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Agenda

● HW1
○ Iterative K-means clustering

○ Binary Classification with Spark MLib

○ Hadoop

● Spark MLlib
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HW1
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HW1

● Document clustering with K-means
○ “Implement” iterative K-means clustering in Spark

○ L1, L2 distance functions

○ Different initialization strategies

○ Plot the cluster assignment result with T-SNE dimensionality reduction

● Binary Classification
○ Load data into Spark Dataframe

○ Modeling and Evaluation

● Monitoring Hadoop metrics
○ Installing Hadoop in Pseudo Distributed Mode

○ Monitoring hadoop metrics through HTTP API
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Iterative K-means

● In each iteration, k centroids are initialized, each point in the space is 

assigned to the nearest centroid, and the centroids are re-computed

● Pseudo code:
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Iterative K-means in Spark
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Hint: 

Spark operations you might need:

map, reduceByKey, collect, keys



Document clustering
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Plot the result with t-SNE
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Plot the result with t-SNE
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Before clustering After clustering



Plot the result with t-SNE (set random state)
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Plot the cost of each iteration
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Spark MLlib

● Spark's scalable machine learning library

● Tools:
○ ML Algorithms: classification, regression, clustering, and collaborative filtering

○ Featurization: feature extraction, transformation, dimensionality reduction, and selection

○ Pipelines: tools for constructing, evaluating, and tuning ML Pipelines

○ Persistence: saving and load algorithms, models, and Pipelines

○ Utilities: linear algebra, statistics, data handling, etc.
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Example: K-means clustering with Spark MLlib
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HW1 Part 2 Binary classification with Spark MLlib

● Adult dataset​ from UCI Machine Learning Repository

● Given information of a person, predict if the person could earn > 50k per year
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HW1 Part 2 Binary classification with Spark MLlib

● Workflow
○ Data loading: load data into Dataframe
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Spark Dataframe Guide: https://spark.apache.org/docs/latest/sql-getting-started.html



HW1 Part 2 Binary classification with Spark MLlib

● Workflow
○ Data preprocessing: Convert the categorical variables into numeric variables with ​ML Pipelines​ 

and Feature Transformers​
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HW1 Part 2 Binary classification with Spark MLlib

● Workflow
○ Modelling：

Logistic Regression

KNN

Random Forest

Naive Bayes

Decision Tree

Gradient Boosting Trees

Multi-layer perceptron

Linear Support Vector Machine

One-vs-Rest
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https://spark.apache.org/docs/latest/ml-classification-regression.html

https://spark.apache.org/docs/latest/ml-classification-regression.html


HW1 Part 2 Binary classification with Spark MLlib

● Workflow
○ Evaluation (Logistic Regression)

18ROC: Receiver operating characteristic - Wikipedia

https://en.wikipedia.org/wiki/Receiver_operating_characteristic


HW1 Part 2 Binary classification with Spark MLlib

● Workflow
○ Evaluation (Logistic Regression)
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Hadoop installation
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Step 1: Pre-installation Setup

● Before the installation, learn how to login & exit the root account
○ Login:  sudo -i

○ Exit: exit (or use ctrl+D)
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● Create a user

● Open the root using the command “sudo -i”.

● Create a user from the root account using the command “useradd -m 

username”.

● Set the password using the command “passwd username”

● Now you can open the new user account. 
○ If you’re under root account, use the command “su username”

○ Otherwise, use “su - username”
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● Create a user

● Add user to sudo group
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● SSH Setup and Key Generation

● Open the account you created, using 
○ su hadoop

● Generate generating a key value pair using SSH, using 
○ ssh-keygen -t rsa (press “enter” directly where you’re asked to enter)

● Copy the public keys from id_rsa.pub to authorized_keys, using 
○ cat ~/.ssh/id_rsa.pub >> ~/.ssh/authorized_keys

● Provide the owner with read and write permissions to authorized_keys file 

respectively
○ chmod 0600 ~/.ssh/authorized_keys

● Test SSH setup
○ ssh localhost
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● Test ssh setup. Use “logout” command to log out
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● SSH Setup (for Debugging)

● If ssh localhost doesn’t work

● Try reinstall some packages:
○ sudo apt-get remove openssh-client openssh-server

○ sudo apt-get install openssh-client openssh-server

● If still doesn’t work, check the following
○ sudo service ssh start

○ ssh localhost
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● Installing Java

● Verify the existence of Java in your system
○ java -version

○ If you’ve installed Java, it will give you the following output, and you can skip the java 

installing steps, continuing to the next section.

