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Problem Overview

« A Deep Neural Network (DNN) is simply an artificial neural network
with deep layers for processing and learning from data

« MLP is considered an example of DNNs. Other examples of DNNs can be
found in Convolutional Neural Networks (CNN) and Recurrent Neural
Networks (RNN).

£



https://www.baeldung.com/cs/ai-convolutional-neural-networks
https://www.baeldung.com/cs/nlp-encoder-decoder-models#2-basic-rnn-units
https://www.baeldung.com/cs/nlp-encoder-decoder-models#2-basic-rnn-units

Broader Application

- Natural Language Processing
« Email Spam/ not Spam
« Text Summarization
« Text Generation
« Computer Vision
* Object detection ( Detect object in a road traffic)
» Object classification ( Cat or Dog )

* Crowd Counting (Count number of people in Stadium)




Introduction to Pytorch Video




DNN Demo: MNIST Digit Dataset classification Video




DNN Kaggle Project Introduction Video




Now you try!
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CIFAR-10 image classification using Multilayer perceptron competition.
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In this Kaggle competition, you will develop a Deep neural network (DNN) with fully connected layers to perform Prizes & Av
image classification and test it out on the modified version of the CIFAR-10 image dataset. B
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https://www.kaggle.com/t/31065f373a1c485fb25b19d55df639d0

Office Hours

Yonas Sium

Department of Computer Science

2023 D4 Trainee

Data
The CIFAR dataset used for this competition
was created by Alex Krizhevsky and is available

on his webpage. The dataset was originally
introduced in the tech report:

Learning Multiple Layers of Features from Tiny
Images, Alex Krizhevsky, 2009.



https://www.cs.toronto.edu/~kriz/cifar.html
https://www.cs.toronto.edu/~kriz/learning-features-2009-TR.pdf
https://www.cs.toronto.edu/~kriz/learning-features-2009-TR.pdf

Slides Used for the Videos




Introduction to Pytorch

* Open-Source Deep learning library

PyTorch’s includes utilities to
differentiate computations

PyTorch implements a
tensor (array) library for
efficient computing automatically

| /

2 Automatic

Tensor library -—

differentiation engine
3 Deep learning = PyTorch’s deep learning
library utilities make use of its

tensor library and automatic
differentiation engine
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Tensor

« A data container for holding multidimensional arrays .

Rank O: - Rank 1: -----

(scalar) (vector)

Rank 3:
Rank 2: (matrix)



Learning Pytorch
* Installing Pytorch

'plp 1nstall torch

* Creating tensors in PyTorch

1 import torch 1 b = b.reshape(3, 2)
T . 7 (o)

4 a = torch.tensor(a) 3 b.shape

5 print("a: ", a)

6 b = torch.tensor(b) tensor([[1, 2],

7 print("b: ", b) [3, 4],

8 [5, 611)

9 print(a.shape) torch.Size([3, 2])

10 print(b.shape)

11 print(b.dtype)

1 print(b.matmul(b.T))

a: tensor([1, 2, 3, 41)
b: t 1, 2, 31,

emﬁzgérﬁ]“ ! tensor([[ 5, 11, 17],
torch.Size([4]) [11, 25, 39], ®

torch.Size([2, 3]) [17, 39, 611]) Q (
torch.int64 ®




Automatic differentiation made easy

The partial derivative of the intermediate IThe pTﬂ derivativ.e o‘f -
result z with respect to the bias unit N mpid S
ou "
dw \ “ da oL
I 0 b ey
*\ a1y
®—> m—»@—b z=u+b |=» a=0(7) ]—b loss = L(a, y)]

! o S
0z
i We can obtain the partial derivative of
the loss with respect to the trainable

2 weight by chaining the individual partial
a_L =0_u J_ X @ X % derivative in the graph
ow, oW du dr da
aL 0z da L Similar to above, we can compute the

= — X = X— «—— partial derivative of the trainable
ab db d7 da derivative by applying the chain rule

import torch.nn.functional as F
from torch.autograd import grad

y = torch.tensor([1.0])

x1 = torch.tensor([1.1])

wl = torch.tensor([2.2], requires_grad=True)
b = torch.tensor([0.0], requires_grad=True)

x1*xwl+b
torch.sigmoid(z)

