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ABSTRACT 

Multipliers are most important parts in signal processing applications or other computationally drastic applications. Therefore, 

multiplier designs are mainly focused on high-speed, low area and low power. These parameters are achieved by approximate 

multipliers. Generally, approximate computing has a significant attention as a rising strategy to decrease power consumption of 

error tolerant applications like image processing. Approximate computing has been advocated as a new approach to saving area, 

as well as increasing performance at a limited loss in accuracy [3]. In this paper we discuss the various surveys (study) of different 

approximate multiplier.  

 

Index Term— Multiplier, Approximate Computing, Image processing. 

 

1. INTRODUCTION 

The digital circuits that are designed in such a way that the 

condition is not met in terms of functionality and some savings 

are required in terms of energy, delay or area are called 

approximate circuits. They are perfectly suitable for some 

applications, where errors are not decipherable as human 

perception capabilities are limited (e.g. in multimedia 

applications), no golden solution is offered for confirmation of 

circuit behavior (e.g. in data mining applications), or users are 

basically willing to acknowledge some inaccuracies (e.g. when 

battery of a mobile phone is almost depleted). 

Approximate computing is a computation that provides a 

possible inexact result rather than an accurate result, for a 

situation where an approximate result is sufficient for a 

purpose. One example for that situation is a search engine 

where no accurate answer may exist for a particular search 

query and hence, lot of answers may be suitable. In the same 

way, occasional dipping of some frames in a video application 

can go unobserved due to perceptual limitations of humans. 

Approximate computing is depends on the observation that in 

many scenarios, although performing accurate computation 

requires large amount of resources, allowing bounded 

approximation can provide inconsistent gains in performance 

and energy, while still achieving adequate result accuracy. 

.  

2. LITERATURE SURVEY 

 

2.1. Approximate Adders for approximate 

multiplication 

Document The gap between capabilities of CMOS technology 

scaling and requirements of future application workloads is 

increasing rapidly. There are several promising design 

approaches that jointly can reduce this gap significantly. 

Approximate computing is one of them and in recent years, 

has attracted the strongest attention of the scientific 

community. Approximate computing exploits inherent error-

resilience of applications and features high-performance 

energy-efficient software and hardware implementations by 

trading-off computational quality (e.g., accuracy) for 

computational efforts (e.g., performance and energy). Over the 

decade, several research efforts have explored approximate 

computing throughout all the layers of computing stack, 

however, most of the work at hardware level of abstraction has 

been proposed on adders. In [1], a comparative survey of state-

https://en.wikipedia.org/wiki/Frame_%28video%29
https://en.wikipedia.org/wiki/Approximation_theory
https://en.wikipedia.org/wiki/Approximation_theory
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of-the-art approximate adders is provided. And it also provides 

comparison based on both conventional design metrics as well 

as approximate computing design metrics. 

 

2.2. Approximate Compressors for Multiplication 

Approximate computing is an attractive paradigm for digital 

processing at nanometric scales. Inexact computing is 

particularly interesting for computer arithmetic designs. The 

analysis and design of two new approximate 4-2 compressors 

are explained in [2] for utilization in a multiplier. These 

designs rely on different features of compression, such that 

imprecision in computation (as measured by the error rate and 

the so-called normalized error distance) can meet with respect 

to circuit-based figures of merit of a design (number of 

transistors, delay and power consumption). Four different 

schemes for utilizing the proposed approximate compressors 

are proposed and analyzed for a Dadda multiplier [2]. 

Extensive simulation results are provided and an application of 

the approximate multipliers to image processing is presented. 

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 50dB for the considered image examples).   

 

2.3. Approximate Wallace-Booth Multiplier 

Approximate or inexact computing has recently attracted 

considerable attention due to its potential advantages with 

respect to high performance and low power consumption. This 

approximate multiplier [3] consists of an approximate Booth 

encoder, an approximate 4-2 compressor and an approximate 

tree structure. The approximate design is implemented and 

verified for 8x8, 16x16 and 32x32-bit signed multiplication 

schemes targeting applications in embedded systems.  

