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  A scalable approximate multiplier, TOSAM is presented, which reduces the number of partial products by truncating each of 

the input operands based on their leading one-bit position.  In the proposed design, multiplication is performed by shift, add, and 

small fixed-width multiplication operations resulting in reduction of area, power and delay when compare to exact multiplier 

and approximate multipliers. To improve the total accuracy, input operands of the multiplication part are rounded to the nearest 

odd number. In addition, we suggest an accuracy configurable TOSAM where the energy consumption of the multiplication 

operation can be adjusted based on the minimum required accuracy. 
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1. INTRODUCTION 

Power consumption is one of the critical design 

constraints in designing digital systems. Approximate 

computing is one of the approaches which may be used 

to reduce energy consumption and/or increase the speed. 

Since the computing result may not be correct, AC can be 

exploited in error-resilient applications. Examples of 

these applications include audio and image processing, 

machine learning, and data mining. More specifically, in 

many signal processing applications, a large portion of 

the energy consumption is caused by arithmetic 

operations (e.g., up to almost 75% of the total energy 

consumption of a fast Fourier transform architecture). 

Among these operations, multiplication, which is used 

repeatedly, is a high latency and energy consuming 

operation [5]. This makes approximate multipliers good 

for being employed in error-tolerant signal processing 

units. Generally, a multiplication operation consists of 

three steps. In the first step, the partial products are 

generated based on the input operands. In the second 

step, the partial products are accumulated until only two 

rows remain. In the final step, the remained two rows are 

summed by employing a (fast) adder. One may apply the 

approximation to each of these steps. Approximation can 

be invoked in the first step to decrease the number of 

partial products [1], [6], [7] or to decrease the complexity 

of their generation [8]. Approximation may be applied in 

the second step of the multiplication process to decrease 

the latency or power consumption of the reduction levels. 

One of these approaches is to utilize approximate 

compressors. The latency and power consumption of the 

multiplication operation are highly affected by the 

architecture of the adder used in the final step of the 

multiplication process. Hence, one may also employ an 
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approximate adder in the final step to improve the power 

consumption of the multiplier [13]. 

The standard  for float point arithmetic,IEEE754,was 

established in  1985,Power consumption is one of the 

critical design constraints in designing digital system. 

Approximate computing approach is used. Approximate 

computing is one of the approaches which may be used 

to reduce energy consumption and increase the speed. 

Approximate  computing can be fruitfully applied in 

several error resilient applications. Most of the 

Approximate multipliers rely on approximation in the 

partial product reduction. 

 In this paper, we present an approximation technique 

for decreasing the number of partial products. In the 

proposed approximate algorithm, input operands are 

truncated to h and t bits according to the position of their 

leading one bit, where these truncated values are 

employed for the multiplication and addition operations. 

In addition, to reduce the error resulting from the 

truncation operation, we find the approximate amount of 

the truncated values by rounding them. These 

simplifications result in higher accuracy and 

performance compared to those of the state-of-the-art 

approximate multipliers. Moreover, the proposed 

approximate multiplier has a nearly normal error 

distribution with near zero mean value. The calculation 

core of the proposed multiplier performs multiplication 

and addition operations on truncated and rounded 

numbers and the result is shifted to the left to generate 

the final output. Because the arithmetic operations are 

performed on the truncated values, the calculation core 

of the proposed multiplier is small and consumes less 

energy compared to that of the exact multiplier. Also, the 

accuracy of the proposed method is mainly dependent on 

t and h parameter values and is not significantly affected 

by the width of the input operands. This provides a 

scalability feature for the proposed multiplier. Key 

contributions of this paper may be summarized as 

follows. 

2. REALATED WORK 

Multiplication is undoubtedly a performance 

determining operation in Artificial Intelligence and DSP 

applications. These applications demand high speed 

multiplier architectures to necessitate high speed parallel 

operations with acceptable levels of accuracy. We have 

different kinds of multipliers like Wallace tree multiplier, 

dadda multiplier, CC multiplier out of which dadda 

multiplier is considered as the fastest multiplier. In this 

paper we are developing a dadda multiplier.   

In existing system , Wallace tree multiplier is used for 

exact multiplier which will require large number of half 

adders and full adder which consume large area and 

more power. Different types of compressors were used in 

existing and exploited in the reduction levels of the 

multiplier. Accuracy is less and area and power 

consumption is more. Another approach is to change the 

numbering system to the logarithmic one to perform 

addition instead of multiplication. In this method, the 

logarithm of the input operands is generated, their sum is 

calculated, and an anti logarithm operation is performed 

on their sum to generate the final result. 

