Deep learning specialization

By Mahmoud Ibrahim AbuAwd

"Deep learning unlocks the potential of machines to understand and interpret the world with unprecedented

depth and accuracy.”

Neural Networks and Deep L earning

Key Concepts in Machine Learning and Optimization
¢ Logistic Regression (Binary Classification):
Logistic regression is an algorithm used to solve binary classification problems by predicting one of two possible outcomes.
¢ Gradient Descent (GD):

Gradient Descent is an iterative optimization algorithm used to minimize or maximize a function by adjusting parameters in the direction of

steepest descent (for minimization). It is widely used in machine learning and deep learning to reduce the cost or loss function.
¢ Loss Function:
The loss function measures the error for a single training example, indicating how far off the model's prediction is from the actual value.
¢ Cost Function:
The cost function computes the average error across the entire training set. It gives an overall measure of how well the model is performing.
¢ Forward Propagation:
In neural networks, forward propagation calculates the output by passing input data through the layers of the network.
¢ Backward Propagation:

Backward propagation computes the gradients and derivatives to adjust the model's parameters (weights and biases) by minimizing the loss

and cost functions, using gradient descent.
¢ Normalization:

The process of scaling features to be on a similar range to improve model performance and training stability.
¢ Derivatives in Machine Learning:

Derivatives are essential in optimization algorithms like gradient descent. They determine whether to increase or decrease weights to

optimize an objective function, such as minimizing the cost.

¢ Vectorization:
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Vectorization refers to performing operations on entire arrays of data simultaneously, rather than processing one element at a time. This
technique enhances computational efficiency and simplifies code.

V¥ Vectorization ex

Vectorizing Logistic Regression
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Broadcasting

is an operation of matching the dimensions of differently shaped arrays in order to be able to perform further operations on those
arrays (eg per-element arithmetic).
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Python/numpy vectors
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Neural Network Fundamentals: Weights, Activation Functions, and Key Insights
1. Linear Equation (z = wx + b):

This equation represents the linear combination of inputs and weights in a neural network. Here, z is the linear output, calculated by
multiplying the input (x) by the weight (w) and adding the bias (b). This value, z, is passed through an activation function to produce the

final output of the neuron.
2. Bias (b):

The bias is an additional parameter that allows the model to shift the activation function left or right, providing the network with additional
flexibility to fit the data. It is added to the weighted sum of inputs before applying the activation function, enabling the model to handle

cases where the output is non-zero even if all inputs are zero.
3. Weights (W):

Weights are the learned parameters that determine the strength of the connection between neurons. During training, the model adjusts these

weights to minimize error and optimize performance.
4. Activation Functions:

Activation functions introduce non-linearity into the network and map input values to a specified range, stabilizing the training process. The

most common activation functions are:

e Sigmoid: Maps values between 0 and 1.

¢ ReLU (Rectified Linear Unit): Maps values from 0 to infinity, helping avoid the vanishing gradient problem.

e Tanh: Maps values from -1 to 1, generally better than sigmoid for hidden layers.

¢ Softmax: Maps values between 0 and 1, often used for multi-class classification.
5. Use Cases for Activation Functions:

e Sigmoid: Typically used for binary classification tasks.

¢ Softmax: Preferred for multi-class classification tasks, as it outputs a probability distribution.

e Tanh: Often used in hidden layers due to its range (-1 to 1), but sigmoid is still used in the output layer for classification tasks.
6. Tanh vs. Sigmoid:

While tanh generally performs better than sigmoid in hidden layers, sigmoid is still preferred for binary classification problems in the output

layer.

Questions and Explanations
¢ Question:
A single output and single-layer neural network that uses the sigmoid function as activation is equivalent to logistic regression. True/False?
Answer: True.

A single-layer neural network with the sigmoid activation function behaves similarly to logistic regression, as both produce outputs between

0 and 1 for binary classification.
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¢ Question:

Suppose you have built a neural network with one hidden layer and tanh as the activation function for the hidden layer. You decide to
initialize the weights to small random numbers and the biases to zero. The first hidden layer’s neurons will perform different computations

from each other, even in the first iteration. True/False?
Answer: True.

Since the weights are initialized randomly, each neuron will have different weights, leading to different computations, even during the first

iteration.

Deep Neural Network Notation and Structure

This image illustrates the structure and notations used in a deep neural network (DNN). The network consists of 4 layers (input layer, two hidden

layers, and an output layer) and demonstrates key parameters and notations.

Deep neural network notation .

Forward Propagation

orward propagation is a key concept in neural networks. It's the process of passing input data through the network to compute the output. Here’s

a basic outline of how it works:
1. Input Layer: The data is fed into the input layer of the neural network.

2. Hidden Layers: The data is then passed through one or more hidden layers. In each hidden layer, the input data is processed through a series

of neurons. Each neuron performs a weighted sum of its inputs and then applies an activation function to this sum.

3. Output Layer: Finally, the processed data reaches the output layer, where it is transformed into the network’s output. This could be a
classification label, a regression value, etc., depending on the task.

4. Prediction: The output of the forward propagation is the network's prediction or result.

In summary, forward propagation is about passing data through the network, layer by layer, applying weights, biases, and activation functions to

ultimately produce an output.
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Forward propagation in a deep network
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Back Propagation

1. Backward Propagation (Backpropagation): After forward propagation, backpropagation calculates the gradients of the loss

function with respect to the parameters of the network. These gradients indicate how much the loss would change if the parameters

were adjusted slightly. Backpropagation computes these gradients by recursively applying the chain rule of calculus from the output

layer to the input layer.
Certainly! Here’s a simplified explanation of backpropagation :
1. Forward Pass:
e You input data into the neural network and get an output.
2. Calculate Error:
¢ You compare the network’s output with the actual target to determine how far off the prediction was. This is your error or loss.

3. Backward Pass:
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e You compute how each weight in the network contributed to the error. This tells you how much each weight needs to be adjusted to

reduce the error.
4. Adjust Weights:
¢ You update the weights to minimize the error. This involves tweaking them in the direction that reduces the error.
5. Repeat:
e You repeat this process many times with different data points to continually improve the network’s accuracy.

In essence, backpropagation helps the network learn by adjusting its weights based on the errors it makes, so it gets better at making

predictions over time.

Parameters & Hyperparameters

Parameters and hyperparameters are both essential components of a machine learning model, but they serve different purposes and are tuned or

learned in different ways.
1. Parameters:
e Parameters are the variables that the model learns from the training data.
¢ They are internal to the model and are updated during the training process to minimize the loss function.
o Examples of parameters include weights in a neural network, coefficients in linear regression, or split points in decision trees.

e The values of parameters are learned directly from the training data through optimization algorithms like gradient descent or

by solving analytical equations.
e Parameters define the structure of the model and are specific to the task at hand.
2. Hyperparameters:
e Hyperparameters are the configurations or settings of the model that are set before the training process begins.
e They are external to the model and cannot be directly learned from the training data.

o Examples of hyperparameters include the learning rate in gradient descent, the number of hidden layers in a neural network, or

the depth of a decision tree.

e The values of hyperparameters need to be chosen before training the model and are typically determined through techniques

like grid search, random search, or Bayesian optimization.
e Hyperparameters control the learning process itself and affect how parameters are learned during training.

e Choosing appropriate hyperparameters is crucial for achieving good performance and generalization of the model.

Why Deep Representations?
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Intuition about deep representation
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-Improving Deep Neural Networks: Hyperparameter Tuning,_
Regularization and Optimization

Understanding Overfitting and Underfitting in Machine Learning

A model with small variance and high bias tends to underfit the target, meaning it performs poorly on both training and new data. On the other
hand, a model with high variance and low bias is prone to overfitting, where it performs well on the training data but poorly on new, unseen

data. High variance often results from a model that captures noise or irrelevant patterns in the training data.
Overfitting is an issue where the model accurately predicts the training data but fails to generalize to new data.

Underfitting occurs when the model makes poor predictions because it fails to capture the underlying patterns in the data. This situation
typically results in both high training and high validation/test errors. It can arise when the training data is too simple or lacks relevant features. To

address underfitting, consider adding features or increasing model complexity.

Increasing computational resources like GPUs can help reduce bias by allowing for more complex models. However, more test data alone will

not reduce bias.

To address high variance, you can increase the regularization parameter (lambda), which helps prevent the model from fitting noise in the

training data and thus improves its generalization to new data.

Bias and Variance
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Bias and Variance

Cat classification

Train set error: | /- 3.5,

S

Dev set error: | |/ | €/, - 2o, 2

L‘LL%L\ AT ofS O, ]"”G]"\ ll"":"h h":j:h llb-:ug. lm Ilrair.u
e R S

Regulraization

is a critical concept in machine learning and deep learning that aims to prevent models from overfitting.

There are three main regularization techniques, namely:
¢ Ridge Regression (L2 Norm)
e Lasso (L1 Norm)
¢ Dropout

What are L1 and L2 regularization methods?

L1 and L2 regularization are techniques commonly used in machine learning and statistical modelling to prevent overfitting and improve
the generalization ability of a model.

What is weight decay?

A regularization technique (such as L2 regularization) that results in gradient descent shrinking the weights on every iteration.

Dropout

Dropout is a regularization technique for reducing overfitting in neural networks by preventing complex co-adaptations on training data.
It is a very efficient way of performing model averaging with neural networks. The term "dropout" refers to dropping out units (both hidden and

visible) in a neural network.
What does 0.25 dropout mean?

Dropout is applied to a neural network by randomly dropping neurons in every layer (including the input layer). A pre-defined dropout rate
determines the chance of each neuron being dropped. For example, a dropout rate of 0.25 means that there is a 25% chance of a neuron being
dropped

Normalization
correct expression to normalize the input x:
r=x—u/o
Normalizing input features in neural networks:
¢ Normalizing your inputs in a neural network can help speed up training.
e The normalization process involves two steps: subtracting the mean and normalizing the variances.
e Subtracting the mean involves moving the training set until it has a zero mean.
e Normalizing the variances involves dividing each example by the vector of variances.
e It's important to use the same normalization values for both the training and test sets.
¢ Normalizing input features helps make the cost function more symmetric and easier to optimize.

o If features are on very different scales, normalization is crucial for efficient optimization.
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¢ Normalizing features to a similar scale usually helps the learning algorithm run faster.

¢ Even if features are on similar scales, normalization can still be beneficial.

Problem of vanishing and exploding gradients

The vanishing and exploding gradient problems occur when the gradients become either too small or too large during backpropagation.

This can happen in RNNs because they have recurrent connections that allow them to store information from previous time steps.

To avoid this, you can use activation functions that have a larger or constant range of nonzero derivatives, such as the ReL U, the leaky

ReLU, or the ELU. These functions can help preserve the gradients and prevent them from vanishing.
V¥ Weight Initialization for Deep Networks

e The video lecture discusses the problems of vanishing and exploding gradients in deep neural networks.

It explains the importance of careful initialization of weights to prevent these issues.
e The recommended initialization method is to set the variance of the weight matrix based on the number of input features.
¢ For ReLU activation function, the variance is set to 2/n, while for TanH activation function, it is set to 1/n.

e Different variants of weight initialization are mentioned, but the recommended formula depends on the activation function

being used.
e The video also suggests that the variance parameter in the initialization formula can be tuned as a hyperparameter.
e The goal of proper weight initialization is to prevent the weights from exploding or vanishing too quickly during training.
V¥ Gradient checking

gradient checking, which is a technique used to verify the correctness of the implementation of backpropagation in deep learning.

Here are the key points from the content:
e Gradient checking is a test that can help ensure the implementation of backpropagation is correct.
e Numerical approximation of gradients is used to estimate the derivative of a function.
o Taking a two-sided difference instead of a one-sided difference provides a more accurate approximation of the derivative.
e The two-sided difference formula is used in gradient checking to verify the correctness of the implementation of the derivative.

¢ Using the two-sided difference formula in gradient checking is more accurate but runs twice as slow as using a one-sided
difference.

e The error of the approximation in the two-sided difference formula is on the order of epsilon squared, which is a very small

number.
e The two-sided difference formula is preferred in gradient checking because it is more accurate.
e Gradient checking involves reshaping the parameters and derivatives of a neural network into vectors.

e By taking a two-sided difference and comparing the approximated derivatives with the actual derivatives, you can check if they

are approximately equal.
e The formula for checking the closeness of the vectors involves computing the Euclidean distance and normalizing it.

e A small value indicates that the derivative approximation is likely correct, while larger values may indicate a bug in the

implementation.
¢ Gradient checking can be used to debug neural network implementations and gain confidence in their correctness.
¥ Notes

you learned about gradient checking and how to implement it for your neural network. Here are some practical tips and notes to

keep in mind:

1. Use gradient checking only for debugging, not during training. Computing the approximate gradient for all values is slow, so

use backpropagation to compute the derivative during training.

2. If the algorithm fails gradient checking, look at the individual components to identify the bug. Check which values of d theta

approx are very different from d theta to narrow down the bug's location.

3. Remember to include the regularization term when doing gradient checking with regularization.
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4. Gradient checking doesn't work with dropout because it randomly eliminates different subsets of hidden units. It's difficult to

compute the cost function J with dropout, so it's best to implement gradient checking without dropout.

5. There's a possibility that your implementation of backpropagation is correct only when the weights and biases are close to 0. To

check this, you can run gradient checking at random initialization and then again after training for some iterations.

Optimization algorithms

V¥ Mini-batch gradient

Deep learning works best with large datasets, but training on such datasets can be slow. Optimization algorithms can speed up the

training process and improve the efficiency of you and your team. One such algorithm is mini-batch gradient descent, which involves

splitting your training set into smaller batches and processing them one at a time. This allows you to start making progress before

processing the entire dataset. The course will cover the implementation of mini-batch gradient descent and how it can be used to

train neural networks faster.

Here are the key points:

With batch gradient descent, you go through the entire training set on every iteration, and the cost should decrease on every iteration.

With mini-batch gradient descent, you process a subset of the training set on each iteration, which can make the cost function noisier.

Training with mini batch gradient descent

Batch gradient descent Mini-batch gradient descent
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The size of the mini-batch is a parameter that you need to choose. If the mini-batch size is equal to the training set size, it becomes batch

gradient descent. If the mini-batch size is 1, it becomes stochastic gradient descent.

Batch gradient descent is time-consuming for large training sets, while stochastic gradient descent loses the speed-up from

vectorization.

The recommended approach is to use a mini-batch size somewhere between 1 and the training set size. Typical mini-batch sizes range
from 64 to 512, with powers of 2 often used for efficiency.

It's important to ensure that the mini-batch fits in CPU/GPU memory for optimal performance.

Choosing the mini-batch size is another hyperparameter that you can experiment with to find the most efficient optimization algorithm.

¥ What is stochastic gradient descent vs. batch gradient descent?

Batch gradient descent computes the gradient of the cost function with respect to the model parameters using the entire training

dataset in each iteration. Stochastic gradient descent, on the other hand, computes the gradient using only a single training example

or a small subset of examples in each iteration

V¥ Exponentially weighted averages

The weights decline exponentially as the data points get older, hence the name “exponentially weighted”. This method is commonly

used as a smoothing technique in time series analysis and is also applied in various optimization algorithms in deep learning, such as

Gradient Descent with Momentum, RMSprop, and Adam.

Exponentially weighted averages are a way to calculate the average of a series of values, giving more weight to recent values.

Imagine you want to calculate the average temperature over the past few days. Instead of giving equal weight to each day, you can
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give more weight to the most recent days. This is done by using a parameter called beta.

