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Machine Learning and Deep Learning

Both ML and DL are a subset of Artificial Intelligence Techniques

Machine Learning
ML is a data intensive technique which uses mathematical models and 

methods to extract a predetermined feature.

Deep Learning
Deep Learning techniques uses Neural networks to identify a unique feature 

(many cases unknown) set that will help it to create a representation and figure out 
the correlation of feature to its outcome.



Image Source: https://www.guru99.com/machine-learning-vs-deep-learning.html 



Machine Learning

1. Supervised Learning Approach

2. Unsupervised Learning Approach

3. Semi-Supervised Learning Approach

4. Reinforcement Learning Approach



Supervised Learning Algorithms

A class of ML algorithm that uses labelled data (Target vector)

It is generally divided in two sub classes

1. Classification: 
Categorical Data or Discrete Labels
Example: Animal Label (Cat, Dog, Horse, etc.)

2. Regression: 
Numerical Data or Continuous series
Example: Stock Market 



Decision Trees

A decision tree is a classifier expressed as a recursive partition of the instance 
space. 

The decision tree consists of nodes that form a rooted tree, meaning it is a directed 
tree with a node called “root” that has no incoming edges. 

All other nodes have exactly one incoming edge. A node with outgoing edges is 
called an internal or test node. 

All other nodes are called leaves (also known as terminal or decision nodes).

Source: http://www.ise.bgu.ac.il/faculty/liorr/hbchap9.pdf



Decision Tree (cont.): Visual Intuition

Image Source: https://www.cs.toronto.edu/~urtasun/courses/CSC411_Fall16/06_trees_handout.pdf



Support Vector Machine (SVM)

A Support Vector Machine (SVM) is a 
discriminative classifier formally defined by a 
separating hyperplane. 

In other words, given labeled training data 
(supervised learning), the algorithm outputs an 
optimal hyperplane which categorizes new 
examples. In two dimensional space this 
hyperplane is a line dividing a plane in two 
parts where in each class lay in either side.

Image Source: 
https://medium.com/machine-learning-101/
chapter-2-svm-support-vector-machine-the
ory-f0812effc72



SVM (cont.)

Decision Boundary, Source: https://www3.nd.edu/~rjohns15/cse40647.sp14/www/content/lectures/15-16%20-%20Regression.pdf



HOG (Feature Descriptor)

Histogram of Oriented Gradients is feature 
descriptor that counts the occurrences of 
gradient orientation in localized portions of an 
image. [wiki]

It uses voting system to figure pixels 
contribution of cell towards gradient magnitude 
and direction. 

A histogram is created by calculating 
contribution of all the pixels within the cell



HOG (cont.)

Image Source: https://nrsyed.com/2018/05/06/hog-based-svm-for-detecting-vehicles-in-a-video-part-1/ 



Unsupervised Learning Algorithms

Class of ML algorithms that are trained on unlabelled data

Generally Unsupervised ML algorithms are solved by Clustering 



Clustering

Clustering is a way to use analyze the structure of the data in vector space and 
grouping similar entities together

“When you're trying to learn about something, say music, one approach might be to 
look for meaningful groups or collections. You might organize music by genre, while 
your friend might organize music by decade. How you choose to group items helps 
you to understand more about them as individual pieces of music.” 

--Google Developer blog



Clustering (cont.)

Image source: https://analyticstraining.com/cluster-analysis-for-business/

Image source: https://pro.arcgis.com/en/pro-app/tool-reference/big-data-analytics/find-point-clusters.htm



Semi-supervised Learning Algorithms

Semi-supervised learning is a class of machine learning tasks and techniques that 
also make use of unlabeled data for training – typically a small amount of labeled 
data with a large amount of unlabeled data.

Source- https://en.wikipedia.org/wiki/Semi-supervised_learning



Reinforcement Learning Algorithms

Reinforcement learning (RL) is an area of 
machine learning concerned with how 
software agents ought to take actions in an 
environment in order to maximize some notion 
of cumulative reward.

Source: https://en.wikipedia.org/wiki/Reinforcement_learning



Biological Neuron

Image Source: https://medium.com/@jorgesleonel/perceptrons-a22fb29facc4



Artificial Neural Model

Image Source: https://www.researchgate.net/figure/Biological-Neuron-versus-Artificial-Neural-Network_fig4_325870973 



Hubel and Wiesel’s experiments in perception

Image Source: 
https://www.researchgate.net/figure/Fig-In-the-classic-neuroscience-experiment-Hubel-and-Wiesel-discovere
d-a-cats-visual_fig1_335707980



Perceptron Mark 1

The perceptron algorithm was invented in 1958 at the 
Cornell Aeronautical Laboratory by Frank Rosenblatt,[3] 
funded by the United States Office of Naval Research.

