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Course Schedule (1/2)

Week    Date    Subject/Topics
1   2018/09/10   Course Orientation for Big Data Mining
2   2018/09/17   ABC: AI, Big Data, Cloud Computing
3   2018/09/24   Mid-Autumn Festival (Day off)
4   2018/10/01   Data Science and Big Data Analytics: Discovering,

Analyzing, Visualizing and Presenting Data
5   2018/10/08   Fundamental Big Data: MapReduce Paradigm,

Hadoop and Spark Ecosystem
6   2018/10/15   Foundations of Big Data Mining in Python 
7   2018/10/22   Supervised Learning: Classification and Prediction 
8   2018/10/29   Unsupervised Learning: Cluster Analysis
9   2018/11/05   Unsupervised Learning: Association Analysis
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Course Schedule (2/2)

Week    Date    Subject/Topics
10   2018/11/12   Midterm Project Report
11   2018/11/19   Machine Learning with Scikit-Learn in Python
12   2018/11/26   Deep Learning for Finance Big Data with 

TensorFlow
13   2018/12/03   Convolutional Neural Networks (CNN)
14   2018/12/10   Recurrent Neural Networks (RNN)
15   2018/12/17   Reinforcement Learning (RL)
16   2018/12/24   Social Network Analysis (SNA)
17   2018/12/31   Bridge Holiday (Extra Day Off) 
18   2019/01/07   Final Project Presentation
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Fundamental Big Data: 
MapReduce Paradigm, 

Hadoop and Spark 
Ecosystem
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5Source: https://www.thalesgroup.com/en/worldwide/big-data/big-data-big-analytics-visual-analytics-what-does-it-all-mean



MapReduce 
Paradigm
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MapReduce Paradigm
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8Source: https://www.edureka.co/blog/mapreduce-tutorial/
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https://www.edureka.co/blog/mapreduce-tutorial/


9Source: https://www.edureka.co/blog/mapreduce-tutorial/
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10Source: https://www.edureka.co/blog/mapreduce-tutorial/
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Hadoop 
Ecosystem
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The Apache™ Hadoop® project 
develops open-source software

for reliable, scalable, 
distributed computing.

12Source: http://hadoop.apache.org/

http://hadoop.apache.org/
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HDFS

MapReduce Processing

Storage

Source: http://hadoop.apache.org/

http://hadoop.apache.org/


Big Data with Hadoop Architecture

14Source: https://software.intel.com/sites/default/files/article/402274/etl-big-data-with-hadoop.pdf

https://software.intel.com/sites/default/files/article/402274/etl-big-data-with-hadoop.pdf
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Big Data with Hadoop Architecture
Logical Architecture
Processing: MapReduce

Source: https://software.intel.com/sites/default/files/article/402274/etl-big-data-with-hadoop.pdf

https://software.intel.com/sites/default/files/article/402274/etl-big-data-with-hadoop.pdf
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Big Data with Hadoop Architecture
Logical Architecture

Storage: HDFS

Source: https://software.intel.com/sites/default/files/article/402274/etl-big-data-with-hadoop.pdf

https://software.intel.com/sites/default/files/article/402274/etl-big-data-with-hadoop.pdf
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Big Data with Hadoop Architecture
Process Flow

Source: https://software.intel.com/sites/default/files/article/402274/etl-big-data-with-hadoop.pdf

https://software.intel.com/sites/default/files/article/402274/etl-big-data-with-hadoop.pdf
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Big Data with Hadoop Architecture
Hadoop Cluster

Source: https://software.intel.com/sites/default/files/article/402274/etl-big-data-with-hadoop.pdf

https://software.intel.com/sites/default/files/article/402274/etl-big-data-with-hadoop.pdf
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Hadoop Ecosystem

Source: https://savvycomsoftware.com/what-you-need-to-know-about-hadoop-and-its-ecosystem/



Hadoop Ecosystem

20Source: Shiva Achari (2015), Hadoop Essentials - Tackling the Challenges of Big Data with Hadoop, Packt Publishing



HDP (Hortonworks Data Platform)
A Complete Enterprise Hadoop Data Platform

21Source: http://hortonworks.com/hdp/

http://hortonworks.com/hdp/


Apache Hadoop
Hortonworks Data Platform

22Source: http://hortonworks.com/hdp/

http://hortonworks.com/hdp/


Hadoop and Data Analytics Tools

23Source: http://hortonworks.com/hdp/

http://hortonworks.com/hdp/


Hadoop 1  à Hadoop 2

24Source: http://hortonworks.com/hadoop/tez/

http://hortonworks.com/hadoop/tez/


Big Data Solution

25Source: http://www.newera-technologies.com/big-data-solution.html

EG EM VA

http://www.newera-technologies.com/big-data-solution.html


Traditional ETL Architecture

26Source: https://software.intel.com/sites/default/files/article/402274/etl-big-data-with-hadoop.pdf

https://software.intel.com/sites/default/files/article/402274/etl-big-data-with-hadoop.pdf