If beta is close to 1, it means that recent values have a lot of influence on the average. This results in a smoother average, but it takes
longer to adapt to changes in temperature. On the other hand, if beta is closer to 0, it means that recent values have less influence,
and the average will be more sensitive to changes. This can make the average more noisy, but it adapts quickly to temperature
changes.

By choosing the right value for beta, you can find a balance between smoothness and responsiveness in the average. This concept is

important in optimization algorithms used in deep learning.
V¥ Bias Correction in Exponentially Weighted Averages

bias correction in exponentially weighted averages. It explains how bias correction can make the computation of moving averages
more accurate, especially during the initial phase. The page provides a formula for bias correction and demonstrates how it can
improve the estimate of temperature over time. It also mentions that bias correction is not commonly implemented in machine
learning, but it can be useful in certain situations. Finally, it mentions that the knowledge of exponentially weighted moving averages
can be used to build better optimization algorithms.

¥ Gradient Descent and Momentum

Gradient descent is an optimization algorithm used to minimize the cost function by iteratively adjusting the model parameters. In
each iteration, the parameters are updated in the opposite direction of the gradient of the cost function with respect to the

parameters.

Gradient descent with momentum improves this process by incorporating an exponentially weighted average of past gradients. This
helps in:

e Accelerating convergence: Especially in directions where gradients are consistent.
¢ Reducing oscillations: In directions where gradients change frequently.

¥ RMSprop

another algorithm that can speed up gradient descent.
e RMSprop aims to slow down learning in the vertical direction and speed up learning in the horizontal direction.
o It computes an exponentially weighted average of the squares of the derivatives to keep track of the gradients.

e The algorithm updates the parameters using the learning rate divided by the square root of the exponentially weighted average
of the squares of the derivatives.

¢ The updates in the vertical direction are divided by a larger number, damping out oscillations, while the updates in the

horizontal direction are divided by a smaller number.
e RMSprop allows for faster learning without diverging in the vertical direction.
¥ Adam

Adam optimization algorithm, which is commonly used in deep learning. The algorithm combines the effects of gradient descent
with momentum and gradient descent with RMSprop. It has been shown to work well across a wide range of deep learning
architectures. The algorithm has several hyperparameters, including the learning rate, Beta_1, Beta_2, and Epsilon. The learning
rate is still important and usually needs to be tuned. The default values for Beta_1 and Beta_2 are commonly used, and the choice of
Epsilon doesn't affect performance much. The term "Adam" stands for adaptive moment estimation, as it computes the mean of the
derivatives (first moment) and the exponentially weighted average of the squares (second moment). The algorithm is named after

adaptive moment estimation. Overall, the Adam optimization algorithm can help train neural networks more quickly.
V¥ Learning Rate Decay

e Learning rate decay is a technique that gradually reduces the learning rate over time in order to improve the performance of
the learning algorithm.

¢ By reducing the learning rate, the algorithm can take smaller steps as it approaches convergence, leading to better optimization
and avoiding getting stuck in local optima.

¢ One way to implement learning rate decay is to set the learning rate (Alpha) to be equal to 1 divided by 1 plus a decay rate times

the epoch number, multiplied by an initial learning rate (Alpha 0).

e There are different formulas for learning rate decay, such as exponential decay or decay based on the square root of the epoch
number.

e Manual decay is another option where the learning rate is adjusted by hand based on observing the training process.
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¢ Learning rate decay is just one of the hyperparameters that can be tuned, and it may not always be the first one to try. It can be

helpful, but other hyperparameters like the initial learning rate (Alpha 0) have a bigger impact.
V¥ Local optima
¢ In the early days of deep learning, there was concern about optimization algorithms getting stuck in bad local optima.

e However, our understanding of local optima has evolved, and it turns out that most points of zero gradient in a cost function are

actually saddle points, not local optima.
e In high-dimensional spaces, it is much more likely to encounter saddle points than local optima.
¢ Plateaus, which are regions where the derivative is close to zero for a long time, can slow down learning.
¢ Algorithms like momentum, RmsProp, and Adam can help overcome plateaus and speed up the learning process.

¢ Our understanding of optimization problems in high-dimensional spaces is still evolving, and there is no clear intuition about

what these spaces look like.

V¥ Summary

Summary for Key Concepts in Training Neural Networks
1. Mini-Batch Gradient Descent
e Overview: Accelerates training by splitting the dataset into smaller batches.

o Key Points: Balances between batch gradient descent and stochastic gradient descent, with practical mini-batch sizes typically

ranging from 64 to 512.

2. Stochastic Gradient Descent vs. Batch Gradient Descent

e Overview: Differences between processing the entire dataset versus individual examples or subsets.
3. Exponentially Weighted Averages

e Overview: A technique for smoothing data by giving more weight to recent values, applicable in optimization algorithms.
4. Bias Correction in Exponentially Weighted Averages

e Overview: Enhances accuracy in moving averages by correcting biases, especially during initial phases.
5. Gradient Descent and Momentum

e Overview: Gradient descent minimizes the cost function, and momentum improves convergence and reduces oscillations.
6. RMSprop

e Overview: Optimizes gradient descent by adjusting learning rates in different directions to speed up training.
7. Adam Optimization Algorithm

e Overview: Combines gradient descent with momentum and RMSprop for effective deep learning training.
8. Learning Rate Decay

e Overview: Technique to gradually reduce learning rates to improve optimization and avoid local optima.
9. Local Optima

e Overview: Evolution in understanding of optimization in high-dimensional spaces, focusing on saddle points and plateaus.

¥ Advanced Techniques in Neural Network Optimization: Hyperparameter Tuning, Batch Normalization, and Softmax

V¥V Hyperparameter tuning

Hyperparameter tuning is the process of finding the best settings for certain parameters in a deep neural network. These

parameters, called hyperparameters, control how the network learns and performs.

Not all hyperparameters are equally important. The most crucial one is the learning rate, which determines how quickly the

network learns. Other important hyperparameters include the momentum term, mini-batch size, and number of hidden units.

Traditionally, people used a grid-like approach to explore different values for hyperparameters. However, in deep learning, it's
better to randomly sample values. This is because it's hard to know in advance which hyperparameters will have the most

impact on the network's performance.
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Try random values: Don’t use a grid
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the instructor explains the importance of choosing the appropriate scale when sampling hyperparameters in a neural network.
They provide examples of different hyperparameters and discuss how sampling uniformly at random may not be the best
approach for all cases. Instead, they suggest sampling on a logarithmic scale for certain hyperparameters to distribute resources
more efficiently. The instructor also demonstrates how to implement this in Python using the np.random.rand() function. They
emphasize that even if the scale is not chosen perfectly, a coarse to fine search strategy can still yield good results. Overall, the

video provides valuable insights on selecting the right scale for sampling hyperparameters in a neural network.

It is recommended to retest or reevaluate your hyperparameters periodically, especially if there are changes in your data or
infrastructure.

There are two major approaches to searching for hyperparameters:

The "

panda approach" involves babysitting one model and gradually adjusting hyperparameters based on its performance.

The "

caviar strategy" involves training many models in parallel with different hyperparameter settings and selecting the best one.

The choice between these approaches depends on the computational resources available.
¥ Batch Normalization
Batch normalization which is an algorithm that helps with hyperparameter search and makes neural networks more robust.

batch normalization is a technique that helps neural networks learn faster, adapt to changes in data, and prevent overfitting. It's

like giving the network a boost to perform better!
Using batch normalization in deep neural networks offers several benefits:

1. Easier hyperparameter search: Batch normalization expands the range of hyperparameters that work well, making it easier

to find optimal values for training deep neural networks.

2. Improved network robustness: Batch normalization makes neural networks more robust by reducing the sensitivity to the

initialization of weights and biases. This helps prevent overfitting and improves generalization.

3. Faster training: By normalizing the mean and variance of hidden unit values, batch normalization accelerates the training

process. It helps avoid the problem of vanishing or exploding gradients, allowing for faster convergence.

4. Facilitates deeper networks: Batch normalization enables the training of even very deep networks by addressing the
challenges of training deep architectures. It helps stabilize the learning process and allows for the successful training of

networks with many layers.

¥ Gamma and Beta Parameters

The parameters gamma and beta in batch normalization provide additional flexibility and control over the normalized

values in deep neural networks. Here are the benefits of using these parameters:

1. Customizable mean and variance: The gamma parameter allows you to scale and shift the normalized values, giving
you control over the mean and variance of the hidden unit values. This flexibility allows you to set the desired range of

values for better utilization of activation functions.

2. Preserving representational power: By adjusting the mean and variance of the hidden unit values, gamma and beta
prevent the normalization process from restricting the representational power of the network. This ensures that the

network can still capture complex patterns and non-linear relationships.

3. Adaptability to different distributions: The gamma and beta parameters allow you to adapt the hidden unit values to

different distributions. This is particularly useful when dealing with activation functions like sigmoid, where having a
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larger variance or a mean different from zero can be beneficial.

4. Learnable parameters: Gamma and beta are learnable parameters, which means they can be updated during the

training process using optimization algorithms like gradient descent. This allows the network to learn the optimal

values for gamma and beta that maximize performance.

V¥ Fitting Batch Norm into a Neural Network

How Batch Normalization (Batch Norm) fits into the training of a deep neural network. Here are the key points:

Batch Norm is applied between the computation of Z (pre-activation) and A (activation) in each layer of a neural
network.

It normalizes the values of Z using mean and variance calculations, resulting in normalized values called Z tilde.

Batch Norm introduces additional parameters, Beta and Gamma, for each layer to control the normalization and
scaling of Z tilde.

The parameters of the network include the usual weights (W) and biases (B) for each layer, as well as the new

parameters Beta and Gamma.

The implementation of Batch Norm can be done using optimization algorithms like gradient descent, Adam, RMSprop,

or momentum.

Deep learning programming frameworks often provide built-in functions for Batch Normalization, making it easy to

use.

Batch Norm is usually applied with mini-batches of the training set, where mean and variance are computed on each

mini-batch separately.

The parameterization of Batch Norm allows for the elimination of the bias term (B) in each layer, as it gets canceled out

during the normalization step.
The parameters Beta and Gamma control the shift and scaling of the normalized values Z tilde.

Gradient descent, with or without additional optimization algorithms, can be used to update the parameters during

training.

¥ How it works ?!

Batch normalization (batch norm) is a technique used in deep neural networks to make them learn faster and more effectively.

Here's a simple explanation of how it works:

1.

Normalizing input: Batch norm starts by normalizing the input features of the neural network. This means that it adjusts

the values of the input features so that they have a similar range. This helps the network learn better.

. Stabilizing hidden units: Batch norm also stabilizes the values of the hidden units in the network. Hidden units are like little

processing units within the network. By stabilizing their values, batch norm ensures that they don't change too much as the
network learns.

. Handling changes in data: Sometimes, the distribution of the input data can change. For example, if the network is trained

on images of black cats and then tested on images of colored cats, it might not perform well. Batch norm helps the network

adapt to these changes by making the hidden units more robust.

. Regularization effect: Batch norm also has a slight regularization effect, which means it helps prevent overfitting.

Overfitting happens when the network becomes too specialized in the training data and doesn't generalize well to new data.

Batch norm adds a little bit of noise to the hidden units, which helps prevent over-reliance on any one unit.

. Training and testing: During training, batch norm is applied to mini-batches of data. But during testing, when the network

is making predictions, adjustments need to be made to ensure the predictions are accurate.

Overall, batch normalization is a technique that helps neural networks learn faster, adapt to changes in data, and prevent

overfitting. It's like giving the network a boost to perform better!

¥ Summary

1.
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Hyperparameter Tuning: Deep neural networks have various settings called hyperparameters that control their
behavior, such as the learning rate or the number of hidden layers. Tuning these hyperparameters correctly can greatly

improve the network's performance.



2. Regularization: Regularization techniques help prevent overfitting, which is when a network becomes too specialized in
the training data and performs poorly on new data. Regularization adds a penalty to the network's loss function,

encouraging it to find simpler and more general solutions.

3. Optimization Algorithms: These algorithms help the network find the best values for its parameters during training.
They determine how the network adjusts its weights and biases to minimize the loss function and improve its

predictions.

4. Batch Normalization: Batch normalization is a technique that helps the network train faster and more reliably. It
normalizes the inputs to each layer by subtracting the mean and dividing by the standard deviation, making the

network more stable and reducing the impact of changing input distributions.

5. Programming Frameworks: Deep learning frameworks provide tools and libraries that make it easier to build and train
neural networks. They handle the low-level details of optimization and provide high-level abstractions for building

complex models.

¥ Softmax
What is Sigmoid and softmax in neural network?

Softmax finds its application in multi-class scenarios, where multiple classes are involved, assigning probabilities to each class for
comprehensive classification. On the other hand, Sigmoid is tailored for binary classification tasks, focusing on distinguishing

between two exclusive outcomes with probability mapping.

V¥ How it works ?

Softmax regression. It's a way to classify things into multiple categories instead of just two. For example, instead of just

deciding if an image is a cat or not, Softmax regression can help us classify it as a cat, dog, or even a baby chick.

To do this, we use a neural network with a special layer called the Softmax layer. This layer takes the input from the
previous layer and calculates the probabilities of each class. So if we have four classes, the Softmax layer will output four

probabilities that tell us the chance of the input belonging to each class. These probabilities should add up to one.

To calculate these probabilities, the Softmax layer uses an activation function called the Softmax function. It takes the input
values, applies some math to them, and normalizes them so that they sum up to one. This gives us the probabilities for each

class.

By using Softmax regression, we can train a neural network to classify inputs into multiple categories. It's a powerful

technique that allows us to solve more complex classification problems.

-Structuring Machine I.earning Projects

Improve machine learning systems

Motivating example
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Ideas:
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*  Collect more data * Try dropout

»  Collect more diverse training set Add L regularization

* Train algorithm longer with gradient descent + Network architecture

* Try Adam instead of gradient descent « Activation functions
* Try bigger network « # hidden units

Here is some ideas for making your machine model more stronger and accurate
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¥ Orthogonalization

Orthogonalization is a process that helps us tune and improve machine learning systems by focusing on specific aspects or "knobs"
that we want to adjust.

Summary: Orthogonalization is a process used in machine learning to improve the performance of systems by focusing on specific
aspects or "knobs" that need adjustment. It is similar to tuning the knobs on an old-school television to get the desired picture
quality. In machine learning, we have different criteria to consider, such as performance on the training set, dev set, test set, and
real-world performance. Orthogonalization involves identifying the specific adjustments needed for each aspect individually,

making it easier to improve the overall performance of the machine learning system.

Chain of assumptions in ML
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e Train set: Used to train the model; the model learns from this data.

¢ Dev set (Validation set): Used to tune hyperparameters and make decisions on the model architecture; helps in validating the model

during training.
o Test set: Used to evaluate the final performance of the model; ensures that the model generalizes well to new, unseen data.
V¥ Size of train\dev\test sets

In the era of deep learning and big data, the guidelines for setting up dev and test sets have changed. Previously, it was common
to use a 70/30 or 60/20/20 split for train/dev/test sets. However, with larger data sets, it is now recommended to allocate a smaller
percentage of data for dev and test sets. For example, if you have a million training examples, you might use 98% for training,
and 1% each for dev and test sets. The purpose of the dev set is to evaluate different ideas and improve performance, while the
test set is used to evaluate the final system. The size of the test set should be big enough to provide high confidence in the overall
performance of the system, but it doesn't need to be as large as 30% of the data. In some cases, a train/dev set without a
separate test set may be sufficient, but it is generally recommended to have a separate test set for an unbiased estimate of the

system's performance.
¥ Why Human-level performance

When we're teaching a computer to do a task, like recognizing cats in pictures, we want it to perform as well as humans or even better.

