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Odds & Ends



Torch models

Implementation details: Fitting procedure:

e Models are implemented as a class inheriting from e For each iteration of solver:

torch.nn.Module = Get current predictions via a call to forward() or

e Mustimplement constructor and forward() method equivalent.
= init_ () should call parent constructor via = Calculate a (scalar) loss or equivalent
super () = Call backward() method on loss
o Use torch.nn.Parameter () toindicate = Use built-in optimizer (step() and then
model parameters zero_grad() if necessary)

= forward() should implement the model -
constants + parameters -> return predictions
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From last time

class Model(torch.nn.Module):

def _ init_ (self, X, y, beta=None):
super().__init__ ()
self.X = X
self.y = vy
if beta is None:

beta = torch.zeros(X.shape[1])

beta.requires_grad = True
self.beta = torch.nn.Parameter(beta)

def forward(self, X):
return X @ self.beta

def fit(self, opt, n=1000, loss_fn = torch.nn.MSELoss()):
losses = []
for 1 in range(n):
loss = loss_fn(
self(self.X).squeeze(),
self.y.squeeze()
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What is self(self.X)?

This is (mostly) just short hand for calling se1f. forward(X) to generate the output
tensor from the current values of the parameters.

Thisisdoneviathe ___call__ () method inthe torch.nn.Module class.

__call__() allows Python classes to be invoked like functions.

class greet: hello = greet("Hello")
def __init__ (self, greeting): hello("Jane")
self.greeting = greeting
def _ call__ (self, name): 'Hello Jane’
return self.greeting + " " + name gm = greet("Good morning")
gm("Bob'")

'Good morning Bob'
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MNIST & Logistic models



MNIST handwritten digits - simplified

from sklearn.datasets import load_digits
digits = load_digits()
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y = digits.target

y.shape

X = digits.data

X.shape

(1797,)
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Test train split

from sklearn.model_selection import train_test_split

X_train, X_test, y_train, y_test = train_test_split(
X, vy, test_size=0.20, shuffle=True, random_state=1234

)
X_train.shape from sklearn.linear_model import LogisticRegress.
from sklearn.metrics import accuracy_score

(1437, 64)

y_train.shape lr = LogisticRegression(

penalty=None

(1437,) ). Fit(

X_test.shape X_train, y_train

- ' )
(360, 64)

y_test.shape accuracy_score(y_train, lr.predict(X_train))

1.0

(360, )

accuracy_score(y_test, lr.predict(X_test))

0.9583333333333334
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As Torch tensors

X_train = torch.from_numpy(X_train).float()
y_train = torch.from_numpy(y_train)

X_test = torch.from_numpy(X_test).float()
y_test = torch.from_numpy(y_test)

X_train.shape

torch.Size([1437, 64])

y_train.shape

torch.Size([1437])

X_test.shape

torch.Size([360, 64])
y_test.shape

torch.Size([360])

X_train.dtype

torch.float32
y_train.dtype

torch.int64

X_test.dtype

torch.float32
y_test.dtype

torch.int64
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PyTorch Model

class mnist_model(torch.nn.Module):
def _ _init_ (self, input_dim, output_dim):

super().__init_ ()

self.beta = torch.nn.Parameter(
torch.randn(input_dim, output_dim, requires_grad=True)

)

self.intercept = torch.nn.Parameter(
torch.randn(output_dim, requires_grad=True)

)

def forward(self, X):
return (X @ self.beta + self.intercept).squeeze()

def fit(self, X_train, y_train, X_test, y_test, 1lr=0.001, n=1000):

opt = torch.optim.SGD(self.parameters(), Llr=1lr, momentum=0.9)
losses = []

for i in range(n):
opt.zero_grad()
loss = torch.nn.CrosskEntropyLoss()(self(X_train), y_train)
loss.backward()
opt.step()
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Cross entropy loss

From the pytorch documentation:

exXpl\ Ty,
K(w7y):L:{l17°--7lN}T, ln:—wyn ]-Og Cp( 7yn)
c=1 eXp(wn,c)

1{y, # ignore_index }

which is then aggregated across the IV observations according to the reduction
argument:

N . :
o1 =% L : l,, ifreduction = 'mean’
E(LU, y) — — Y n—1 wy, -y, # ignore_index }
N . .
> o1 ln, if reduction = ’sum’

This is just the negative log-likelihood of the multinomial regression model,

exp(z, B.)