QO N

loss = F.binary_cross_entropy(a, y)

grad_L_wl = grad(loss, wl, retain_graph=True)
grad_L_b = grad(loss, b, retain_graph=True)

print(grad_L_wl)
print(grad_L_b)

tensor([-0.0898]),)
tensor([-0.0817]),) o ® [




Implementing multilayer neural networks In Pytorch

Input layer OO0 ) () ()e— Misnetwork has 10 1 class MultilayerNeuralNetwork(torch.nn.Module):
NN v/ input units 2 def __init_ (self, num_inputs, num_outputs):
3 super().__init_ ()
4
5 # 1st hidden layer
‘ 6 self.layer_1 = torch.nn.Linear(num_inputs, 30)
AN The st bdden Ly has 7 self.relu = torch.nn.ReLU()
1st hidden layer (Q(J () () () ()T )"  Gnodesand 1 bias unit g # 2nd hidden layer
10 self.layer_2 = torch.nn.Linear(30, 20)
' ' The edges represent 11
‘&:‘5@6’ weight connections 12 # output layer
This node represents the \&ﬁ;.mw 13 self.layer_3 = torch.nn.Linear(20, num_outputs)
bixs unit in this lsyer %M‘N The 2nd hidden layer has 4 14
2nd hidden layer \'7\ . \ \ ~~  nodes and a node 15 def forward(self, x):
MO 0 ) representing the bias units 16 X = se]_f,l_ayer_l(x)
17 x = self.relu(x)
18 x = self.layer_2(x)
19 x = self.relu(x)
20 out = self.layer_3(x)
\ /ThereareBoutputunits ;; return out

Output layer () () (




Setting up Pytorch Dataset

from torch.utils.data i1mport Dataset
from torch.utils.data i1mport Dataloader

Custom
{Dataset Class} [ Dataloader class
T T Each Dataloader
We create a / I . .
Instantiate Instantiate object handles
custom class that * .
dataset shuffling,
defines how .
individual d assembling the
SIS —» | Training dataset Training dataloader data records into
records are loaded
batches, and more
/ v /
Using the Dataset ~l———— | Test dataset 1 > Test dataloader
class, we create J I
different Dataset
objects Each Dataset object is

fed to a data loader




1 from torch.utils.data import Dataset
2 from torch.utils.data import DatalLoader 1 train set = CustomeDataset(X_train, y train)

3 2 train_loader = DataLoader(
4 class CustomeDataset(Dataset): 3 dataset=train_set,

5 def _init_ (self, X, y): 4 batch_size=2,

6 self,features = X 5 shuffle=True,

7 self. labels = y ), Morers=?

8

9 def __getitem_(self, index): 0 test_set = CustomeDataset(X_test, y test)
10 one_x = self.features[index] 10 test_loader = DataLoader|
11 one_y = self.labels[index] 11 dataset=test_set,

12 return one_x, one_y 12 batch_size=2,

13 13 shuffle=True,

14 def _len_ (self): ig ) e

15 return self.labels.shape[0]




Kaggle: CIFAR-10 Image Classification using DNN
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https://www.kaggle.com/competitions/d-4-bootcamp-dnn/overview
https://www.kaggle.com/competitions/d-4-bootcamp-dnn/overview
https://www.kaggle.com/competitions/d-4-bootcamp-dnn/overview
https://www.kaggle.com/competitions/d-4-bootcamp-dnn/overview
https://www.kaggle.com/competitions/d-4-bootcamp-dnn/overview
https://www.kaggle.com/competitions/d-4-bootcamp-dnn/overview
https://www.kaggle.com/competitions/d-4-bootcamp-dnn/overview
https://www.kaggle.com/competitions/dnn-project-d-4-2025/overview
https://www.kaggle.com/competitions/dnn-project-d-4-2025/overview
https://www.kaggle.com/competitions/dnn-project-d-4-2025/overview
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