27Source: https://software.intel.com/sites/default/files/article/402274/etl-big-data-with-hadoop.pdf

Offload ETL with Hadoop 
(Big Data Architecture)

https://software.intel.com/sites/default/files/article/402274/etl-big-data-with-hadoop.pdf


Spark 
Ecosystem
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Apache Spark 
is a fast and general engine 

for 
large-scale data processing.

29

Lightning-fast cluster computing

Source: http://spark.apache.org/

http://spark.apache.org/


Logistic regression in 
Hadoop and Spark
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Run programs up to 100x faster than 
Hadoop MapReduce in memory, 
or 10x faster on disk.

Source: http://spark.apache.org/

http://spark.apache.org/


Ease of Use

• Write applications quickly in 
Java, Scala, Python, R.

31Source: http://spark.apache.org/

http://spark.apache.org/


Word count in Spark's Python API

text_file = spark.textFile("hdfs://...")

text_file.flatMap(lambda line: line.split())
.map(lambda word: (word, 1))
.reduceByKey(lambda a, b: a+b)

32Source: http://spark.apache.org/

http://spark.apache.org/


Spark and Hadoop

33Source: http://spark.apache.org/

http://spark.apache.org/


Spark Ecosystem

34Source: http://spark.apache.org/

http://spark.apache.org/


Spark Ecosystem

35Source: https://databricks.com/spark/about

https://databricks.com/spark/about


Spark Ecosystem

36Source: Mike Frampton (2015), Mastering Apache Spark, Packt Publishing
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SMACK Stack

37

• Spark
– fast and general engine for distributed, large-scale data

processing
• Mesos

– cluster resource management system that provides efficient
resource isolation and sharing across distributed applications

• Akka
– a toolkit and runtime for building highly concurrent, distributed,

and resilient message-driven applications on the JVM
• Cassandra

– distributed, highly available database designed to handle large
amounts of data across multiple datacenters

• Kafka
– a high-throughput, low-latency distributed messaging system

designed for handling real-time data feeds

Source: Anton Kirillov (2015), Data processing platforms architectures with Spark, Mesos, Akka, Cassandra and Kafka, Big Data AW Meetup



Hadoop vs. Spark

38Source: Shiva Achari (2015), Hadoop Essentials - Tackling the Challenges of Big Data with Hadoop, Packt Publishing
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Hadoop Distribution

• Apache Hadoop
– http://hadoop.apache.org/

• Amazon Elastic Map Reduce (EMR)
– https://aws.amazon.com/emr/

• Cloudera CDH
– https://www.cloudera.com/downloads.html

• Hortonworks Sandbox
– https://hortonworks.com/products/sandbox/
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http://hadoop.apache.org/
https://aws.amazon.com/emr/
https://www.cloudera.com/downloads.html
http://hortonworks.com/products/hortonworks-sandbox/


Steps to 
Install Hadoop 

on a 
Personal Computer 

(Windows/OS X)

40Source: https://www.youtube.com/watch?v=rO-V1mxhzcM&list=PLyZEf-TOnZen8E5m5TIpIsdok2fyKDNRa&index=5

https://www.youtube.com/watch?v=rO-V1mxhzcM&list=PLyZEf-TOnZen8E5m5TIpIsdok2fyKDNRa&index=5


Hodoop: Linux Based Software

41

LINUX

LINUX

LINUX

LINUX

Source: https://www.youtube.com/watch?v=rO-V1mxhzcM&list=PLyZEf-TOnZen8E5m5TIpIsdok2fyKDNRa&index=5

https://www.youtube.com/watch?v=rO-V1mxhzcM&list=PLyZEf-TOnZen8E5m5TIpIsdok2fyKDNRa&index=5


Appliance

42

Hadoop
Linux

Virtual Machine (VirtualBox / VMWare)

Personal Computer (Windows / OS X)

Source: https://www.youtube.com/watch?v=rO-V1mxhzcM&list=PLyZEf-TOnZen8E5m5TIpIsdok2fyKDNRa&index=5

https://www.youtube.com/watch?v=rO-V1mxhzcM&list=PLyZEf-TOnZen8E5m5TIpIsdok2fyKDNRa&index=5


Connection to Hadoop

43

Hadoop
Linux

Virtual Machine (VirtualBox / VMWare)

