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The Overview of the Module
What is Big Data?

Challenges of Big Data

What Is Hadoop and Its structure?
Importance of Hadoop

Hadoop ecosystem
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 This module aims to provide students with the core
theoretical and practical background required for big data
analytics and developing big data systems. It will provide
you with an insight into areas of big data management and
advanced analytics. You will develop in-depth practical skills
through using tools and techniques from the forefront of the

emerging field of data analytics.
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e | ectures:

» Dr Amin Karami (module leader)

a.karami@uel.ac.uk (office: EB.1.86)

e Practical sessions:

» Dr Sin Wee Lee (s.w.lee@uel.ac.uk, office: EB.1.104)

» Dr Mustansar Ghazanfar (m.ghazanfar@uel.ac.uk, office:
EB.1.104)

» Two MSc students from last year (Diana and Rajathi)

Universityof
East London
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» Lecture: Friday (11:00-13:00), weekly, Main Lecture Theatre

* Practical: (KD.2.14, KD.2.15, KD.2.28E), find your practical
time slot and the lab room at https://ueltt.uel.ac.uk

Friday (14:00-17:00), begins from 11th Oct.
v' Team: Amin, Mustansar, Rajathi

Tuesday (14:00-17:00), begins from 15th Oct.

v Team: Amin, Sin Wee, Mustansar

Wednesday (10:00-13:00 and 14:00-17:00), begins from 16th Oct.

v' Team: Amin, Diana, Rajathi

University of
East London
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A group-based Coursework (100%): A practical work about
Big Data Analytics

Presentations: week 12 (17%, 181, 20" December 2019)

Turnitin Submission: 27" December 2019

Groups Include 3-4 persons. You should make It up by end of
October 2019.

All the group members must attend In the presentation. If you
do not attend, you fail the module.

Every member of group will be assessed individually.

Universityof
East London



Week 1 (41" Oct.): Module Introduction + Fundamentals of Big Data
Week 2 (11t Oct.): Hadoop + HDFS
Week 3 (18t Oct.): Hadoop + MapReduce

Week 4 (251 Oct.): Data Acquisition by Sqoop , Oozie (workflow scheduler) +
Zookeeper (distributed sync. In clusters}/

Week 5 (15t Nov.): Hive for big data query and analysis

Week 6 (8" Nov.): Hive tutorial [CRWK part 1]

Week 7 (15" Nov.): Spark + Python tutorial in Jupyter

Week 8 (229 Nov.): PySpark tutorial

Week 9 (29" Nov.): Advanced Analytics in PySpark [CRWK part 2]
Weeks 10 and 11 (61" & 13t Dec.): CRWK Preparation (lab)
Week 12 (17th, 18th & 20t Dec.): CRWK Presentation

University of
East London



Software Suites for Big Data
 VMWare Workstation (v14 or higher)

& onthehub.com

OnThEHKLJE' PRODUCTS v FINDYOURSCHOOL v BLOG~v HELPvY Q f o
Y
operating systems, applications, Run Windows applications on a solve research problems, and with Adobe’s suite of creative
photos, and more. Mac with Parallels Desktop — more. tools.
without rebooting.
ety $34.95 USD Lot ier i T
£24.99 USD $70.00 on Limited-time pricing! $19.99 USD/month
$39.99 USD

Find Your School

Search for your school to discover the software deals you may be eligible for!

Country

United Kingdom X

School

University of East London X

Department

University of East London - School of Architecture, Computing and Engineering

Log in to your University of East London - School of Architecture, Computing and Engineering WebStore to view all available offerings.

W
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Software Suites for Big Data
* Ubuntu 16.04

v" Download, unzip and then open it in VMWare:

https://www.dropbox.com/s/7ibvubx25el16b7]/BigDataClass.zip?dl=1

1} Home l '] Ubuntu 16.04 (Big Data) l

=1 Ubuntu 16.04 (Big Data) v Minimum requirements:
P Power on this virtual machine
’:EIEdit virtual machine settings D CPU 4 processors
™ Devices J RAM: 8GB-12GB
M Memory 12 GB
[J Processors 4
L= Hard Disk (SCSI) 30 GB 1 HDD: 30 GB

