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Differentiation options

. 53((7-): f{f-rk)-i(’l)

1. Numerical differentiation
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1. Numerical differentiation



2. Symbolic differentiation



3. Automatic differentiation

Automatic
i) . differentiation T
x {} v are {...}i]

human

programm B

. . B
T — Ay = F(x
Li () symbolic differentiation Q]

(human /computer)



3.A Forward mode

Example:
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3.B Reverse mode

Example: L G‘L)

L /—S-\<\

5_;9(_(,97’ z = f(x1,29) = T129 + sin(xy) S
aw"k( Q4 c)%b

{- 31,(?1 (-70(7())>

- 1
)@ Jonwand,
<€ (_'IL) Qevuhs




import numpy as np
class ForwardDiff:
def init (self, value, grad=None):
self.value = value
self.grad = np.zeros like(value) if grad is None else grad

def add (self, other):
cls = type(self)
other = other if isinstance(other, cls) else cls(other)
out = cls(self.value + other.value,
self.grad + other.grad)
return out
__radd = add

def repr_ (self):
return f"{self. class . name_ }(data={self.value}, grad={sel

X = ForwardDiff (2, 1)
y = ForwardDiff (3, 0)
f=x+y

f

ForwardDiff(data=5, grad=1)



oldFD = ForwardDiff # Bad practice: do not do it
class ForwardDiff (oldFD):
def mul (self, other):
cls = type(self)
other = other if isinstance(other, cls) else cls(other)
out = cls(self.value * other.value,
other.value * self.grad+

self.value * other.grad)
return out

_rmul_ = mul
X = ForwardDiff(2, 0)
y = ForwardDiff (3, 1)
fl=x%*y
f2 = 2*x + 3*y + x*y
f1, f2

(ForwardDiff(data=6, grad=2), ForwardDiff(data=19, grad=5))



oldFD = ForwardDiff # Bad practice: do not do it
class ForwardDiff(oldFD):
def log(self):
cls = type(self)
return cls(np.log(self.value),
1/self.value * self.grad)
def exp(self):
cls = type(self)
out val = np.exp(self.value)
return cls(out val,
out val * self.grad)

def sin(self):
cls = type(self)
return cls(np.sin(self.value),
np.cos(self.value) * self.grad)

def cos(self):
cls = type(self)
return cls(np.cos(self.value),
-np.sin(self.value) * self.grad)

def pow (self, other):
cls = type(self)
other = other if isinstance(other, cls) else cls(other)
return (self.log() * other).exp()

def neg (self): # -self
return self * -1



def sub (self, other): # self - other
return self + (-other)

def  truediv_ (self, other): # self / other
return self * other**-1

def  rtruediv_ (self, other): # other / self
return other * self**-1

ForwardDiff (2, 1)
ForwardDiff (3, 0)

X**y
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ForwardDiff (data=7.999999999999999, grad=11.999999999999998)



import numpy as np
def add vjp(a, b, grad):
return grad, grad

def no parents vjp(grad):
return (grad,)

class ReverseDiff:
def init (self, value, parents=(), op='"', vjp=no parents vjp):
self.value = value
self.parents = parents
self.op = op
self.vjp = vjp
self.grad = None

def backward(self, grad):
self.grad = grad
op args = [p.value for p in self.parents]
grads = self.vjp(*op args, grad)
for g, p in zip(grads, self.parents):
p.backward(g)

def add (self, other):
cls = type(self)
other = other if isinstance(other, cls) else cls(other)
out = cls(self.value + other.value,
parents=(self, other),
op="+",
vijp=add vjp)



return out

__radd = add
def  repr_ (self):

cls = type(self)

return f"{cls. name }(value={self.value}, parents={self.parer

= ReverseDiff(2)
= ReverseDiff(3)

< X

=X+ Yy + 3
-backward(1)

X —h —h —h

.qrad, vy.qgrad
(1, 1)



oldRD = ReverseDiff # Bad practice: do not do it

def mul vjp(a, b, grad):
return grad * b, grad * a

class ReverseDiff(oldRD):
def mul (self, other):
cls = type(self)
other = other if isinstance(other, cls) else cls(other)
out = cls(self.value * other.value,
parents=(self, other),
op="*",
vijp=mul vjp)
return out

~_rmul = mul

X = ReverseDiff(2)
y = ReverseDiff(3)

fl = 5*x + 7* y

fl.backward(1l)
X.grad, y.grad

(5, 7)



f2 = x*y
f2.backward(1)
X.grad, y.grad

(3, 2)



Computational complexity






