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Abstract In this paper, for many error-

resilient applications, the approximation 

multiplier design seems to be a viable way 

to cut down on power usage. We present a 

low-power, high-accuracy approximation of 

an 8 x 8 multiplier design in this study. 

There are two key elements to the suggested 

design. First, in accordance with the 

significance, various weights accumulate 

their product terms using various 

compressors (to varying degrees of 

accuracy). Consequently, a tiny mistake can 

save power consumption. Second, we 

employ high-order approximate compressors 

(such as the 8:2 compressor) to lessen the 

logic of carry chains for the medium 

significance weights. It is the first design 

that we are aware of that effectively 

incorporates higher order approximation 

compressors into the approximate multiplier 

architecture. The experimental results 

demonstrate that the suggested 

approximation multiplier may achieve both 

low power and good accuracy when 

compared to an exact multiplier (Dadda tree 

multiplier) by using Xilinx Vivado on 

FPGA. 
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I.INTRODUCTION 

All these techniques perform the exact 

computation and modules produce the 

correct result. Accuracy of the 

module/device is always 100% in exact 

computing. But exact computing has one 

major drawback. It is not possible to 

optimize all the parameters of the circuit in 

exact computing. However, exact computing 

is not essential for every application. There 

are some applications like image processing 

and multimedia that can tolerate errors and 

provide meaningful results. Inexact 

(approximate) computing techniques have 

become popular because of their low 

complexity and less power consumption. 

Inexact computing produces reasonable 

results, even if it has low accuracy. In 

approximate computing, the value of error 

rate (ER), error distance (ED) and 

normalized error distance (NED) play an 

important role in calculating the final output. 

Error rate is given by several erroneous 

outputs over the total number of outputs. 

Error Distance is the arithmetic distance 

between an erroneous output and the correct 

one. Normalized Error Distance is the ratio 

of mean error distance over all inputs by 

maximum input of the circuit. 

Microprocessors and Digital Signal 

Processors (DSP) are playing a significant 

role to handle the complexity of digital 

signal. About 95% of the processors in the 

market are based on digital signal [1]. 

Digital signal processors take care of 
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convolution, correlation and filtering of 

digital signal [2]. Multipliers, shifters and 

adders are mainly used to accomplish these 

tasks. Among the three modules, multiplier 

is the most complex one. Multipliers take 

more time and consume 

higher power than other two modules [3]. 

Multipliers have three phases - generation of 

partial products, reduction of partial 

products and final stage addition. Reduction 

of partial products take much time and 

power in the multiplier. Many techniques 

were proposed to reduce the critical path in 

the multiplier [4], [5]. Among them, the use 

of compressors in partial product reduction 

stage is the most popular. Compressors are 

basic circuits which are made of full adders 

or half adders to count the number of 

‘‘ones’’ in the input. Several compressors 

are required in the partial product reduction 

stage. Various compressors such as 3-2, 4-2, 

5-2 and 5-3 were proposed by researchers in 

the last 20 years [6]–[9]. These are useful 

only when the size of multiplier is small. 16 

× 16,32×32-bit multipliers require large size 

of compressors. High order compressors 

provide better results in terms of power and 

speed [10]–[12]. But it consumes more area 

than low order compressors. Several 

approximation techniques were proposed for 

adders and multipliers [14]–[32]. From 

central point to the most significant bit 

(MSB) is called accurate and to the least 

significant bit (LSB) is called inaccurate part 

of adders which was discussed by Zhu et al. 

[14]. Inaccurate computing in MSB side 

causes large error. The normal addition rule 

is applied in accurate part whereas a special 

method of addition takes place in inaccurate 

part. Output ‘‘sum’’ value is calculated 

normally when any one of the operand value 

of adder is ‘‘0’’. When both operands are 

‘‘1’’, ‘‘sum’’ value can be fixed as ‘‘1’’ 

from that bit position to least significant bit. 

This technique is used to minimize the error 

distance of the adder Approximate 

XOR/XNOR adder for inexact computing is 

proposed by Yang et al. [15]. Both XOR and 

XNOR gates are required to calculate the 

output of the adder. Three different 

approximate methods were proposed. The 

output expression for ‘‘sum’’ and ‘‘carry’’ is 

approximated. Instead of using two XOR 

gates, only one XNOR gate has been utilized 

to calculate ‘‘sum’’. Similarly, one XOR, 

one OR and two AND gates are used for 

‘‘carry’’. Low power imprecise adder were 

proposed by Jiang et al. [16] where they 

optimized transistor count, power 

consumption and power delay product 

(PDP) of the adder. Moreover, the number 

of incorrect outputs of the adder is also 

small. In [17] and [18], accuracy, error 

distance and various design parameters of 

approximate adders are analyzed and 

compared. Approximation methodologies 

were applied in generating the partial 

product phase [19]. A 2 × 2 bit approximate 

multiplier is designed by altering the one 

output combination. In this technique, 

multiplier produces ‘‘7d’’ when it multiplies 

‘‘11’’ by ‘‘11’’. But the actual output of the 

multiplier is ‘‘1001’’. The probability of 

getting error in this multiplier is 0.0625. An 

error has been introduced in the partial 

product generation phase. Adder tree 

(reduction tree) of this multiplier is same as 

accurate multiplier. 