Human level performance means how well humans can do that task. It's like a benchmark for us.

Now, let's say our computer algorithm has a training error of 8% and a dev error of 10%. This means it's not doing very well on the training
set or the set of data it was trained on. It's even worse than humans who have near-perfect accuracy (1% error). In this case, we need to focus
on reducing bias, which means making the algorithm better at fitting the training set. We can try training it with a bigger neural network or
for a longer time.

But what if humans themselves struggle with the task? Let's say humans have an error rate of 7.5% because the pictures are really blurry. If
our algorithm has the same training error and dev error, it means it's doing just fine on the training set. In this situation, we need to focus on
reducing variance, which means making the algorithm more consistent and accurate. We can use techniques like regularization or get more

training data.

To summarize, understanding human level performance helps us decide whether to focus on reducing bias or variance in our learning

algorithm. It guides us in improving its performance and making it as good as or even better than humans at the task.
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Reducing (avoidable) bias and variance

Human-level Train bigger model
i T Train longer/better optimization algorithms
Rucidlob ot oo i = L‘\_,‘.‘.\--F-lu\‘l"iln{ mgf""‘fa AQ_‘W

L] ) £na
Training error NN architecture/hyperparameters search ¢ y
A

[ \":J-'.ai«w!l- p—

| \_ﬂ ( More data
Dev error Regularization

FL1 = Cﬁ;‘ue.}:"fg 3-94&,;_ IJ_LL‘.SLA:H{%M

Why compare to human-level performance

Humans are quite good at a lot of tasks. So long as
ML is worse than humans, you can:

- Get labeled data from humans. (v, ., )

(Gain insight from manual error analysis:
Why did a person get this right?

Essential Techniques: Error Analysis, Data Mismatch, Transfer Learning, and End-to-End
Learning

V¥ Error analysis

Error analysis is a process used in machine learning to examine mistakes made by a learning algorithm and gain insights for improvement. It
involves manually examining mislabeled examples and categorizing the errors. By counting the percentage of errors in different categories,
such as misclassified dogs or blurry images, one can determine the potential impact of addressing each category. This analysis helps
prioritize areas for improvement and make informed decisions about where to focus efforts. It is a quick and effective way to evaluate the

worthiness of different ideas and save time in the development process.
V¥ Incorrect label data

In this section, the instructor discusses the topic of incorrectly labeled examples in supervised learning. The instructor explains that deep
learning algorithms are generally robust to random errors in the training set, as long as the errors are reasonably random. Therefore, it may
not be necessary to spend a lot of time fixing incorrectly labeled examples in the training set. However, deep learning algorithms are less
robust to systematic errors, such as consistent mislabeling of certain categories.

When it comes to incorrectly labeled examples in the dev set or test set, the instructor suggests adding an extra column during error analysis
to keep track of the number of examples with incorrect labels. This allows for a better understanding of the impact of these incorrect labels
on the evaluation of classifiers. If the percentage of errors due to incorrect labels is relatively small compared to other causes of errors, it
may not be necessary to fix all the incorrect labels in the dev set. However, if a significant portion of the mistakes are due to incorrect labels,

it is recommended to fix them to ensure accurate evaluation of classifiers.

The instructor also provides some guidelines for fixing incorrectly labeled examples. It is advised to apply the same process to both the dev
set and the test set to maintain consistency. Additionally, it is recommended to examine examples that the algorithm got right as well as the
ones it got wrong to avoid bias in error estimation. Finally, while fixing labels in the dev and test sets is important, it may not be necessary to
invest the same effort in correcting labels in the training set.
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The instructor concludes by emphasizing the importance of manual error analysis and human insight in building practical machine learning

systems. They encourage researchers and engineers to spend time examining the data themselves to prioritize areas for improvemen
V¥ Training and Testing on Different Distributions

example focuses on building a mobile app that recognizes cat pictures uploaded by users. The dilemma arises when there is a small dataset
of mobile app images and a much larger dataset of professionally taken cat images from the web. One option is to combine both datasets, but
this can lead to the model optimizing for the wrong distribution. The recommended approach is to use the web images for the training set
and add a smaller number of mobile app images. The dev and test sets should consist entirely of mobile app images to ensure the model

performs well on the desired distribution.

Estimating the bias and variance of a learning algorithm is crucial for prioritizing what to work on next. However, the analysis of bias and
variance changes when the training set comes from a different distribution than the dev and test sets. In such cases, it is important to define a
new subset of data called the training-dev set, which has the same distribution as the training set but is not explicitly trained on. By
comparing the errors on the training set, training-dev set, and dev set, we can determine if there is a variance problem, a data mismatch
problem, or an avoidable bias problem. Unfortunately, there are no systematic ways to address data mismatch, but getting more data from

the dev and test set distribution can help improve the performance of the learning algorithm.
V¥ Addressing Data Mismatch

how to address data mismatch problems in machine learning models. It suggests carrying out manual error analysis to understand the
differences between the training set and the dev/test sets. By analyzing the dev set, you can gain insights into the nature of the errors and
identify areas where the dev set differs from the training set. Once you have insights into the dev set errors, you can try to make the training
data more similar to the dev set by either making the training data more similar or collecting more data similar to the dev and test sets. One
technique mentioned is artificial data synthesis, where you can simulate data that resembles the dev set. However, caution should be
exercised to avoid overfitting to a small subset of the data. The section also provides examples of using artificial data synthesis in speech
recognition and computer vision tasks. Overall, manual error analysis and making the training data more similar to the dev set can help

improve model performance in the presence of data mismatch.
V¥ Transfer learning

Transfer learning is a machine learning technique in which knowledge gained through one task or dataset is used to improve model
performance on another related task and/or different dataset. 1. In other words, transfer learning uses what has been learned in one
setting to improve generalization in another setting.

TF Models like :

e Inception.

e Xception.

e VGG Family.
e ResNet.

¥ Multi task learning

Multi-task learning is a technique where one neural network is trained to perform multiple tasks simultaneously. This approach is different
from transfer learning, where knowledge from one task is transferred to another. In multi-task learning, each task helps improve the
performance of the other tasks. For example, in the context of building a self-driving car, the neural network can be trained to detect
pedestrians, cars, stop signs, and traffic lights all at once. The network's output is a vector of labels indicating the presence or absence of
each object in an image. The loss function for training the network is defined as the sum of the losses for each individual prediction. Multi-
task learning is beneficial when tasks share low-level features, when the amount of data for each task is similar, and when a large enough
neural network can be trained to perform well on all tasks. However, multi-task learning is less commonly used compared to transfer

learning in practice.
¥ What is End-to-end Deep Learning?

End-to-end deep learning is a recent development in the field of deep learning that aims to simplify complex data processing systems by
replacing multiple stages of processing with a single neural network. This approach has been successfully applied in various domains such
as speech recognition, machine translation, and face recognition. However, end-to-end deep learning requires a large amount of data to work
effectively, and in some cases, traditional pipeline approaches may still perform better with smaller datasets. The use of multi-step
approaches, where the problem is broken down into simpler sub-tasks, can also lead to better performance when there is not enough data for
end-to-end learning. Overall, end-to-end deep learning is a powerful technique but may not always be the best solution depending on the

specific task and available data.

In simpler terms, imagine you want to build a robot that can recognize objects in photos. Traditionally, you'd break down this task into

several steps:
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1. Preprocessing: Clean and prepare the images.
2. Feature Extraction: Identify important features in the images (like edges or shapes).
3. Classification: Use these features to recognize the object.

In end-to-end deep learning, all these steps are combined into one process. The deep learning model learns to handle everything from the

raw input (the photo) to the final output (the recognized object) without needing manual intervention at each stage.

This approach often leads to better performance because the model can optimize the entire process as a whole rather than working on

separate parts individually.

¥ When to Use End-to-End Deep Learning ?

When to Use End-to-End Deep Learning:

1. Large Amount of Data: If you have a vast amount of labeled data, end-to-end models can learn directly from the raw data without

needing manual feature engineering.

2. Complex Problems: For tasks where it’s difficult to manually design features or intermediate steps (like image recognition, natural

language processing, or speech recognition), end-to-end models can automatically learn the best features and representations.

3. Unified Learning: When the problem benefits from optimizing the entire process together, end-to-end learning can lead to better
performance as the model learns to fine-tune all steps in the process jointly.

4. Automation: If you want to minimize manual intervention and let the model figure out the best way to solve the problem, end-to-end

learning is advantageous.

When to Avoid End-to-End Deep Learning:

1. Limited Data: If you don’t have enough data, end-to-end models might overfit or fail to generalize well. In such cases, traditional

methods with feature engineering might perform better.

2. Need for Interpretability: End-to-end models are often seen as "black boxes." If interpretability is crucial (e.g., in medical

diagnostics), a more traditional approach with explicit feature extraction might be preferred.

3. Complex or Multistage Processes: For tasks that are naturally divided into clear stages (like a pipeline where each stage can be

optimized independently), breaking down the problem into parts might be more effective.

4. High Computational Resources: End-to-end models, especially deep ones, can be resource-intensive in terms of computation and

memory. If resources are a concern, simpler models or traditional approaches might be better.

Convolutional Neural Networks

CNN

¥ Computer Vision

Computer vision is a field of technology that enables computers to understand and interpret visual information from the world, like images
and videos. It uses algorithms to analyze visual data, recognize objects, and make decisions based on what it sees. Essentially, it's like giving

computers the ability to "see" and "understand" pictures and videos.

The convolution operation is a fundamental building block of a convolutional neural network. It is used to detect edges in images. The
process involves convolving a filter matrix with an input image to produce an output matrix. The filter matrix is a small matrix that is moved
across the image, computing element-wise products and summing them to obtain the output matrix. The resulting matrix can be interpreted
as an image that highlights the detected edges. The convolution operation is an important concept in computer vision and is widely used in

deep learning frameworks.
V¥ Edge detection

Edge detection in Convolutional Neural Networks (CNNs) involves identifying boundaries or edges in images. CNNs use special filters, or
kernels, to highlight areas where there are sharp changes in pixel intensity. These filters help the network focus on important features like
object outlines. By detecting edges, CNNs can better understand the structure and shape of objects in images. This process is crucial for

tasks like object recognition and image segmentation.
¥ Padding

Padding in Convolutional Neural Networks (CNNs) involves adding extra pixels around the edges of an input image before applying the
convolutional filter. This helps in several ways:

Deep learning specialization 19


https://www.coursera.org/programs/kiron-open-higher-education-learning-program-55mz5/learn/convolutional-neural-networks?specialization=deep-learning

1. Preserves Dimensions: Padding ensures that the output feature map retains the same spatial dimensions as the input, which is important

for maintaining the size of the data throughout the network.

2. Prevents Information Loss: It prevents the loss of information at the edges of the image, where convolutional filters would otherwise

not cover as many pixels.

3. Improves Feature Detection: It allows the convolutional layers to detect features more effectively, as every part of the input image is

processed.
Padding can be zero (adding pixels with value 0) or other values, depending on the application.
V¥ Strided convolutions

Strided convolutions are a variation of the standard convolution operation in CNNs where the filter (or kernel) moves across the input image

with a step size greater than one.

Here’s what it does:

1. Reduces Output Size: By using a stride greater than one, the output feature map becomes smaller than the input, which helps reduce

the spatial dimensions and computational load.

2. Increases Receptive Field: Larger strides allow the network to capture information from a wider area of the input image, effectively

increasing the receptive field of the convolutional layers.

3. Downsampling: Strided convolutions can act as a form of downsampling, similar to pooling layers, helping to abstract and summarize

the input data as it moves through the network.
Essentially, strided convolutions help to efficiently reduce the size of the data while still capturing important features.

¥ Convolutions over volumes

Convolutions over volumes refer to applying convolutional operations to three-dimensional data, such as video frames or 3D medical

images. This process extends the 2D convolutional concept to handle an extra dimension.
Here's a quick breakdown:

1. 3D Convolutional Layers: These layers use three-dimensional filters to scan through the depth, height, and width of the input volume.

The filters move through all three dimensions, capturing spatial and temporal features.

2. Volume Representation: The input is represented as a 3D volume, where depth adds the extra dimension to traditional 2D images. For

example, in video data, depth could represent time across multiple frames.

3. Feature Extraction: 3D convolutions help extract features that capture both spatial and temporal information, making them useful for

tasks like video analysis, medical imaging, and any application where understanding data across multiple dimensions is crucial.

In summary, convolutions over volumes allow CNNs to process and analyze complex data structures that involve depth or time, enhancing

their ability to learn from rich, multi-dimensional input.
¥ One layer of a convolutional network
One layer of a convolutional network typically includes the following components:

1. Convolutional Operation: Applies a set of filters (kernels) to the input image or feature map. Each filter slides over the input,
performing element-wise multiplication and summing the results to produce a feature map. This step extracts various features from the

input, such as edges or textures.

2. Activation Function: After the convolution operation, an activation function like ReL U (Rectified Linear Unit) is applied element-wise

to the resulting feature map. This introduces non-linearity, allowing the network to learn more complex patterns.
3. Bias: A bias term is added to the feature map to shift the activation function, which helps the network fit the data better.

4. Output Feature Map: The result of the convolution and activation steps is a new feature map that represents the presence of the

learned features in the input.
5. Padding and stride are parameters we can added to the layers .

In summary, one convolutional layer processes the input with filters to extract features, applies an activation function to introduce non-

linearity, and outputs a feature map that serves as input for the next layer.
V¥ Pooling layers

Pooling layers are an essential component of Convolutional Neural Networks (CNNs) that help reduce the spatial dimensions of feature

maps while retaining important information. Here’s a breakdown of pooling layers:

1. Purpose: Pooling layers reduce the size of feature maps, which helps to:
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2.

e Decrease Computational Load: Smaller feature maps require less computation in subsequent layers.

¢ Reduce Overfitting: By summarizing features, pooling can help generalize the model and prevent it from memorizing the training
data.

o Extract Important Features: Pooling helps focus on the most significant features in the feature map, providing a form of

translation invariance.
Types of Pooling:

e Max Pooling: Takes the maximum value from each patch of the feature map. This is the most common pooling method and helps

retain the most prominent features.

e Average Pooling: Computes the average value of each patch. This method can be useful in certain contexts but is less common

than max pooling.

V¥ Full CNN Model

A Convolutional Neural Network (CNN) typically consists of several types of layers, each serving a specific purpose. Here’s an overview of

the common layers you’ll find in a CNN:

1.

Convolutional Layer: The core building block of a CNN. It applies a set of filters to the input to create feature maps, extracting various

features such as edges or textures.

. Activation Layer: Often used immediately after the convolutional layer, it applies an activation function like ReLU (Rectified Linear

Unit) to introduce non-linearity into the network. This helps the model learn complex patterns.

Pooling Layer: Reduces the spatial dimensions of the feature maps (width and height) by summarizing the outputs of neighboring

pixels. Common pooling operations include max pooling (taking the maximum value) and average pooling.

Normalization Layer: Normalizes the feature maps to stabilize and accelerate the training process. Batch normalization is a common

example, which normalizes the output of the previous layer across the mini-batch.

. Fully Connected (Dense) Layer: Connects every neuron from the previous layer to each neuron in the current layer. This layer is

typically used towards the end of the network to make predictions based on the features extracted by the convolutional and pooling

layers.

