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Revision

« What would be the best model for the data?
e Linear model?
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To simplify the model
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Revision

The machine starts with a random guess, w = random value

Linear Model "
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Revision

Mean Square Error
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Optimization Problem

Mean Square Error

N
1
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Gradient Descent Algorithm
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Gradient Descent Algorithm
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Gradient Descent Algorithm
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Gradient Descent Algorithm

:
cost

v dcost
dw
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Gradient Descent Algorithm
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Gradient Descent Algorithm

:
cost

dcost
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Gradient
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Gradient Descent Algorithm
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Gradient Descent Algorithm

N
dcost(w) 0 12( )2 dcost
dw  JdwN 1x" @I dw
n=
- 1% 0 ( )2 Update
TNZLidw 0TI dcost
n=1 w=w-—a
N dw
. 1 v a(xn'w_yn)
_N (Xn @ — Yn) 9w
1 v AN
=sz.xn'(xn'w_yn) w=w—aN22-xn-(xn-w—yn)
n=1
n=1

Lecturer : Hongpu Liu Lecture 3-14 PyTorch Tutorial @ SLAM Research Group



Implementation

X data
y data

'% I x _data = [1.
y data = [

w=10

def forward(x) :

return x * ¥ Prepare the training set.

def cost(xs, ys):
cost = 0
for x, v in zip(xs, ys):
y pred = forward (x)
cost += (y pred — y) **x 2
return cost / len(xs)

def gradient(xs, ys):
grad = 0
for x, v in zip(xs, ys):
grad += 2 * x * (x * w — y)
return grad / len(xs)

print  Predict (before training)’, 4, forward(4))
for epoch in range (100) :

cost val = cost(x data, y data)

grad val = gradient (x data, y data)

w —= 0.01 * grad val

print C Epoch:’, epoch, ’w=", w, ’loss=", cost val)
print C Predict (after training)’, 4, forward(4))
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Implementation

X data
y data

W:l.o /

def forward(x) :

——— Initial guess of weight.

def cost(xs, ys):
cost = 0
for x, v in zip(xs, ys):
y pred = forward (x)
cost += (y pred — y) **x 2
return cost / len(xs)
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def gradient(xs, ys):
grad = 0
for x, v in zip(xs, ys):
grad += 2 * x * (x * w — y)
return grad / len(xs)

print  Predict (before training)’, 4, forward(4))
for epoch in range (100) :

cost val = cost(x data, y data)

grad val = gradient (x data, y data)

w —= 0.01 * grad val

print C Epoch:’, epoch, ’w=", w, ’loss=", cost val)
print C Predict (after training)’, 4, forward(4))
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Implementation

X data
y data

def forward (x) :
— return x * w
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w=10

def forward(x) :

return x  u Define the model:

def cost(xs, ys):
cost = 0 .
for 3, in 2ip(ss y): Linear Model
y pred = forward (x)
cost += (y pred — y) **x 2
return cost / len(xs)

N\
def gradient(xs, ys): y — x * (1)

grad = 0
for x, v in zip(xs, ys):

grad += 2 * x * (x * w — y)
return grad / len(xs)

print  Predict (before training)’, 4, forward(4))
for epoch in range (100) :

cost val = cost(x data, y data)

grad val = gradient (x data, y data)

w —= 0.01 * grad val

print C Epoch:’, epoch, ’w=", w, ’loss=", cost val)
print C Predict (after training)’, 4, forward(4))
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Implementation

S dara - [20, 4.0, 6.0 def cost (xs, ys):
cost = 0
v L0 for x, vy in zip(xs, ys):
def forward (x): - y pred = forward(x)
return x * W / cost += (y pred — y) ** 2
i cost G, ) return cost / len(xs)
cost = 0

for x, vy in zip(xs, ys):
y pred = forward (x)

cout 1= (7 prod — ) * 2 Define the cost function

return cost / len(xs)

s pradient s, e Mean Square Error
grad = 0

for x, y in zip(xs, ys):
grad += 2 * x * (x * w — y)

N
1
return grad / len(xs) COSt(CU) — Nz(yn - yn)z
n=1

print  Predict (before training)’, 4, forward(4))
for epoch in range (100) :

cost val = cost(x data, y data)

grad val = gradient (x data, y data)

w —= 0.01 * grad val

print C Epoch:’, epoch, ’w=", w, ’loss=", cost val)
print C Predict (after training)’, 4, forward(4))
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Implementation

Lot 2 g def sradient (x5, v5)
grad = 0
v= 10 for x, vy in zip(xs, ys):
def forward (x) : / grad += 2 ®* x * (x * w — y)
return x x w return grad / len(xs)

def cost(xs, ys):
cost = 0

for x, v in zip(xs, ys):

y pred = forward (x)

cost += (y pred -

return cost / len

def gradient(xs, ys): .
S Gradient

for x, y in zip(xs, ys):

N
grad += 2 * x * (x * w — y) é)
cost 1
return grad / len(xs) _
_zz'xn'(xn’w_yn)
n=1

% Define the gradient function

print  Predict (before training)’, 4, forward(4)) aw N
for epoch in range (100) :

cost val = cost(x data, y data)

grad val = gradient (x data, y data)

w —= 0.01 * grad val

print C Epoch:’, epoch, ’w=", w, ’loss=", cost val)
print C Predict (after training)’, 4, forward(4))
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Implementation

data = [1.0, 2.0, 3.0 .
icgii:EZQ 40,&0% for epoch in range(100) :
cost val = cost(x data, y data)
w =10

grad val = gradient(x data, y data)

def forward (x) : w —= 0.01 * grad_val
return x * w

def cost(xs, ys):
cost = 0
for x, v in zip(xs, ys):
y pred = forward (x)
cost += (y pred — y) **x 2
return cost / len(xs)