- , c=1,...,C
> k=1 €XP(2n Br)

L(yn :C‘ch) —

Sta 663 - Spring 2026

12


https://docs.pytorch.org/docs/stable/generated/torch.nn.CrossEntropyLoss.html

Cross entropy loss

model = mnist_model(64, 10)
L = model.fit(X_train, y_train, X_test, y_test)

L0o - \ — |oss

80 A

60 A

40 A

20 A

0 200 400 600 800 1000
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Out-of-sample accuracy

model(X_test)

tensor([[-5.
.5842e+01,
.7779e+01,
.3528e+00,
.1575e+01,
.3251e+01,
.7056e+01,
.9695e+00,
.5198e+01,
.3374e+01, 5.
.6533e+01, -1.
.2091e-01, 2.
.6137e+01, -2.
.3514e+01, 6.
.5247e+01, 1.
.2693e+00, 1.
.1424e+01, -2.
.7276e+01, 3.
.3090e+01, -4.

(index

tensor(331)

(index

0910e+01,

U1 00 WO W~NEFE WPR

tensor(0.9194)

.5698e+01,
.6857e+01,
.7211e+01,
.7909e+01,
.1172e+01],
.8993e+01,
.2008e+01,
.9016e+00,
.1730e+00,

8726e+01],
5383e+01,
7142e+01,
1673e+01,
8855e+01,
9311e+00],
2027e+01,
2020e+01,
5974e+00,
7289e+01,

o~ am

y_test).sum()

y_test).sum() / len(y_test)
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Calculating Accuracy

class mnist_model(torch.nn.Module):
def _ init__ (self, input_dim, output_dim):
super().__init_ ()
self.beta = torch.nn.Parameter(

torch.randn(input_dim, output_dim, requires_grad=True)

)

self.intercept = torch.nn.Parameter(
torch.randn(output_dim, requires_grad=True)

)

def forward(self, X):
return (X @ self.beta + self.intercept).squeeze()

def fit(self, X_train, y_train, X_test, y_test, 1lr=0.001,

n=1000, acc_step=10):

opt = torch.optim.SGD(self.parameters(), Llr=1lr, momentum=0.9)

losses, train_acc, test_acc = [], [1, []

for i in range(n):
opt.zero_grad()

loss = torch.nn.CrossEntropyLoss()(self(X_train), y_train)

loss.backward()
opt.step()
losses.append(loss.item())