Personal Computer (Windows / OS X)
Browser

Access 
from 
host

Source: https://www.youtube.com/watch?v=rO-V1mxhzcM&list=PLyZEf-TOnZen8E5m5TIpIsdok2fyKDNRa&index=5

https://www.youtube.com/watch?v=rO-V1mxhzcM&list=PLyZEf-TOnZen8E5m5TIpIsdok2fyKDNRa&index=5


Steps to Install Hadoop on a 
Personal Computer (Windows/OS X)

44Source: https://www.youtube.com/watch?v=rO-V1mxhzcM&list=PLyZEf-TOnZen8E5m5TIpIsdok2fyKDNRa&index=5

Step 1. Download and Install VirtualBox

Step 2. Download Appliance

Step 3. Import Appliance

Step 4. Configure Virtual Machine (VM)

Step 5. Start Virtual Machine (VM)

Step 6. Test Connection From Host

https://www.youtube.com/watch?v=rO-V1mxhzcM&list=PLyZEf-TOnZen8E5m5TIpIsdok2fyKDNRa&index=5


Virtual Box

45https://www.virtualbox.org/

https://www.virtualbox.org/


Steps to Install Hadoop on a 
Personal Computer (Windows/OS X)

46Source: https://www.youtube.com/watch?v=rO-V1mxhzcM&list=PLyZEf-TOnZen8E5m5TIpIsdok2fyKDNRa&index=5

Step 1. Download and Install VirtualBox

Step 2. Download Appliance

Step 3. Import Appliance

Step 4. Configure Virtual Machine (VM)

Step 5. Start Virtual Machine (VM)

Step 6. Test Connection From Host

Hortonworks 
Sandbox

https://www.youtube.com/watch?v=rO-V1mxhzcM&list=PLyZEf-TOnZen8E5m5TIpIsdok2fyKDNRa&index=5


Hortonworks Sandbox
The easiest way to get started with Enterprise Hadoop

47http://hortonworks.com/products/hortonworks-sandbox/#install

http://hortonworks.com/products/hortonworks-sandbox/


Get started on Hadoop with these tutorials based on 
the Hortonworks Sandbox

48http://hortonworks.com/tutorials/

http://hortonworks.com/tutorials/


Apache Hadoop

49http://hadoop.apache.org/

http://hadoop.apache.org/
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Apache Hadoop
http://hadoop.apache.org/releases.html#Download

http://hadoop.apache.org/releases.html


Apache Hadoop YARN

51Source: http://hadoop.apache.org/docs/current/hadoop-yarn/hadoop-yarn-site/YARN.html



Apache Spark

52http://spark.apache.org/

http://spark.apache.org/


databricks

53https://databricks.com/spark/about

https://databricks.com/spark/about


The Spark Platform

54Source: https://jaceklaskowski.gitbooks.io/mastering-apache-spark/content/spark-overview.html



Spark Cluster Overview

55Source: http://spark.apache.org/docs/latest/cluster-overview.html



3 Types of Spark Cluster Manager

• Standalone
– a simple cluster manager included with Spark that 

makes it easy to set up a cluster.
• Apache Mesos 

– a general cluster manager that can also run 
Hadoop MapReduce and service applications.

• Hadoop YARN 
– the resource manager in Hadoop 2.

56

Spark’s EC2 launch scripts make it easy to launch a standalone cluster on 
Amazon EC2.

Source: http://spark.apache.org/docs/latest/cluster-overview.html



Running Spark on cluster
Cluster Managers (Schedulers)

57

• Spark’s own Standalone cluster manager
• Hadoop YARN
• Apache Mesos

Source: https://jaceklaskowski.gitbooks.io/mastering-apache-spark/content/spark-cluster.html



Spark Developer Resources

58https://databricks.com/spark/developer-resources

https://databricks.com/spark/developer-resources


SparkContext and RDDs

59Source: https://jaceklaskowski.gitbooks.io/mastering-apache-spark/content/spark-sparkcontext.html



Resilient 
Distributed 

Dataset 
(RDD)

60



61Source: https://www.cs.berkeley.edu/~matei/papers/2012/nsdi_spark.pdf

https://www.cs.berkeley.edu/~matei/papers/2012/nsdi_spark.pdf


RDD
• Resilient
–fault-tolerant and so able to 

recompute missing or damaged 
partitions on node failures with the 
help of RDD lineage graph.

• Distributed across clusters.
• Dataset
–a collection of partitioned data.

