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Neural Networks...

Captcha: Identifying if a hydrant is

Task: presentin a set of images

- Classification (binary & multi-class)

Categorizing a set of music files
- Regression into their respective genres

Predicting the real estate price

based off size & features of a house




How It works

First, you need a large labelled
dataset split into:

Labelled: Must contain both

Training Testing the inputs to the network, as
Data Data well as it’s desired output
~70% ~30%

Large datasets of interesting things can be found online!



How It works

Empty NN is initialized with a certain
number of hidden layers & neurons
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How It works

Input data is vectorized:
X=X, Xg, ooy X ]

Input layer
> i Hidden layers

Then, each componentis
fed to the first layer

Output
layer

Output



Zooming in...

1 neuron

Makes a linear combination of the components:

Z= [wlx1 + WX, + ... + ann] +b

Passes the result through an “activation function”:

a= o(2)




Leaky ReLU

max(0.1 * x,x)

max(01* x,x)
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Many more!

Binary Step Function Linear
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i-dimensional sigmoid,
brobability for each
n, all summing to 1

Sigmoid / Logistic Parametric ReLU
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How It works

In the end...
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. Y Hidden layers

Output Output
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HOW it W ) Training

30

25

' \ Output

10

Input layer

N
Q

[y
w

Train Loss

y

[w
[w

v

118 Epoch

1217 Y12, ~ 22 —

Wiz Wizl The algorithm then propagates backwards & iteratively
adjusts all the weights and biases until the “loss” is minimized
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How It works

Once the optimal set of weights and biases are found for the
entire training set, the network is fed the testing set
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Most Common Types of Neural Networks

Multi-Layer
Perceptron

Most basic type, essentially
functions as previously
described (feed-forward +
back propagation)

Convolutional Neural
Network

Used for grid-like data (such
as images). Utilizes
convolutional layers to detect
spatial hierarchies & features

Recurrent Neural
Network

Used for sequential data
(such as audio files, text).
Uses feedback loops to allow
information to persist
long-term & detect large
patterns in sequences



PyTorch

Fantastic DL library for Python

Installation

pip3 install torch torchvision

Python 3.10-3.14 recommended




PyTorch

Fantastic DL library for Python Example MLP implementation

import torch

import torch.

import torch.

from sklearn

from sklearn.

nn as nn

optim as optim

.datasets import make classification

model selection import train test split




-Creates 1000 samples with 20
features each, as well as 2
labels

-Split randomly into 80/20
training and testing datasets

-Convert the vectors into
tensors

X,

Xi

)

Xi
y_
Xi
y_

Create synthetic test+train dataset

y = make classification(
n_ samples=1000,

n features=20,

n informative=15,

n_ redundant=5,

n classes=2,

random state=42

train, X test, y train, y test = train test splif(
X, y, test size=0.2, random state=42

train = torch.tensor(X train, dtype=torch.float32)
train = torch.tensor(y train, dtype=torch.long)
test torch.tensor (X test, dtype=torch.float32)
test torch.tensor(y test, dtype=torch.long)




Example MLP implementation

MLP (nn.Module) :

__init (self, input dim, hidden dim, output dim):
) super () . _init ()
-Create an MLP class with 2 self.net = nn.Sequential (
hidden layers both utilizing the nn.Linear (input dim, hidden dim),

.RelU (),
.Linear (hidden dim, hidden dim),
.RelU (),

ReLU activation function

.Linear (hidden dim, output dim)

-Initialize the MLP with 20 input )
features, 64 neurons in each
hidden layer, and 2 output def forward (self, x):

dimensions return self.net (x)

model = MLP (input dim=20, hidden dim=64, output dim=2)




-Setup how the loss is measured
and how the weights/biases are
optimized

-Setup a training loop with 20
iterations, then run the loop on
the training set (and print the
loss)

Example MLP implementation

criterion = .CrossEntropyLoss()
optimizer optim.Adam(model.parameters(), lr=le-3)

num_epochs = 20

for epoch in range(num_ epochs) :
model.train()

optimizer.zero grad()

outputs = model (X train)

loss = criterion(outputs, y train)
loss.backward/()

optimizer.step()

if (epoch + 1) % 5
print (f"Epoch [{epoch+l}/{num epochs}],
{loss.item():.4f}")




-Evaluate the model on the
testing dataset and print it’s
accuracy

Example MLP implementation

model.eval ()
with torch.no grad() :

outputs = model (X test)
_, predicted = torch.max(outputs, dim=1)
accuracy = (predicted == y test) .float() .mean()

print (f"Test Accuracy: {accuracy.item() * 100:.2f}%")

Epoch [5/28], Loss: 0.6710
Epoch [10/2@], Loss: 0.6339
Epoch [15/2@], Loss: 0.5944
Epoch [20/20], Loss: 0.5495
Test Accuracy: 84.00%







