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Abstract 

 

A multiplier is one of the key hardware blocks in most digital signal processing (DSP) systems. Typical DSP 

applications where a multiplier plays an important role include digital filtering, digital communications and 

spectral analysis. Many current DSP applications are targeted at portable, battery-operated systems, so that 

power dissipation becomes one of the primary design constraints. There are several multipliers available to 

increase the performance level in the design field. A Parallel multiplier using approximate compressors is 

proposed in this paper. The two new approximate 4-2 compressors are proposes that the simplified compressors 

have better power consumption than the optimized 4-2 compressor existing designs. These approximate 

compressors are then used in the restoration module of a Parallel multiplier. Four different schemes for utilizing 

the proposed approximate compressors are proposed and analyzed for a Parallel multiplier. The multiplier 

design relies on the compressor and can meet with the respect to the circuit based design. The results show that 

the proposed designs accomplish significant reductions in power dissipation, delay and transistor count 

compared to an exact design; moreover, two of the proposed multiplier designs provide excellent capabilities for 

image multiplication with respect to average normalized error distance and peak signal-to noise ratio (more than 

50 dB for the considered image examples).  
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1.  Introduction 

Most computer arithmetic applications are implemented using digital logic circuits, thus operating with a high 

degree of reliability and precision. However, many applications such as in multimedia and image processing can 

tolerate errors and imprecision in computation and still produce meaningful and useful results. Accurate and 

precise models and algorithms are not always suitable or efficient for use in these applications. The paradigm of 

inexact computation relies on relaxing fully precise and completely deterministic building modules when for 

example, designing energy efficient systems. This allows imprecise computation to redirect the existing design 

process of digital circuits and systems by taking advantage of a decrease in complexity and cost with possibly a 

potential increase in performance and power efficiency. 

 

Multipliers play an important role in today’s digital signal processing and various other applications. With 

advances in technology, many researchers have tried and are trying to design multipliers which offer either of 

the following design targets – high speed, low power consumption, regularity of layout and hence less area or 

even combination of them in one multiplier thus making them suitable for various high speed, low power and 

compact VLSI implementation. Addition and multiplication are widely used operations in computer arithmetic; 

for addition full-adder cells have been extensively analyzed for approximate computing [2-4]. [1] Has compared 

these adders and proposed several new metrics for evaluating approximate and probabilistic adders with respect 

to unified figures of merit for design assessment for inexact computing applications. For each input to a circuit, 
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the error distance (ED) is defined as the arithmetic distance between an erroneous output and the correct one [1]. 

The tradeoff between precision and power has also been quantitatively evaluated in [1]. 

 

However, the design of approximate multipliers has received less attention. Multiplication can be thought as the 

repeated sum of partial products; however, the straightforward application of approximate adders when 

designing an approximate multiplier is not viable, because it would be very inefficient in terms of precision, 

hardware complexity and other performance metrics. Several approximate multipliers have been proposed in the 

literature [4] [5] [6] [7]. Most of these designs use a truncated multiplication method; they estimate the least 

significant columns of the partial products as a constant. In [4], an imprecise array multiplier is used for neural 

network applications by omitting some of the least significant bits in the partial products (and thus removing 

some adders in the array). A truncated multiplier with a correction constant is proposed in [5]. For an n×n 

multiplier, this design calculates the sum of the n+k most significant columns of the partial products and 

truncates the other n-k columns. The n+k bit result is then rounded to n bits. The reduction error (i.e. the error 

generated by truncating then-k least significant bits) and rounding error (i.e. the error generated by rounding the 

result to n bits) are found in the next step. The correction constant (n+k bits) is selected to be as close as 

possible to the estimated value of the sum of these errors to reduce the error distance. 

 

 

A truncated multiplier with constant correction has the maximum error if the partial products in the n-k least 

significant columns are all ones or all zeros. A variable correction truncated multiplier has been proposed in 

[6].This method changes the correction term based on column n-k-1. If all partial products in column n-k-1 one, 

then the correction term is increased. Similarly, if all partial products in this column are zero, the correction term 

is decreased. In [7], a simplified (and thus inaccurate) multiplier block is proposed for building larger multiplier 

arrays. In the design of a fast multiplier, compressors have been widely used [8] to speed up the partial product 

reduction tree and decrease power dissipation. Optimized designs of 4-2 exact compressors have been proposed 

in [8, 11 - 16]. [17] [18] have also considered compression for approximate multiplication. In [17], an 

approximate signed multiplier has been proposed for use in arithmetic data value speculation (AVDS); 

multiplication is performed using the Baugh-Wooley algorithm. However, no new design is proposed for the 

compressors for the inexact computation. Designs of approximate compressors have been proposed in [18]; 

however, these designs do not target multiplication. It should be noted that the approach of [7] improves over 

[17] [18] by utilizing a simplified multiplier block that is amenable to approximate multiplication. 