~JCD/DVD (SATA)  Auto detect
[El Network Adapter NAT
USB Controller Present

@) sound Card Auto detect W University of
(&= Printer Present w@w, East LOIldOIl

g Display Auto detect


https://www.dropbox.com/s/7ibvubx25e16b7j/BigDataClass.zip?dl=1

Software Suites for Big Data

* Once you power on the Ubuntu machine, you need to log In to
your own practical week:

Passwords:

Friday Group (Big Data - CN7022)

Tuesday Group (Big Data - CN7022) m Fnday Group: Frld ay

uel

= Tuesday Group: Tuesday

Wednesday Group (Big Data - CN: . Wednesday Group: Wed nesday

Guest Session

ﬁ-—#
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 Cloudera (CDH 5.13)

v CDH (Cloudera Distribution Hadoop) is the open-source Apache
Hadoop distribution project provided by Cloudera Inc.

v' Download, unzip and then open it in VMWare:

https://www.dropbox.com/s/OwmOyfvOmhxczey/cloudera-guickstart-
vim-5.13.0-0-vmware.zip?di=1

v' We will use it for Sgoop, Hive and CRWK.

Universityof
East London
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Resources

O'REILLY’

Machine Learning
with Apache Spark
Quick Start Guide

Big Data
Analytics
with Hadoop 3

Uncover patterns, derive actionable insights, and learn from
big data using MLIib

Build highly effective analytics solutions to gain valuable insight
into your big data

ST e AN, 1
et Bl o L, R e

The Definitive Guide

BIG DATA PROCESSING MADE SIMPLE

Jillur Quddus

Bill Chambers & Matei Zaharia

University of
> East London




» Big Data Technologies and Methodologies
« Computational Intelligence
 Intrusion Detection Systems

« Next Generation Internet: NDN and loT

Please visit my Google Scholar page for more information.

If you are interested in research and have already an idea, drop me an emaill
to discuss it: a.karami@uel.ac.uk

University of
East London
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Where does Big Data come from?

12+ terabytes 5t+21illi0lt1s  The number of web pages indexed by
oo A o sucoad. Google: one million in 1998, have exceeded
created sssss one trillion in 2008, and its expansion is
oy Volume Velocity accelerated by appearance of the social
A wg networks.
® g o° « The amount of mobile data traffic Is
e B
: ree . . _ expected to grow to 10.8 Exabyte per
100's Variety Veracity Only 1in 3 month by 2016.

of different decision makers - :

t:r::ta. biust tHhats « More than 65 billion devices were

Information. connected to the Internet by 2010, and this
number will go up to 230 billion by 2020.

« Many companies are moving towards
using Cloud services to access Big Data
analytical tools.

* Open Source communities are growing up.

ﬁ-—;
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Memory Size Chart
mm

100 Single binary digit (0 or 1)
Byte B 10" 8 bits = 23
Kilobyte KB 10° 1,024 B = 270
Megabyte MB 10° (mition) 1,024 KB = 240
Gigabyte GB 10° Bilion) 1,024 MB = 230
Terabyte B 102 (Trition) 1,024 GB = 249

Petabyte PB 107° (Quadrilion) 1,024 TB = 2°9

Exabyte EB 1078 (Quintilion) 1,024 PB = 269
Zettabyte ZB 1027 (sextiion) 1,024 EB =270
Yottabyte YB 1024 (septilion) 1,024 ZB = 280

W
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Reading big data: ordinary machines

Do you think does it reasonable”? Could we process our data?
Certainly, NO

University of
W@, East London



Reading big data: parallel processing

Data: 1 TB

Speed: 200 MB/sec
——p ~87 Mins

Data: 1 TB

Speed: 200 MB/sec
- ~8/7 Mins

With:
Data: 1 TB 1000MBPS
- Speed: 200 MB/sec (1GBPS)
@ o —> ~37 Mins Last:
~87 Mins

Data: 1 TB

Speed: 200 MB/sec
o — ~87 Mins

Data: 5 TB
Speed: 200 MB/sec

Time: 437 minutes
(7hrs 28min)

Data: 1 TB

Speed: 200 MB/sec _
————————p ~87 Mins

W
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How to process Big Data?

