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4. Pre-processing I: Cleaning & Integration

Fall 2025

Instructor: Sangwoo Mo
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Recap: Attendance
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Recap: Team Project
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Build your team! (Deadline: Sep 18)



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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Outline: Data Pre-processing
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Data Cleaning
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Missing Data
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Missing Data
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Missing Data

1. Ignore the tuple

2. Use a global constant

3. Use a measure of central tendency

4. Use the most probable value
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Missing Data

1. Ignore the tuple

2. Use a global constant

3. Use a measure of central tendency

4. Use the most probable value

12



Data Imputation
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Data Imputation – Nearest Neighbor
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Data Imputation – Nearest Neighbor

Features: Other values, or their embeddings
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Data Imputation – Nearest Neighbor
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Data Imputation – Nearest Neighbor
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Data Imputation – Regression
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Data Imputation – Matrix Factorization
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Data Imputation – Matrix Factorization

Case Study: The Netflix Prize
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Data Imputation – Matrix Factorization

Case Study: The Netflix Prize

Recommendation system
– Collaborative filtering 21



Data Imputation – Matrix Factorization

Case Study: The Netflix Prize
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Data Imputation – Generative Models

GAIN: Missing Data Imputation using Generative Adversarial Nets. ICML, 2018. 23



Caveat: Missing at Random?
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Caveat: Missing at Random?
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vs.



Caveat: Missing at Random?

26

vs.

Missingness is independent

Missingness is dependent to the data



Caveat: Missing at Random?
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vs.

Missingness is independent

Missingness is dependent to the data

Imputation can be biased



Noisy Data
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Noisy Data
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Noisy Data

30

Smoothing



Data Smoothing – Binning
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Data Smoothing – Weighted Average
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Data Smoothing – Moving Average
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Simple



Data Smoothing – Moving Average
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SimpleExponential



Data Smoothing – Moving Average
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Noisy Data vs. Outlier
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Outlier Detection – Statistics
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Outlier Detection – One-class Classification
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vs.



Outlier Detection – One-class Classification

39

vs.

Given only “normal” 
data, detect outliers



Outlier Detection – One-class Classification
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Outlier Detection – Density Estimation
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Inconsistent Data
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Inconsistent Data
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Mitigating Inconsistent Data
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Outline: Data Pre-processing
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Data Integration
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Data Integration
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Data Integration
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Data Integration
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Data Integration
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Schema Mapping
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Schema Mapping
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Schema Mapping
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Schema Mapping
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Schema Mapping
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Schema Mapping
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Duplicate Detection
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Duplicate Detection
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Duplicate Detection – Fuzzy Matching
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Duplicate Detection – Machine Learning
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Duplicate Detection – LLM
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Data Fusion
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Data Fusion
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Data Fusion
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Which value to use?



Data Fusion
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1. Source trustworthy

2. Recency

3. Majority voting

4. Machine learning



Data Fusion – Majority Voting
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Q. When to Integrate?
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Q. When to Integrate?
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