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I. INTRODUCTION 

In recent years, the progress of transistor manufacturing 

technology has slowed down, and approximate computing has 

been attracting significant attention. By applying the 

approximate computing to error-tolerant applications such as 

signal processing and machine learning, it is possible to reduce 

computation delay and power consumption. Approximate 

computing at the arithmetic unit level have also been actively 

studied and are reported to have significant advantages in terms 

of delay, area, and power consumption.  

Our laboratory has proposed an approximate arithmetic unit 

that can dynamically configure the accuracy. The approximate 

arithmetic unit is expected to be used in situations where the 

required arithmetic precision changes dynamically. After the 

chip is manufactured, our approximate arithmetic unit can 

dynamically configure high-accuracy mode with high power 

consumption when high accuracy is required, and low- 

accuracy mode with low power consumption when accuracy is 

not required. First, we focused on addition, which is the basis 

of approximate computation, and proposed a carry maskable 

adder (CMA) [1] that is a dynamically accuracy-configurable 

adder. Next, we proposed a dynamically accuracy-configurable 

approximate multiplier[2] using the CMA. Addition and 

multiplication are frequently used in error-tolerant computation 

such as image processing. Finally, we proposed a dynamically 

accuracy-configurable multiply-accumulate unit (MAC) [3].  

MAC is an important arithmetic unit used in computation of 

deep learning such as CNN. The following sections summarize 

the CMA, multiplier, and MAC. 

II. CMA 

CMA[1] is an arithmetic unit that has two approximate 

functions: an OR approximation for result of addition and a 

carry-mask function. Each approximation has the effect of 

reducing power consumption by reducing the number of 

transistor switches. The CMA has the same structure as the 

ripple carry adder and is configured by replacing the full adder 

with a proposed approximation unit. The unit is called as 

carry maskable full adder (CMFA). CMFA has a carry-mask 

input in addition to the normal augend, addend, and carry inputs. 

The carry mask input is used to activate the OR approximation 

of the result of addition, and controls to fix the carry output to 

the upper bits to 0. CMA enables stepwise precision setting by 

controlling the carry-mask input to each bit. It should be noted 

that the CMA can be configured as an accurate adder by turning 

off all carry-mask control. 

III. MULTIPLYER 

We have proposed a dynamic accuracy-configurable 

approximate multiplier[2] using the CMA. There are two 

proposals for the approximate multiplier. One is the use of 

incomplete adder cells (iCAC) to approximate partial products 

during compression.  The other is to make the multiplier 

dynamically configurable by using CMA in the final stage of 

adding partial products. 

IV. MAC 

We have also proposed a dynamic accuracy-configurable 

approximate MAC[3] using the CMA. The feature of this 

approximate MAC is that the approximation was realized by 

treating the value of accumulation (ACC) as one of the 

compression targets of the partial product of iCAC. The 

approximate MAC does not increase the number of partial 

products, but also reduces the number of addition stages by 

distributing ACC to the upper and lower bits of each partial 

product of multiplication. This approximate MAC also uses 

CMA at the final stage of partial product addition, same as an 

approximate multiplier described above. In the evaluation of 

the paper, we show changes of recognition rate on the LeNet-5 

Deep Neural Network by using the approximate MAC. 

V. CONCLUSION 

In our laboratory, we are studying approximate arithmetic 

units with dynamically accuracy-configurable function as a 

keyword. The three arithmetic units introduced above have 

some problems, such as handling two's complement 

expressions and finding suitability for more applications. We 

will find solutions for the problems as the future work. 
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