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import numpy as np

class Variable:

def

def

def

def init_ (self, val, dot=0.0):
self.val = val
self.dot = dot

of
8%2 °

EMTEEUTEMR:

flxy, %) = vg

Of

6%1’6.’217.'.

v3 = exp (Vo)

V4=vl_V3

V5=V2+V4

V6=V5XV4

’ 6.’171

P

5T,

V_1
Vo
V=
Vy =

Va =
= 1.649 3

= 1.351

= 1.492 ]

=2.017 ’6 =
' of

= 2.017 a_xl =

\.}4=
\.75=

MNNARSEFKERT ., EREIENE,

O | AR T — BT EA A R T L AR R — 5

Con of o 1
8z1 812 8{671,
o o s
J— 0z, Oxy oz,
a.f."TL 6f77l 8.f’7L

| Oz1 O0z2 oz, |

res.dot = (self.dot * other.val - self.val *x other.dot) / (other.val xx 2)

F;turn "ER:{:.3F}, RBEEN:{:.3f}".format(self.val, self.dot)

def __add__(self, other):
res = Variable(self.val + other.val)
res.dot = self.dot + other.dot
return res

def _ _sub__(self, other):
res = Variable(self.val - other.val)
res.dot = self.dot - other.dot
return res

def _ _mul__ (self, other):
res = Variable(self.val * other.val)
res.dot = self.dot * other.val + self.val x other.dot
return res

def _ truediv__(self, other):
res = Variable(self.val / other.val)
return res

def repr__(self):

sin(var):

res = Variable(np.sin(var.val))

res.dot = np.cos(var.val) *x var.dot
return res

exp(var):

res = Variable(np.exp(var.val))
res.dot = np.exp(var.val) x var.dot
return res

f(v_1, vO):
vl =v_1l/ vO
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v2 = sin(vl)
v3 = exp(v0)
v4d = vl - v3
v = v2 + v4
ve = v5 x v4
return vo6
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BE—REEEEENEE:

v_1 = Variable(1.5, 1.0)
v@ = Variable(0.5, 0.0)
ve = f(v_1, vo)
print(v6)
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B —REIEIEEEAEE:

v_1 = Variable(1.5, 0.0)
v@ = Variable(0.5, 1.0)
ve = f(v_1, vo)
print(v6)
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from typing import List, NamedTuple, Callable, Dict, Optional
import numpy as np

# ZEICRENEENEFHNEHIERIE

class Tape(NamedTuple):
"ATFERRERE. SERAREA—TEARNROEERR. "
inputs: List[str]
outputs: List[str]
# ITERTARY partial_outputs / partial_inputs
propagate: Callable

_NAME = 1

def fresh_name():
global _NAME
name = f"v{_NAME}"
_NAME += 1
return name

# N/ ICR BT E AT BAIERIE: HIBFARS
GRADIENT_TAPE: List[Tape] = []

# BT BERIERIE

def reset_tape():
global _NAME
_NAME = 1
GRADIENT_TAPE.clear()

# BETNICRIREHTE
class Variable:
def __init_ (self, val: float, name: str=None):
self.val = val
self.name = name or fresh_name()

def __repr__(self):
return repr(self.val)

# RE—T7ELH

@staticmethod

def constant(val, name=None):
var = Variable(val, name)
print(f"{var.name} = {val}")
return var

# EHHY—LEIRIE
def __mul__(self, other):
return ops_mul(self, other)

def _ truediv__ (self, other):
return ops_truediv(self, other)

def __add__(self, other):
return ops_add(self, other)

def _ _sub__(self, other):
return ops_sub(self, other)

def ops_mul(self: Variable, other: Variable):
# forward
x = Variable(self.val x other.val)
print(f"{x.name} = {self.name} *x {other.namel}")

# backward

def propagate(df_doutputs):
(df_dx,) = df_doutputs # FT—EH# G f 17 x
dx_dself = other # partial derivate of x
dx_dother = self # partial derivate of x
df_dself = df_dx x dx_dself
df_dother = df_dx * dx_dother
dl_dinputs = [df_dself, df_dother]
return dl_dinputs

selfxother
selfxother

# IDRIXTIRIEFTEIN St

tape = Tape(inputs=[self.name, other.name], outputs=[x.name], propagate=propagate)
GRADIENT_TAPE.append(tape)

return x

def ops_truediv(self: Variable, other: Variable):
# forward
X = Variable(self.val / other.val)
print(f"{x.name} = {self.name} / {other.name}")

# backward
def propagate(df_doutputs):
(df_dx,) = df_doutputs # T—EH7 G f 15 X
dx_dself = Variable.constant(1.0) / other # partial derivate of x = self/other
dx_dother = Variable.constant(0.0) - self / (other *x other) # partial derivate of x = selfother
df_dself = df_dx x dx_dself
df_dother = df_dx * dx_dother
dl_dinputs = [df_dself, df_dother]
return dl_dinputs

# IDRX TRIEAIFIN Gt

tape = Tape(inputs=[self.name, other.name], outputs=[x.namel, propagate=propagate)
GRADIENT_TAPE.append(tape)

return x

def ops_add(self, other):
x = Variable(self.val + other.val)
print(f"{x.name} = {self.name} + {other.name}")

def propagate(df_doutputs):
(df_dx,) = df_doutputs # LF—7TFHEHAY df / do
dx_dself = Variable(1.0)
dx_dother = Variable(1.0)
df_dself = df_dx *x dx_dself
df_dother = df_dx * dx_dother
return [df_dself, df_dother]

