
The loss of the above network is given by where𝑓 = ((𝑤
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)𝑇(𝑟𝑒𝑙𝑢(𝑠𝑇𝑥), 𝑟𝑒𝑙𝑢(𝑢𝑇𝑥), 𝑟𝑒𝑙𝑢(𝑣𝑇𝑥)) − 𝑦)2

is the relu activation function. We need the first derivatives to optimize the network parameters.𝑟𝑒𝑙𝑢(𝑥) = 𝑚𝑎𝑥(0, 𝑥)

In order to calculate the update equations let . This means I can write f as𝑧
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=> same as𝑑𝑓/𝑑𝑤
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Thus we can write df/dw as
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Now we calculate df/ds by doing the first coordinate df/ds1.

𝑑𝑓/𝑑𝑠
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= (𝑑𝑓/𝑑𝑧
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)(𝑑𝑧
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/𝑑𝑠
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where and𝑑𝑓/𝑑𝑧
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 𝑖𝑓 𝑟𝑒𝑙𝑢(𝑠𝑇𝑥) > 0

since . Note that since relu is discontinuous at 0 and has𝑑𝑟𝑒𝑙𝑢(𝑓(𝑥))/𝑑𝑓(𝑥) = 0 𝑖𝑓 𝑓(𝑥) <= 0 𝑎𝑛𝑑 𝑑𝑓/𝑑𝑥 𝑖𝑓 𝑓(𝑥) > 0
a max we use the sub-gradient.

𝑑𝑓/𝑑𝑠
2

= (𝑑𝑓/𝑑𝑧
1
)(𝑑𝑧

1
/𝑑𝑠

2
)

where
and𝑑𝑓/𝑑𝑧

1
= 2 (𝑓)𝑤

1

𝑑𝑧
1
/𝑑𝑠

2
= 0 𝑖𝑓 𝑟𝑒𝑙𝑢 <= 0 𝑎𝑛𝑑 𝑥

2
 𝑖𝑓 𝑟𝑒𝑙𝑢 > 0

This means (assuming the relu outputs are𝑑𝑓/𝑑𝑠 = (𝑑𝑓/𝑑𝑠
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From the above it is not too hard to calculate and .𝑑𝑓/𝑑𝑢 𝑑𝑓/𝑑𝑣

Compare the above to the sigmoid update given below:

𝑑𝑓/𝑑𝑠 = (𝑑𝑓/𝑑𝑠
1
, 𝑑𝑓/𝑑𝑠

2
) = 𝑑𝑓/𝑑𝑧

1
σ(𝑠𝑇𝑥)(1 − σ(𝑠𝑇𝑥))(𝑥

1
, 𝑥

2
)


