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trait Base {
constant(Double) —> Self
value(Self) —> Double
op_add(Self, Self) —> Self
op_neg(Self) —> Self
op_mul(Self, Self) —> Self
op_div(Self, Self) —> Self
exp(Self) —> Self // FAFit&Esoftmax
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1. fn reLU[T : Basel(t : T) —> T {

2. if t.value() < 0.0 { T::constant(0.0) } else { t }
3. }

4.

5. fn softmax[T : Base] (inputs : Arrayl[Tl) —> Array[T] {
0. let n = inputs.length()

7. let outputs : Array[T] = Array::make(n, T::constant(0.0))
8. let mut sum = T::constant(0.0)

9. for i =0; i<n; 1i=1+1{

10. sum = sum + inputs[il.exp()

11. }

12. for i =0; i<n; 1i=1+1¢{

13. outputs[i] = inputs[i].exp() / sum

14. }

15. outputs
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1. fn input2hidden[T : Basel(inputs: Array[Double], param: Arrayl[Array[T]l]) -> Array[T] {

2. let outputs : Array[T] = Array::make(param.length(), T::constant(0.0))

3. for output = 0; output < param.length(); output = output + 1 { // 4 outputs

4, for input = @; input < inputs.length(); input = input + 1 { // 4 inputs

5. outputs[output] = outputs[output] + T::constant(inputs[input]) * param[output] [input]
6. ¥

7. outputs[output] = outputs[output] + param[output] [inputs.length()] |> reLU // constant
8. ¥

9. outputs

10. }
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fn hidden2output[T : Base] (inputs: Array[T], param: Array[Array[Tl]) —> Array[T] {

let outputs : Array[T] = Array::make(param.length(), T::constant(0.0))
for output = @; output < param.length(); output = output + 1 { // 3 outputs
for input = @; input < inputs.length(); input = input + 1 { // 4 inputs
outputs[output] = outputs[output] + inputs[input] * param[output] [input]
¥
outputs[output] = outputsloutput] + param[output] [inputs.length()] // constant

}

outputs |> softmax
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. trait Log {
log(Self) —> Self // BFItERX/E
.

. fn cross_entropy[T : Base + Logl(inputs: Array[T], expected: Int) —> Double {
—inputs[expected]. log().value()
.t
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1. fn Backward::param(param: Array[Array[Double]], diff: Arrayl[Array[Double]],
2. i: Int, j: Int) —> Backward {

3. { value: param[il[j], backward: fn { d => diffl[i]l[j] = diffl[il[j] + d} }
4, }

O
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fn diff(inputs: Array[Double], expected: Int,
param_hidden: Array[Array[Backward]l], param_output: Array[Array[Backward]]l) {
let result = inputs
|> input2hidden(param_hidden)
|> hidden2output(param_output)
|> cross_entropy(expected)
result.backward(1.0)
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. fn update(params: Array[Array[Doublel], diff: Array[Array[Double]], step: Double) {
for 1 = 0; i < params.length(); i =1i + 1 {
for j = 0; j < params[i].length(); j = j + 1 {
params[i] [j] = params[i] [j] - step * diff[i] []]
¥
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o What is a neural network
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