# record the input and output of the op

tape = Tape(inputs=[self.name, other.name], outputs=[x.namel, propagate=propagate)
GRADIENT_TAPE.append(tape)

return Xx

def ops_sub(self, other):
x = Variable(self.val - other.val)
print(f"{x.name} = {self.name} - {other.namel}")

def propagate(df_doutputs):
(df_dx,) = df_doutputs
dx_dself = Variable(1.0)



dx_dother = Variable(-1.0)
df_dself = df_dx x dx_dself
df_dother = df_dx x dx_dother
return [df_dself, df_dother]

# record the input and output of the op

tape = Tape(inputs=[self.name, other.name], outputs=[x.name], propagate=propagate)
GRADIENT_TAPE.append(tape)

return x

def sin(self):
x = Variable(np.sin(self.val))
print(f"{x.name} = sin({self.name})")

def propagate(df_doutputs):

(df_dx,) = df_doutputs
dx_dself = Variable(np.cos(self.val))
df_dself = df_dx * dx_dself

return [df_dself]

# record the input and output of the op

tape = Tape(inputs=[self.name], outputs=[x.name], propagate=propagate)
GRADIENT_TAPE.append(tape)

return x

def log(self):
x = Variable(np.log(self.val))
print(f"{x.name} = log({self.name})")

def propagate(df_doutputs):

(df_dx,) = df_doutputs
dx_dself = Variable(1 / self.val)
df_dself = df_dx * dx_dself

return [df_dself]

# record the input and output of the op

tape = Tape(inputs=[self.name], outputs=[x.name], propagate=propagate)
GRADIENT_TAPE.append(tape)

return x

def exp(self):
x = Variable(np.exp(self.val))
print(f"{x.name} = exp({self.name})")

def propagate(df_doutputs):

(df_dx,) = df_doutputs
dx_dself = Variable(x.val)
df_dself = df_dx x dx_dself

return [df_dself]

# record the input and output of the op

tape = Tape(inputs=[self.name], outputs=[x.name], propagate=propagate)
GRADIENT_TAPE.append(tape)

return Xx

# RIGENKBIEE, TRIEEFFERF

def grad(l, results):
df_d = {} # map dL/dX for all values X
df_d[l.name] = Variable(1.)
print("df_d", df_d)

def gather_grad(entries):
return [df_d[entry] if entry in df_d else None for entry in entries]

for entry in reversed(GRADIENT_TAPE):
print(entry)
df_doutputs = gather_grad(entry.outputs)
df_dinputs = entry.propagate(df_doutputs)
# RIELENEF, EHELRENLE
for input, df_dinput in zip(entry.inputs, df_dinputs):
if input not in df_d:
df_d[input] = df_dinput
else:
df_d[input] += df_dinput

for name, value in df_d.items():
print(f'd{l.name}_d{name} = {value.name}"')

return gather_grad(result.name for result in results)

A&

reset_tape()
v_1 = Variable.constant(1.5, name='v_1")
v@ = Variable.constant(0.5, name='v0Q"')

def func(v_1, v0):

vl =v_1 / vO
v2 = sin(v1l)

v3 = exp(v0)

vd = vl - v3

v = v2 + v4

ve = v5 *x v4

return v6

ve = func(v_1, v0)

print(v6)

v_1l = 1.5

vo 0.5
vli=v_1/ vO

v2 = sin(v1l)

v3 = exp(v0)

vd = vl - v3

vb = v2 + v4

v = v5 x v4
2.016646669428201

REEEKREHE, EE backward —R

dx, dy = grad(ve, [v_1, v@l)
print("df_dx1", dx)
print("df_dx2", dy)



df_d {'ve': 1.0}

Tape(inputs=['v5', 'v4'l, outputs=['v6'], propagate=<function ops_mul.<locals>.propagate at 0x10ed321f0>)
v8 = v7 % v4

v9 = v7 % v5

Tape(inputs=['v2', 'v4']l, outputs=['v5'], propagate=<function ops_add.<locals>.propagate at 0x10ed32160>)
v12 v8 x v10

vl3 = v8 x vll

vl4d = v9 + v13

Tape(inputs=['v1l', 'v3'], outputs=['v4'], propagate=<function ops_sub.<locals>.propagate at 0x10ed320d0>)
v1l7 = v14 x v15

vl8 = v14 % v16

Tape(inputs=['v@'], outputs=['v3'], propagate=<function exp.<locals>.propagate at 0x10ed32040>)

v20 = v18 * v19

Tape(inputs=['v1l'], outputs=['v2'], propagate=<function sin.<locals>.propagate at 0x1@ec6af70>)

v22 = v12 *x v21

v23 = v17 + v22

Tape(inputs=['v_1"', 'v@'l, outputs=['v1'], propagate=<function ops_truediv.<locals>.propagate at 0x10ec6acl0>)
v24 = 1.0

v25 = v24 / vO

v26 = 0.0

v27 = v@ *x vO

v28 = v_1 / v27

v29 = v26 - v28

v30 = v23 * v25

v31l = v23 * v29

v32 = v20 + v31l

dve_dve = v7

dve_dv5 = v8

dve_dv4 = v14

dve_dv2 = v12

dv6_dvl = v23

dve_dv3 = v18

dve_dveo = v32

dve_dv_1 = v30

df_dx1 3.011843327673907

df_dx2 -13.723961509314076