● If you did not install Java, you need to follow the next steps to install Java.
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● Installing Java

● Install java
○ sudo apt-get install openjdk-8-jre openjdk-8-jdk

● Then check Java version to see if you have installed java
○ java -version

● If that doesn’t work, try:
● sudo add-apt-repository ppa:openjdk-r/ppa

● sudo apt-get update

● sudo apt-get install openjdk-8-jdk
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● Installing Java

● Then check Java version to see if you have installed java
○ java -version

● To find where you have installed java
○ dirname $(dirname $(readlink -f $(which javac)))

● Set up PATH and JAVA_HOME variables
○ export JAVA_HOME=/usr/lib/jvm/java-8-openjdk-amd64 (the path from last step) 

○ export PATH=$PATH:$JAVA_HOME/bin

● Now apply all the changes into the current running system.

○ exec bash
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Step 2: Downloading Hadoop

● Change to root and change directory
○ sudo -i

○ cd /usr/local/

● Download and extract Hadoop
○ wget http://apache.claz.org/hadoop/common/hadoop-3.3.4/hadoop-3.3.4.tar.gz

○ tar xzf hadoop-3.3.4.tar.gz

○ mv hadoop-3.3.4 hadoop

● Change owner
○ sudo chown -R hadoop:hadoop ./hadoop

● Set Hadoop environment variables
○ su hadoop

○ export HADOOP_HOME=/usr/local/hadoop

○ export PATH=$PATH:/usr/local/hadoop/bin

○ exec bash
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http://apache.claz.org/hadoop/common/hadoop-3.3.1/hadoop-3.3.1.tar.gz


● Test the Hadoop setup

● Type the following command
○ hadoop version

○ If everything is fine, you’ll see the following

● Now you have successfully set up the Hadoop’s standalone mode
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● Installing Hadoop in Pseudo Distributed Mode

● Set the  Hadoop environment variables

○ export HADOOP_HOME=/usr/local/hadoop 

○ export HADOOP_MAPRED_HOME=$HADOOP_HOME 

○ export HADOOP_COMMON_HOME=$HADOOP_HOME 

○ export HADOOP_HDFS_HOME=$HADOOP_HOME 

○ export YARN_HOME=$HADOOP_HOME 

○ export 

HADOOP_COMMON_LIB_NATIVE_DIR=$HADOOP_HOME/lib/native 

○ export PATH=$PATH:$HADOOP_HOME/sbin:$HADOOP_HOME/bin 

○ export HADOOP_INSTALL=$HADOOP_HOME

○ exec bash 33



● Hadoop configuration

● Find the Hadoop configuration files
○ cd $HADOOP_HOME/etc/hadoop

○ vim hadoop-env.sh (Add the location of java to this file, namely the following line)

○ JAVA_HOME=/usr/lib/jvm/java-8-openjdk-amd64
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● Some files that you need to edit to configure Hadoop

● Open the core-site.xml and add the following properties in between 

<configuration>, </configuration> tags.

<configuration>

<property>

<name>fs.default.name</name>

<value>hdfs://localhost:9000</value>

</property>

</configuration>
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● Some files that you need to edit to configure Hadoop

● Open the hdfs-site.xml and add the following properties in between 

<configuration>, </configuration> tags.
<configuration>

<property>

<name>dfs.replication</name>

<value>1</value>

</property>

<property>

<name>dfs.name.dir</name>

<value>file:///home/hadoop/hadoopinfra/hdfs/namenode </value>

</property>

<property>

<name>dfs.data.dir</name>

<value>file:///home/hadoop/hadoopinfra/hdfs/datanode </value>

</property>

</configuration>
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● Some files that you need to edit to configure Hadoop

● Open the yarn-site.xml and add the following properties in between 

<configuration>, </configuration> tags.

<configuration>

<property>

<name>yarn.nodemanager.aux-services</name>

<value>mapreduce_shuffle</value>

</property>

</configuration>

38



● Some files that you need to edit to configure Hadoop

● Open the mapred-site.xml and add the following properties in between 

<configuration>, </configuration> tags.

<configuration>

<property>

<name>mapreduce.framework.name</name>

<value>yarn</value>

</property>

</configuration>
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● Verify Hadoop installation

● Set up the namenode
○ cd ~

○ hdfs namenode -format
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● Verify Hadoop installation

● Verify Hadoop dfs
○ Start-dfs.sh

● Verify yarn script
○ start-yarn.sh
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● Access Hadoop on Browser

● Use the following url to get Hadoop services on browser.
○ http://localhost:9870/
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● Access Hadoop on Browser

● Access all applications of cluster
○ http://localhost:8088/
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References

● https://spark.apache.org/docs/latest/sql-getting-started.html

● https://www.analyticsvidhya.com/blog/2016/10/spark-dataframe-and-

operations/

● https://spark.apache.org/docs/latest/ml-guide.html

● https://towardsdatascience.com/machine-learning-with-pyspark-and-mllib-

solving-a-binary-classification-problem-96396065d2aa
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