
©  CY Lin, 2019 Columbia UniversityE6895 Advanced Big Data Analytics — Lecture 3

E6895 Advanced Big Data Analytics Lecture 3: 

  Big Data Foundations (II)

Ching-Yung Lin, Ph.D. 

Adjunct Professor, Dept. of Electrical Engineering and Computer Science

February 8th, 2019



© 2018 CY Lin, Columbia UniversityE6893 Big Data Analytics – Lecture 3: Big Data Analytics Algorithms 2

Key Components of Spark MLlib
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Spark ML Basic Statistics

! Correlation: Calculating the correlation 
between two series of data is a common 

operation in Statistics 

■ Pearson’s Correlation 

■ Spearman’s Correlation
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Spark ML Clustering
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Example: clustering

Feature 
Space
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Clustering
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Clustering — on feature plane
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Clustering example
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Steps on clustering
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Making initial cluster centers
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K-mean clustering
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HelloWorld clustering scenario result
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Other clustering algorithms

Hierarchical clustering
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Different clustering approaches
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Spark ML Classification and Regression
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Spark ML Classification and Regression
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Classification — definition
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Classification example: using SVM to recognize a Toyota 
Camry

ML — Support Vector MachineNon-ML
Feature 
Space Positive SVs

Negative SVs

Rule 1.Symbol has 
something like 
bull’s head
Rule 2.Big black 
portion in front of 
car.
Rule 3. …..????
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Classification example: using SVM to recognize a Toyota 
Camry

ML — Support Vector Machine 

Feature 
Space

Positive SVs

Negative SVs

PCamry > 
0.95
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When to use Big Data System for classification?



© 2016 CY Lin, Columbia UniversityE6893 Big Data Analytics – Lecture 4: Big Data Analytics Algorithms 21

How does a classification system work?
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Supervised vs. Unsupervised Learning
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Work flow in a typical classification project
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Fundamental classification algorithms

Example of fundamental classification algorithms: 

• Naive Bayesian 
• Complementary Naive Bayesian 
• Stochastic Gradient Descent (SDG) 
• Random Forest 
• Support Vector Machines



© CY Lin, Columbia UniversityE6895 Advanced Big Data Analytics — Lecture 3 25

• Clustering
• K-means
• Birch

• Deep Learning
• Recurrent Neural Network (RNN)
• Deep neural network (DNN)
• Convolutional neural network (CNN)

Classification 
Support Vector Machine  
XGBoost 
LightGBM 
Random Forest 
Decision Tree 

Regression 
Ordinary Linear Regression 
Ridge Regression 
Logistic Regression

Ardi Machine Learning Components
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● Structure Learning
● Evolutionary Modeling & Prediction

HR records, Travel records, 
Badge/Location records, 
Phone records, Mobile records

Transmitted images, 
speech content, 
video content

Sensor 
Layer

Feature 
Layer

Concept 
Layer

Semantics 
Layer

Cognition 
Layer

: observations : hidden states
 26

Example of Multi-Modality Multi-Layer Understanding
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Example of Advanced Functions
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Spark GraphX
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Graph Analytics
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( , )G V E=

vN V=

eN E=

Graph Definitions and Concepts

▪A graph: 

▪V = Vertices or Nodes 

▪E =  Edges or Links 

▪The number of vertices:  “Order” 
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Property Graph
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GraphX Graph Operations

In-degree = 8 Out-degree = 8
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Reference
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A usual example
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Query Example – I
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Query Examples – II & III

Computational intensive
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Graph Database Example
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Execution Time in the example of finding extended friends (by 
Neo4j)
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Modeling Order History as a Graph
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A query language on Property Graph – Cypher
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Building Application Example – Collaborative Filtering
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Example – Email Interaction Graph

What's this query for?
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Data Visualization
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D3 Website

http://d3js.org
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D3 Gallery
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D3 Gallery



© 2019 CY Lin, Columbia UniversityE6895 Advanced Big Data Analytics– Lecture 3 Big Data Foundations (II) 47

D3 Gallery
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D3 Gallery
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D3 Gallery



© 2019 CY Lin, Columbia UniversityE6895 Advanced Big Data Analytics– Lecture 3 Big Data Foundations (II) 50

D3 Installation
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D3 Selections

In Javascript:
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D3 Dynamic Properties

Randomly color paragraphs:

Alternate shades of gray for even and odd nodes:
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D3 Dynamic Properties

Randomly color paragraphs:
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D3 Enter
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D3 Exit
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D3 Transformation
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D3 Bar Chart Tutorial

https://bost.ocks.org/mike/bar/

Javascript:

D3:
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D3 Bar Chart Tutorial
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D3 Bar Chart Tutorial
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D3 Bar Chart Tutorial
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D3 Bar Chart Tutorial
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D3 Bar Chart Tutorial
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D3 Bar Chart Tutorial

Full code to do it manually 
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D3 Bar Chart Tutorial

Full code to do it automatically
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D3 Bar Chart Tutorial

Full code to do it automatically



© 2019 CY Lin, Columbia UniversityE6895 Advanced Big Data Analytics– Lecture 3 Big Data Foundations (II) 66

D3 Bar Chart Tutorial

Load data

The equivalent of Javascript code:



© 2019 CY Lin, Columbia UniversityE6895 Advanced Big Data Analytics– Lecture 3 Big Data Foundations (II) 67

D3 Bar Chart Tutorial
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D3 Bar Chart Tutorial


