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Foreword

As organizations have evolved over the last 40 to 50 years, they have slowly
but steadily found ways and means to improve their operations by adding
IT/software systems across their operating areas. It would not be surprising
today to see more than 250+ applications in each of our Fortune 200
companies. This has also slowly caused another creeping problem as we
evolve from our level of maturity to another; silos of systems that don’t
interface well to each other.

As enterprises move from local optimization to enterprise optimization they
have been leveraging some of the emerging technologies like Big Data
systems to find ways and means by which they could bring data together
from their disparate IT systems and fuse them together to find better means of
driving efficiency and effectiveness improvement that could go a long way in
helping enterprises save money.

Tomcy and Pankaj, with their vast experience in different functional and
technical domains, have been working on finding better ways to fuse
information from variety of applications within the organization. They have
lived through the challenging journey of finding a ways to bring out changes
(technological & cultural).

This book has been put together from the perspective of software engineers,
architects and managers; so it’s very practical in nature as both of them have
lived through various enterprise grade implementation that adds value to the
enterprise.

Using future proof patterns and contemporary technology concepts like Data
Lake help enterprises prepare themselves well for the future, but even more
given them the ability to look across data that they have across different
organizational silos and derive wisdom that’s typically lost in the blind spots.

Thomas Benjamin



CTO, GE Aviation Digital.
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Preface

Data is becoming very important for many enterprises and it has now become
pivotal in many aspects. In fact, companies are transforming themselves with
data at the core. This book will start by introducing data, its relevance to
enterprises, and how they can make use of this data to transform themselves
digitally. To make use of data, enterprises need repositories, and in this
modern age, these aren't called data warehouses; instead they are called Data
Lake.

As we can see today, we have a good number of use cases that are leveraging
big data technologies. The concept of a Data Lake existed there for quite
sometime, but recently it has been getting real traction in enterprises. This
book brings these two aspects together and gives a hand-on, full-fledged,
working Data Lake using the latest big data technologies, following well-
established architectural patterns.

The book will bring Data Lake and Lambda architecture together and help the
reader to actually operationalize these in their enterprise. It will introduce a
number of Big Data technologies at a high level, but we didn't want to make
it an authoritative reference on any of these topics, as they are vast in nature
and worthy of a book by themselves.

This book instead covers pattern explanation and implementation using
chosen technologies. The technologies can of course, be replaced with more
relevant ones in future or according to set standards within an organization.
So, this book will be relevant not only now but for a long time to come.
Compared to a software/technology written targeting a specific version, this
does not fall in that category, so the shelf life of this book is quite long
compared to other books in the same space.

The book will take you on a fantastic journey, and in doing so, it follows a
structure that is quite intuitive and exciting at the same time.



What this book covers

The book is divided into three parts. Each part contains a few chapters, and
when a part is completed, readers will have a clear picture of that part of the
book in a holistic fashion. The parts are designed and structured in such a
way that the reader is first introduced to major functional and technical
aspects; then in the following part, or rather the final part, things will all
come together. At the end of the book, readers will have an operational Data
Lake.

Part 1, Overview, introduces the reader to various concepts relating to data,
Data Lake and important components . It consists of four chapters and as
detailed below, each chapter well-defined goal to be achieved.

Chapter 1, Introduction to Data, introduces the reader to the book in general
and then explains what data is and its relevance to the enterprise. The chapter
explains the reasons as to why data in modern world is important and how it
can/should be used. Real-life use cases have been showcased to explain the
significance of data and how data is transforming businesses today. These
real-life use cases will help readers to start their creative juices flowing and
get thinking about how they can make a difference to their enterprise using
data.

Chapter 2, Comprehensive Concepts of a Data Lake, deepens further into the
details of the concept of a Data Lake and explains use of Data Lake in
addressing the problems faced by enterprises. This chapter also provides a
sneak preview around Lambda architecture and how it can be leveraged for
Data Lake. The reader would thus get introduced to the concept of a Data
Lake and the various approaches that organizations have adopted to build
Data Lake.

Chapter 3, Lambda Architecture as a Pattern for Data Lake, introduces the
reader into details of Lambda architecture, its various components and the
connection between Data Lake and this architecture pattern. In this chapter
the reader will get details around Lambda architecture, with the reasons of its



inception and the specific problems that it solves. The chapter also provides
the reader with ability to understand the core concepts of Lambda
architecture and how to apply it in an enterprise. The reader will understand
various patterns and components that can be leveraged to define lambda
architecture both in the batch and real-time processing spaces. The reader
would have enough background on data, Data Lake and Lambda architecture
by now, and can move onto the next section of implementing Data Lake for
your enterprise.

Chapter 4, Applied Lambda for Data Lake, introduces reader to technologies
which can be used for each layer (component) in Lambda architecture and
will also help the reader choose one lead technology in the market which we
feel very good at this point in time. In this chapter, the reader will understand
various Hadoop distributions in the current landscape of Big Data
technologies, and how they can be leveraged for applying Lambda
architecture in an enterprise Data Lake. In the context of these technologies,
the reader will understand the details of and architectural motivations behind
batch, speed and serving layer in an enterprise Data Lake.