Dropout Layer: A regularization technique that randomly sets a fraction of the neurons to zero during training. This helps prevent

overfitting by ensuring the model does not rely too heavily on any one neuron.

Flatten Layer: Converts the multi-dimensional feature maps into a one-dimensional vector, which can then be fed into fully connected

layers.

Output Layer: Produces the final prediction of the network. For classification tasks, this is usually a softmax or sigmoid layer that

outputs probabilities for different classes.

In summary, CNNs use a combination of convolutional, activation, pooling, normalization, and fully connected layers to progressively

extract features and make predictions from input data.
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Neural network example

Activation shape Activation Size # parameters
Input: (32,32,3) . — 3,072 o™ 0
CONV1 (=5, s=1) (28,28,6) \ 4,704 456 <—
POOLI1 (14,14,6) \ 1,176 ) E—
CONV2 (£=5, s=1) (10,10,16) | 1,600 2,416 <—
POOLZ2 (5,5,16) 400 0 &
FC3 (120,1) | 120 48,120 1
FC4 (84,1) f 84 10,164 |
Softmax (10,1) Vv 10 850

¥ Handwritten digit recognition

The example we look at is inspired by the classic LeNet-5 network and involves performing handwritten digit recognition on a 32x32 RGB

image.

The architecture consists of several layers, starting with a convolutional layer (conv1) that applies 6 filters of size 5x5 to the input image.

This is followed by a pooling layer (pool1) that reduces the height and width of the representation by a factor of 2.

Next, another convolutional layer (conv?2) is applied to the output of pooll, using 10 filters of size 5x5. This is followed by another pooling
layer (pool2) that further reduces the height and width.

After pool2, the output is flattened into a 400x1 dimensional vector and fed into a fully connected layer (FC3) with 120 units. Another fully

connected layer (FC4) with 84 units is then added, and finally, a softmax layer with 10 outputs is used for digit recognition.

Throughout the architecture, the height and width gradually decrease while the number of channels increases. The number of parameters is

relatively low in the convolutional layers and higher in the fully connected layers.

It is common to have a pattern of alternating convolutional and pooling layers followed by fully connected layers in CNN architectures. The

choice of hyperparameters can be guided by existing literature and successful architectures.

¥ Code

# CNN Model
model = Sequential()
# Feature Learning Layers

model.add(Conv2D(32, # Number of filters/Kernels
(3,3), # Size of kernels (3x3 matrix)
strides = 1, # Step size for sliding the kernel across the input
padding = 'same', # 'Same' ensures that the output feature map has ti
input_shape = (256,256,3) # Input image shape
))

model.add(Activation('relu'))# Activation function
model.add(BatchNormalization())

model.add(MaxPooling2D(pool_size = (2,2), padding = 'same'))
model.add(Dropout(0.2))

model.add(Conv2D(64, (5,5), padding = 'same'))
model.add(Activation('relu'))
model.add(BatchNormalization())
model.add(MaxPooling2D(pool_size = (2,2), padding = 'same'))

model.add(Dropout(0.2))
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model.add(Conv2D (128, (3,3), padding = 'same'))
model.add(Activation('relu'))
model.add(BatchNormalization())

model.add(MaxPooling2D(pool_size = (2,2), padding = 'same'))
model.add(Dropout(0.3))

model.add(Conv2D (256, (5,5), padding = 'same'))
model.add(Activation('relu'))
model.add(BatchNormalization())
model.add(MaxPooling2D(pool_size = (2,2), padding = 'same'))
model.add(Dropout(0.3))

model.add(Conv2D(512, (3,3), padding = 'same'))
model.add(Activation('relu'))
model.add(BatchNormalization())
model.add(MaxPooling2D(pool_size = (2,2), padding = 'same'))
model.add(Dropout(0.3))

# Flattening tensors

model.add(Flatten())

# Fully-Connected Layers

model.add(Dense(2048))

model.add(Activation('relu'))

model.add(Dropout(0.5))

# Output Layer

model.add(Dense(3, activation = 'softmax')) # Classification layer

Pre-trained Models
¥ Classic Networks
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¥ VGG

The VGG-16 model is a convolutional neural network (CNN) architecture that was proposed by the Visual Geometry Group (VGG) at

AlexNet
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the University of Oxford. It is characterized by its depth, consisting of 16 layers, including 13 convolutional layers and 3 fully

connected layers. VGG-16 is renowned for its simplicity and effectiveness, as well as its ability to achieve strong performance on
various computer vision tasks, including image classification and object recognition. The model’s architecture features a stack of
convolutional layers followed by max-pooling layers, with progressively increasing depth. This design enables the model to learn
intricate hierarchical representations of visual features, leading to robust and accurate predictions. Despite its simplicity compared to

more recent architectures, VGG-16 remains a popular choice for many deep learning applications due to its versatility and excellent

performance.

¥ ResNet
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Residual Network:

In order to solve the problem of the vanishing/exploding gradient, this architecture introduced the concept called Residual Blocks. In

this network, we use a technique called
skip connections

The skip connection connects activations of a layer to further layers by skipping some layers in between. This forms a residual block.

Resnets are made by stacking these residual blocks together.

The approach behind this network is instead of layers learning the underlying mapping, we allow the network to fit the residual
mapping. So, instead of say H(x), initial mapping , let the network fit .

weight layer
]—"( x) l relu

weight layer

X

identity

¥ Networks and 1x1 Convolutions Networks

1x1 Convolutions:

e What They Are: A 1x1 convolution is a convolutional layer where the filter size is 1x1. Despite the small size, 1x1 convolutions

are quite powerful.
e What They Do:

o Dimensionality Reduction/Expansion: 1x1 convolutions can be used to reduce or increase the number of channels (depth) in
the feature map. For example, if you have a feature map with 256 channels, a 1x1 convolution can reduce it to 64 channels,
making the network more efficient.

o Adding Non-Linearity: By applying a non-linear activation function (like ReL.U) after a 1x1 convolution, the network can

introduce non-linearity at every point in the feature map, allowing it to learn more complex representations.

o Combining Features: They allow the network to combine features across different channels effectively, which can be thought

of as mixing the input channels in a learnable way.
V¥ Inception

The Inception network, also known as GoogL.eNet, is a deep convolutional neural network architecture introduced by Google in 2014.
It was a major breakthrough in deep learning, particularly for image classification tasks, and won the ImageNet Large Scale Visual
Recognition Challenge (ILSVRC) in 2014. Here's an overview of the Inception network:

1. Motivation and Goals:

e Challenge: Before Inception, CNNs tended to be either too wide (with large, expensive convolutional layers) or too deep (leading
to vanishing gradients and overfitting). Balancing the depth and width of the network while keeping computational costs reasonable
was a key challenge.

e Goal: The Inception network was designed to be both deep and computationally efficient by allowing the network to "choose" the

best convolution type and size dynamically through the Inception module.

2. Inception Modules:

e Core Idea: The Inception module is the building block of the network, and it is designed to apply multiple convolution operations

(with different filter sizes) and pooling operations in parallel on the same input.
e Structure:

o 1x1 Convolutions: Used for dimensionality reduction and as a non-linear function.
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o 3x3 and 5x5 Convolutions: Capture features at different scales.
o Max Pooling: Captures features that are invariant to small shifts.

o Concatenation: The outputs of all these operations are concatenated along the depth (channel) dimension, combining features
of different scales and types into a single output.

The result is a module that can capture different types of features in a single layer, making the network very powerful without
requiring excessive depth or width.

¥ MobileNet

MobileNet is a class of efficient deep neural networks specifically designed for mobile and embedded vision applications where
computational resources and power consumption are limited. Introduced by Google in 2017, MobileNet models are lightweight, making

them suitable for deployment on devices like smartphones, IoT devices, and embedded systems.

1. Motivation and Goals:

e Challenge: Traditional deep neural networks, while powerful, are often too computationally expensive to run efficiently on devices
with limited processing power, memory, and battery life.

e Goal: MobileNet was designed to create high-performance models that are lightweight, fast, and energy-efficient, making them
ideal for on-device inference.

2. Core Concept: Depthwise Separable Convolutions:

e Standard Convolutions: In a typical convolutional layer, each filter is applied to all input channels, resulting in a heavy

computational load, especially with a large number of filters and input channels.
¢ Depthwise Separable Convolutions:

o Depthwise Convolution: Instead of applying each filter to all channels, each filter is applied to a single input channel

(depthwise). This reduces the computational cost significantly.

o Pointwise Convolution (1x1 Convelution): After depthwise convolution, a 1x1 convolution is applied to combine the outputs
of the depthwise step across channels.

o Efficiency: By separating the spatial and channel-wise computations, depthwise separable convolutions drastically reduce the

number of parameters and multiplications required, making the model much more efficient while maintaining accuracy.

3. MobileNet Architecture:

e Building Blocks: The MobileNet architecture is built by stacking multiple layers of depthwise separable convolutions instead of
traditional convolutions.

e Width Multiplier: MobileNet introduces a hyperparameter called the width multiplier (a) that controls the number of channels at

each layer. By adjusting «, you can trade off between model size and accuracy.
a\alpha
a\alpha

¢ Resolution Multiplier: Another hyperparameter is the resolution multiplier (p), which scales down the input image resolution,

allowing further control over the computational cost.

p\rho

Object localization

¥ Object localization

Object detection is a complex problem that combines the concepts of image localization and classification. Given an image, an object
detection algorithm would return bounding boxes around all objects of interest and assign a class to them.
Input: an image

({32 A (- )

Output: “x”, “y”, height, and width numbers around all object of interest along with class(es)
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What are localization and detection?

Image classification Classification with Detection
localization
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¥ LandMark Detection

Landmark detection is a computer vision technique that involves identifying and locating specific points or features (landmarks) on objects
or within images. These landmarks are typically key points that represent the geometry or structure of an object, such as the corners of a

building, the eyes and nose on a face, or the joints on a human body.
Landmark detection is widely used in various applications, including:

1. Face Recognition and Analysis: Detecting facial landmarks like eyes, nose, mouth, and jawline is essential for tasks like facial

recognition, emotion detection, and face alignment.

2. Pose Estimation: In human pose estimation, landmarks are detected at key joints of the body, such as shoulders, elbows, and knees, to
understand the pose or orientation of a person.

3. Augmented Reality (AR): Landmarks are used to place virtual objects accurately in the real world, such as overlaying digital content

on a user's face or environment.

4. Medical Imaging: Detecting anatomical landmarks in medical images, like identifying key points in brain scans, helps in diagnosis and

treatment planning.
5. Object Recognition: In some object recognition tasks, landmarks help identify and classify objects based on their distinctive features.

Landmark detection usually involves using machine learning or deep learning models trained on annotated datasets where the landmarks

have been manually marked. These models then predict the locations of the landmarks in new images.

¥ Object Detection

Sliding Windows Detection Algorithm for object detection using Convolutional Neural Networks (ConvNets). The algorithm involves
creating a labeled training set with closely cropped examples of cars. A ConvNet is then trained to input an image and output whether there
is a car or not. The Sliding Windows Detection Algorithm works by sliding a window of a certain size across the test image and inputting
each region into the ConvINet to make a prediction. This process is repeated with larger windows to cover the entire image. However, the
algorithm has a disadvantage of high computational cost. The video also mentioned that there is a more efficient way to implement the
Sliding Windows Object Detector using convolutional methods, which will be explained in the next video.

Implementation Steps

1. Input Image: The input image is fed into the CNN.

2. Convolutional Layers: The convolutional layers apply filters to the input, producing feature maps. Each filter slides over the image and

detects specific patterns, like edges or textures, relevant to the task.

3. Feature Maps: The output of the convolutional layers is a set of feature maps. Each point in these maps corresponds to the response of
a filter at a specific location in the input image.

4. Detection: Depending on the task (e.g., object detection), the feature maps can be further processed by additional convolutional layers
or passed through fully connected layers to make predictions about the presence or absence of an object.

¥ YOLO
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The YOLO (You Only Look Once) algorithm is a method for object detection that aims to output more accurate bounding boxes. It
uses a grid system to divide the input image and applies an image classification and localization algorithm to each grid cell. The
algorithm assigns objects to grid cells based on the midpoint of the objects. The output of the algorithm is an eight-dimensional
vector for each grid cell, specifying whether there is an object, the bounding box coordinates, and the class of the object. The YOLO
algorithm allows for precise bounding box coordinates and can handle objects of any aspect ratio. It is implemented using
convolutional neural networks, making it computationally efficient. The algorithm can be further improved by using a finer grid

system and addressing the issue of multiple objects within a grid cell.

1. Grid Structure

YOLO divides the input image into an SXSS \times SSxS grid. Each grid cell is responsible for detecting objects whose center falls within
that cell.

2. Bounding Box Predictions

Each grid cell predicts a fixed number of bounding boxes (e.g., 2, 3, or 5 boxes). For each bounding box, the following information is

predicted:

¢ (X,y): The coordinates of the center of the bounding box relative to the bounds of the grid cell. These coordinates are normalized to be

between 0 and 1.
¢ (w, h): The width and height of the bounding box relative to the entire image, also normalized between 0 and 1.

e Confidence Score: A single value representing the confidence that the bounding box contains an object. It is calculated as:
Confidence Score=P(object)xIoU

where:
Confidence Score=P(object)xIoU\text{ Confidence Score} = P(\text{object}) \times \text{IoU}
o P(object)P(\text{object})P(object) is the probability that an object is present in the bounding box.

o IoU (Intersection over Union) measures the overlap between the predicted bounding box and the ground truth bounding box.

3. Class Predictions

Each grid cell also predicts a set of class probabilities, which indicate the likelihood of the object belonging to each class (e.g., car, dog,

person).

e Class Probabilities: A vector of probabilities for all the classes in the dataset. These probabilities are independent of the bounding

boxes.

4. Output Tensor

The final output of the YOLO model is a tensor (multi-dimensional array) with a shape of SxSx(Bx5+C)S \times S \times (B \times 5 +
C)SxSx(Bx5+C), where:

e SxSS \times SSxS is the grid size.

e BBB is the number of bounding boxes predicted per grid cell.

e 555 corresponds to the 4 bounding box coordinates and 1 confidence score.
e CCC is the number of classes.

For example, if YOLO divides the image into a 7x7 grid, predicts 2 bounding boxes per cell, and the dataset has 20 classes, the output tensor
shape would be 7x7x(2x5+20)=7%7x307 \times 7 \times (2 \times 5 + 20) = 7 \times 7 \times 307x7x(2x5+20)=7x7x30.

V¥ Intersection Over Union

Intersection over Union (IoU) is a metric used to evaluate the accuracy of object detection models. It measures how well the predicted

bounding box overlaps with the ground truth bounding box, which is the correct box for an object in an image.

1. Definition

IoU is defined as the ratio between the area of overlap and the area of union of two bounding boxes (predicted and ground truth).
Mathematically, it can be expressed as:

IoU=Area of OverlapArea of Union\text{IoU} = \frac{\text{Area of Overlap} }{\text{ Area of Union}}

IoU=Area of UnionArea of Overlap

e Area of Overlap: The area where the predicted and ground truth bounding boxes overlap.
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¢ Area of Union: The total area covered by both the predicted and ground truth boxes combined.
The IoU value ranges from 0 to 1:

e IoU = 0: No overlap between the predicted and ground truth boxes.

e IoU >0.5 = Correct .

e IoU = 1: Perfect overlap (the predicted box exactly matches the ground truth box).

