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• Image Classification using MNIST Dataset

– MNIST Dataset Description 
– Multi-layer Perceptron example using PyTorch.
– Convolution Neural Network example using TensorFlow (Keras).

• CNN Visualizer 
– https://poloclub.github.io/cnn-explainer
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Agenda 

https://poloclub.github.io/cnn-explainer


Modified National Institute of Standards and Technology database

• Training set – 60,000 images
• Test set – 10,000 images

* Images of digits are centered and scaled to the same size.

Input :
• Image: tensor containing the 28x28 image.
• Label: an integer between 0 and 9 representing the digit.
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MNIST Dataset Description 



Step 0: Import libraries

import numpy as np
import torch

import sys

import torch.nn as nn

import torch.nn.functional as F

import torch.optim as optim

from torch.utils import data

from torchvision import transforms

from torchvision.datasets import MNIST

import matplotlib.pyplot as plt
import time
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Multi-layer Perceptron example using PyTorch.



Step 1: Download MNIST Dataset

train_set = MNIST('./data', train=True, download=True, transform=transforms.ToTensor())

test_set = MNIST('./data', train=False, download=True, transform=transforms.ToTensor())

train_data = train_set.train_data
train_data = train_set.transform(train_data.numpy())

print('[Train Data Information]')

print(' - Numpy Shape:', train_data.cpu().numpy().shape)
print(' - Tensor Shape:', train_data.size())

print('\n[Train Labels Information]')
print(' - Numpy Shape:', train.train_labels.cpu().numpy().shape)

print(' - Tensor Shape:', train.train_labels.size())
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Multi-layer Perceptron example using PyTorch.



Step 3: Visualize Dataset sample inputs
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Multi-layer Perceptron example using PyTorch.



Step 4: Create DataLoader

class MNIST_Dataset(data.Dataset):
def __init__(self, X, Y):

self.X = X

self.Y = Y

def __len__(self):

return len(self.Y)

def __getitem__(self,index):

X = self.X[index].float().reshape(-1) #flatten the input

Y = self.Y[index].long()
return X,Y
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Multi-layer Perceptron example using PyTorch.



Step 4: Create DataLoader

cuda = torch.cuda.is_available()
num_workers = 8 if cuda else 0

# Training

train_dataset = MNIST_Dataset(train_set.train_data, train_set.train_labels)

train_loader_args = dict(shuffle=True, batch_size=256, num_workers=num_workers, pin_memory=True) if cuda\
else dict(shuffle=True, batch_size=64)

train_loader = data.DataLoader(train_dataset, **train_loader_args)

# Testing
test_dataset = MNIST_Dataset(test_set.test_data, test_set.test_labels)

test_loader_args = dict(shuffle=False, batch_size=256, num_workers=num_workers, pin_memory=True) if cuda\
else dict(shuffle=False, batch_size=1)

test_loader = data.DataLoader(test_dataset, **test_loader_args)
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Multi-layer Perceptron example using PyTorch.



Step 5: MLP Model Definition

# Multi_layer Perceptron Model Creation

class MLP(nn.Module):

def __init__(self):

super(MLP, self).__init__()

layers = []
layers.append(nn.Linear(784,512)) # 28x28 = 784

layers.append(nn.ReLU())

layers.append(nn.Linear(512,10))

self.net = nn.Sequential(*layers)

def forward(self, x):

return self.net(x)
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Multi-layer Perceptron example using PyTorch.



Step 5.1: MLP Model Creation

# Multi_layer Perceptron Model Creation

model = MLP()

criterion = nn.CrossEntropyLoss()

optimizer = optim.Adam(model.parameters())

device = torch.device("cuda" if cuda else "cpu")
model.to(device)

print(model)

MLP(
(net): Sequential(

(0): Linear(in_features=784, out_features=512, bias=True) 
(1): ReLU() (2): Linear(in_features=512, out_features=10, bias=True)

)  

)
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Multi-layer Perceptron example using PyTorch.



Step 6: Training Function
def train_epoch(model, train_loader, criterion, optimizer):

model.train()

running_loss = 0.0

start_time = time.time()
for batch_idx, (data, target) in enumerate(train_loader):

optimizer.zero_grad()

data = data.to(device)
target = target.to(device)
outputs = model(data)

loss = criterion(outputs, target)
running_loss += loss.item()

loss.backward()
optimizer.step()

end_time = time.time()

running_loss /= len(train_loader)
print('Training Loss: ', running_loss, 'Time: ',end_time - start_time, 's')

return running_loss
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Multi-layer Perceptron example using PyTorch.



