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Outline

• What are representations
• Why should we care about learning representations
• What makes a representation good
• How to build (deep) representations
• Structure of the class

• Homeworks and exam
• Project
• Format
• Topics
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Representations
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Visual Data
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Temporal Data
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Speech and Music
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Spatial data
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Language

11



CISC8945:	Advanced	Representation	Learning

Graph data
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Tabular Data
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Data, dimensions, and the space
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Human perception
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Human perception
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Before deep learning
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After deep learning
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After deep learning
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What is deep learning about?
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Representation and predictive model

● Do we need “deep” learning models if we are given very good representations 
to start with?
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Representation and predictive model

● Do we need “deep” learning models if we are given very good representations 
to start with?
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Representation learning and LLM
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Transfer Learning
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Representation learning in different domains.
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Transfer Learning
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Representation learning in different domains.
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Multi-modality Representations
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Multi-modality Representations
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Smoothness
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Smoothness
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Disentanglement
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Disentanglement
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Deep neural networks

This class



CISC8945:	Advanced	Representation	Learning

Outline

• What are representations
• Why should we care about learning representations
• What makes a representation good
• How to build (deep) representations
• Structure of the class

• Homeworks and exam
• Project
• Format
• Topics

36



CISC8945:	Advanced	Representation	Learning

Class webpage
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https://jinsungit.github.io/teaching/Fall2024/

https://jinsungit.github.io/teaching/Fall2024/


CISC8945:	Advanced	Representation	Learning

Homeworks

● A mix of pen and paper and coding questions.
● 2 weeks to finish.
● HW1: machine learning basics, linear algebra, probability, PCA and MDS, 

sparse coding
● HW2: image operations, camera model, image editing, word embeddings, 

NLP tasks
● HW3: Audio generation, graph neural nets, contrastive learning, multi-modal 

learning
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Mid-term Exam

● Pen and paper

● No coding

● Closed-book

● In-class

● More details later in the semester

39



CISC8945:	Advanced	Representation	Learning

Project

● ~4 people
● Work on the research frontier in representation learning
● Will discuss in groups about the project during the Wed sessions
● Deliverables:

○ Proposal
○ Milestone
○ Final report
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Format
● Tue and Thu sessions:

○ Lecture
○ Paper discussion

● Wed sessions:
○ Project status update and discussion
○ Useful tools and workflows
○ Tips for research: how to read a 

paper, how to write a paper, how to 
do research?
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1 Introduction and background
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Also essential math concepts
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2 Data representation space and structures

● Dimension reduction
● PCA
● MDS
● Metric learning
● Distances in high dimensional space
● Manifolds
● Subspaces
● Sparse coding
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3 Visual representations

● Pixels, 3D points, and cameras
● Image operations
● Visual semantics
● Videos
● Image subspaces
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4 Language representations

● Representing words and sentences
● Language model pretraining
● NLP tasks
● Zero-shot and in-context learning
● Prompt engineering
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5 Audio representations

● Representing sound
● Audio generation
● Audio editing
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6 Graphs

● Graphs and neural networks
● Graph operations and process
● GNN applications
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7 Multi-modal representations

● Contrastive learning scheme
● Vision+language learning
● Multiview learning
● Multitask learning
● Cross-modality
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8 Advanced Topics – Implicit representations

● Implicit neural representations
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● Neural ODE
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9 Advanced Topics – Meta-learning and multi-domains
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10 Advanced Topics – Unsupervised and self-supervised
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10 Advanced Topics – Unsupervised and self-supervised
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11 Advanced Topics – Beyond perception
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12 Project Presentation

● Expectation:
○ High quality
○ High novelty
○ Publication-oriented
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