2. IoU Calculation Process

To calculate ToU, follow these steps:
1. Find the area of overlap between the predicted and ground truth boxes. This is the region where the two boxes intersect.
2. Find the area of union by adding the area of both bounding boxes and subtracting the area of overlap.
3. Calculate IoU by dividing the area of overlap by the area of union.
¥ NMS

Non-Maximum Suppression (NMS) is a key technique in object detection to filter out overlapping bounding boxes that represent the same

object, keeping only the one with the highest confidence score. Here's how it works:

Steps of Non-Max Suppression:
1. Score Thresholding:

e First, eliminate all bounding boxes with a confidence score below a certain threshold. This reduces the number of boxes that need
to be considered.

2. Sorting:
e Sort the remaining bounding boxes by their confidence scores in descending order.
3. Selection:
o Starting with the bounding box that has the highest confidence score, select it as a valid detection.

e Compare this box with the remaining boxes. If the Intersection over Union (IoU) between this box and any other box is higher than

a given threshold, discard that box (as it is likely to represent the same object).
4. Repeat:

e Move to the next box with the highest score that hasn't been discarded, and repeat the process until all boxes have been either

selected or discarded.
5. Output:

e The result is a set of bounding boxes that are the most confident and non-overlapping, representing the detected objects.

Why Use NMS?

NMS helps in reducing redundancy by eliminating multiple detections for the same object, thereby improving the accuracy of object
detection systems.

Variants of NMS:

e Soft-NMS: Instead of discarding boxes with high IoU, it reduces their confidence scores based on the overlap, allowing some flexibility

in detecting objects that are close together.

¢ Class-wise NMS: This is applied independently for each class in multi-class object detection tasks.
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¥ Anchor Boxes

Anchor boxes are a fundamental concept used in object detection models, particularly in models like YOLO (You Only Look Once), SSD
(Single Shot MultiBox Detector), and Faster R-CNN. They are pre-defined bounding boxes of different shapes and sizes that serve as
reference points for detecting objects of varying scales within an image.

Key Points About Anchor Boxes:

1. Purpose: Anchor boxes help the model predict bounding boxes around objects by offering a set of pre-defined shapes and sizes. The
model then adjusts these boxes to better fit the objects in the image.

2. Multiple Scales and Aspect Ratios: Typically, multiple anchor boxes are used per grid cell in an image. These anchor boxes vary in
scale and aspect ratio to capture objects of different sizes and shapes.

3. Matching with Ground Truth: During training, each anchor box is matched with ground truth boxes (the actual object locations in the
training images). The model learns to adjust the size, location, and aspect ratio of the anchor boxes to minimize the difference between
the predicted box and the ground truth box.

4. Intersection over Union (IoU): The matching process between anchor boxes and ground truth boxes often involves calculating the IoU,
which measures the overlap between two bounding boxes. A higher IoU means a better match.
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Overlapping objects:
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V¥ Semantic segmentation with U-Net

Semantic segmentation with U-Net is a popular approach for pixel-level image classification, where the goal is to assign a class label to each
pixel in an image. U-Net, originally designed for biomedical image segmentation, has become widely adopted due to its ability to produce

high-quality segmentation maps, especially in tasks where precise boundary delineation is crucial.

U-Net Architecture:

U-Net follows an encoder-decoder architecture with symmetric paths:
1. Encoder (Contracting Path):

e Convolutional Layers: The encoder consists of several convolutional layers followed by ReL.U activation and max-pooling

operations. These layers extract features and reduce the spatial dimensions of the input image.

o Feature Maps: As the encoder progresses, it captures increasingly abstract and higher-level features, but the spatial resolution
decreases.

2. Bottleneck:

e This is the layer where the encoder and decoder meet, and it has the smallest spatial dimensions but the most abstract feature

representation.
3. Decoder (Expanding Path):

e Upsampling Layers: The decoder upsamples the feature maps using transposed convolutions (also known as deconvolutions).

These layers increase the spatial dimensions while reducing the depth.

e Skip Connections: U-Net introduces skip connections from the corresponding layers in the encoder to the decoder. These
connections concatenate the encoder’s feature maps with the upsampled decoder feature maps, allowing the model to retain spatial
context and fine-grained details.

4. Output Layer:

e A final 1x1 convolution layer reduces the number of feature maps to the number of classes in the segmentation task. This is

followed by a softmax or sigmoid activation function, depending on whether the problem is multi-class or binary segmentation.

Semantic Segmentation with U-Net:

In the context of semantic segmentation:
e Input: The input is an image that needs to be segmented, such as a medical scan, satellite image, or scene in computer vision.

e Output: The output is a segmentation map where each pixel is assigned a class label, effectively partitioning the image into regions

corresponding to different objects or classes.

Strengths of U-Net for Semantic Segmentation:
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1. Precision in Localization: U-Net’s skip connections help the model produce accurate segmentations by combining low-level spatial

information from early layers with high-level semantic information from deeper layers.

2. Effective with Limited Data: U-Net was designed to work well even with limited annotated data, which is common in medical

imaging.

3. Handles Complex Shapes and Boundaries: The architecture’s ability to capture fine details makes it particularly effective in tasks

requiring precise boundary delineation.

4. Versatility: Although U-Net was originally developed for biomedical images, it has been successfully applied to a wide range of

domains, including satellite image analysis, autonomous driving, and more.

Applications:

e Medical Imaging: U-Net is widely used for tasks such as tumor segmentation in MRI scans, organ segmentation in CT scans, and cell

segmentation in microscopy images.
¢ Remote Sensing: U-Net is used to segment land cover types in satellite imagery.

¢ Autonomous Vehicles: U-Net-based models help in segmenting road lanes, pedestrians, and other objects in real-time driving

scenarios.
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Sequence Models

RNN

¥ Why Sequence Data ?
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Examples of sequence data

Speech recognition = W

Music generation @

“There is nothing to like

Sentiment classification Y g
in this movie.

DNA sequence analysis AGCCCCTGTGAGGAACTAG

Machine translation Voulez-vous chanter avec
moi?

Video activity recognition

Name entity recognition Yesterday, Harry Potter
met Hermione Granger.

¥ Why not a standard network ?
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- Inputs, outputs can be different lengths in different examples.

- Doesn’t share features learned across different positions of text.

¥ Why should use RNN ?

Andrew Ng

A Recurrent Neural Network (RNN) is a type of neural network designed for processing sequential data, where the output from previous

steps is fed as input to the current step. Unlike traditional feedforward neural networks, RNNs have an internal memory that captures

information about what has been processed so far, making them particularly effective for tasks such as time series prediction, natural

language processing, and speech recognition.

Key features of RNNs include:

1. Sequential Data Handling: RNNs are specifically designed to handle sequences, making them ideal for tasks where the order of input

data is important.

2. Hidden State: RNNs maintain a hidden state that is updated at each step of the sequence, allowing the network to capture and retain

information from previous steps.
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e What It Is: The hidden state in an RNN is a vector of values that essentially acts as the network's "memory." It is updated at each time

step and carries information about the previous inputs in the sequence.

e How It Works: At each time step, the RNN takes in the current input and the hidden state from the previous time step. It processes both
to produce a new hidden state and, often, an output. This hidden state is passed along to the next time step, allowing the RNN to

"remember" previous information as it processes the sequence.

1. Shared Weights: The weights are shared across all time steps, meaning the same set of parameters is used to process each part of the

sequence, which helps in generalizing across different positions in the sequence.
e What It Is: In an RNN, the same set of weights (parameters) is used across all time steps in the sequence.

e How It Works: Because the weights are shared, the RNN can apply the same transformation to each part of the sequence, regardless of
its position. This weight sharing reduces the number of parameters the network needs to learn, which helps in generalizing patterns
across different parts of the sequence. For example, if the network is processing a sentence, the same weights will apply to all words,

helping the RNN recognize patterns like subject-verb agreement throughout the sequence

1. Backpropagation Through Time (BPTT): Training an RNN involves a process called BPTT, which is an extension of the standard

backpropagation algorithm to handle the temporal nature of the data.
e What It Is: BPTT is a training algorithm used to optimize the parameters of an RNN.

e How It Works: BPTT is an extension of the standard backpropagation algorithm used in feedforward neural networks, but it accounts
for the sequential nature of RNNs. During training, BPTT unrolls the RNN across time steps, treating each step like a layer in a deep
network. The algorithm then computes gradients for the weights by considering errors at each time step and propagates them backward
through the unrolled sequence to update the weights. However, this process can be computationally intensive and may lead to issues like
vanishing or exploding gradients, where the gradients become too small or too large, making training difficult. This is why variants like

LSTM and GRU are often preferred for longer sequences

Vv Different Types of RNNs

1. One-to-One (Vanilla Neural Network)

e Description: This is the standard neural network, not technically an RNN. It involves a single input mapped to a single output.

o Example: Image classification, where a single image is classified into one category.

2. One-to-Many
¢ Description: In this configuration, a single input is used to produce a sequence of outputs.
o Example: Image captioning, where a single image is inputted and the model generates a sequence of words (a sentence) describing the
image.
3. Many-to-One
e Description: Multiple inputs (a sequence) are processed to produce a single output.

o Example: Sentiment analysis, where a sequence of words (a sentence or paragraph) is inputted, and the model outputs a single

sentiment label (positive, negative, or neutral).

4. Many-to-Many (Sequence-to-Sequence)

e Description: In this setup, an input sequence is mapped to an output sequence, where the length of the input and output sequences may

or may not be the same.
e Example:

o Equal Length (e.g., Translation): An input sequence of words in one language is translated to an output sequence of words in

another language.
o Different Length (e.g., Video Classification): A sequence of video frames (many inputs) is classified into multiple labels, such as

actions happening in the video.

5. Many-to-Many (With Different Lengths)

e Description: A specific variant of the many-to-many model, where the input and output sequences have different lengths.

o Example: Machine translation, where an English sentence may be translated to a French sentence of a different length.
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Summary of RNN types
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V¥ Language Model & Sequence Generation

Language Model

What It Is:

A language model is a probabilistic model that predicts the likelihood of a sequence of words or tokens in a language. It assigns a probability
to a sequence of words by modeling the probability of each word given the preceding ones.
How It Works:

e Training: Language models are trained on large corpora of text. During training, the model learns to predict the next word in a
sequence based on the words that have come before it. The model essentially learns the statistical patterns of the language.

e Architecture: Traditional language models use n-grams (fixed-length sequences of n words), but modern approaches typically involve

RNNs, LSTMs, GRUs, or Transformers, which can model dependencies across much longer contexts.
¢ Objective: The main goal is to maximize the likelihood of the sequences in the training data, meaning the model gets better at
predicting words that are likely to follow a given context.
Applications:
o Text generation: Generating coherent sentences or paragraphs.
e Speech recognition: Predicting the next word in a spoken sentence.

¢ Machine translation: Predicting word sequences in a target language.
Sequence Generation

What It Is:

Sequence generation refers to the process of producing sequences of data, such as text, using models like RNNs. In NLP, this often means
generating sentences, paragraphs, or even entire documents, word by word.
How It Works:

e Autoregressive Generation: The model generates sequences one step at a time, where the output of one step becomes the input for the
next. For example, in text generation, the model starts with a seed word or phrase and generates the next word based on the seed, then
the next word based on all previous words, and so on.

e Sampling Strategies: During generation, different strategies can be used to choose the next word:

o Greedy Search: Always picks the word with the highest probability.
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o Beam Search: Explores multiple possible sequences at each step to find the most likely one.

o Random Sampling: Introduces randomness by sampling from the probability distribution, allowing for more creative or diverse

text generation.

Applications:
e Text Generation: Creating new text based on a given prompt.
¢ Chatbots: Generating responses in conversational agents.

e Poetry and Story Generation: Creating literary works by generating sequences of words that form coherent text.

Challenges:

e Coherence: Maintaining logical consistency and coherence in the generated text, especially over longer sequences.

¢ Diversity vs. Repetition: Balancing between generating diverse outputs and avoiding repetition, which can be tricky when the model

over-reliably predicts certain common sequences.

¢ Long-term Dependencies: Capturing long-term dependencies in text, which is why advanced architectures like LSTM, GRU, and

Transformers are often preferred.

¥ Sampling novel sequences

Sampling novel sequences is a process used in natural language processing (NLP) to generate new, unique sequences of text (or other data
types) by drawing from a learned probability distribution. This process is often used in tasks like text generation, creative writing, chatbot

responses, and more. Here’s how it works and some common techniques involved:

What is Sampling?

Sampling in the context of sequence generation involves selecting the next element in a sequence (e.g., the next word in a sentence) based
on the probabilities predicted by a language model. The goal is to generate a new sequence that follows the learned patterns but is not merely

a repetition of the training data.

How Sampling Works:
1. Training the Model:
e The model (e.g., an RNN, LSTM, or Transformer) is trained on a dataset of sequences (like sentences).
e During training, the model learns the probability distribution of the next word given the previous words.
2. Generating a Sequence:
e Start with a Seed: Begin with a seed word or phrase.
e Predict the Next Word: The model predicts the probability distribution over the vocabulary for the next word.

o Sample the Next Word: A word is selected from this distribution. The way this word is chosen depends on the sampling strategy

used.

* Repeat: The selected word is appended to the sequence, and the process repeats until a stopping criterion is met (e.g., a specific

sequence length or an end-of-sequence token).
¥ Vanishing Gradients with RNNs

The vanishing gradient problem is a common issue in training Recurrent Neural Networks (RNNNs), especially when dealing with long
sequences. It occurs when the gradients of the loss function with respect to the network's parameters become very small during

backpropagation, leading to slow or stalled learning.

¥ How to avoid the Vanishing Gradients with RNNs

GRU (Gated Recurrent Unit) and LSTM (Long Short-Term Memory) are types of recurrent neural networks (RNNs) used primarily for
processing sequential data. They are both designed to address the vanishing gradient problem encountered in traditional RNNs, which limits

the ability of RNNs to learn long-range dependencies.

GRU (Gated Recurrent Unit)

o Simpler architecture: GRUs are simpler than LSTMs as they have fewer gates. A GRU has two gates:
o Update Gate: Decides how much of the past information needs to be passed along to the future.

o Reset Gate: Determines how much of the past information to forget.
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o Faster training: GRUs generally train faster and require less memory compared to LSTMs, as they have fewer parameters.

e Performance: GRUs perform well on simpler problems and are often used when training time is a critical factor.

LSTM (Long Short-Term Memory)
e Complex architecture: LSTMSs have three gates:
o Forget Gate: Decides what information from the past should be forgotten.
o Input Gate: Controls how much new information to add to the cell state.
o Output Gate: Determines what part of the cell state should be output to the next hidden state.

e Handling longer sequences: LSTMs are particularly effective for learning long-term dependencies because of their ability to retain

information for long periods.

e More parameters: LSTMs are computationally more expensive and require more memory but are more powerful in handling complex

sequences.

Bidirectional LSTM (BiLSTM)

¢ Bidirectional processing: A Bidirectional LSTM runs two LSTMs, one on the input sequence as it is and another on a reversed copy of

the input sequence. This allows the model to have both forward and backward context.

e Improved context understanding: By considering both past and future context, BiLSTMs often perform better in tasks where context

from both directions is crucial, such as in speech recognition or machine translation.