Sta 663 - Spring 2026

15


http://127.0.0.1:3364/Lec25.html?print-pdf
http://127.0.0.1:3364/Lec25.html?print-pdf
http://127.0.0.1:3364/Lec25.html?print-pdf
http://127.0.0.1:3364/Lec25.html?print-pdf
http://127.0.0.1:3364/Lec25.html?print-pdf
http://127.0.0.1:3364/Lec25.html?print-pdf
http://127.0.0.1:3364/Lec25.html?print-pdf
http://127.0.0.1:3364/Lec25.html?print-pdf
http://127.0.0.1:3364/Lec25.html?print-pdf
http://127.0.0.1:3364/Lec25.html?print-pdf
http://127.0.0.1:3364/Lec25.html?print-pdf
http://127.0.0.1:3364/Lec25.html?print-pdf
http://127.0.0.1:3364/Lec25.html?print-pdf
http://127.0.0.1:3364/Lec25.html?print-pdf
http://127.0.0.1:3364/Lec25.html?print-pdf
http://127.0.0.1:3364/Lec25.html?print-pdf
http://127.0.0.1:3364/Lec25.html?print-pdf
http://127.0.0.1:3364/Lec25.html?print-pdf
http://127.0.0.1:3364/Lec25.html?print-pdf
http://127.0.0.1:3364/Lec25.html?print-pdf
http://127.0.0.1:3364/Lec25.html?print-pdf
http://127.0.0.1:3364/Lec25.html?print-pdf
http://127.0.0.1:3364/Lec25.html?print-pdf
http://127.0.0.1:3364/Lec25.html?print-pdf
http://127.0.0.1:3364/Lec25.html?print-pdf
http://127.0.0.1:3364/Lec25.html?print-pdf
http://127.0.0.1:3364/Lec25.html?print-pdf
http://127.0.0.1:3364/Lec25.html?print-pdf
http://127.0.0.1:3364/Lec25.html?print-pdf
http://127.0.0.1:3364/Lec25.html?print-pdf
http://127.0.0.1:3364/Lec25.html?print-pdf
http://127.0.0.1:3364/Lec25.html?print-pdf
http://127.0.0.1:3364/Lec25.html?print-pdf
http://127.0.0.1:3364/Lec25.html?print-pdf
http://127.0.0.1:3364/Lec25.html?print-pdf
http://127.0.0.1:3364/Lec25.html?print-pdf
http://127.0.0.1:3364/Lec25.html?print-pdf
http://127.0.0.1:3364/Lec25.html?print-pdf
http://127.0.0.1:3364/Lec25.html?print-pdf
http://127.0.0.1:3364/Lec25.html?print-pdf
http://127.0.0.1:3364/Lec25.html?print-pdf
http://127.0.0.1:3364/Lec25.html?print-pdf
http://127.0.0.1:3364/Lec25.html?print-pdf
http://127.0.0.1:3364/Lec25.html?print-pdf
http://127.0.0.1:3364/Lec25.html?print-pdf
http://127.0.0.1:3364/Lec25.html?print-pdf
http://127.0.0.1:3364/Lec25.html?print-pdf
http://127.0.0.1:3364/Lec25.html?print-pdf
http://127.0.0.1:3364/Lec25.html?print-pdf
http://127.0.0.1:3364/Lec25.html?print-pdf
http://127.0.0.1:3364/Lec25.html?print-pdf
http://127.0.0.1:3364/Lec25.html?print-pdf
http://127.0.0.1:3364/Lec25.html?print-pdf
http://127.0.0.1:3364/Lec25.html?print-pdf
http://127.0.0.1:3364/Lec25.html?print-pdf
http://127.0.0.1:3364/Lec25.html?print-pdf
http://127.0.0.1:3364/Lec25.html?print-pdf
http://127.0.0.1:3364/Lec25.html?print-pdf
http://127.0.0.1:3364/Lec25.html?print-pdf
http://127.0.0.1:3364/Lec25.html?print-pdf
http://127.0.0.1:3364/Lec25.html?print-pdf
http://127.0.0.1:3364/Lec25.html?print-pdf
http://127.0.0.1:3364/Lec25.html?print-pdf
http://127.0.0.1:3364/Lec25.html?print-pdf
http://127.0.0.1:3364/Lec25.html?print-pdf
http://127.0.0.1:3364/Lec25.html?print-pdf
http://127.0.0.1:3364/Lec25.html?print-pdf
http://127.0.0.1:3364/Lec25.html?print-pdf
http://127.0.0.1:3364/Lec25.html?print-pdf
http://127.0.0.1:3364/Lec25.html?print-pdf
http://127.0.0.1:3364/Lec25.html?print-pdf
http://127.0.0.1:3364/Lec25.html?print-pdf

Performance

loss, train_acc, test_acc = mnist_model(

64, 10
). fit(
X_train, y_train, X_test, y_test, acc_step=10, n=3000

)

1.0 -
—— train accuracy
—— test accuracy

0.8 -

0.6 -

0.4 -

0.2 -
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NN Layers

class mnist_nn_model(torch.nn.Module):
def _ _init_ (self, input_dim, output_dim):
super().__init_ ()
self.linear = torch.nn.Linear(input_dim, output_dim)

def forward(self, X):
return self. linear(X)

def fit(self, X_train, y_train, X_test, y_test, 1lr=0.001, n=1000, acc_step=10):
opt = torch.optim.SGD(self.parameters(), Llr=1r, momentum=0.9)
losses, train_acc, test_acc =[], []1, []

for i in range(n):
opt.zero_grad()
loss = torch.nn.CrossEntropyLoss()(self(X_train), y_train)
loss.backward()
opt.step()
losses.append(loss.item())

if (i+1) % acc_step ==

val, train_pred = torch.max(self(X_train), dim=1)
val, test_pred = torch.max(self(X_test), dim=1)
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NN linear layer

Applies a linear transform to the incoming data (X):
y= XA +b

X.shape

(1797, 64)

model = mnist_nn_model(64, 10)
model.parameters()

<generator object Module.parameters at Ox7ff547099300>
list(model.parameters())[0].shape # A - weights (betas)

torch.Size([10, 64])
list(model.parameters())[1].shape # b - bias (intercept)

torch.Size([10])
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Performance

loss, train_acc, test_acc = model.fit(X_train, y_train, X_test, y_test, n=1000)

train_acc[-5:] test_acc[-5:]

