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Difficulties: the distributive law in multiplication is not valid for the l1-norm

In Multiplication

In Adder Op

𝑚1 = − 𝑑0 − 𝑑2 −𝑔0 ≠ −|𝑑0 − 𝑔0| + |𝑑2 − 𝑔0|

𝑚1 + 𝑚2 + 𝑚3 ≠ − 𝑑0 −𝑔0 − 𝑑1 − 𝑔1 − |𝑑2 − 𝑔2|

Can we directly optimize  𝑔?



Security Level: Winograd Algorithm for AdderNet

?

9 +

3 + 6 -

3 + 6 -

5 + 4 -

Results of − ⋅ ⊖ ⋅ operation are all positive

Optimal Transform Matrix: solve the feature unbalanced problem
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Optimal Transform Matrix: solve the feature unbalanced problem

𝑦0 = 𝑥0 − 𝑥1 − 𝑥2 − 𝑥4 + 𝑥5 + 𝑥6 − 𝑥8 + 𝑥9 + 𝑥10

𝑦1 = −𝑥1 + 𝑥2 − 𝑥3 + 𝑥5 − 𝑥6 + 𝑥7 + 𝑥9 − 𝑥10 + 𝑥11

𝑦2 = −𝑥4 + 𝑥5 + 𝑥6 + 𝑥8 − 𝑥9 − 𝑥10 − 𝑥12 + 𝑥13 + 𝑥14

𝑦3 = 𝑥5 − 𝑥6 + 𝑥7 − 𝑥9 + 𝑥10 − 𝑥11 + 𝑥13 − 𝑥14 + 𝑥15

5 + 4 -

Effects of modified A
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L2-to-L1 training: mitigate the gap of Winograd AdderNet and original AdderNet

L2-to-L1 training have similar weights distribution to L2 training.

L2 and L2-to-L1 training have higher accuracy and lower loss.

Accuracy/Loss Curve

Absolute Mean Value of Weights

L1 L2-to-L1 L2
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Comparable accuracy on ImageNet

(Top-1 accuracy of AdderNet is 67.0%)



Security Level: Complexity / Energy Consuming

The total additions of Winograd AdderNet are

The total additions of original AdderNet are

≈

Only requires about 4/9 additions of original AdderNet.
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