Step 6.1: Testing Function
def test_model(model, test_loader, criterion):

with torch.no_grad():

model.eval()

running_loss = 0.0

total_predictions = 0.0

correct_predictions = 0.0

for batch_idx, (data, target) in enumerate(test_loader):
data = data.to(device)

target = target.to(device)
outputs = model(data)

_, predicted = torch.max(outputs.data, 1)
total_predictions += target.size(0)

correct_predictions += (predicted == target).sum().item()

loss = criterion(outputs, target).detach()

running_loss += loss.item()

running_loss /= len(test_loader)

accuracy = (correct_predictions/total_predictions)*100.0

print('Testing Loss: ', running_loss)

print('Testing Accuracy: ', accuracy, '%')

return running_loss, accuracy
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Multi-layer Perceptron example using PyTorch.



Step 7: Training the Model for N Epochs

n_epochs = 7

Train_loss = []

Test_loss = []

Test_acc = []

for i in range(n_epochs):
train_loss = train_epoch(model, train_loader, criterion, optimizer)

test_loss, test_acc = test_model(model, test_loader, criterion)

Train_loss.append(train_loss)
Test_loss.append(test_loss)
Test_acc.append(test_acc)

print('='*40)
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Multi-layer Perceptron example using PyTorch.



Step 8: Visualization
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Multi-layer Perceptron example using PyTorch.
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Convolution Neural Network using TensorFlow (Keras)

Step 1: Import libraries and Load Dataset 

# Import Tensorflow

import tensorflow as tf

# Import Matplotlib python plot as plt

import matplotlib.pyplot as plt

# Importing the required Keras modules -- model and layers

from tensorflow.keras.models import Sequential

from tensorflow.keras.layers import Dense, Conv2D, Dropout, Flatten, MaxPooling2D

# Load the internally available MNIST dataset.

(x_train, y_train), (x_test, y_test) = tf.keras.datasets.mnist.load_data()



Step 2: Transformations / Reshaping inputs for TF

# Reshaping the array to 4-dims so that it can work with the Keras API

x_train = x_train.reshape(x_train.shape[0], 28, 28, 1)
x_test = x_test.reshape(x_test.shape[0], 28, 28, 1)

input_shape = (28, 28, 1)
# Making sure that the values are float so that we can get decimal points after division
x_train = x_train.astype('float32')

x_test = x_test.astype('float32')

# Normalizing the RGB codes by dividing it to the max RGB value.

x_train /= 255
x_test /= 255
print('x_train shape:', x_train.shape)

print('Number of images in x_train', x_train.shape[0])
print('Number of images in x_test', x_test.shape[0])
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Convolution Neural Network using TensorFlow (Keras)



Step 3: Visualize Dataset sample inputs

17

Convolution Neural Network using TensorFlow (Keras)



Step 4: Model Creation

# Creating a Sequential Model and adding the layers
model = Sequential()

model.add(Conv2D(28, kernel_size=(3,3), input_shape=input_shape))

model.add(MaxPooling2D(pool_size=(2, 2)))

model.add(Flatten()) # Flattening the 2D arrays for fully connected layers

model.add(Dense(128, activation=tf.nn.relu))

model.add(Dropout(0.2))

model.add(Dense(10,activation=tf.nn.softmax))
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Convolution Neural Network using TensorFlow (Keras)



Step 4.1: Model Summary

# Print the model architecture

model.summary()
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Convolution Neural Network using TensorFlow (Keras)



Step 5: Training the Model with validation split
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Convolution Neural Network using TensorFlow (Keras)



Step 6: Visualization
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Convolution Neural Network using TensorFlow (Keras)



Step 7: Inference & Manual Validation
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Convolution Neural Network using TensorFlow (Keras)



https://poloclub.github.io/cnn-explainer/

Paper: CNN Explainer: Learning Convolutional Neural Networks with Interactive Visualization

YouTube: Demo Video: CNN Explainer: Learning Convolutional Neural Networks with Interactive 
Visualization
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Convolution Neural Network (CNN) Interactive Visualizer

https://poloclub.github.io/cnn-explainer/
https://arxiv.org/abs/2004.15004
https://www.youtube.com/watch?v=HnWIHWFbuUQ
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Convolution Neural Network (CNN) Interactive Visualizer
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Convolution Neural Network (CNN) Interactive Visualizer



26

CNN Interactive Visualizer



• Reviewed Image Classification using MNIST Dataset

– MNIST Dataset Description 
– Multi-layer Perceptron example using PyTorch with code.
– Convolution Neural Network example using TensorFlow (Keras) with code.

• Reviewed CNN Visualizer 
– https://poloclub.github.io/cnn-explainer
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Summary 

https://poloclub.github.io/cnn-explainer