» Scale Up (scale vertically): adding resources to a single
node In a system. [expensive, not possible for massive data.]

» Scale Out (scale horizontally): adding more nodes to a
system. [expensive, fault tolerance, development problems]

N4 University of
W@, East London



1 Dividing and Distributing Divide 5TB data into
1TB and send them into workstations

Parallel Processing Run all the workstations in
parallel without delay and fault

Combining Results we need combine all the
results from each workstation

| Costly Servers more workstations take more cost
How to overcome these challenges?

EEEE

University of
East London



 Apache Hadoop Is an open-source framework written
In Java, that supports the processing and storing of
massive amount of data (referred as Big Data) on
clusters of commodity hardware.

« Hadoop was created by computer scientists Doug
Cutting and Mike Cafarella In 2006 to support
distribution for the Nutch search engine. It was
Inspired by Google File System (Oct. 2003) Google
MapReduce (Dec. 2004), a software framework In
which an application Is broken down Into numerous

small part.

University of
East London



 Apache Hadoop 1.0 became publically available In
November 2012 as part of the Apache project
sponsored by the Apache Software Foundation.

* The latest stable release I1s Apache Hadoop 3.2.0 which
IS available (Sept. 2019) In https://hadoop.apache.org

APACHE -
' / Apache Hadoop

Universityof
East London
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MapReduce
1. HDFS (Hadoop Distributed File System) Is the data

part of Hadoop which Is the primary storage system

used by Hadoop applications. HDFS

2. MapReduce Is the processing part of Hadoop.

HDFS components:

 NameNode (Master) Is a centrepiece of HDFS that stores the metadata of
HDFS. It keeps a list of blocks and its location for files stored in HDFS. It Is
a single point of failure. It needs more memory (RAM) to be executed.

 DataNode (Slave) Is responsible for storing the actual data in HDFS. It Is

usually configured with a lot of hard disk.

University of
East London



 NameNode
» Keep all namespaces in memory
* Maintains metadata
* Monitors data node health
* Replicates missing blocks
» Maintains mapping of list of blocks and locations
» Maintains authorization and authentication data
* Manages checkpoints

» DataNode
» Serves data blocks directly to clients
» Handles block storage on multiple volumes, block integrity
* Periodically sends heartbeats and block reports to NameNode
» Stores blocks as underlying OS's file

University of
East London



« JobTracker: A coordinator for
tasks. It keeps track of jobs being
run on clusters. Each cluster has
a single job tracker. It settles In
the Memory.

» TaskTracker: A node that accepts
tasks (e.g., Map, Reduce, Execution Command
Shuffle). Each cluster can have i
multiple task trackers.

University of
East London



 Job Tracker
 Client applications submit jobs to JobTracker
« JobTracker talks to NameNode to determine data location
« JobTracker locates TaskTracker nodes with available slots at or near data.
« JobTracker submits work to chosen TaskTracker nodes.
* When work is completed, JobTracker updates status.

« Task Tracker nodes are monitored:
* If they do not submit heartbeat signals periodically, they are deemed to
have failled and work 1s scheduled on different TaskTracker

» Task Tracker will notify JobTracker when a task fails:
» JobTracker may resubmit job elsewhere, mark that specific record as
something to avoid, and even blacklist TaskTracker as unreliable.

University of
East London



Hadoop Scheme

TaskTracker Map

(3) = /

Task i Node 1

—LL \ Reduce

—— DataNode

_E ; ................. ; i Map i
. ~ JobTracker
T m ~ Node 2
MapReduce 4 Reduce i
I I Map i
Node 3
| Reduce i
‘HeartbeatSignal ?
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. User applications submit jobs to the JobTracker

. JobTracker talks to the NameNode to determine the location of the data
. JobTracker locates TaskTracker with available slots in clusters

. JobTracker submits the work to the chosen TaskTracker nodes

. TaskTracker nodes are monitored. If they do not submit heartbeat signals often enough,

they are deemed to have failed and the work is scheduled on a different TaskTracker

