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This course offers a foundational yet comprehensive 
introduction to Generative Artificial Intelligence (GenAI), a 
transformative field in AI that focuses on creating models 
capable of generating new and realistic data. Students will 
explore the evolution of GenAI from simple autoencoders to 
advanced architectures like GANs and Transformers, with advanced architectures like GANs and Transformers, with 
practical applications in text, image, and audio generation. 
The course emphasizes hands-on implementation, critical 
model understanding, and real-world use cases including 
ChatGPT, DALL·E, and Stable Diffusion. 

Generative 
AI

Introduction to Generative AI
Definition and Scope 
What is Generative AI? 
History and evolution (e.g., Eliza GANs GPT-4o) 
Difference between generation and classification tasks 
Real-world applications: text, images, code, music, video 
Discriminative vs. Generative Models 
Discriminative: P(yDiscriminative: P(y|x)P(y|x)P(y|x), example 
models (Logistic Regression, SVM) 

Generative: P(x|y)P(x|y)P(x|y) or P(x)P(x)P(x), 
example models (Naive Bayes, GANs) 
Comparison of model goals and use cases 
Pros and cons of each



 Foundations of Machine Learning 
Basics of Learning Paradigms 
Supervised learning: regression, classification 
Unsupervised learning: clustering, 
dimensionality reduction 
Reinforcement learning: agent-environment 
interaction, rewards

Neural Networks
Multilayer Perceptrons (MLPs) 
Activation functions: Sigmoid, Tanh, ReLU, 
Leaky ReLU, GELU 
Loss functions: MSE, Cross-Entropy, Hinge 
Loss

Optimization Techniques 
Gradient Descent (Batch, Mini-batch, Stochastic) 
Momentum, RMSProp, Adam, AdamW
Learning rate schedules

Evaluation Metrics 
Classification: Accuracy, Precision, Recall, F1
Score, AUC 
Regression: MAE, MSE, RMSE, R² 
Confusion Matrix interpretation 

Convolution, pooling, padding 
Feature extraction and downsampling 
Transfer learning with pre-trained CNNs

3. Deep Learning for Generative Models 
CNNs for Images

Basic RNNs and their limitations 
Long Short-Term Memory (LSTM) 
Gated Recurrent Units (GRU) 
Applications: text, time-series, audio generation

RNNs for Sequences 

Self-attention mechanism 
Encoder-decoder vs decoder-only models 
Position encoding
Key architectures: BERT, GPT, T5

Transformers



4. Key Generative Models
4.1 Autoencoders 
Encoder-bottleneck-decoder pipeline 
Undercomplete vs overcomplete representations 
Denoising autoencoders 
Sparse autoencoders 
Variational Autoencoders (VAEs): 
Latent variable modeling 
Reparameterization trick 
KL divergence loss

4.2 Generative Adversarial Networks (GANs) 
Generator vs Discriminator 
Objective functions: Minimax game 
Mode collapse and training instability 
Techniques to stabilize training: 
Wasserstein GAN (WGAN) 
Label smoothing 
Feature matching 

Popular GAN variants:
DCGAN: Deep Convolutional GAN 
StyleGAN: High-resolution, controllable generation 
CycleGAN: Unpaired image-to-image translation

Text preprocessing: tokenization, stopwords, stemming 
Word embeddings: Word2Vec, GloVe, FastText 
Contextual embeddings: ELMo, BERT 

5. Language Models and Text Generation
NLP Background

GPT series: GPT-1 to GPT-4 
BERT and masked language modeling 
T5 (Text-to-Text Transfer Transformer) 
Differences in pretraining objectives 

Language Models

Attention and multi-head attention 
Feed-forward layers and residual connections 
Layer normalization
Decoder-only (GPT), encoder-only (BERT), 
encoder-decoder (T5)

Transformer Architecture (Detailed) 



Prompt Engineering 
Prompt templates and formatting 
Zero-shot, one-shot, few-shot learning 
Chain-of-thought prompting 
Role prompting in chat models

Fine-tuning vs In-context Learning 
Full fine-tuning (updating model weights) 
PEFT: LoRA, adapters, QLoRA 
In-context learning: examples in prompt only 
Trade-offs in cost, performance, and flexibility
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