[tensor(0.9923), tensor(0.9923), tensor(0.9930), [tensor(0.9639), tensor(0.9639), tensor(0.9639),

— loss 1.0 A

0.9 A

0.8 1

0.6 1

0.5 1

0.4 1

L 0.3 -
—— train accurac
0.2 | y

0 —— test accuracy

0 200 400 600 800 1000 0 200 400 600 800 1000
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Feedforward Neural Network



FNN Model

class mnist_fnn_model(torch.nn.Module):
def _ _init__ (self, input_dim, hidden_dim, output_dim, nl_step = torch.nn.ReLU()):
super().__init_ ()
self.1l1 = torch.nn.Linear(input_dim, hidden_dim)
self.nl = nl_step
self.12 = torch.nn.Linear (hidden_dim, output_dim)

def forward(self, X):
out self.11(X)
out = self.nl(out)
out self.12(out)
return out

def fit(self, X_train, y_train, X_test, y test, 1lr=0.001, n=1000, acc_step=10):
opt = torch.optim.SGD(self.parameters(), Llr=1lr, momentum=0.9)
losses, train_acc, test_acc =[], []1, []

for i in range(n):
opt.zero_grad()
loss = torch.nn.CrosskEntropyLoss()(self(X_train), y_train)
loss.backward()
opt.step()
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Non-linear activation functions

_ exp(z) — exp(—x)
Tanh(z) = exp(x) + exp(—=x)

Tanh activation function

ReLU(z) = max(0, z)

RelLU activation function

6 6
4 4
2 2

Output
(=]
Output
(=]

-2 —2
-4 —4
-6 -6
T
-6 -4 -2 0 2 4 6 -6
Input
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Model parameters

model = mnist_fnn_model(64,64,10)
len(list(model.parameters()))

for i, p in enumerate(model.parameters()):

print("Param", i, p.shape)

Param 0 torch.Size([64, 64])
Param 1 torch.Size([64])
Param 2 torch.Size([10, 64])
Param 3 torch.Size([10])
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Performance - ReLU

loss, train_acc, test_acc = mnist_fnn_model(64,64,10).f1it(
X_train, y_train, X_test, y_test, n=2000

)

train_acc[-5:] test_acc[-5:]

[0.9986082115518441, 0.9986082115518441, 0.99860 [0.9638888888888889, 0.96383883888888889, 0.96388

— |oss 1.0 1

4 -
0.9 1

0.8 1

0.7 1

0.6

0.5 A1

0.3 1

—— train accuracy

4 —— test accurac
0 024 y
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Performance - tanh

loss, train_acc, test_acc = mnist_fnn_model(64,64,10, nl_step=torch.nn.Tanh()).fit(
X_train, y_train, X_test, y_test, n=2000
)

train_acc[-5:] test_acc[-5:]

[0.9951287404314544, 0.9951287404314544, 0.99512 [0.975, 0.975, 0.975, 0.975, 0.975]

2.5 A — loss 1.0 4
2.0 A 0.8 -
1.5 1
0.6 1
1.0 1
0.4
0.5 1
0.2 1
—— train accuracy
—— test accuracy
0.0
0 250 500 750 1000 1250 1500 1750 2000 0 250 500 750 1000 1250 1500 1750 2000
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Adding another layer

class mnist_fnn2_model(torch.nn.Module):
def _ _init__ (self, input_dim, hidden_dim, output_dim, nl_step = torch.nn.ReLU()):

super().__init_ ()

self.1l1 = torch.nn.Linear(input_dim, hidden_dim)

self.nll = nl_step

self.12 = torch.nn.Linear (hidden_dim, hidden_dim)

self.nl2 = nl_step

self.13 = torch.nn.Linear (hidden_dim, output_dim)

def forward(self, X):
out = self.11(X)
out = self.nli(out)
out = self.12(out)
out = self.nl2(out)
out = self.13(out)
return out

def fit(self, X_train, y_train, X_test, y_test, 1lr=0.001, n=1000, acc_step=10):
loss_fn = torch.nn.CrossEntropyLoss()
opt = torch.optim.SGD(self.parameters(), Llr=1lr, momentum=0.9)
losses, train_acc, test_acc =[], []1, []
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Performance - relu

loss, train_acc, test_acc = mnist_fnn2_model(
64,64,10, nl_step=torch.nn.RelLU()

