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Undergraduate Certificate in Al in Neuroscience Research

Neural Networks and Deep Learning

Neural Networks and Deep Learning are powerful tools that have revolutionized the field of Artificial
Intelligence (Al) in recent years. Understanding the key terms and vocabulary associated with these
technologies is crucial for anyone looking to delve into the world of Al and neuroscience research. Below,
we will explore some of the essential terms in this domain:

1. *Neuron**: A neuron is the basic building block of a Neural Network, inspired by the neurons in the
human brain. It takes inputs, performs a weighted sum, applies an activation function, and produces an
output. Neurons are organized in layers in a Neural Network.

2. **Activation Function**: An activation function is a mathematical function that determines the output of a
neuron. Common activation functions include the sigmoid function, ReLU (Rectified Linear Unit), and tanh
(hyperbolic tangent) function.

3. **Feedforward Neural Network**: A feedforward neural network is the simplest form of Neural Network,
where the connections between neurons do not form a cycle. Information flows from the input layer to the
output layer without any feedback loops.

4. **Backpropagation**: Backpropagation is an algorithm used to train Neural Networks by adjusting the
weights of the connections between neurons. It involves calculating the gradient of the loss function with
respect to the weights and updating the weights accordingly.

5. **Gradient Descent**: Gradient descent is an optimization algorithm used to minimize the loss function of
a Neural Network by adjusting the weights in the direction of the steepest descent of the gradient.

6. **Deep Learning**: Deep Learning is a subfield of machine learning that focuses on Neural Networks with
multiple hidden layers. Deep Learning has achieved remarkable success in tasks such as image recognition,
speech recognition, and natural language processing.

7. **Convolutional Neural Network (CNN)**: A Convolutional Neural Network is a type of Neural Network
that is particularly well-suited for processing grid-like data, such as images. CNNs use convolutional layers
to extract features from the input data.

8. **Recurrent Neural Network (RNN)**: A Recurrent Neural Network is a type of Neural Network that is
designed to handle sequential data. RNNs have connections that form cycles, allowing them to maintain a
memory of past inputs.

9. **Long Short-Term Memory (LSTM)**: LSTM is a type of RNN architecture that is capable of learning
long-term dependencies. LSTMs use a gating mechanism to control the flow of information through the
network.
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10. **Autoencoder**: An autoencoder is a type of Neural Network that is trained to reconstruct its input
data. Autoencoders are used for tasks such as dimensionality reduction, feature learning, and anomaly
detection.

11. **Generative Adversarial Network (GAN)**: A Generative Adversarial Network is a type of Neural
Network architecture that consists of two networks — a generator and a discriminator. GANs are used to
generate new data samples that are similar to the training data.

12. **Transfer Learning**: Transfer learning is a technique in Deep Learning where a pre-trained model is
used as a starting point for a new task. By leveraging the knowledge learned from a previous task, transfer
learning can help improve the performance of a model on a new task with limited data.

13. **Overfitting**: Overfitting occurs when a model performs well on the training data but poorly on
unseen data. This usually happens when a model is too complex or has been trained for too long, leading to
it memorizing the training data instead of learning the underlying patterns.

14. **Underfitting**: Underfitting occurs when a model is too simple to capture the underlying patterns in
the data. An underfit model performs poorly on both the training and test data.

15. **Hyperparameters**: Hyperparameters are parameters that are set before training a model and are not
learned during training. Examples of hyperparameters include the learning rate, batch size, and number of
hidden layers in a Neural Network.

16. **Dropout**: Dropout is a regularization technique used in Neural Networks to prevent overfitting.
During training, random neurons are set to zero with a certain probability, forcing the network to learn
redundant representations.

17. **Batch Normalization**: Batch normalization is a technique used to improve the training of Neural
Networks by normalizing the activations of each layer. This helps stabilize the training process and can lead
to faster convergence.

18. **Vanishing Gradient Problem**: The vanishing gradient problem occurs when the gradients of the loss
function become very small as they propagate backward through the layers of a Neural Network. This can
hinder the training of deep Neural Networks.

19. *Exploding Gradient Problem**: The exploding gradient problem is the opposite of the vanishing
gradient problem, where the gradients of the loss function become very large as they propagate backward
through the layers of a Neural Network. This can lead to unstable training.

20. **Reinforcement Learning**: Reinforcement learning is a type of machine learning where an agent learns
to make decisions by interacting with an environment and receiving rewards or punishments. Reinforcement
learning has been successfully applied in games, robotics, and finance.