Source: https://www.wikiwand.com/en/Perceptron

Image Source: https://twitter.com/jcheudin/status/865929398649843712



Biological Vision

Image Source: https://neurdiness.wordpress.com/2018/05/17/deep-convolutional-neural-networks-as-models-of-the-visual-system-qa/



Deep Neural Network

Image Source: http://cs231n.stanford.edu/slides/2019/cs231n_2019_lecture04.pdf



Hierarchical Features in CNN

Image Source: https://devblogs.nvidia.com/deep-learning-nutshell-core-concepts/hierarchical_features/



CNN

Image Source: https://web.stanford.edu/class/cs231a/lectures/intro_cnn.pdf



Convolution 

In mathematics (in particular, functional analysis) convolution is a mathematical 
operation on two functions (f and g) that produces a third function expressing how 
the shape of one is modified by the other. [wiki]

Now we extend to the second dimension. 2D convolutions are used as image filter.
Source: https://leonardoaraujosantos.gitbooks.io/artificial-inteligence/content/convolution.html



Convolution (cont)



Convolution (cont.)

Image Source: https://towardsdatascience.com/intuitively-understanding-convolutions-for-deep-learning-1f6f42faee1



Back Propagation

Image source: https://gfycat.com/gifs/search/backpropagation

Image source: 
https://leonardoaraujosantos.gitbooks.io/artificial-inteligence/content/b
ackpropagation.html



Loss Function

It is a mathematical measure to see how good or bad the model is doing with 
current trained weights and bias. Even called an objective function.

Source:https://www.analyticsvidhya.com/blog/2019/08/detailed-guide-7-loss-functions-m
achine-learning-python-code/

Source 
https://www.hatarilabs.com/ih-en/how-to-calculate-the-root-mean-square-error-rmse-of-a
n-interpolated-ph-raster:



Regularization

It is set of DL techniques used to ensure that Deep Nets are not overfitting and the 
model generalizes well.

Source: https://medium.com/greyatom/what-is-underfitting-and-overfitting-in-machine-learning-and-how-to-deal-with-it-6803a989c76



Visualize Neural Network (TF playground)

TF Neural Network Playground



LeNet5

Yann LeCun, Leon Bottou, Yoshua Bengio and Patrick Haffner proposed a neural 
network architecture for handwritten and machine-printed character recognition in 
1990’s which they called LeNet-5.

Visualizing LeNet5 feature decomposition: https://scs.ryerson.ca/~aharley/vis/conv/ (After 
notebook)



Generative Adversarial Networks (GANs)

Is made up of two components/modules

Generator: It generates new data instances (following the same probability 
distribution of that of Training Dataset).

Discriminator: Distinguishes the newly generated data instance to be real or fake.

A generative model could generate new photos of animals that look like real animals, 
while a discriminative model could tell a dog from a cat. GANs are just one kind of 
generative model.

Reference: Google ML crash course. URL: https://developers.google.com/machine-learning/gan/generative



GANs (Conti.)

Reference: University of Toronto. URL: https://www.cs.toronto.edu/~slwang/generative_model.pdf 



StyleGAN (Nvidia Research)

Arvix Research Paper URL: https://arxiv.org/pdf/1812.04948.pdf

Image Source: Fritz AI



Resources

Nvidia GAN playground: URL: http://nvidia-research-mingyuliu.com/gaugan/

CS231n Lecture Notes: http://cs231n.stanford.edu/



EOL



Deploying DL applications

Data center Deployment

Edge Device Deployment



Data Center Deployment

Intel (Xeon, Nirvana, FPGA

ARM Server Architecture

Google TPU

FPGA

Graphcore



Edge Device Deployment

Nvidia Platform (TK1, TX1, TX2, Xavier AGX, Drive PX, Drive AGX, Nano etc.)

Google TPU ( Stick and Embedded platform)

Intel Movidius Stick ( Myraid 1, 2, and X)

Neural Networks Chips ( Graph core, Gyrfalcon, Sophon Edge BM1880, etc)

FPGA (Xillinx, Zedboard) 

ARM (Raspberry pi, BeagleBone)