). Fit(
X_train, y_train, X_test, y_test, n=1000

)

train_acc[-5:] test_acc[-5:]

[0.9902574808629089, 0.9902574808629089, 0.99025 [0.9666666666666667, 0.9666666666666667, 0.96666

—— loss 1.0 4

2.5 1

0.8 A
2.0 A

1.5 0.6 1

1.0 1
0.4 A

0.5 A
0.2 A

—— train accuracy
0.0 A —— test accuracy
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Performance - tanh

loss, train_acc, test_acc = mnist_fnn2_model(
64,64,10, nl_step=torch.nn.Tanh()

). Fit(
X_train, y_train, X_test, y_test, n=1000

)

train_acc[-5:] test_acc[-5:]

[0.9784272790535838, 0.9784272790535838, 0.97912 [0.9527777777777777, 0©.9527777777777777, 0.95277

— loss 1.01

2.0 A
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Convolutional NN



2d convolutions
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nn.Convad()

torch.nn.Conv2d(
in_channels=1,

Cv =

kernel_size=3,
stride=1, padding=1

)

out_channels=4,

list(cv.parameters())[0] # kernel welghts

Parameter containing:

tensor([[[[-0.
[-0.
[ 0.

[[[ o.
[-0.
[ ©.

2050, -0.
0281, -0.
0474, -0.
.2323, -0.
2592, 0.
0421, ©
2179, -0.
.2825, 0.
.0350, ©
2639, -0.
2402, 0
1718, O.

2136, -0
2074, -0.
2465, -0.
2782, -0
2719, -0.
0604, 0
3243, -0
2366, -0.
.0302, -0.
2899, -0.
0671, -0.
3028, O.

requires_grad=True)

.2673],

06261,
0176111,

.09577,

1723],

.3314111,

.0961],

10717,
2904111,

1652],
19477,
05221111,

list(cv.parameters())[1] # biases

Parameter containing:
tensor([ 0.3212, -0.1856,
requires_grad=True)
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Applying conva2d ()
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tensor([[

X_train[[0]]
0
0
0.,
0
0

12.,

12., 16.
., T,
0.

ol olNO)

11)

X_train[[0]].shape

torch.Size([1, 64])

s oMo oNO])

16.
16.

cv(X_train[[0]])

N OO oo oo

10.

16.
12.

(ol OO OCRe]

11.
16.
15.

(o]

10.
12.
15.

13.
14,

o

16.
12.

1
1

RuntimeError: Expected 3D (unbatched) or 4D (batched)

ol oMNO)

[N o}

o~ OO

X_train[[0]].view(1,8,8)

tensor([[[

[
[

OO PRORPROOOOOOOOOOOO

’ 0., 0.,
.1,

., 0., 9.,
1,

., 0., 15.,
1,

., 0., 14.,
1,

., 1., 15.,
1,

., 0., 12.,
1,

., 0., 7.,
1,

., 0., 0.,
111)

10., 11., O.

16., 6., O.

13., 0., 0.

10., 0., 0.

12., 8., 2.

16., 16., 16.

16., 12., 12.

9., 15., 12.

cv(X_train[[0]].view(1,8,8))

tensor([[[ 3.
-2.
-2.

Sta 663 - Spring 2026

4

2123e-01, 1.
8059e+00, -6.
9627e+00, 2.
.2123e-01, 3.
.2123e-01, -5.
.1470e+00, -1.
.1568e+00, -2.
.2123e-01, 3.
.2123e-01, -3.
.3430e+01, -1.
.1317e+00, -9.
.2123e-01, 3.
.0359e-01, -5.
.3749e+01, -1.
-4,

0633e+00, 2

.1593e-01, 3.

6247e-01,
0653e+00,
9598e-01,
2123e-01],
0722e-01,
1196e+01,
1020e+00,
2123e-01],
2709e+00,
1465e+01,
0847e-01,
2123e-01],
0760e+00,
0386e+01,
.0707e-01,
2123e-01],

10.

