have 

recently been presented. Because of the enormous variety 

of potential alternatives, the designer who wants to utilise 
approximate 4:2 compressors in a multiplier has a tough 

time deciding on the best architecture. 

 

We give a complete analysis and comparison of previously 

suggested approximate 4:2 compressors in this work, with 

an emphasis on designs suited to be used in typical tree-

based multipliers. We demonstrate how to modify the 

stacking circuit approach to construct approximate 

compressors, emphasise how certain previously suggested 

approximate 4:2 compressors may be derived in this 

manner, and provide a novel approximate 4:2 

compressors. 
 

In total, we examine twelve different roughly 4:2 

compressors. The examined circuits (along with a hybrid 

approach that use two distinct approximates 4:2 

compressors to decrease various regions of the partial 

product matrix) are used to create an 8 *8 multiplier. We 

examine two multiplier designs with varying levels of 

approximation; both signed and unsigned, for each 

operand size. 

 

II. RELATED WORKS 
 

V. K. Chippa et al. presented the Analysis and 

characterisation of inherent application resilience for 

approximation computing in 2013. The architecture is 

based on approximation computing, which is a new design 

paradigm that enables highly efficient hardware and 

software implementations by leveraging applications' 
inherent resistance to non-exactness in their computations. 

Previous research in this field has shown the potential for 

major energy and performance gains, but it has mostly 

consisted of ad hoc approaches applied to a small number 

of applications. Bringing approximate computing closer to 

mainstream adoption necessitates I a deeper understanding 

of inherent application resilience across a broader range of 

applications, (ii) tools that can quantitatively establish an 

application's inherent resilience, and (iii) methods to 

quickly assess the inherent resilience of an application. 

 

S. Venkataraman et al. presented approximate 
computing and the search for computer efficiency in 2015. 

The design is predicated on the fact that diminishing gains 

from technological scaling have compelled designers to 

seek new sources of computer efficiency. This drive for 

improved computing platform performance at similar or 

lower power budgets has resulted in multicores and 

heterogeneous accelerator-based designs. Given the need 

for fresh ideas to preserve these gains, we examine 

approximation computing, an area that has received a lot 

of attention in the previous decade. While the fundamental 

ideas of approximation computing are not novel and are 
shared by many domains ranging from algorithm creation 

to networks and distributed computing. 

 

In the year 2016, A variable latency adder (VLA) uses 

speculation to minimise average addition time: the actual 

arithmetic function is substituted by an estimated one, 

which is quicker and produces correct answers most of the 

time. When speculation fails, an error detection and 

correction circuit provides the right answer in the next 

clock cycle. Previous publications analyse VLAs with 

Kogge-Stone, Han-Carlson, or carry select topologies, 

hypothesising that carry propagation requires just a few 
consecutive bits. However, in certain applications that use 

the 2's complement format, operands have a Gaussian 

distribution, and a nontrivial part of carry chains can be as 
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long as the adder size. Based on the work of Brent-Kung 

et al., we suggest five new VLA topologies in this 
research. 

 

III. PROBLEM IDENTIFICATION 

 
A multiplier is a critical piece of hardware in most digital 

signal processing (DSP) systems. Digital filtering, digital 

communications, and spectrum analysis are examples of 

DSP applications where a multiplier is used extensively. 

Because many modern DSP applications are aimed at 

portable, battery-powered systems, power dissipation 

becomes a significant design restriction. Because 

multipliers are very complicated circuits that must often 

function at a high system clock rate, eliminating multiplier 

delay is an important aspect of fulfilling the overall 
design. We concentrate on 4:2 compressors, which are 

often employed to construct precise multipliers due to 

their easier wiring and efficient transistor level 

implementation. 

 

Several ways for designing approximate 4:2 compressors 

and using them to create approximate multipliers have 

recently been presented. Because of the enormous variety 

of potential alternatives, the designer who wants to utilise 

approximate 4:2 compressors in a multiplier has a tough 

time deciding on the best architecture. We give a complete 
analysis and comparison of previously suggested 

approximate 4:2 compressors in this work, with an 

emphasis on designs suited to be used in typical tree-based 

multipliers. 

 

We illustrate how to modify the stacking circuit approach 

to construct approximate compressors, emphasise how 

certain previously suggested approximate 4:2 compressors 

may be derived in this manner, and provide a novel 

approximate 4:2 compressors. In total, we examine twelve 

different roughly 4:2 compressors. 

 

IV. METHODOLOGY 
 

Compressors (also known as "one counters") are used in 

tree-based logarithmic reduction techniques such as 

Wallace, Dadda, or the Three-Dimensional Method TDM 

to convert the multi-operand sum of the partial products 
into a two-operand addition. The complete adder, 

sometimes known as a (3,2) compressor because it turns 

three inputs into a count encoded in two outputs, is the 

most commonly used compressor. In multipliers, the half-

adder and higher-order compressors (such as 4:2 or 5:3) 

are also widely used. 

 

To simplify circuit construction and wiring, the Tin and 

Tout pins are not used in the majority of previously 

suggested approximate 4:2 compressors (with a few 

outliers). Three is the largest value that can be encoded 

using solely S and C outputs. With four inputs x1, x4, it is 

evident that at least one inaccuracy is inescapable (when 

all inputs are '1'). 
 

 
Fig 2. Methodology. 

 

Fig. 2(a) shows the schematic of the proposed approximate 

4:2 compressor, whereas Fig. 2(b) depicts the suggested 

approximate compressor (b). These circuits (referred to as 

"Momeni" and "Venka" in the following) insert faults in 

the truth-table of the precise 4:2 compressors in order to 

achieve a simpler logic implementation. Three 

approximately 4:2 compressors have been documented, 

which will be referred to as "Yang1," "Yang2," and 

"Yang3" in the following. The compressor schematics are 
presented in Fig. 2(c)- (e). The Yang1 compressor, shown 

in Fig. 2(c), is the most precise, with only one inaccuracy 

in the truth table: when all inputs are "1," the output is C = 

1, S = 1. This behaviour corresponds to the suggested 

"saturating counter." 

