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1. // FBERIIINE X FEREFASLIEERR

2. fn max[N : Number](x : N, y : N) —> N {

3. if x.value() < y.value() { x } else { y }
4. }
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um Symbol {
Constant(Double)

MR EN—EX

Var(Int) // x0, x1, x2,

Add (Symbol, Symbol)
Mul(Symbol, Symbol)
derive(Debug)

EX REMIEEE, FEHEERN

Symbol::constant(d

: Double) —> S
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ymbol { Constant(d) }

Symbol::var(i : Int) —> Symbol { Var(i) }

Symbol::op_add(f1l :
Symbol::op_mul(f1l :

T EREE

Symbol::compute(f :

Symbol, f2 :
Symbol, f2 :

Symbol, input :

Symbol) —> Symbol { Add(f1, f2) }
Symbol) —> Symbol { Mul(f1, f2) }

Array[Double]) —> Double { ... }
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1. fn differentiate(self :

2. match self {

3. Constant(_) => Constant(0.0)
4,

5.

6. Mul(f1l, f2) => f1 x

7. }

8. }

Symbol, val :
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Int) —> Symbol {

Var(i) => if i1 == val { Constant(1.0) } else { Constant(0.0) }
Add(f1, f2) => fl.differentiate(val) + f2.differentiate(val)
f2.differentiate(val) + fl.differentiate(val) x f2
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1. fn example() —> Symbol {
2. Symbol::constant(5.0) * Symbol::var(@) x Symbol::var(@) + Symbol::var(1)
3. }
4, fn init {
5. let input : Array[Doublel = [10., 100.]
6. let func : Symbol = example() // REHIIHZIEEN
7. let diff_0_func : Symbol = func.differentiate(0) // XIx_OHRHMSD
8. let _ = diff_@_func.compute(input)
9. }
e HAR, diff_ 0 N
1. let diff_0: Symbol =
2. (Symbol::Constant(5.0) * Var(@)) x Constant(1.0) +
3. (Symbol::Constant(5.0) * Constant(1.0) + Symbol::Constant(0.0) x Var(Q)) x Var(@) +
4. Constant(0.0)
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1. fn Symbol::op_add(fl : Symbol, f2 : Symbol) —> Symbol {
2 match (f1, f2) {

3. (Constant(0.0), a) =>a // 0 + a = a

4, (Constant(a), Constant(b)) => Constant(a x b)

5 (a, Constant(_) as const) => const + a

6. _ => Add(f1, f2)

7. } }

MoonBit

¥ ammiz

18



o BT ATEM IS (B AT 1L 1

. fn Symbol::op_mul(fl : Symbol, f2 : Symbol) —> Symbol {
match (f1, f2) {

(Constant(0.0), ) => Constant(0.0) // 0 x a
(Constant(1.0), a) => a // 1 x a
(Constant(a ), Constant(b)) => Constant(a * b)
(a, Constant(_) as const) => const * a

_=> Mul(f1, f2)

0
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1. let diff_0 : Symbol = Mul(Constant(5.0), Var(0))
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trait Number {
constant(Double) —> Self
op_add(Self, Self) —> Self
op_mul(Self, Self) —> Self
value(Self) — Double // FEHEIitEE
}

Ok, WNE

o FJLAFIAESRERERRITE, siSERITER

fn max[N : Number](x : N
if x.value() > y.value

¥
fn relu[N : Number](x : N) —> N {
max(x, N::constant(0.0))

}

y Y i {
() { x } else {

Ok, WNE
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. struct Forward {

O
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.}

value : Do

derivative :
. } derive(Debug)

{ value :

uble //
Double //

. fn Forward::constant(d :
. fn Forward::value(f :

. // RENIERTE=HTMD
. fn Forward::var(d :
d, derivative :
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& (fg) = f' x g+ f x JEBERMNITESS [/
2B EN PRI —Jt£8 (Dual Number)

SATRE f
SR RMD

Double) —> Forward { { value: d, derivative: 0.0 } }

Forward) —-> Double { f.value }

Double, diff : Bool) —> Forward {

if diff { 1.0 } else { 0.0 } }
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2.

3. derivative :
4. } }

5.

6

7.

8. derivative :
9. } }

. fn Forward::op_add(f : Forward, g : Forward) —> Forward { {
value : f.value + g.value,

f.derivative + g.derivative // f' + ¢g'

. fn Forward::op_mul(f : Forward, g : Forward) —> Forward { {
value : f.value * g.value,

f.value x g.derivative + g.value *x f.derivative // f *x g' + g x f'
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1. relu(Forward::var(10.0, true)) |> debug // {value:

ETITEMD, EHTmES

HZTHASH
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10.0, derivative: 1.0}

2. relu(Forward::var(-10. 0 true)) |> debug // {value: 0.0, derivative: 0.0}
3. // d(x xvy) / dy : {value: 1000.0, derivative: 10.0}

4. Forward::

var(10.0, false) x Forward::

var(100.0, true)

|> debug
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1. fn example_newton[N : Numberl(x : N) —> N {
2. X % X * X + N::constant(-10.0) x x * x + x + N::constant(1.0)

3. }
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1. fn init {
2. fn abs(d : Double) —> Double { if d >= 0.0 { d } else { -d } }
3. loop Forward::var(1.0, true) { // EES
4. X => A
5. let { value, derivative } = example_newton(x)
6. if abs(value / derivative) < 1.0e-9 {
7. break x.value // fBERHS, KILTEF
8. ¥
9. continue Forward::var(x.value - value / derivative, true)
10. ¥
11. } |> debug // 0.37851665401644224
12. }
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1. struct Backward {

2. value : Double // SRITRITEE

3. backward : (Double) —> Unit // NHBIFRARHOHENM

4, }

5.

6. fn Backward::var(value : Double, diff : Ref[Double]) —> Backward {
7. // BF—FKITERENREMD df / dvi % dvi / dx

8. { value, backward: fn { d == diff.val = diff.val + d } }

9. }

10.

11. fn Backward::constant(d : Double) —> Backward {
12. { value: d, backward: fn { _ => () } }

13. }

14.

15. fn Backward::backward(b : Backward, d : Double) { (b.backward)(d) }
16.

17. fn Backward::value(backward : Backward) —> Double { backward.value }
27



=G sl MoonBit

¥ qzmie
- BEIEITE, BEEITERS
_ of _ 1 Of _
Of—g+h,a—g—1,%—1
_ of _ ¢ OF _

Of—QXh,a—g—ham—

23 f.g: X — WO 09 o W dRT i

o 21,90 55 = 7oy w0 P g W diff
1. fn Backward::op_add(g : Backward, h : Backward) —> Backward {
2. A
3. value: g.value + h.value,
4. backward: fn(diff) { g.backward(diff *x 1.0); h.backward(diff x 1.0) },
5. }
6. }
7.
8. fn Backward::op_mul(g : Backward, h : Backward) —> Backward {
9. {
10. value: g.value * h.value,
11. backward: fn(diff) { g.backward(diff * h.value); h.backward(diff * g.value) },
12.  }
13. }
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. Tn init {
let diff_x = Ref::{ val: 0.0 } // TZ(ExXHOHD
let diff_y = Ref::{ val: 0.0 } // =ZEyMHD
let x = Backward::var(10.0, diff_x)

let y = Backward::var(100.0, diff_y)

(x * y).backward(1.0) // df / df = 1.0

debug(diff_x) // { val : 100.0 }
debug(diff_y) // { val : 10.0 }
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