62Source: https://jaceklaskowski.gitbooks.io/mastering-apache-spark/content/spark-rdd.html



Resilient Distributed Datasets 
(RDD) 

are the primary abstraction 
in Spark –

a fault-tolerant collection of 
elements that 

can be operated on in parallel

63Source: Databricks (2016), Intro to Apache Spark



Resilient Distributed Dataset 
(RDD)

Spark’s 
“Interface” 

to data
64



Spark RDD

65Source: https://jaceklaskowski.gitbooks.io/mastering-apache-spark/content/spark-rdd.html



Spark RDD

66Source: https://jaceklaskowski.gitbooks.io/mastering-apache-spark/content/spark-rdd.html



RDD Lineage Graph
(RDD operator graph)

67Source: https://jaceklaskowski.gitbooks.io/mastering-apache-spark/content/spark-rdd.html



Resilient Distributed Dataset (RDD) 
Operations

68

Intro to Apache Spark (Brain-Friendly 
Tutorial)

Source: Liondatasystems (2015), Intro to Apache Spark (Brain-Friendly Tutorial)

Transformations

Actions



Spark RDD Operations

69Source: https://jaceklaskowski.gitbooks.io/mastering-apache-spark/content/spark-rdd-operations.html



Get Started using Apache Spark on a 
Personal Computer (Windows/Mac OS X)

70Source: Databricks (2016), Intro to Apache Spark

Step 1. Install Java JDK 

Step 2. Download Spark

Step 3. Run Spark Shell

Step 4. Create RDD



Apache Spark

71http://spark.apache.org/

http://spark.apache.org/
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Spark Download

http://spark.apache.org/downloads.html

http://spark.apache.org/downloads.html


Get Started using Apache Spark on a 
Personal Computer (Windows/Mac OS X)

73Source: Databricks (2016), Intro to Apache Spark

Step 1. Install Java JDK 

Step 2. Download Spark

Step 3. Run Spark Shell

Step 4. Create RDD

Spark's interactive shell
./bin/spark-shell
val data = 1 to 10000



Get Started using Apache Spark on a 
Personal Computer (Windows/Mac OS X)

74Source: Databricks (2016), Intro to Apache Spark

Step 1. Install Java JDK 

Step 2. Download Spark

Step 3. Run Spark Shell

Step 4. Create RDD

val distData = 
sc.parallelize(data)

distData.filter(_ < 10).collect()



Word Count

Hello World 
in Big Data

75



Spark Examples

76Source: http://spark.apache.org/examples.html



Spark Word Count
Python

77

text_file = sc.textFile("hdfs://...")
counts = text_file.flatMap(lambda line: line.split(" ")) \

.map(lambda word: (word, 1)) \

.reduceByKey(lambda a, b: a + b)
counts.saveAsTextFile("hdfs://...")

Source: http://spark.apache.org/examples.html



Spark Word Count
Scala

78

val textFile = sc.textFile("hdfs://...")
val counts = textFile.flatMap(line => line.split(" "))

.map(word => (word, 1))

.reduceByKey(_ + _)
counts.saveAsTextFile("hdfs://...")

Source: http://spark.apache.org/examples.html



Spark Word Count
Java

79

JavaRDD<String> textFile = sc.textFile("hdfs://...");
JavaRDD<String> words = textFile.flatMap(new FlatMapFunction<String, String>() 
{
public Iterable<String> call(String s) { return Arrays.asList(s.split(" ")); 

}
});
JavaPairRDD<String, Integer> pairs = words.mapToPair(new PairFunction<String, 
String, Integer>() {
public Tuple2<String, Integer> call(String s) { return new Tuple2<String, 

Integer>(s, 1); }
});
JavaPairRDD<String, Integer> counts = pairs.reduceByKey(new Function2<Integer, 
Integer, Integer>() {
public Integer call(Integer a, Integer b) { return a + b; }

});
counts.saveAsTextFile("hdfs://...");

Source: http://spark.apache.org/examples.html



80

Spark Word Count

Python

Scala

Java

Source: http://spark.apache.org/examples.html
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text_file = sc.textFile(”input_readme.txt")
counts = text_file.flatMap(lambda line: line.split(" "))

.map(lambda word: (word, 1))

.reduceByKey(lambda a, b: a + b)
counts.saveAsTextFile(”output_wordcount.txt")

Spark Word Count
Python

Source: http://spark.apache.org/examples.html



82Source: http://www.slideshare.net/tcloudcomputing-tw/hadoop-product-family-2013q3-t-cloud-computing-26218439



Scala

83http://www.scala-lang.org/

http://www.scala-lang.org/


Python

84https://www.python.org/

https://www.python.org/


PySpark: 
Spark Python 

API
85



86http://spark.apache.org/docs/latest/api/python/

http://spark.apache.org/docs/latest/api/python/


87Source: http://mattturck.com/bigdata2018/

Big Data & AI Landscape 2018

http://mattturck.com/bigdata2018/
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