21. **Policy Gradient**: Policy gradient is a technique used in reinforcement learning to learn a policy that
maximizes the expected reward. Instead of estimating the value function, policy gradient methods directly
optimize the policy.
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22. **Q-Learning**: Q-Learning is a model-free reinforcement learning algorithm that learns the value of
taking a particular action in a given state. Q-Learning uses a Q-function to estimate the expected
cumulative reward of taking an action in a state and follows a greedy policy.

23. **Deep Q-Network (DQN)**: Deep Q-Network is a Deep Learning approach to Q-Learning, where a
Deep Neural Network is used to approximate the Q-function. DQN has been successful in achieving human-
level performance in playing Atari games.

24. **Artificial Neural Network (ANN)**: An Artificial Neural Network is a computational model inspired by
the biological neural networks in the human brain. ANNs are used in various machine learning tasks such as
classification, regression, and clustering.

25. **Loss Function**: A loss function is a measure of how well a model is performing on a given task. The
goal of training a model is to minimize the loss function, which quantifies the difference between the
predicted output and the actual output.

26. **Learning Rate**: The learning rate is a hyperparameter that determines how much the weights of a
Neural Network are adjusted during training. A high learning rate can lead to overshooting the optimal
weights, while a low learning rate can slow down the training process.

27. **Feature Extraction**: Feature extraction is the process of automatically selecting or transforming raw
data into a set of features that are more informative and easier to work with. Feature extraction is crucial for
tasks such as image recognition and natural language processing.

28. **Computer Vision**: Computer vision is a field of study that focuses on enabling computers to interpret
and understand visual information from the real world. Techniques such as image recognition, object
detection, and image segmentation are common in computer vision.

29. **Natural Language Processing (NLP)**: Natural Language Processing is a subfield of Al that focuses on
enabling computers to understand, interpret, and generate human language. NLP techniques are used in
applications such as machine translation, sentiment analysis, and chatbots.

30. **Distributed Computing**: Distributed computing is a computing paradigm where tasks are divided
among multiple computers or nodes in a network. Distributed computing is essential for training large-scale
Deep Learning models that require significant computational resources.

31. **Parallel Computing**: Parallel computing is a type of computation where multiple calculations or
processes are carried out simultaneously. Parallel computing is used to speed up the training of Neural
Networks by distributing the workload across multiple processors or GPUs.

32. **Model Interpretability**: Model interpretability is the ability to understand and explain how a model
makes predictions. Interpretable models are crucial in domains such as healthcare and finance, where
decisions need to be explainable and transparent.

33. **Ethical AlI**: Ethical Al is the practice of developing and deploying Al systems in a responsible and
ethical manner. Ethical Al involves considerations of fairness, transparency, accountability, and privacy in the
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design and implementation of Al technologies.

34. **Data Augmentation**: Data augmentation is a technique used to increase the size of a training dataset
by applying transformations to the existing data samples. Data augmentation helps prevent overfitting and
improves the generalization of a model.

35. **Hyperparameter Tuning**: Hyperparameter tuning is the process of finding the optimal values for the
hyperparameters of a model. This is typically done through techniques such as grid search, random search,
or Bayesian optimization.

36. **Model Deployment**: Model deployment is the process of making a trained model available for use in
production environments. Model deployment involves packaging the model, setting up infrastructure, and
monitoring its performance in real-world applications.

37. **Adversarial Attacks**: Adversarial attacks are malicious inputs designed to fool a machine learning
model into making incorrect predictions. Adversarial attacks pose a significant security risk in applications
such as image recognition and autonomous driving.

38. **Bias-Variance Tradeoff**: The bias-variance tradeoff is a fundamental concept in machine learning that
deals with the balance between bias (underfitting) and variance (overfitting) in a model. Finding the right
balance is crucial for achieving good generalization performance.

39. **Model Compression**: Model compression is the process of reducing the size of a trained model while
maintaining its predictive performance. Model compression techniques include pruning, quantization, and
knowledge distillation.

40. **Semi-Supervised Learning**: Semi-supervised learning is a machine learning paradigm where a model
is trained on a combination of labeled and unlabeled data. Semi-supervised learning can help improve the
performance of a model when labeled data is scarce.

41. **Self-Supervised Learning**: Self-supervised learning is a learning paradigm where a model is trained
to predict certain parts of the input data from other parts. Self-supervised learning is used for tasks such as
representation learning and pretraining models.

42. **Capsule Network**: A Capsule Network is a type of Neural Network architecture designed to better
capture hierarchical relationships in data. Capsule Networks use capsules, which are groups of neurons that
encode different properties of an object.

By understanding these key terms and vocabulary related to Neural Networks and Deep Learning, you will
be better equipped to explore the fascinating world of Al in neuroscience research. Keep in mind that this
field is constantly evolving, so staying up-to-date with the latest advancements and techniques is essential
for success. Good luck on your journey into the exciting realm of Al and neuroscience!
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