Summary
e GRU: Simpler, faster, fewer parameters, but might not capture as complex dependencies as LSTMs.
e LSTM: More complex, powerful, and capable of capturing long-term dependencies.
e BIiLSTM: Enhances the context understanding by processing sequences in both forward and backward directions.
V¥V Deep RNNs

Deep RNNSs, or deep recurrent neural networks, are RNNs with multiple layers of recurrence, extending the architecture beyond a single
layer of recurrent units. This "deep" structure can help capture more complex patterns and hierarchical features in sequential data. Here’s a

brief overview:

Key Features of Deep RNNs
1. Multiple Layers:

o Layer Stacking: In deep RNNs, you stack multiple layers of RNNs on top of each other. Each layer receives input from the layer

below it and passes its output to the layer above.
e Hierarchical Learning: This hierarchical approach allows the model to learn representations at multiple levels of abstraction.
2. Enhanced Learning Capacity:
e Complex Patterns: Deep RNNs can capture more intricate patterns in sequential data compared to shallow RNNs.
e Feature Extraction: The multiple layers help in extracting features from raw sequences more effectively.
3. Training Challenges:

e Vanishing/Exploding Gradients: Deep RNNs are still susceptible to issues like vanishing and exploding gradients, though

advanced architectures like LSTMs and GRUs mitigate these problems to some extent.
e Training Time: They typically require more computational resources and longer training times compared to shallow RNNs.
4. Applications:

e Sequence Modeling: Used in tasks requiring understanding of long-term dependencies in sequences, such as language modeling,

machine translation, and speech recognition.

e Temporal Pattern Recognition: Effective in recognizing complex temporal patterns, such as in time-series forecasting and video

analysis.

Comparison with Shallow RNNs
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e Shallow RNNs: Typically consist of a single layer of RNN units. They are simpler and faster but may struggle with capturing long-

range dependencies in sequences.

e Deep RNNs: Offer a richer representation of data by stacking multiple RNN layers, allowing for better modeling of complex patterns

but with increased complexity in training and implementation.

Word Embedding
¥ Word Embedding

Word embedding is a technique used in Natural Language Processing (NLP) to represent words in a continuous vector space, where words
with similar meanings have similar representations. This is done by mapping words or phrases to vectors of real numbers. The idea is to

capture semantic relationships between words, making it easier for machine learning models to process and understand language.

Key Concepts:

1. Vector Representation: Words are represented as vectors in a high-dimensional space. For example, "king" might be represented as

[0.5, 0.1, 0.2, ...].

2. Dimensionality Reduction: Unlike traditional one-hot encoding, which results in sparse vectors with high dimensionality, word

embeddings produce dense vectors with lower dimensions, making them more efficient.

3. Semantic Similarity: Words with similar meanings have vectors that are close together in the embedding space. For example, "king"

and "queen" would be close to each other.
4. Training Methods:

e Word2Vec: A popular algorithm that learns word embeddings by predicting a word based on its context (Skip-gram) or predicting
the context from a word (CBOW - Continuous Bag of Words).

¢ GloVe (Global Vectors for Word Representation): An approach that leverages global word co-occurrence statistics to produce

word vectors.

o FastText: An extension of Word2Vec that treats words as a bag of character n-grams, improving the handling of rare and out-of-
vocabulary words.

5. Applications: Word embeddings are used in various NLP tasks, such as sentiment analysis, machine translation, text classification, and

information retrieval, among others.

The advantage of word embeddings is that they allow models to learn semantic relationships between words directly from the data, leading

to better performance in many NLP tasks.

V¥ Properties of Word Embeddings

Word embeddings have several important properties that make them effective for various Natural Language Processing (NLP) tasks:

1. Semantic Similarity:
e Words with similar meanings or that are used in similar contexts have embeddings that are close to each other in the vector space.

o Example: The words "king" and "queen" will have vectors that are close together, reflecting their similar meanings.

2. Contextual Relationships:
e Word embeddings capture the relationships between words based on their context within sentences or documents.
e For instance, the word "bank" might be close to both "river" and "money" depending on its different contexts, reflecting its polysemy
(multiple meanings).
3. Linear Relationships:
¢ Certain relationships between words can be represented as vector arithmetic.
e Example: The relationship between "king" and "queen" can be expressed as a vector equation: king - man + woman = queen .

o This property can capture analogies, such as "man is to king as woman is to queen."

4. Dimensionality Reduction:

e Word embeddings reduce the dimensionality of text data, converting sparse, high-dimensional one-hot encoded vectors into dense, low-

dimensional vectors.
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e This reduction leads to more efficient storage and faster computation.

5. Transferability:

e Pre-trained word embeddings (like Word2Vec, GloVe, or FastText) can be used across different tasks without retraining, allowing

models to benefit from large amounts of pre-learned knowledge.

e These embeddings can be fine-tuned on specific tasks for improved performance.

6. Handling of Synonyms and Polysemy:
e Word embeddings can capture the nuances of synonyms (words with similar meanings) and polysemy (words with multiple meanings).

e Synonyms will have vectors that are close to each other, and polysemous words will have embeddings that reflect their different senses

based on the context in which they appear.

7. Smoothing of Data Sparsity:

e By learning dense representations, word embeddings help mitigate the issue of data sparsity, where many words in a corpus may not

appear frequently enough for traditional models to learn from them effectively.

8. Robustness to Noise:

e Embeddings are generally robust to minor variations in data. For example, minor spelling errors or variations in word forms (like "run"

and "running") may still produce similar embeddings, depending on the model used.

9. Cross-Linguistic Similarity:

¢ In multilingual embeddings, words with similar meanings across different languages may be represented by similar vectors. This

property is valuable for tasks like machine translation or cross-lingual information retrieval.

10. Extensibility:

e Word embeddings can be extended to phrases or sentences (using techniques like averaging, LSTM-based approaches, or more

advanced methods like BERT), allowing for the modeling of more complex linguistic structures.

These properties make word embeddings a powerful tool for capturing the underlying semantics of text, improving the performance and

generalization of NLP models.
¥ Embedding Matrix

An embedding matrix is a key concept in the implementation of word embeddings, especially in the context of deep learning models. It is

essentially a lookup table where each row corresponds to the vector representation (embedding) of a word in the vocabulary.

Key Concepts of an Embedding Matrix:
1. Structure:
e The embedding matrix is a 2D matrix with dimensions (v, b) , where:
o v is the size of the vocabulary (the number of unique words).
o p isthe dimensionality of the word embeddings (the number of features in each word vector).
e Each row in the matrix represents the embedding of a particular word.
2. Initialization:
e The matrix can be initialized randomly, or it can be initialized with pre-trained embeddings like Word2Vec, GloVe, or FastText.
e During training, if initialized randomly, the embedding vectors are adjusted as the model learns.
3. Lookup:

e When processing text, each word is converted to its corresponding vector by looking up the embedding matrix using the word's

index in the vocabulary.

e For example, if the word "king" is at index 42 in the vocabulary, then the 42nd row of the embedding matrix will be the vector

representing "king".
4. Training:

e The embedding matrix can be learned and updated during the training process of a neural network.
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e For example, in a sentiment analysis model, the embeddings are adjusted so that words with similar sentiment are closer in the

embedding space.
5. Fixed vs. Trainable Embeddings:
e Fixed Embeddings: If pre-trained embeddings are used and not updated during training, the embedding matrix remains fixed.

e Trainable Embeddings: If the embeddings are updated during training, the matrix is adjusted to better capture the specific features

relevant to the task.
6. Use in Neural Networks:

e The embedding matrix is often used as the first layer in a neural network model for text. It converts input sequences of word indices

into sequences of dense vectors, which are then fed into the rest of the network.

e This is commonly used in models like Convolutional Neural Networks (CNNs) for text classification, Recurrent Neural Networks

(RNNs) for sequence modeling, and Transformer-based models.
7. Efficiency:

e The use of an embedding matrix is computationally efficient. Instead of computing a new representation for each word every time,

the model simply looks up the pre-computed vector.

Example:

Suppose we have a vocabulary with 10,000 words and we want to represent each word as a 300-dimensional vector. The embedding matrix
would be of size (10,000, 300) . If the word "apple" is the 7th word in the vocabulary, the embedding vector for "apple" is the 7th row in

this matrix.

Applications:
e Text Classification: An embedding matrix converts text into a format suitable for neural network models.
¢ Machine Translation: The embedding matrix can capture relationships between words across different languages.

¢ Word Analogies: By leveraging the linear relationships captured in the embedding matrix, word analogies can be solved.

Example in Code:

In many deep learning frameworks, creating and using an embedding matrix is straightforward:

import torch
import torch.nn as nn

# Assume a vocabulary size of 10,000 and embedding dimension of 300
embedding_matrix = nn.Embedding(num_embeddings=10000, embedding_dim=300)

# Example usage: looking up the embedding for a batch of word indices
word_indices = torch.tensor([7, 42, 105]) # Sample word indices
embedded_words = embedding_matrix(word_indices)

print(embedded_words) # Outputs the embeddings for the words at indices 7, 42, 105

This snippet shows how an embedding matrix can be initialized and used to look up word embeddings in a neural network.
¥ Learning Word Embeddings with Neural Networks
¢ What are Word Embeddings?

o Word embeddings are a way to represent words as vectors (lists of numbers) in a high-dimensional space, typically with around 300
dimensions. These embeddings capture the meanings of words in such a way that words with similar meanings are close to each

other in this space.
¢ Building a Language Model:

o Imagine you have a sentence like "I want a glass of orange juice." A neural network can be trained to predict the next word in a

sequence. For example, given "I want a glass of orange," it should predict "juice" as the next word.

¢ How to Create Word Embeddings:
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o Start with a huge vocabulary where each word has its own index number (like "I" is word #4343, "want" is word #9665, etc.).
o Convert each word into a "one-hot vector," which is mostly zeros except for a 1 in the position corresponding to the word's index.
o Multiply this vector by a matrix (let's call it E) to get the word's embedding. This matrix is learned by the neural network during
training.
¢ Training the Neural Network:

o The network takes these word embeddings and tries to predict the next word in the sentence. If the network sees "orange juice" in

the training data, it will learn that "orange" and "juice" often appear together.

o As the network trains, it adjusts the embeddings to make words that often appear in similar contexts (like "apple" and "orange")

have similar embeddings.

¢ Why This Works:

o The network is incentivized to learn embeddings that make sense in the context of the data it's trained on. So, "apple" and "orange"

will have similar embeddings because they often appear in similar contexts (like "apple juice" and "orange juice").
o Simplifying the Model:

o Initially, the model might look at the previous four words to predict the next one. However, simpler models can work just as well.

For example, just using the word immediately before the target word can still produce good embeddings.

e Other Contexts:

o Instead of just using the previous four words, you can also use words on both sides of the target word or just one word nearby. This

approach leads to the development of simpler models like the Skip-Gram model, which we'll learn more about in the next video.

¥ Word2Vec

Word2Vec is a popular technique for learning word embeddings, developed by Tomas Mikolov and his team at Google. It uses a neural

network to learn word representations in a continuous vector space, where words with similar meanings are located close to each other.

Word2Vec comes in two main flavors:

1. Continuous Bag of Words (CBOW):
¢ Objective: Predict a target word given its surrounding context words.
e How it works:

o For a given sentence like "The cat sat on the mat," if you want to predict the word "sat," the CBOW model will take the

mn

surrounding words ("The," "cat," "on," "the," "mat") as input and try to predict "sat."

o The model learns to assign similar vectors to words that appear in similar contexts.

2. Skip-Gram:

¢ Objective: Given a word, predict its surrounding context words.

e How it works:

mn mn

o Using the same sentence, if "sat" is the input word, the Skip-Gram model tries to predict the surrounding words ("The," "cat," "on,

che’ﬂ "mat")_

o The model learns to represent words in such a way that those appearing in similar contexts have similar embeddings.

Key Points:
e Training:
o Both models are trained using large text corpora.
o The training process adjusts the word vectors so that words with similar meanings end up close to each other in the vector space.
o Efficiency:
o Word2Vec is very efficient compared to older methods for learning word embeddings, especially when trained on large datasets.
¢ Dimensionality:

o The embeddings typically have 100-300 dimensions, which balance the trade-off between capturing enough semantic information

and keeping the vectors manageable in size.
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e Applications:

o Word2Vec embeddings can be used in various NLP tasks like text classification, sentiment analysis, machine translation, and more.

Visualization:

e After training, the word vectors can be visualized in 2D or 3D using techniques like t-SNE. Similar words (like "king" and "queen") will
cluster together.

Example:

e A famous example is the analogy task. For example, Word2Vec might learn that the vector difference between "king" and "queen" is

similar to that between "man" and "woman." This can be used to solve analogies like "king is to queen as man is to woman."
V¥ Negative Sampling

Negative Sampling is a technique used to make training Word2Vec models more efficient, particularly in the Skip-Gram model. It helps
speed up the learning process by simplifying the computation of the loss function, which would otherwise be very slow and resource-
intensive for large vocabularies.

Why Negative Sampling?

In the Skip-Gram model, the goal is to predict context words for a given target word. The original method involves using a softmax function
over the entire vocabulary, which can be computationally expensive when dealing with large datasets because the softmax function requires
normalization over all possible words in the vocabulary.

How Negative Sampling Works:
Instead of updating the weights for all words in the vocabulary, Negative Sampling updates the weights for only a small subset of words:

1. Positive Example:

e For a given target word, the model tries to predict the actual context words (e.g., for "sat" in "The cat sat on the mat," context words

"won

could be "cat," "on," etc.).
2. Negative Examples:

e Along with the actual context words, the model is also trained on a few randomly chosen words from the vocabulary that are not

context words. These are the "negative samples."

e The idea is that the model should assign a low probability to these randomly chosen words being in the context, effectively teaching
the model what is not associated with the target word.

3. Sampling Strategy:

e Words that are more frequent in the corpus are more likely to be chosen as negative samples. However, to avoid overemphasizing
very common words (like "the" or "and"), the sampling probability is usually adjusted. A common approach is to sample words
according to their frequency raised to the power of 3/4 (i.e., P(w)ocfrequency(w)3/4).

P(w)c<trequency(w)3/4P(w) \propto \text{frequency }(w)"{3/4}

Training with Negative Sampling:

e For each word pair (target, context), the model only updates the embeddings of the target word, the actual context words (positive
examples), and the negative samples. This reduces the computational cost significantly because it avoids the need to compute a
probability distribution over the entire vocabulary.

Mathematical Overview:

e The objective with Negative Sampling is to maximize the probability of positive samples (correct word-context pairs) while minimizing
the probability of negative samples (random word-context pairs).

e The loss function for a given word pair is based on logistic regression, where the model tries to maximize the likelihood that the
positive examples are classified as such and that the negative examples are correctly identified as not belonging to the context.
Benefits:

o Efficiency: Negative Sampling drastically reduces the number of computations required during training, making it feasible to train on
very large datasets.

e Scalability: It allows Word2Vec models to scale to vocabularies with millions of words without requiring excessive computation.
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Example:

e Suppose "sat" is your target word, and "on" is a context word. Negative Sampling might involve updating the model based on "sat-on"

"non

as a positive example and, say, "sat-dog," "sat-run," and "sat-sky" as negative examples.

In summary, Negative Sampling is a technique that makes training the Skip-Gram model in Word2Vec faster and more efficient by focusing
on a few relevant word pairs instead of the entire vocabulary. It has become a standard practice for training large-scale word embedding
models.

¥ GloVe Word Vectors

GloVe (Global Vectors for Word Representation) is another popular algorithm for learning word embeddings, similar to Word2Vec, but with
a different approach. While Word2Vec uses local context (words appearing close to each other in sentences) to learn embeddings, GloVe

leverages global statistical information about word co-occurrences across the entire corpus.

Key Concepts of GloVe:

1. Co-occurrence Matrix:

e GloVe starts by constructing a co-occurrence matrix from a large corpus. The co-occurrence matrix counts how often pairs of words

appear together within a specific window size in the corpus.

e For example, if the words "king" and "queen" appear together frequently in various contexts, their co-occurrence count will be
high.