. A TaskTracker will notify the JobTracker when a task fails. The JobTracker decides

what to do then: it may resubmit the job elsewhere, it may mark that specific record as

something to avoid, and it may even blacklist the TaskTracker as unreliable

. When the work is completed, the JobTracker updates its status

. The JobTracker Is a point of failure for the Hadoop MapReduce service. If it goes

down, all running jobs are halted

University of
East London



1.A TaskTracker i1s a node In the cluster that accepts tasks - Map, Reduce and Shuffle

operations from a JobTracker

2.When the JobTracker tries to find somewhere to schedule a task within the MapReduce

operations, it first looks for an empty slot on the same server that hosts the

DataNode containing the data, and if not, it looks for an empty slot on a machine in the

same rack
3.The TaskTracker spawns a se

that process failure does not ta

parate JVM processes to do the actual work; this is to ensure

ke down the task tracker

4.The TaskTracker monitors these spawned processes, capturing the output and exit codes.

When the process finishes, successfully or not, the tracker notifies the JobTracker.

5.The TaskTrackers also send out heartbeat messages to the JobTracker, usually every few

minutes, to reassure the JobTracker that it is still alive. These message also inform the

JobTracker of the number of

available slots, so the JobTracker can stay up to date with

where In the cluster work can be delegated.

University of
East London



Node
 The fundamental idea of YARN (Yet Another Yarn g ffma”ager__
Resource Negotiator) Is to split up the / Emtamer ﬂp"ﬁl“’l*;i?n
functionalities of resource management and | cjen} ;‘Eﬁiﬁ%
job  scheduling/monitoring Into separate | cient L N . .
daemons. h"“‘:T" anager
- Hadoop YARN stands for 'next-generation Contaner | e

MapReduce’ that help to Manage resources

- ResourceManager gets resources from
the cluster in the form of Container (CPU

- YARN is now available in Hadoop 2.0 and 3.0.  and RAM). |

- Containers are supervised by the
NodeManager and scheduled by the
ResourceManager.

and schedule tasks.

Universityof
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* High Availability for NameNode:

o The loss of NameNode can crash the cluster in both Hadoop 1.x and 2.x.

o Hadoop 2.X: the active-passive setup (one active and one stand-by NameNode)

to help recover NameNode fallures.

o Hadoop 3.x: 1 active NameNode + 2 passive NameNodes + five JournalNodes

to assist for catastrophic failures:

= NameNode machines: run active and passive (standby) nodes. They should
have the equivalent hardware to each other.

» JournalNode machines: it is relatively lightweight and collects: NameNode
and YARN ResourceManager (JobTracker in the old version).

University of
East London



Intra-DataNode Balancer in Hadoop 3.x

O H D FS 3 X Now | N Cl u d es a Disk 1 Disk 2 Disk 3 — Disk 1 Disk 2 Disk 3
BT - ST - A

comprehensive storage capacity-

bik 2 New Block == =

management approach for moving

blk_2
blk_1

data across nodes.

VST e/ e \b'_k.?__/ N L N \.\b“(.“ o

oWhen writin g new blocks to HDFS Round-Robin Volume Choosing Policy Available Space Volume Choosing Policy

DataNode DataNode

DataNode uses a volume-choosing

policy to choose the disk for the o The round-robin policy distributes the
block. Two such policy types are new blocks evenly across the available
currently supported: round-robin or disks, while the available-space policy
avallable space. preferentially writes data to the disk that

has the most free space by percentage.

University of
East London



Main Hadoop Components

« HDFS: Hadoop Distributed File System

* YARN: Cluster Management Technology (Hadoop V2)
 MapReduce: Data processing using programming

» Spark: In-memory Data Processing

* PIG, HIVE: Data Processing Services using Query (SQL-like)
« HBase: NoSQL Database

 Mahout, Spark MLIib: Machine Learning e
» Apache Drill: SQL on Hadoop
» Zookeeper: Managing Cluster é—)

» Oozie: Job Scheduling \ =

* Flume, Sqgoop: Data Ingesting Services ﬁ
- Solr & Lucene: Searching & Indexing WebServer| -
 Ambari: Provision, Monitor and Maintain cluster Logs

HCatalog

-

Relational Database

ﬁ-—;
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*Overviewed the course requirements

* Discussed the reasons for needing Big Data
* Introduced Hadoop

*Discussed Hadoop Infrastructure
*Discussed HDFS and MapReduce

*Introduced Hadoop Ecosystem Components




