
IMEN891K/IDSC501 Data Engineering

5. Pre-processing II: Transformation

Fall 2025

Instructor: Sangwoo Mo

1



Recap: Course Overview
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Recap: Course Overview

Lecture 4-6
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Outline: Data Pre-processing
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Recap: When to Transform?
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Recap: When to Transform?
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Outline: Data Pre-processing
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Data Transformation
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Data Types
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Data Types

10

DiscretizationNormalization



Normalization
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Why do we need Normalization?
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Normalization (= Max-Min Scaling)
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Normalization (= Max-Min Scaling)
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Issue of Max-Min Scaling
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Robust Scaling
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Standardization (= Z-score Scaling)
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Standardization (= Z-score Scaling)
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Normalization vs. Standardization
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Whitening (= 𝑛-dim Standardization)
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Standardization (1-dim):
Features are correlated



Whitening (= 𝑛-dim Standardization)
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Standardization (1-dim):
Features are correlated

Whitening (𝑛-dim):
Features are decorrelated



Whitening (= 𝑛-dim Standardization)
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Whitening (𝑛-dim):
Features are decorrelated



Whitening (= 𝑛-dim Standardization)

23



Unit Vector Normalization

24



Unit Vector Normalization
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Unit Vector Normalization
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Recap: Skewness
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Non-linear Transformations
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Non-linear Transformations
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Non-linear Transformations
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Discretization
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Recap: Nominal vs. Ordinal
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One-hot Encoding
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Issue of One-hot Encoding
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Multicollinearity: One variable is dependent on others
(We need only 𝑘 − 1 features to represent 𝑘 categories)



Dummy & Effect Encoding
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Label & Ordinal Encoding
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Usually only used for ordinal data, 
except when applied to tree models



Count (Frequency) Encoding
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When count is an important feature 
(e.g., product ID in e-commerce)



Binary Encoding
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Need only log2 𝑘 features
to represent 𝑘 categories



Vector Embedding
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Case Study: Language Models (Word2Vec)

40Efficient Estimation of Word Representations in Vector Space. ICMLW, 2013.



Converting Continuous to Discrete Values
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Converting Continuous to Discrete Values
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Binning by Histogram
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Binning by Clustering

44



Case Study: Vector Quantization
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Continuous data (e.g., image, audio) ≈ Sequence of discrete values

Neural Discrete Representation Learning. NeurIPS, 2017.



Case Study: Regression → Classification

46Deep Reinforcement Learning in Large Discrete Action Spaces. ICML, 2015.



Feature Engineering
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Feature Engineering
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Classic ML = Hand-crafted Features
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Deep Representation (Feature) Learning
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Case Study: YouTube-8M dataset
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Only stores features 
instead of raw videos

https://research.google.com/youtube8m/



Recent Trend: Foundation Models

52



Foundation Models
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Foundation Models

54



Image Encoder for Visual Features (DINOv3)
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Image Encoder for Semantic Features (CLIP)
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Text Encoder (BERT)
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Outline: Data Pre-processing
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