16.
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Pooling

X = torch.tensor(
[[[0,0,0,0],
[0,1,2,0],
[OI 3/ 4/ G] 4
[0,0,0,0]]],
dtype=torch.float
)

X .shape

torch.Size([1, 4, 4])

torch.nn.MaxPool2d( torch.nn.AvgPool2d(
kernel_size=2, stride=1 kernel_size=2
) (X) ) (X)
tensor([[[1., 2., 2.], tensor([[[0.2500, 0.5000],
[3., 4., 4.], [0.7500, 1.0000]]]1)

[3., 4., 4.11]1) torch.nn.AvgPool2d(

torch.nn.MaxPool2d( kernel_size=2, padding=1
kernel_size=3, stride=1, padding=1 ) (X)
X
)00 tensor([[[0.0000, 0.0000, 0.0000],
tensor ([[[1., 2., 2., 2.], [0.0000, 2.5000, 0.0000],
[3., 4., 4., 4.], [0.0000, 0.0000, 0.0000]]1])
[3'/ 4 ! 4'/ 4-]/
[3., 4., 4., 4.111)
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Convolutional model

class mnist_conv_model(torch.nn.Module):
def _ init_ (self):

super().__init_ ()

self.cnn = torch.nn.Conv2d(
in_channels=1, out_channels=8,
kernel_size=3, stride=1, padding=1

)

self.relu = torch.nn.RelLU()

self.pool = torch.nn.MaxPool2d(kernel_size=2)

self. lin torch.nn.Linear(8 * 4 * 4, 10)

def forward(self, X):

out = self.cnn(X.view(-1, 1, 8, 8)) # (N, 1, 8, 8) -> (N, 8, 8, 8)
out = self.relu(out) # (N, 8, 8, 8)
out = self.pool(out) # (N, 8, 8, 8) -> (N, 8, 4, 4)

out = self.lin(out.view(-1, 8 * 4 * 4)) # (N, 128) -> (N, 10)
return out

def fit(self, X_train, y_train, X_test, y_test, 1lr=0.001, n=1000, acc_step=10):
loss_fn = torch.nn.CrossEntropyLoss()
opt = torch.optim.SGD(self.parameters(), Llr=1r, momentum=0.9)
losses, train_acc, test_acc = [], [], []
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Performance

loss, train_acc, test_acc = mnist_conv_model().fit(
X_train, y_train, X_test, y_test, n=1000
)

train_acc[-5:] test_acc[-5:]

[0.9965205288796103, 0.9965205288796103, 0.99652 [0.9833333333333333, 0.9833333333333333, 0.98333

4.0 —— loss 1.0 1
3.5 - 0.9 1
3.0 4 0.8 1
251 0.71
2.0 0.6 1
1.5 - 051
1.0 0-41
0.5 0-31
—— train accuracy
0.0 1 0.2 1 —— test accuracy
0 200 400 600 800 1000 0 200 400 600 800 1000
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Organizing models

class mnist_conv_model2(torch.nn.Module):
def _ init_ (self):
super().__init_ ()
self.model = torch.nn.Sequential(
torch.nn.Unflatten(1, (1,8,8)),
torch.nn.Conv2d(
in_channels=1, out_channels=8,
kernel_size=3, stride=1, padding=1
)/
torch.nn.ReLU(),
torch.nn.MaxPool2d(kernel_size=2),
torch.nn.Flatten(),
torch.nn.Linear(8 * 4 * 4, 10)

)

def forward(self, X):
return self.model(X)

def fit(self, X_train, y_train, X_test, y_test, 1lr=0.001, n=1000, acc_step=10):

opt = torch.optim.SGD(self.parameters(), Llr=1lr, momentum=0.9)
losses, train_acc, test_acc =[], []1, []
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A bit more on non-linear
activation layers



Non-linear functions

df = pd.read_csv('"data/gp.csv'")
X = torch.tensor(df["x"], dtype=torch.float32).reshape(-1,1)
y = torch.tensor(df["y"], dtype=torch.float32)
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Linear regression

class lin_reg(torch.nn.Module):
def _ init_ (self, X):
super().__init_ ()
self.n = X.shape[0]
self.p = X.shape[1]
self.model = torch.nn.Sequential(
torch.nn.Linear(self.p, self.p)

)

def forward(self, X):
return self.model(X)

def fit(self, X, y, n=1000):

losses

opt

= [1
torch.optim.SGD(self.parameters(),

for i in range(n):
loss = torch.nn.MSELoss () (self(X).squeeze(), Vy)
loss.backward()

opt.step()

opt.zero_grad()
losses.append(loss.item())