Simulation results at 45 nm technology are provided and 

discussed. Compared with an exact Wallace-Booth multiplier 

as well as other approximate multipliers found in the technical 

literature, the proposed approximate scheme achieves 

significant improvements in power consumption, delay and 

combined metrics. These results show the viability of the 

proposed design. 

2.4. Two variants of approximate multipliers 

Approximate computing can decrease the design complexity 

with an increase in performance and power efficiency for error 

resilient applications. A new design approach for 

approximation of multipliers is discussed in [4]. The partial 

products of the multiplier are altered to introduce varying 

probability terms. Logic complexity of approximation is 

varied for the accumulation of altered partial products based 

on their probability. The proposed approximation is utilized in 

two variants of 16-bit multipliers. Synthesis results reveal that 

two proposed multipliers achieve power savings of 72% and 

38%, respectively, compared to an exact multiplier. They have 

better precision when compared to existing approximate 

multipliers. Performance of the proposed multipliers is 

evaluated with an image processing application, where one of 

the proposed models achieves the highest peak signal to noise 

ratio. 

The need to support various digital signal processing (DSP) 

and classification applications on energy-constrained devices 

has steadily grown. Such applications often extensively 

perform matrix multiplications using fixed-point arithmetic 

while exhibiting tolerance for some computational errors. 

Hence, improving the energy efficiency of multiplications is 

critical. Finally, the demonstrated computational error [5] does 

not create any notable impact on the quality of DSP and the 

accuracy of classification applications. 

 

2.5. Approximate Multiplier by Partial Product 

Perforation Technique 

 In [6], the various approximate multipliers (Array, 

walace and Dadda multipliers) are designed by the partial 

product perforation technique. The partial product perforation 

technique is nothing but to perforate any two rows from the 

original partial products generated by the normal multipliers.  

 First, we discussed about the approximate array multiplier. 

Array multiplier is well known because of its simple structure. 

The multiplication of the multiplicand with one multiplier bit 

generates each partial product. The generated partial products 

are added after shifting based on their bit orders. Carry 

propagate adder is used as the adder. N-1 adders are required 

where N is the multiplier length. The approximation of array 

multiplier is developed by partial product perforation 

technique. Fig. 1(b) shows the approximate array multiplier. 
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Based on the result analysis between accurate and 

approximation, the approximation multiplier generates the 

better results in terms of delay, area and power.  

 

 

 

 

 

 

 

 

 

                          1(a)                                    1(b) 

Fig-1: (a) accurate array multiplier (b)approximate array 

multiplier. 

 

Second, the approximate wallace multiplier is explained 

briefly. The operation behind this multiplier is similar to array 

multiplier, but the only difference is multiplier structure. 

Accurate and Approximate wallace multiplier is shown in 

Fig.2(a) and 2(b) respectively. From figure, combination of 

three points represents the full adder and combination of two 

points represents the half adder operations. 

 

 

 

 

 

 

 

 

 

 

 

                        2(a)                                        2(b) 

Fig-2: (a) accurate wallace multiplier (b) approximate wallace 

multiplier. 

 

Finally, the accurate and approximate dadda multiplier by 

using 4:2 compressor dot diagrams is shown in Fig. 3(a) and 

3(b). The combination of four dots represents the 4:2 

compressor operations. 

 

 

 

 

 

 

 

 

 

 

                          3(a)                                         3(b) 

Fig-3: (a) accurate dadda multiplier (b) approximate dadda 

multiplier. 

 

3. CONCLUSIONS 

In this paper, we discussed the various approximation 

techniques used in the Image processing application. This 

approximation technique enables the parameters like high area 

and power savings while retaining high accuracy. We explored 

product perforation on a large set of multiplier architectures, 

evaluating its impact on different architectures and error 

bounds. The survey is involved between various state-of the-

art approximation techniques; we showed that the approaches 

achieve significant gains in power, area, and quality metrics of 

image processing and data analytics algorithms. Finally, these 

techniques are scalable, offering better results as the 

multiplier’s bit width increases. 
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