2. Global Context:

e Unlike Word2Vec, which focuses on local context windows (e.g., a few words before and after a target word), GloVe captures the

global context by looking at the overall frequency with which words co-occur in the entire dataset.
3. Learning Objective:

e GloVe aims to learn word vectors in such a way that the dot product of two word vectors (for words \(i\) and \(j\)) predicts the

logarithm of the ratio of their co-occurrence probability to the probability of the second word occurring with any word.
e The idea is that the ratio between the probabilities of word co-occurrences captures meaningful relationships between words.
4. Weighted Least Squares:

e To train the word vectors, GloVe minimizes a weighted least squares objective. It gives more importance to words that co-occur
frequently (indicating a stronger relationship) while down-weighting less frequent co-occurrences to prevent noise from dominating
the learning process.

5. Word Relationships:

¢ GloVe effectively captures semantic relationships between words by leveraging global co-occurrence statistics. For instance, it can

learn that "king" is to "queen" as "man" is to "woman" by identifying the relative relationships between their embeddings.

Advantages of GloVe:

o Efficient Use of Global Statistics: By using the global co-occurrence matrix, GloVe efficiently captures broader relationships between

words that might not be evident in local contexts alone.

o Simplicity: GloVe is conceptually simple and can be trained relatively easily, especially when implemented using matrix factorization

techniques.

¢ High-Quality Embeddings: GloVe often produces high-quality word embeddings that capture nuanced relationships between words,

making it useful in a variety of NLP tasks.

Example of GloVe in Practice:

Imagine training GloVe on a large corpus. The algorithm might learn that:
e "Paris" is to "France" as "Berlin" is to "Germany".
e "King" is to "Queen" as "Man" is to "Woman".

This is because these word pairs frequently appear together and in similar contexts across the corpus, and GloVe’s objective function is

designed to capture these relationships.

In summary, GloVe is a powerful algorithm for generating word embeddings that leverages the global co-occurrence of words in a corpus to

learn meaningful vector representations. It captures both the local and global semantic relationships between words.
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¥ Sentiment Classification

Sentiment Classification Overview:

Task: Sentiment classification involves predicting the sentiment (positive, negative, or neutral) of a piece of text, such as a review or

social media post.

Challenge: Often, you may not have a large labeled training dataset, but you can still build effective classifiers using word embeddings.

Word Embeddings in Sentiment Classification:

Word Embeddings: Word embeddings are vector representations of words that capture their meanings based on context in a large
corpus. These embeddings can be pre-trained on massive datasets (like billions of words) and can capture semantic relationships

between words, even for words that may not appear in your smaller labeled training set.

One-Hot Encoding: The words in a sentence can be converted to one-hot vectors (binary vectors where only one element is 1,

representing the word in a dictionary).

Embedding Matrix (E): A matrix used to convert one-hot vectors into dense word embeddings. This matrix is pre-trained on a large

corpus.

Simple Sentiment Classifier:

Step 1: Convert each word in a sentence (e.g., "The dessert is excellent") into its corresponding word embedding using the embedding

martrix.
Step 2: Combine these embeddings into a single vector. One simple way to do this is by summing or averaging the word embeddings.

Step 3: Feed the combined vector into a softmax classifier, which outputs the probability distribution over the possible sentiment

classes (e.g., 1-star to 5-star ratings).

Limitations: This approach does not consider word order, which can lead to incorrect predictions. For example, a sentence like
"Completely lacking in good taste, good service, and good ambiance" might be classified as positive because the word "good" appears

multiple times, even though the overall sentiment is negative.

Improved Sentiment Classifier Using RNN:

Recurrent Neural Networks (RNNs): To address the limitation of ignoring word order, you can use an RNN, which processes words

sequentially and maintains a hidden state that captures the context of the words seen so far.
Step 1: Convert each word in the sentence into its embedding using the embedding matrix.
Step 2: Feed these embeddings into an RNN, which will process them in sequence.

Step 3: Use the final hidden state of the RNN as a representation of the entire sentence, which is then fed into a classifier to predict the

sentiment.

Advantages: This approach takes word order into account, so it can correctly interpret sentences like "Completely lacking in good

taste" as negative, even though the word "good" is present.

Generalization with Word Embeddings:

Pre-trained Embeddings: Since word embeddings are trained on large corpora, they can generalize well to words or phrases that were
not seen during training for the specific sentiment classification task. For instance, even if the word "absent" wasn’t in the labeled

training set, the embedding learned from a large corpus can help the model understand its meaning and make accurate predictions.

Conclusion:

Using word embeddings allows you to build sentiment classifiers that perform well even with modest-sized labeled datasets. Simple models

might average word embeddings, but more sophisticated models like RNNs can capture the nuances of word order and provide more

accurate sentiment predictions. This approach is especially powerful because it leverages the knowledge embedded in pre-trained word

vectors, allowing the model to handle a wide range of vocabulary and contexts effectively.

Key concepts in RNN

V¥ Beam serach

Beam Search is a heuristic search algorithm used primarily in the field of natural language processing and other areas involving sequential

decision-making, such as machine translation, speech recognition, and image captioning.
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How Beam Search Works:
1. Initialization:
o Start with an initial node (often a start symbol in NLP tasks) and assign it a probability score (often starting with 1.0 or 0).
2. Expansion:

e Expand the current node by generating all possible next steps (or tokens) and assign a probability score to each one. In NLP, this

score is often the probability of the next word in a sequence.
3. Selection:

e Select the top "k" nodes (where "k" is the beam width) based on their scores. These top "k" nodes represent the most promising

sequences or paths to continue expanding.
4. Pruning:

e Discard all other nodes that are not among the top "k". This step reduces the search space and allows the algorithm to focus on the

most promising sequences.
5. Iteration:
» Repeat the expansion and selection process until a complete sequence is generated (e.g., an end symbol is reached in NLP).
6. Output:

e The final output is the sequence with the highest overall probability.

Beam Width (k):

e The beam width determines how many sequences are kept at each step. A larger beam width allows for exploring more potential
sequences, which can lead to better results but at the cost of increased computational complexity. A smaller beam width makes the

search faster but may miss the best sequence.

Comparison to Other Search Methods:

¢ Greedy Search: Beam Search can be seen as a generalization of greedy search. While greedy search selects only the single best option

at each step, beam search keeps track of multiple (k) options, reducing the risk of getting stuck in a suboptimal solution.

o Exhaustive Search: Unlike exhaustive search (which explores all possible sequences), beam search is more computationally efficient

because it prunes the search space at each step.

Applications:
e Machine Translation: Generating translations by selecting the most likely sequence of words.
¢ Speech Recognition: Identifying the most probable sequence of words from a set of acoustic signals.
o Image Captioning: Generating a descriptive caption for an image by selecting the most probable sequence of words.

Beam Search balances between greedy algorithms' speed and exhaustive algorithms' thoroughness, making it a powerful tool in sequence

prediction tasks.

¥ Refinements to Beam Search

Several refinements to Beam Search have been developed to improve its performance and efficiency, particularly in the context of sequence
generation tasks like machine translation, speech recognition, and text generation. These refinements aim to address some of the limitations

of standard Beam Search, such as the risk of missing the optimal sequence or generating sequences that are overly generic.

1. Length Normalization:

¢ Problem: In standard Beam Search, shorter sequences often have higher probabilities because each additional step multiplies the

probability, which can lead to a bias toward shorter sequences.

¢ Solution: Apply length normalization to the scores to ensure that longer sequences are not penalized unfairly. This can be done by

dividing the log probability of a sequence by a factor related to the sequence length, such as the square root or logarithm of the length.
Normalized Score=logP(sequence)lengtha\text{ Normalized Score} = \frac{\log P(\text{sequence})}{\text{length} alpha}
Normalized Score=lengthalogP(sequence)

Where o\alphaa is a hyperparameter that controls the degree of length normalization.
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2. Diverse Beam Search:

¢ Problem: Beam Search can produce a set of similar sequences, lacking diversity, which is problematic when multiple diverse outputs
are needed.

¢ Solution: Diverse Beam Search introduces diversity by penalizing sequences that are too similar to each other. This can be achieved by
grouping beams into different subsets and promoting diversity within and across these subsets, ensuring the generated sequences cover a

broader range of possible outcomes.

3. Global Scoring Functions:
¢ Problem: Beam Search makes decisions based on local probabilities at each step, which might lead to globally suboptimal sequences.

¢ Solution: Incorporate global scoring functions that take into account the overall quality of the sequence, rather than just the step-by-step

probabilities. This might involve reranking sequences based on additional criteria such as fluency, coherence, or external knowledge.

4. Coverage Penalty:

e Problem: In tasks like machine translation, Beam Search may generate sequences that do not adequately cover all important parts of the

input (e.g., leaving out important words).

¢ Solution: Add a coverage penalty to the scoring function that discourages under-translation. The penalty increases if parts of the input

are not sufficiently "covered" by the generated output.

5. N-gram Blocking:

¢ Problem: Beam Search might generate repetitive sequences, especially in tasks like text generation.

¢ Solution: Implement n-gram blocking, where any sequence that includes a repeated n-gram (e.g., a repeated 3-word phrase) is penalized

or discarded, encouraging the generation of more varied and natural sequences.

6. Softmax Temperature Control:

e Problem: The standard Beam Search uses the raw probabilities from the model, which might not always be ideal for exploring different
sequence paths.

¢ Solution: Adjust the temperature parameter in the softmax function used to compute probabilities. Lower temperatures make the model
more deterministic, favoring high-probability paths, while higher temperatures introduce more randomness, which can be useful for

exploring more diverse sequences.

7. Multi-Step Lookahead:
¢ Problem: Beam Search considers only the immediate next step, which might not always lead to the best long-term outcome.

¢ Solution: Implement a lookahead mechanism where the algorithm considers multiple future steps before making a decision at the
current step. This helps in evaluating the long-term impact of current decisions and selecting sequences with better overall potential.

8. Dynamic Beam Width:
¢ Problem: A fixed beam width might not be optimal for all stages of the search process.

¢ Solution: Use a dynamic beam width that adjusts based on the search's progress. For example, start with a larger beam width and reduce

it as the sequence grows longer, or increase the beam width if the model is confident about the path being explored.

These refinements can be combined or used selectively depending on the specific requirements of the task, significantly enhancing the

effectiveness and flexibility of the Beam Search algorithm.
V¥ Error Analysis in Beam Search

Error analysis in Beam Search is crucial for understanding the limitations and shortcomings of the generated sequences, particularly in tasks
like machine translation, text generation, and speech recognition. By systematically analyzing the errors, you can identify the underlying

causes and make targeted improvements to the model or search strategy.

Key Aspects of Error Analysis in Beam Search:

1. Error Types:

e Omissions: When important elements of the input are left out in the generated sequence. This might happen if the beam search

algorithm favors shorter or less complex outputs.
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e Repetitions: When parts of the sequence are unnecessarily repeated, leading to unnatural or verbose outputs. This can be a result of

the model's tendency to predict the same high-probability tokens repeatedly.

o Incoherence: When the generated sequence lacks logical or grammatical coherence, possibly due to the local nature of the Beam

Search decisions.

e Overgeneralization: When the output is too generic, failing to capture specific details of the input. This is often a side effect of the

model overfitting to common patterns in the training data.

2. Beam Width Impact:

e Small Beam Width: May result in missing the best sequence because the search space is too narrow. This can cause the model to

settle on suboptimal or overly simplistic solutions.

e Large Beam Width: Can lead to higher computational costs without necessarily improving output quality, and may also cause

overfitting to the model's learned biases.
3. Comparison with Greedy Search:

¢ Quality vs. Speed: By comparing the outputs of Beam Search with those of Greedy Search, you can assess whether the added

complexity of Beam Search actually improves sequence quality or just introduces additional errors without meaningful benefits.

4. Diversity vs. Accuracy:

e Diversity of Outputs: Evaluate whether Beam Search generates diverse enough sequences to cover the possible interpretations of

the input, especially in tasks requiring multiple valid outputs (e.g., paraphrasing).

e Accuracy Trade-offs: Ensure that the pursuit of diversity doesn’t compromise the accuracy and relevance of the generated

sequences.
5. Sequence Length Analysis:

o Length Bias: Examine whether Beam Search favors shorter or longer sequences. If there is a consistent bias, this might indicate a

need for length normalization or other adjustments.

e Optimal Length: Compare the generated sequence lengths to those of the reference outputs (e.g., in machine translation, compare

with human-translated sequences) to identify systematic length-related errors.
6. Log Probability Distribution:

e Score Analysis: Analyze the log probabilities of the sequences chosen by Beam Search. A high log probability with poor quality

might indicate that the model’s probability estimates are not well-calibrated, leading Beam Search astray.

e Distribution of Scores: If the scores of multiple beams are very close, it could suggest that the search space is being pruned too
aggressively, or that the model’s confidence is overly distributed, which might require adjustments to the beam width or scoring

function.
V¥ Attention Model Intuition

The attention mechanism is a powerful concept in deep learning, particularly in sequence-based models like those used for natural language
processing, machine translation, and image captioning. The key idea behind attention is to allow the model to focus on specific parts of the
input sequence when generating each element of the output sequence, much like how a human pays attention to certain words or features

when processing information.

Intuition Behind the Attention Mechanism:
1. Selective Focus:

e Imagine you’re translating a sentence from English to French. Instead of considering the entire English sentence at once, you might
focus on one or two words at a time, depending on the part of the sentence you’re translating. The attention mechanism allows a
model to do something similar: it selectively focuses on different parts of the input sequence as it generates each word of the output

sequence.
2. Contextual Importance:

e In tasks like translation, not all words in a sentence are equally important when translating a particular word. For example, when
translating the word “cat” in the sentence “The cat is on the mat,” the model should focus more on the word “cat” and less on words
like “the” or “on.” Attention assigns a weight (or importance score) to each word in the input sequence, allowing the model to give

more "attention" to relevant words.

3. Dynamic Adaptation:

Deep learning specialization



e The attention mechanism is dynamic, meaning the focus of attention can change for each word in the output sequence. For instance,
when translating the next word in a sentence, the model might shift its focus to a different part of the input. This adaptability is

crucial for handling long or complex sentences where the relevant context might be spread out across the input.
4. Attention Weights:

e The attention mechanism works by computing attention weights for each word in the input sequence relative to the current word
being generated in the output sequence. These weights indicate how much influence each input word should have on the output

word. Words with higher weights are considered more important for the current context.
5. Self-Attention:

e In models like Transformers, self-attention is used, where each word in the sequence attends to all other words in the same
sequence. This allows the model to capture dependencies between words, regardless of their position in the sequence. For example,
in the sentence “The cat, which is fluffy, is on the mat,” the model can recognize that “cat” and “fluffy” are related, even though

they are separated by other words.

How Attention Works in Practice:
1. Query, Key, and Value:

e The attention mechanism involves three key components: the query, key, and value. Each word in the sequence is transformed into

these three vectors:
o Query (Q): Represents the word you are focusing on (e.g., the word being translated or generated).
o Key (K): Represents all the words in the input sequence that you might focus on.
o Value (V): Represents the actual information content of each word.

e The attention score is calculated by comparing the query with all keys (using a dot product), determining how closely related each
key is to the query. These scores are then used to weigh the values, resulting in a weighted sum that determines the final output for
that word.

2. Attention Score Calculation:

e The attention score for each word is typically calculated using a softmax function, which ensures that all scores sum to 1, making
them interpretable as probabilities. Words with higher scores exert more influence on the final output, while those with lower scores
have less impact.