1lr=0.001, momentum=0.9)
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Model results

ml = lin_reg(X)
loss = mi1.fit(X,y, n=2000)

Training loss: Predictions
—— loss ° — lin_reg

0.65 251

0.60 2.0

0.55 154
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>
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Double linear regression

class dbl_lin_reg(torch.nn.Module):
def _ _init__ (self, X, hidden_dim=10):
super().__init_ ()
self.n = X.shape[0]
self.p = X.shape[1]
self.model = torch.nn.Sequential(
torch.nn.Linear(self.p, hidden_dim),
torch.nn.Linear (hidden_dim, 1)

)

def forward(self, X):
return self.model(X)

def fit(self, X, y, n=1000):
losses = []
opt = torch.optim.SGD(self.parameters(), 1lr=0.001, momentum=0.9)
for i in range(n):
loss = torch.nn.MSELoss()(self(X).squeeze(), VYy)
loss.backward()
opt.step()
opt.zero_grad()
losses.append(loss.item())
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Model results

m2 = dbl_lin_reg(X, hidden_dim=10)
loss = m2.fit(X,y, n=2000)
Training loss: Predictions
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Non-linear regression w/ ReLU

class lin_reg_relu(torch.nn.Module):
def _ _init__ (self, X, hidden_dim=100):

super().__init_ ()
self.n = X.shape[0]
self.p = X.shape[1]

self.model = torch.nn.Sequential(

torch.nn.Linear(self.p,
torch.nn.ReLU(),

hidden_dim),

torch.nn.Linear (hidden_dim, 1)

)

def forward(self, X):
return self.model(X)

def fit(self, X, y, n=1000):
losses = []

opt = torch.optim.SGD(self.parameters(), 1lr=0.001, momentum=0.9)

for i in range(n):

loss = torch.nn.MSELoss()(self(X).squeeze(), VYy)

loss.backward()
opt.step()
opt.zero_grad()
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Model results
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Hidden dimensions
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Non-linear regression w/ Tanh

class lin_reg_tanh(torch.nn.Module):
def _ _init__ (self, X, hidden_dim=10):

super().__init_ ()

self.n = X.shape[0]

self.p = X.shape[1]

self.model = torch.nn.Sequential(
torch.nn.Linear(self.p, hidden_dim),
torch.nn.Tanh(),
torch.nn.Linear (hidden_dim, 1)

)

def forward(self, X):
return self.model(X)

def fit(self, X, y, n=1000):
losses = []
opt = torch.optim.SGD(self.parameters(), 1lr=0.001, momentum=0.9)
for i in range(n):
loss = torch.nn.MSELoss()(self(X).squeeze(), VYy)
loss.backward()
opt.step()
opt.zero_grad()
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Tanh & hidden dimension
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Three layers

class three_layers(torch.nn.Module):
def _ _init__ (self, X, hidden_dim=100):

super().__init_ ()

self.n = X.shape[0]

self.p = X.shape[1]

self.model = torch.nn.Sequential(
torch.nn.Linear(self.p, hidden_dim),
torch.nn.ReLU(),
torch.nn.Linear (hidden_dim, hidden_dim),
torch.nn.ReLU(),
torch.nn.Linear (hidden_dim, 1)

)

def forward(self, X):
return self.model(X)

def fit(self, X, y, n=1000):
losses = []
opt = torch.optim.SGD(self.parameters(), lr=0.001, momentum=0.9)
for i1 in range(n):
loss = torch.nn.MSELoss () (self(X).squeeze(), VY)
loss.backward()
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Five layers

class five_layers(torch.nn.Module):
def _ _init__ (self, X, hidden_dim=100):

super().__init_ ()

self.n = X.shape[0]

self.p = X.shape[1]

self.model = torch.nn.Sequential(
torch.nn.Linear(self.p, hidden_dim),
torch.nn.ReLU(),
torch.nn.Linear (hidden_dim, hidden_dim),
torch.nn.ReLU(),
torch.nn.Linear (hidden_dim, hidden_dim),
torch.nn.ReLU(),
torch.nn.Linear (hidden_dim, hidden_dim),
torch.nn.ReLU(),
torch.nn.Linear (hidden_dim, 1)

)

def forward(self, X):
return self.model(X)

def fit(self, X, y, n=1000):
losses = []
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Model results
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