Several other approximation techniques 

were proposed in the partial product 

reduction stage [20]–[27]. One need not 

consider the row of partial products when 

the value of multiplier bit is ‘‘0’’ also 

particular column value can be skipped 

when multiplicand bit is ‘‘0’’. This 

technique is called row and column 
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bypassing [20], [21]. In [22], some of carry-

save adders are skipped in both horizontal 

and vertical directions based on the number 

of zeros in the multiplier input. In [23], 

partial product tree is splitted into two parts. 

Accurate multiplier was used in MSB side 

of the multiplier.No multipliers was used in 

LSB side where approximation 

rule was applied. 

In [24], ‘‘n’’ bit multiplier was implemented 

by two ‘‘n/2’’ bit sub-multipliers. Then, 

most significant ‘‘n/2’’ multiplier was 

implemented by two further ‘‘n/4’’ sub 

multipliers and least significant ‘‘n/2’’ 

multiplier was implemented by an 

approximate ‘‘n/4’’ multiplier. Then, all 

partial products are accumulated by a 

Wallace tree. Every proposed technique has 

its own merits and demerits. But in accuracy 

point of view, all techniques have high 

normalized error distance (NED) and a low 

pass rate. Pass rate of the multipliers 

discussed so far is almost 0%. The 

performance of the approximate multiplier is 

not only decided by the circuit metrics. It is 

also based on the error tolerance [28]. 

Getting low error and better circuit 

performance are always challenging. 

Various inaccurate compressors were 

introduced in the reduction tree [29]–[33]. 

Compressors can handle large number of 

inputs than half and full adders. 4-2 

compressor is widely used by various 

researchers which reduces the four partial 

products into two partial products. The 

probability of getting an error in 

approximate 4-2 compressor is 0.003 which 

is very minimum than any inaccurate adder 

circuit [29]. In [30], different approximate 

compressors 

are proposed and utilized in 16 × 16-bit 

Vedic multiplier.4-2 compressor is further 

optimized to get the best power and lower 

delay with compromising accuracy [31]. 

Two designs of approximate 4-2 compressor 

are proposed in this paper. Design 2 of 

approximate 4-2 compressor is the best 

compressor in recent days. In [28], the 

performance of various multipliers was 

compared. It was found that, introducing 

compressors in the partial production tree 

gives the lowest error rate, minimum 

normalized error distance and decent circuit 

metrics. In this paper, we have proposed 

higher order compressor for 16 × 16-bit 

multiplier. Use of several approximate 4-2 

compressors in large size multiplier causes 

large error. It is necessary to get a minimum 

error as well as decent circuit performance.  

 II.EXISTING SYSTEM AND PROPOSED SYSTEM 

1.Existing System:  

  

   

All these techniques perform the exact 

computation and modules produce the 

correct result. Accuracy of the 

module/device is always 100% in exact 

computing. But exact computing has one 

major drawback. It is not possible to 

optimize all the parameters of the circuit 

in exact computing. However, exact 

computing is not essential for every 

application. There are some applications 

like image processing and multimedia 

that can tolerate errors and provide 

meaningful results. Inexact (approximate) 

computing techniques have become 

popular because of their low complexity 

and less power consumption. Inexact 

computing produces reasonable results, 

even if it has low accuracy. In 

approximate computing, the value of error 
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rate (ER), error distance (ED) and 

normalized error distance (NED) play an 

important role in calculating the final 

output. Error rate is given by several 

erroneous outputs over the total number 

of outputs. Error Distance is the 

arithmetic distance between an erroneous 

output and the correct one. Normalized 

Error Distance is the ratio of mean error 

distance over all inputs by maximum 

input of the circuit. 