Do the update

def gradient(xs, ys):
grad = 0

for x, v in zip(xs, ys):
grad += 2 * x * (x * w —
return grad / len(xs) aCOSt
W=wWw—ad——
print C Predict (before traifing)’ . 4. forward(4)) é?(k)
for epoch in range (100) :

cost val = cost(x data, y data)

grad val = gradient (x data, y data)

w —= 0.01 * grad val

print( Epoch: , epoch, W=, W, loss—, cost val)
print C Predict (after training)’, 4, forward(4))
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Implementation

x data = [1.0, 2.0, 3.0]
y data = [2.0, 4.0, 6.0]
w=10

def forward(x) :
return x * w

def cost(xs, ys):
cost = 0
for x, v in zip(xs, ys):
y pred = forward (x)
cost += (y pred — y) **x 2
return cost / len(xs)

def gradient(xs, ys):
grad = 0
for x, v in zip(xs, ys):
grad += 2 * x * (x * w — y)
return grad / len(xs)

print  Predict (before training)’, 4, forward(4))
for epoch in range (100) :

cost val = cost(x data, y data)

grad val = gradient (x data, y data)

w —= 0.01 * grad val

print C Epoch:’, epoch, 'w=", w,
print C Predict (after training)’, 4, forward(4))

’loss=", cost_val)

Predict (before training) 4 4.0
Epoch:
Epoch:
Epoch:
Epoch:
Epoch:
Epoch:
Epoch:
Epoch:
Epoch:
Epoch:
Epoch:

O w= 1.09 cost=4.67
1 w=1.18 cost= 3.84
2 w=1.25 cost= 3.15
3 w=1.32 cost= 2.59
4 w= 1.39 cost= 2.13
5w= 144 cost=1.75
6 w=1.50 cost=1.44
7/ w=1.54 cost=1.18
8 w= 1.59 cost= 0.97
9 w= 1.62 cost= 0.80
10 w= 1.66 cost= 0.66

- 90 w= 2.00 cost= 0.00
- 91 w= 2.00 cost= 0.00
- 92 w= 2.00 cost= 0.00
- 93 w= 2.00 cost= 0.00
- 94 w= 2.00 cost= 0.00
- 95 w= 2.00 cost= 0.00
- 96 w= 2.00 cost= 0.00
- 97 w= 2.00 cost= 0.00
- 98 w= 2.00 cost= 0.00
- 99 w= 2.00 cost= 0.00
Predict (after training) 4 8.00

T T T T T T
0 20 40 60 80 100
Epoch

Cost in each epoch
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Stochastic Gradient Descent

Gradient Descent Derivative of Cost Function

dcost dcost 1w , ( )
- *Xn "\ Xn W —Yn
dw 0w N,Z:l

Ww=w—0a

! !

Derivative of Loss Function

Stochastic Gradient Descent

dloss dloss,
w=w-—ua p Ew =2Xp* (X" @ —Yy)
0
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Implementation of SGD

x data = [1.0, 2.0, 3.0] def loss(x, y):
y data = [2.0, 4.0, 6.0] d = d.( )

| — y pred = forward (x
w=1.0 return (y pred — y) %k 2

def forward(x) :
return x * w

Calculate loss function:

def loss(x, y):
y pred = forward (x)
return (v pred — y) %k 2

def gradient(x, y): LOSS FU nCtion

return 2 * x * (x * w — y)

print ( Predict (before training)’, 4, forward(4))

loss = (P —y)?= (x xw — y)?

for x, y in zip(x data, y data):
grad = gradient (x, y)
w=w — 0.01 * grad
print (“\tgrad: 7, x, y, grad)
1 = loss(x, )

”

print ("progress:”, epoch, “w=", w, “loss=", 1)

print C Predict (after training)’, 4, forward(4))
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Implementation of SGD

x data = [1.0, 2.0, 3.0] def gradient (x, y):
i = (P &0 .0 / return 2 * x * (x * w — y)
w=10

def forward(x) :
return x * w

Calculate loss function:

def loss(x, y):
y pred = forward (x)
return (v pre V) k2

6 pdfent s, 5)¢ ) Derivative of Loss Function
return 2 * x * (x * w — y)

print ( Predict (before training)’, 4, forward(4)) oloss
n

for epoch in range (100) : 0w = 2 Xn (xn w :Vn)
for x, y in zip(x data, y data):
grad = gradient (x, y)
w=w— 0.01 * grad
print (“\tgrad: 7, x, y, grad)
1 = loss(x, )

”

print ("progress:”, epoch, “w=", w, “loss=", 1)

print C Predict (after training)’, 4, forward(4))
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Implementation of SGD

x_data = [1.0, 2.0, 3.0] for epoch in range(100) :
v data = [2.0, 4.0, 6.0] for x, v in zip(x data, y data):
w=1.0 grad = gradient (x, y)
dof forward(x): / W= W - 0.01 * %rad

return x * w print( \tgrad: , X, Y, 8rad)
def loss(x, v): 1 = loss (X’ y)

y pred = forward (x)
return (v pred — y) %k 2

Update weight by every grad of
sample of train set.

def gradient(x, y):
return 2 * x * (x % w —

print ( Predict (beforg~fraining)’, 4, forward(4))

for epoch in range(100) :
for x, y in zip(x data, y data):
grad = gradient (x, y)
w=w— 0.01 * grad
print (“\tgrad: 7, x, y, grad)
1 = loss(x, y)

”

print ("progress:”, epoch, “w=", w, “loss=", 1)

print C Predict (after training)’, 4, forward(4))

Lecturer : Hongpu Liu Lecture 3-25 PyTorch Tutorial @ SLAM Research Group
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