3. Multi-Head Attention:

e In advanced models like the Transformer, the attention mechanism is often implemented as multi-head attention, where the
attention process is repeated several times in parallel, each time with a different set of learned parameters. This allows the model to

focus on different aspects of the input simultaneously, capturing various types of relationships between words.

Why Attention is Powerful:

e Captures Long-Range Dependencies: Unlike traditional models that struggle with long sequences, attention can capture relationships

between words or elements that are far apart in the input sequence.

o Interpretable: The attention weights provide insight into what the model is focusing on, making it easier to understand and debug the

model’s decisions.

¢ Scalable: Attention mechanisms, particularly in models like Transformers, scale well with larger datasets and longer sequences, making

them suitable for complex tasks like language modeling and machine translation.

Example: Translating a Sentence with Attention

Consider the sentence "The cat sat on the mat."
e When translating "cat," the model might assign high attention weights to "The cat" and lower weights to "sat on the mat."
e For "sat," the focus might shift to the word "sat" in the input, with some attention still on "cat" to maintain grammatical consistency.

¢ As the translation progresses, the attention shifts dynamically across different parts of the sentence, ensuring that the context is captured

correctly for each translated word.
Vv Attention Model

The Attention Model, central to the Transformer architecture, enhances sequence processing by focusing on relevant parts of the input. It

uses the self-attention mechanism, where each element of a sequence attends to all others, capturing dependencies regardless of distance.
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This is done by computing attention scores through Query, Key, and Value vectors, producing a weighted sum that emphasizes important

information.

Multi-Head Attention involves running self-attention multiple times in parallel, allowing the model to capture diverse relationships in the
data. To retain the order of elements, positional encoding is added to the input embeddings. This combination allows the Attention Model to

handle complex sequences effectively, making it a cornerstone of modern NLP and other sequence-based tasks.
V¥ Speech recognition

Speech recognition is the technology that enables computers to understand and process human speech. It converts spoken language into text
or commands, allowing for voice-activated interfaces, transcription services, and more. This technology is crucial in applications like virtual

assistants (e.g., Siri, Alexa), automated transcription, and voice-controlled systems.

Key Components of Speech Recognition:

1. Acoustic Model:

e Converts audio signals into phonetic units (e.g., phonemes, which are the smallest units of sound). The acoustic model analyzes the
sound wave and identifies the basic sounds within it.

2. Language Model:

e Predicts the likelihood of a sequence of words. It helps in selecting the most probable sequence of words that match the recognized

phonetic units, based on grammar, context, and usage patterns.
3. Lexicon (Pronunciation Dictionary):

e Maps phonetic units to words. It helps the system understand how different sounds combine to form words, including handling
variations in pronunciation.

4. Feature Extraction:

e Converts raw audio into a set of features that the system can process. Common features include Mel-Frequency Cepstral
Coefficients (MFCCs), which represent the power spectrum of sound and are used to capture the important characteristics of
speech.

5. Decoding:

e The process of finding the best matching word sequence based on the acoustic model, language model, and lexicon. The decoder

analyzes the speech features and determines the most likely words that match those features.

How Speech Recognition Works:

1. Preprocessing:
e The audio input is cleaned, normalized, and split into small time frames to prepare it for analysis.
2. Feature Extraction:

e The system extracts relevant features (like MFCCs) from the audio frames, reducing the data to a manageable size while retaining

important information.
3. Phoneme Recognition:
e The acoustic model processes the features to identify phonemes or other basic sound units.
4. Word Formation:

e The phonemes are matched to words using the lexicon, and the language model helps in forming coherent word sequences by

predicting the most likely combinations.
5. Postprocessing:
e The final text output is generated, often with additional processing to correct errors, improve grammar, or add punctuation.
V¥ Trigger Word Detection

Trigger word detection is a key component in voice-activated systems, such as virtual assistants (e.g., Alexa, Siri, Google Assistant). The
purpose of trigger word detection is to continuously listen to an audio stream and activate the system when a specific word or phrase (the
"trigger word") is detected. This allows the device to remain in a low-power listening mode until the trigger word is spoken, at which point it

"wakes up" and begins processing the user's commands.

How Trigger Word Detection Works:
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1. Audio Input:

e The system continuously captures audio from the environment using a microphone. This audio stream is processed in real-time to

detect the presence of the trigger word.
2. Feature Extraction:

e Similar to general speech recognition, the system extracts features from the audio, such as Mel-Frequency Cepstral Coefficients
(MFCCs), which represent the characteristics of the sound. These features are used to capture the important aspects of the audio

signal that are relevant to recognizing the trigger word.
3. Neural Network Model:

e A machine learning model, typically a deep neural network like a Convolutional Neural Network (CNN) or a Recurrent Neural
Network (RNN), is trained to recognize the trigger word based on the extracted features. This model has been trained on numerous
examples of the trigger word spoken in various conditions (different voices, accents, background noises) as well as examples of

other words to avoid false activations.
4. Sliding Window:

e The system processes the audio in short segments, or "windows," typically a few hundred milliseconds long. Each window is
analyzed to determine if the trigger word is present. This sliding window approach allows the system to continuously and

efficiently monitor the audio stream.
5. Decision Threshold:

e The neural network outputs a confidence score indicating the likelihood that the trigger word is present in the current audio
window. If the score exceeds a certain threshold, the system concludes that the trigger word has been detected and activates the

corresponding functionality (e.g., waking up the virtual assistant).
6. Wake Word Action:

e Once the trigger word is detected, the system switches from passive listening mode to active mode, ready to process commands or
queries from the user. For example, if the trigger word is "Alexa," the system will start recording and processing the subsequent

speech input after detecting "Alexa."

What 1s trigger word detection?
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(Alexa) (xiaodunihao) (Hey Sir) (Okay Google)

Andrew Ng

Transformers
¥ Transformer Network Intuition

The Transformer network, introduced in the paper "Attention Is All You Need," has become a foundational architecture in deep learning,

especially for tasks in natural language processing. Here's an intuition behind its key components:

1. Self-Attention Mechanism
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e Purpose: Allows the model to weigh the importance of different words in a sequence relative to each other. For example, in translating
"The cat sat on the mat," self-attention helps the model understand that "cat" is related to "sat" and "mat."

e How it works: Each word in a sequence is represented as a query, key, and value. The attention mechanism computes how much focus
each word should have on every other word, producing a weighted sum of the values. This helps the model capture context from
different parts of the sequence.

2. Multi-Head Attention

e Purpose: Enhances the model's ability to focus on different parts of the sequence simultaneously. Each "head" in multi-head attention
learns different aspects of the relationships between words.

e How it works: Multiple attention heads process the input in parallel, each with its own set of queries, keys, and values. The outputs are

then concatenated and linearly transformed, allowing the model to integrate information from different perspectives.

3. Positional Encoding

e Purpose: Provides information about the order of words in a sequence, which is crucial because the Transformer model does not
inherently understand word order.

e How it works: Positional encodings are added to the input embeddings to give the model information about the position of each word
in the sequence. These encodings use sine and cosine functions of different frequencies to ensure that the positional information is
unique for each position.

4. Feed-Forward Neural Networks
e Purpose: Process each position independently to capture complex relationships.

e How it works: After attention is applied, the result is passed through a feed-forward neural network, which applies non-linear
transformations to each position's representation.

5. Layer Normalization and Residual Connections
e Purpose: Stabilize and accelerate training by normalizing activations and allowing gradients to flow more easily through the network.

¢ How it works: Each sub-layer (like self-attention or feed-forward) has a residual connection (adding the input to the output) and is

followed by layer normalization. This helps in maintaining a stable distribution of activations throughout the network.

6. Encoder-Decoder Architecture

¢ Encoder: Processes the input sequence into a set of continuous representations.

e Decoder: Generates the output sequence from these representations, using self-attention to focus on different parts of the encoder

output.

The Transformer’s architecture allows it to handle long-range dependencies effectively and in parallel, making it highly effective for tasks
like machine translation, text generation, and more.

V¥ Transformer Network

The Transformer network is a deep learning architecture designed to handle sequence-to-sequence tasks, such as machine translation, text
summarization, and more. Unlike traditional sequence models like RNNs and LSTMs, Transformers rely solely on attention mechanisms,

discarding recurrence and convolutions. Here’s an overview of the key components and how they work together in a Transformer network:

Key Components of the Transformer Network

1. Encoder and Decoder

e Encoder: Processes the input sequence and converts it into a continuous representation. It consists of multiple layers of self-
attention and feed-forward networks.

e Decoder: Takes the encoded representation and generates the output sequence. It also uses self-attention and feed-forward

networks, with additional attention layers to focus on the encoder’s output.
2. Self-Attention Mechanism
e Purpose: Allows the model to weigh the importance of different words in a sequence relative to each other.

e Mechanism: Each word in the sequence is transformed into query (Q), key (K), and value (V) vectors. The self-attention
mechanism computes attention scores for each word with respect to all other words, creating a weighted sum of values based on
these scores.
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3. Multi-Head Attention
e Purpose: Enhances the model’s ability to focus on different parts of the sequence simultaneously.

e Mechanism: Multiple attention heads are used, each with its own set of Q, K, and V matrices. The outputs of all heads are

concatenated and linearly transformed to combine different aspects of the attention mechanism.
4. Positional Encoding

e Purpose: Encodes the position of each word in the sequence to provide information about the order of words, as the Transformer

does not inherently understand sequence order.

e Mechanism: Positional encodings are added to the input embeddings using sine and cosine functions of different frequencies,

allowing the model to capture the position information.
5. Feed-Forward Neural Networks
o Purpose: Process each position independently to capture complex relationships and perform non-linear transformations.

e Mechanism: After self-attention, the result is passed through a feed-forward neural network with two linear transformations and a

ReLU activation in between.
6. Layer Normalization and Residual Connections
e Purpose: Stabilize training and help gradients flow through the network.

e Mechanism: Each sub-layer (self-attention and feed-forward) includes a residual connection (adding the input to the output)

followed by layer normalization.
7. Encoder Layer

o Components: Consists of a multi-head self-attention mechanism followed by a feed-forward neural network. Each of these

components has a residual connection and layer normalization.
8. Decoder Layer

e Components: Includes multi-head self-attention, multi-head attention over the encoder’s output, and a feed-forward neural

network. It also has residual connections and layer normalization.

Transformer Architecture Overview
1. Encoder:
e Input Embeddings: Words are converted into embeddings and added with positional encodings.
o Stack of Layers: Each layer consists of multi-head self-attention followed by a feed-forward neural network.
2. Decoder:

e Output Embeddings: The target sequence (previously generated words) is processed similarly to the input sequence, with

additional attention to the encoder’s output.

o Stack of Layers: Each layer consists of multi-head self-attention, multi-head attention over the encoder’s output, and a feed-

forward neural network.

Training and Inference

e Training: The model is trained using a sequence of input-output pairs, with loss functions like cross-entropy to measure the difference

between the predicted and actual sequences.

o Inference: During inference, the decoder generates sequences step-by-step, often using techniques like beam search or greedy decoding

to select the most probable output sequence.

Benefits of Transformers

e Parallelization: Unlike RNNs, Transformers can process all words in a sequence simultaneously, making them highly parallelizable

and efficient.

o Long-Range Dependencies: Self-attention allows the model to capture relationships between distant words in a sequence, which is
challenging for traditional RNNs.

¢ Flexibility: The architecture is highly adaptable and has been used in various models, such as BERT, GPT, and T5, for a wide range of
NLP tasks.
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The Transformer architecture has revolutionized NLP by providing a more efficient and powerful way to handle sequential data, leading to

significant advancements in language understanding and generation.

Notes

Bias & Variance

Bias
Bias is the error introduced by approximating a real-world problem, which may be complex, by a simplified model. In simpler terms, it’s like

using a basic tool when a more sophisticated one is needed. High bias often means that your model is too simple and might not capture the

patterns in the data well.

Example: Imagine trying to predict house prices using only the number of bedrooms, ignoring other important factors like location or size. This

model would have high bias because it’s missing critical information.

Variance

Variance is the error introduced by the model's sensitivity to small fluctuations in the training data. High variance means the model is too
complex and captures noise or random fluctuations in the training data rather than the underlying pattern. This often results in a model that
performs well on training data but poorly on new, unseen data.

Example: If you use a very complex model to predict house prices, one that takes into account many small details or variations in the data, it
might fit the training data very well but fail to generalize to new examples. This model would have high variance.

Comparing Bias and Variance

¢ Bias-Variance Tradeoff: There’s a tradeoff between bias and variance. A model with high bias and low variance will be overly simplistic,
while a model with low bias and high variance will be overly complex. The goal is to find a balance where both bias and variance are

minimized.
¢ High Bias: The model makes strong assumptions about the data, often resulting in underfitting (model is too simple).
¢ High Variance: The model is too sensitive to the specific data it’s trained on, often resulting in overfitting (model is too complex).

In summary, bias is about how much your model’s assumptions simplify the data, while variance is about how much the model's predictions

fluctuate with different training sets. Finding the right balance between them helps in creating a model that generalizes well to new data.

Fine tuning

Fine-tuning is like making small adjustments to get something just right. In machine learning, it means taking a pre-trained model and making

slight improvements so it performs better on a specific task or dataset.
Here’s a simple breakdown:

1. Start with a Pre-trained Model: You begin with a model that has already been trained on a large dataset. This model has learned general

patterns and features.

2. Adapt to Specific Needs: You then continue training this model on a smaller, more specific dataset that’s related to your particular task.

This step adjusts the model to better fit the new data.

3. Make Small Adjustments: The changes are usually small tweaks to the model’s parameters to improve its performance on the new dataset,

rather than training it from scratch.

Example: Imagine you have a model trained to recognize general objects in images. If you want it to recognize specific types of fruits, you’d

fine-tune it using a dataset of fruit images. The model will adjust its learned features to better identify those specific fruits.

Vnaishing or Exploding GD

The Problem:
¢ Deep Neural Networks: When we make a neural network with many layers, it can learn complex things but also faces some challenges.

¢ Gradients: During training, the network learns by adjusting its parameters based on something called the "gradient," which tells it how to

improve.

Vanishing Gradient:
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e What Happens: In very deep networks, the gradients can become super tiny as they move backward through the layers.

¢ Result: Tiny gradients mean the network’s earlier layers (closer to the input) hardly learn anything because their updates are too small. This
slows down or stops learning.

Exploding Gradient:

e What Happens: On the flip side, gradients can also become too large.

¢ Result: Large gradients cause the network's parameters to change too much, leading to erratic and unstable learning. The model might not
learn anything meaningful and could even crash.

Why It Matters:

¢ Training Deep Networks: Initially, adding more layers to a network can improve its performance, but after a certain point, these gradient
problems make it hard to train the network properly. Instead of getting better, the network might start performing worse.

Solutions:

¢ Techniques like ResNets: Modern architectures include clever design tricks that help gradients flow better through the network, making it

possible to train very deep networks without these problems.

In short, as you make a neural network deeper, it can face issues where it either learns too slowly (vanishing gradient) or too erratically

(exploding gradient). These issues make it tough to train deep networks unless you use special techniques to fix them.

"This journey through deep learning has equipped me with a solid foundation in neural networks, CNNs,
RNNs, and more. The hands-on experience has deepened my understanding and ability to implement cutting-
edge techniques. This specialization has not only enhanced my technical skills but also inspired a continued

pursuit of knowledge in AI and machine learning. As I move forward, I am excited to apply these skills to

real-world challenges and contribute to the advancement of the field."
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