Proposed System Block diagram 

  

Typically, a multiplier consists of three 

parts. In the first part, AND gates are 

utilized to generate partial products. In 

the second part, the maximum height of 

PPM (partial product matrix) is reduced 

by using a carry save adder tree. In the 

third part, a carry propagation adder is 

used to produce the result. The design 

complexity of a multiplier is primarily 

related to the PPM reduction circuitry 

(i.e., the multiplier is primarily related to 

the PPM reduction circuitry (i.e., the 

second part). Thus, the study of multiplier 

design is focuses on the optimization of 

the PPM reduction circuitry. 

we propose an approximate 16 x 16 

multiplier design. Fig. 5 gives the overall 

structure of our PPM reduction circuitry. 

According to the significance, the weights 

are classified into three categories: the 

higher significance weights, the middle 

significance weights, and the lower 

significance weights. Note that the 

designers are allowed to configure the 

number of higher significance weights, 

the number of middle significance 

weights and the number of lower 

significance weights for the trade-off 

between the power consumption and the 

computational accuracy. To reduce the 

power consumption with a small error, 

our PPM reduction circuitry applies the 

significance driven logic compression 

technique as below: the higher 

significance weights use accurate (i.e., 

exact) 4:2 compressors; the middle 

significance weights use our approximate 

high-order compressors (i.e., the 

approximate n:2 compressors proposed in 

Section II); the lower significance 

weights use inaccurate compressors (OR-

tree based approximation). Our PPM 

reduction circuitry has two stages. The 

first stage is for all the weights. The 

second stage is only for the higher 

significance weights. After the second 

stage is completed, each weight has at 

most two product terms. Thus, a carry 

propagation adder can be used to produce 

the final result. In the following, we 

elaborate the details of these two stages. 

A. The First Stage  

For each lower significance weight, we 

use a simple ORtree based approximation 

for power saving. Suppose that the 

number of inputs is n. If n ≤ 2, no action 

is performed. On the other hand, if n > 2, 

we use an OR tree for n-1 inputs to 

approximate the accumulation result of 

these n-1 inputs. Thus, after the first stage 

is done, each lower significance weight 

has at most two product terms. For each 

middle significance weight, we use our 

approximate n:2 compressor (as described 

in Section II) for power saving, where n is 

the number of product terms in this 

weight. As described in Section II, the 

designers can choose one of the following 

two implementations: one implementation 

is with accurate Sum and approximate 

Carry and the other implementation is 

with approximate Sum and approximate 

Carry. After the first stage is done, each 

middle significance weight has at most 

two product terms. To achieve high 
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accuracy, for each higher significance 

weight, we use accurate (i.e., exact) 4:2 

compressors. For each accurate 4:2 

compressor, if the number of product 

terms is less than 4, the values of other 

inputs to this compressor are set to be 0. 

In the rightmost higher significance 

weight, the carry bit Cin of one accurate 

4:2 compressor is from the Carry output 

of the leftmost middle significance 

weight, and the carry bit Cin of the other 

one accurate 4:2 compressor is set to be 0. 

B. The Second Stage  

Note that the second stage is only for the 

higher significance weights. To achieve 

high accuracy, we use accurate (i.e., 

exact) 4:2 compressors to reduce the 

maximum height of the PPM. The carry 

bit Cin of the rightmost accurate 4:2 

compressor is set to be 0. As shown in 

Fig. 5, after the second stage is 

completed, each higher significance 

weight has two product terms. 

 

 

III. RESULTS AND ANALYSIS DISCUSSION 

 

 
FIG1.16X16 BIT MULTIPLIER SIMULATION OUTPUT 

 
Fig2.RTL schematic 
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Fig3. 16X16 BIT MULTIPLIER SYNTHESIS DESIGN1 

 
Fig4. 16X16 BIT MULTIPLIER SYNTHESIS DESIGN2 

 
Fig5.power estimated. 

https://ijgst.com.2024.v13.i2.pp1014-1023/


International Journal of Gender, Science and Technology  

ISSN: 2040-0748                                                                                   UGC Care Group I Journal.  

                                                                                                               Vol-13 Issue-02 Dec 2024 

https://ijgst.com.2024.v13.i2.pp1014-1023 

1020 

 

 
Fig6.Area Utilization (LUTs and IOBs).

 
Fig7.Timing report 

 

 
Fig8. Optimised power. 
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Fig9. Optimised Utilization (LUTs and IOBs) 

 

Conclusion 
Approximate 16 × 16 bit multipliers are 

designed using those proposed 4-2 

compressors. Approximate multipliers 

provide better performance than accurate 

multipliers with compromising of error rate. 

Moreover, we have achieved high pass rate 

and the normalized error distance value of 

multipliers designed using proposed 4X2 

compressor is very small. Latency of the 

proposed multiplier is almost equal as 

compared to the accurate multipliers. 
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