2. COMPRESSOR DESIGN 

2.1 Exact Compressor 

The 4:2 Compressor has 5 inputs A, B, C, D and Cin to create 3 outputs Sum, Carry and Cout as shown in figure 

1. The 4 inputs A, B, C and D and the output Sum have identical weight. The input Cin is output from a 

preceding lower widespread compressor and the Cout output is for the compressor inside the next significant 

level.  

 

2.2 Approximate Compressor Design 1 

In design 1, we make Carry’=Cinby changing the values of output .with this approximation the carry output in 

an exact compressor has the same value of input Cin. We can reduce the complexity of the design as well as the 

difference between approximate and exact outputs by making sum value to 0. 
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Dadda multiplier using design 1: An 8×8 unsigned dadda tree multiplier is reviewed to approach the impact of 

using the proposed compressor for approximate multipliers The proposed multiplier uses in the initial, the AND 

gates to generate all partial products. The half-adders, full-adders and 4-2 compressors are used by the reduction 

part; each partial product bit is depicted by a dot. In the first stage, 2 half-adders, 2 full adders and eight 

compressors are used to scale decrease the partial products into no more than four rows. 

In the second or final stage, 1 half-adder,1  full-adder and ten compressors are used to figure the two final rows 

of partial products. Therefore, two stages of reduction and 3 half-adders, 3 full-adders and eighteen compressors 

are required in the reduction circuitry of an 8×8 dadda multiplier. 

 
 

2.3 Approximate Compressor Design 2 

In proposed design we approximated Carry’ and Cin because of having the same weight hence here we take Cin 

as 0, so that we can remove the carry’ hence performance increased by reducing the error rate. 
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Design 2 has three cases In the first case (multiplier1), Design 1 is utilized for all 4-2 compressors In the second 

case(multiplier2) is used for the 4-2 compressors, since design two does not have Cin and cout, the reduced 

circuitry of this multiplier requires a low number of compressors, and this multiplier uses 6 half adders, 1 full 

adder and seventeen compressors In the third case (Multiplier 3), Design1 is used for the compressors in the n 1-

least significant columns. The exact 4-2compresors are used by the other n most significant columns in the 

reduction circuit. 

 
 

3. PROPOSED DESIGN 

In this proposed implementation a new carry save adders are used for the partial products and then hybrid design 

in that internally design 1 and design 2 compressors are used likewise in truncated multiplier. Through that it 

will get more efficiency and high performance. The future scope is instead of 4-2 compressor there is 5-2 

compressor and the main applications like image processing and compression. 

 

 

 

 

 

 

 

 

 

 

4. SIMULATION RESULTS 

 

These circuits are designed and performed by using ModelSim ALTERA 10.3d software and synthesized by 

using Xilinx software. 
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5. Conclusion 

 

In this paper by using approximate compressors, four 8x8 bit approximate multipliers are designed by using 

design 1 and design 2 for reducing the complexity as well as increasing the performance. And proposed method 

design 3 multiplier was implemented. The simulation results have been shown by using ModelSim. Inexact 

computing is an emerging paradigm for computation at nano scale. Computer arithmetic offers significant 

operational advantages for inexact computing; an extensive literature exists on approximate adders. However, 

this paper has initially focused on compression as used in a multiplier; to the best knowledge of the authors, no 

work has been reported on this topic. 

 

These approximate compressors are utilized in the reduction module of four approximate multiplier and 

approximate compressors show a significant reduction in transistor count, power consumption and delay 

compared with an exact design. Moreover, the application of these approximate multipliers to image processing 

has confirmed that two of the proposed designs achieve a PSNR of nearly 50dB in the output generated by 

multiplying two input images, thus viable for most applications. 

 

In conclusion, this paper has shown that by an appropriate design of an approximate compressor, multipliers can 

be designed for inexact computing; these multipliers offer significant advantages in terms of both circuit-level 

and error figure of merit. 
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