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Abstract:

In this paper, through simplification and approximation of the truth table of exact
adders with two, three, and four inputs, two methods for approximate
implementation of each adder are proposed. In one structure, the average error of the
adder is positive, while in the other, it is negative. These adders are respectively
named incremental and decremental structures, as they tend to produce outputs that
are, on average, larger or smaller than those of an exact adder. These adders are
cleverly integrated into the structure of an approximate multiplier in such a way that
they cancel out each other’s errors, thereby minimizing the accuracy loss in the final
multiplication result. The findings show that the proposed multiplier can improve the
delay and power consumption of the multiplication operation by up to 51% and 83%,
respectively, compared to exact multipliers. The performance of the proposed
multiplier is also examined in common applications such as image processing and
artificial neural networks, and the results indicate its satisfactory effectiveness in
these applications. For instance, when the proposed multiplier is used in the
implementation of the trained VGG-11 model for the CIFAR-10 dataset, the energy
consumption of multiplication operations can be reduced by 63%, while the
network’s accuracy experiences only a slight 0.77% decrease compared to the exact
case.
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