 

The Yang2 and Yang3 circuits in Fig. 2(d-e) strive to 

simplify the S output circuitry while adding extra mistakes 

into the compressor's truth table. The schematic of the 

suggested approximate 4:2 compressors (dubbed the "Lin" 

compressor in the following) is shown in Fig. 2(f). 
 

The Lin compressor's behaviour is consistent with the 

suggested "reflecting 4:2 counter." In Fig. 2(c), the C 

output of the Yang1 compressor is the most accurate, with 

a single inaccuracy in the truth table: when all inputs are 

'1,' the output is C = 1, S = 1. This behaviour corresponds 

to the suggested "saturating counter." The Yang2 and 

Yang3 circuits in Fig. 2(d-e) strive to simplify the S output 

circuitry while adding extra mistakes into the compressor's 

truth table. 
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The schematic of the suggested approximate 4:2 

compressors (dubbed the "Lin" compressor in the 
following) is shown in Fig. 2(f). When all inputs are '1', as 

in the Yang1 compressor, the outputs are C = 1, S = 0, 

resulting in a disparity of two between the number of 

inputs '1' and the approximate count value generated by 

the compressor. The Lin compressor's behaviour is 

consistent with the suggested "reflecting 4:2 counter." The 

approximate compressor of Fig. 2(e) C's output is 

adjusted; the proposed design (labelled "Ha" compressor 

in the following) can be built as shown in Fig. 2(e) (g). 

 

The Ha compressor's truth table features four inexact 

entries (like the Yang3 compressor), but it always 
underestimates the exact result. We provide dual-quality 

4-2 compressors with the ability to choose between precise 

and approximate operation modes. Figure 2(h-i) shows the 

approximate location of the compressors known as 

"Akbari1" and "Akbari2," respectively. 

 

A straightforward approximation compressor is proposed. 

The circuit, dubbed "Sabetz" and depicted in Fig. 2(l), is 

made up of a majority gate, does not use the x2 input, and 

assumes that the S output is constant and equal to '1'. The 

compressor, dubbed "Ahma," is also incredibly hardware 
efficient, requiring only three NOR and one NAND gate, 

as seen in Fig. 2. (m). 

 

The proposed approximate 4-2 compressor uses the 

concept of the stacking circuit, originally introduced 

in [33] to design hardware-efficient 6-3 and 7-3 exact 

compressors and modified here to obtain approximate 

compressors. Given the four inputs x1, x2, x3, x4, a 4-bit 

stacker circuit has four outputs y1, y2, y3, y4 such 

that: y1 will be high if any of the inputs is „1‟, y2 will be 

high if any two of the inputs are „1‟ and so on. A four-bit 

stacker is described by the following Boolean equations: 
 

 

 

 
 

The approximate 4-2 compressor obtained from (5), (7), 

and (8) has never been proposed before and covers also all 

the cases in which y3 is high, except for the case in 

which x1x2x3=„1′ . The corresponding circuit, shown 

in Fig. (b) will be named “Proposed” compressor in the 

following. 

 

V. MULTIPLIER USING 4:2 

COMPRESSOR 
 

The effect of using compressors for duplication is being 

studied in this area. A rapid (right) multiplier is often 
composed of three pieces (or modules). 

 

• Incomplete item elimination. 

• A Carry Save Adder (CSA) tree multiplier is used to 

reduce the fractional items' network to an expansion of 

only two inputs, which are operands. 

• A Carry Propagation Adder (CPA) for the final parallel 

result computation. 

 

 

In this multiplier arrangement, the second portion plays an 

important role in terms of deferral, force use, and circuit 
complex character. Compressors are commonly used to 

speed the CSA tree while decreasing energy distribution, 

resulting in rapid and low-control operation. The use of 

guessed compressors in a multiplier's CSA tree results in 

an inexact multiplier. 

 

 

 
Fig 3. CSA tree results in an inexact multiplier. 

https://ieeexplore.ieee.org/document/#deqn5-deqn7
https://ieeexplore.ieee.org/document/#deqn5-deqn7
https://ieeexplore.ieee.org/document/#deqn8
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Reduction scheme for an 8×8 unsigned multipliers 
with C−N configuration (approximate 4-2 compressors are 

used only in the 8 less significant columns of the partial-

product matrix). Carry and Sum outputs of approximate 4-

2 compressors are shown linked by dotted lines, while 

solid lines are used for full adders and exact 4-2 

compressors outputs. Half adder outputs are linked by a 

solid line with a vertical bar. 

 

VI. RESULT AND DISCUSSION 
 

 
Fig 4. Convetional 4:2 Compressor: 

 

 

 
Fig 5. Proposed 4:2 Compressor. 
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Fig 6. Multiplier With Proposed Compressor 

 

Table 1. Analysis of Parameters. 

 
 

 

 

VII. CONCLUSION 

 
We provided a thorough review and comparison of 

previously suggested roughly 4:2 compressors. We 
demonstrated that the stacking circuit approach can be 

adjusted to create approximate compressors, that several 

of the previously presented approximate 4:2 compressors 

may be derived in this manner, and that we generated new 

approximate 4:2 compressors.  

 

A total of twelve distinct approximate 4:2 compressors 

and numerous multipliers have been examined. The 

proposed multiplier has high accuracy when compared to 

existing approximate multiplier designs. The proposed 4:2 

compressor reduces both delay and power usage. 
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