 

3. PROPOSED WORK 

In this paper, we propose an approximate multiplier 

that finds the position of the leading one bits of the input 

operands. After finding leading one bit position truncates 

and rounds them with different widths, and performs 

some shift, add, and small fixed-width multiplication 

operations to generate the multiplication result. Our 

proposed multiplier can be used for both signed and 

unsigned numbers. Our proposed structures by TOSAM 

(X, Y ) where X and Y correspond to h and t. where h is 

rounding and t is truncation.  

A Scalable Approximate multiplier with using 

truncated rounding based technique. In the proposed 

multiplication design is performed with using arithmetic 

unit,truncation unit,absolute unit,shift unit. 

TOSAM will contain more obsolute error, thus this 

proposed methodology will modified all arithmetic 

operations. It improves the Area and energy 

Consumptions.  

  
 

Figure 1: Block diagram of approximate signed multiplier 
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The absolute unit block is to perform approximate 

absolute value of the input operands. The absolute values 

are injected to the Leading-One Detector Unit which will 

find the leading one bit position. Truncation unit will 

truncate the input operands based on leading one bit 

position. Arithmetic unit perform the arithmetic 

operations to practical production stage to remaining 

part. The shift unit will shift the result of the arithmetic 

unit based on leading one bit position.  

The proposed multiplication approach is feasible for 

the case of unsigned operands.  To use it for signed 

multipliers, one may to find the absolute value of the 

input operands, multiply them by the proposed 

algorithm, and fix the sign of the final result according to 

the sign of the input operands. Finding the exact absolute 

value of the input operands may degrade the speed of 

calculation  

 

Figure 2. Numeric example of 16-bit TOSAM. 

 

Where A value is 11761 and B value is 2482. The 

approximate result [(A × B)APX] is equal to 28 901 376 

while the exact result [(A × B)Exact] is equal to 29 190 802. 

In this case, the absolute error is 289 426 which is about 

0.99% of the exact output (the error is less than 1% in this 

case). 

The block diagram of the proposed signed 

approximate multiplier is depicted in Figure 1. First, the 

approximate absolute value of the input operands 

(|A|app,|B|app) is determined using the Approximate 

Absolute Unit, similar to the one exploited in [7]. In this 

unit, the bits of the input are inverted if the input is 

negative and they are not changed if the input is positive. 

|A|app and |B|app are injected to the Leading-One 

Detector Unit [25]. In the Arithmetic Unit, some of the 

adders and logical AND gates should be power gated 

based on the operating mode to make the design more 

power efficient.  

 

Figure 3: Reduction levels of accuracy configurable 

TOSAM  

The Truncation and the Shift Units of the configurable 

TOSAM should be designed for the largest t and h values 

(h = 5 and t = 9 in this case).  

 

4. RESULTS 

In this section, the design parameters of the proposed 

structure are compared with some state-of-the-art 

approximate multipliers. All the considered multipliers 

have been described by Verilog HDL and synthesized 

using Xilinx ISE 14.7. The delay, power, and area of the 

proposed structure have been extracted and compared 

with those of the exact Wallace multiplier.  

 

 

Figure 4: RTL schematic of proposed system 

 

We have implemented both signed and unsigned 8-, 16-, 

and 32-bit multipliers to show how the delay, power, and 

area are improved by increasing the width of the 
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multiplier operands. The exact signed multiplier and 

signed multipliers were implemented based on 

Baugh-Wooley algorithm. It should be noted that in [1], 

no hardware implementation for signed DSM was 

reported.     

As the results reveal, by employing the proposed 

method, we can improve the delay, area, energy, 

energy-delay product (EDP), and power-delay-area 

(PDA) product of the multiplication by up to 32%, 56%, 

77%, 84%, and 90%, respectively, compared to those of 

the exact 8-bit multiplier. Also, our proposed multipliers 

operate at higher frequencies compared to the other 

 

Figure 5: Simulation output of proposed system 

 

5. CONCLUSION 

In this paper, we suggested a low-energy and 

area-efficient approximate multiplier in which the input 

operands were truncated with two different lengths, t 

and h, and then rounded to the nearest odd numbers to 

reduce the error resulted by the truncation operation. The 

proposed multiplier was scalable and outperformed 

other approximate multipliers in terms of speed, area, 

and energy. The latency and power consumption of the 

multiplication were improved in the range of 4%–41% 

and 89%–97%, respectively, compared to those of the 

exact multiplication. Comparing with the exact 

multiplier, the speed, area, and energy improvements of 

the proposed multiplier became better as the multiplier 

width increased. That was due to the simple and scalable 

calculation core of the proposed multiplier. Also, the 

high accuracy of the proposed multiplier made is a good 

choice to be exploited in image processing and 

classification applications 
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