Part 2, Technical Building Blocks of Data Lake, introduces reader to many
technologies which will be part of the Data Lake implementation. Each
chapter covers a technology which will slowly build the Data Lake and the
use case namely Single Customer View (SCV). Almost all the important
technical details of the technology being discussed in each chapter would be
covered in a holistic fashion as in-depth coverage is out of scope of this book.
It consists of six chapters and each chapter has a goal well defined to be
achieved as detailed below.

Chapter 5, Data Acquisition of Batch Data using Apache Sqoop, delves deep
into Apache Sqoop. It gives reasons for this choice and also gives the reader
other technology options with good amount of details. The chapter also gives
a detailed example connecting Data Lake and L.ambda architecture. In this
chapter the reader will understand Sqoop framework and similar tools in the
space for data loads from an enterprise data source into a Data Lake. The
reader will understand the technical details around Sqoop and architecturally
the problems that it solves. The reader will also be taken through examples,
where the Sqoop will be seen in action and various steps involved in using it



with Hadoop technologies.

Chapter 6, Data Acquisition of Stream Data using Apache Flume, delves deep
into Apache Flume, thus connecting technologies in purview of Data Lake
and Lambda architecture. The reader will understand Flume as a framework
and its various patterns by which it can be leveraged for Data Lake. The
reader will also understand the Flume architecture and technical details
around using it to acquire and consume data using this framework in detail,
with specific capabilities around transaction control and data replay with
working example. The reader will also understand how to use flume with
streaming technologies for stream based processing.

Chapter 7, Messaging Layer using Apache Kafka, delves deep into Apache
Kafka. This part of the book initially gives the reader the reason for choosing
a particular technology and also gives details of other technology options. . In
this chapter, the reader would understand Kafka as a message oriented
middleware and how it’s compared with other messaging engines. The reader
will get to know details around Kafka and its functioning and how it can be
leveraged for building scale-out capabilities, from the perspective of client
(publisher), broker and consumer(subscriber). This reader will also
understand how to integrate Kafka with Hadoop components for acquiring
enterprise data and what capabilities this integration brings to Data Lake.

Chapter 8, Data Processing using Apache Flink, the reader in this chapter
would understand the concepts around streaming and stream based
processing, and specifically in reference to Apache Flink. The reader will get
deep into using Apache Flink in context of Data Lake and in the Big Data
technology landscape for near real time processing of data with working
examples. The reader will also realize how a streaming functionality would
depend on various other layers in architecture and how these layers can
influence the streaming capability.

Chapter 9, Data Storage using Apache Hadoop, delves deep into Apache
Hadoop. In this chapter, the reader would get deeper into Hadoop Landscape
with various Hadoop components and their functioning and specific
capabilities that these components can provide for an enterprise Data Lake.
Hadoop in context of Data Lake is explained at an implementation level and
how Hadoop frameworks capabilities around file storage, file formats and



map-reduce capabilities can constitute the foundation for a Data Lake and
specific patterns that can be applied to this stack for near real time
capabilities.

Chapter 10, Indexed Data Store using Elasticsearch, delves deep into
Elasticsearch. The reader will understand Elasticsearch as data indexing
framework and various data analyzers provided by the framework for
efficient searches. The reader will also understand how elasticsearch can be
leveraged for Data Lake and data at scale with efficient sharding and
distribution mechanisms for consistent performance. The reader will also
understand how elasticsearch can be used for fast streaming and how it can
used for high performance applications with working examples.

Part 3, Bringing it all together, will bring together technical components from
part one and two of this book to give you a holistic picture of Data Lakes. We
will bring in additional concepts and technologies in a brief fashion so that, if
needed, you can explore those aspects in more detail according to your
enterprise requirements. Again, delving deep into the technologies covered in
this chapter is out of the scope of this book. But we want you to be aware of
these additional technologies and how they can be brought into our Data
Lake implementation if the need arises. It consists of two chapters, and each
chapter has a goal well defined to be achieved, as detailed here.

Chapter 11, Data Lake components working together, after introducing reader
into Data Lake, Lambda architecture, various technologies, this chapter
brings the whole puzzle together and brings in a holistic picture to the reader.
The reader at this stage should feel accomplished and can take in the
codebase as is into the organization and show it working. In this chapter, the
reader, would realize how to integrate various aspects of Data Lake to
implement a fully functional Data Lake. The reader will also realize the
completeness of Data Lake with working examples that would combine all
the learning from previous chapters into a running implementation.

Chapter 12, Data Lake Use Case Suggestions, throughout the book the reader
is taken through a use case in the form of “Single Customer View”; however
while going through the book, there are other use cases in pipeline relevant to
their organization which reader can start thinking. This provoking of thought
deepens into bit more during this chapter. The reader will understand and



realize various use cases that can reap great benefits from a Data Lake and
help optimize their cost of ownership, operations, reactiveness and help these
uses with required intelligence derived from data. The reader, in this chapter,
will also realize the variety of these use cases and the extents to which an
enterprise Data Lake can be helpful for each of these use cases.



What you need for this book

This book is for developers, architects, and product/project owners, for
realizing Lambda-architecture-based Data Lakes for Enterprises. This book
comprises working examples to help the reader understand and observe
various concepts around Data Lake and its basic implementation. In order to
run the examples, one will need access to various pieces of open source
software, required infrastructure, and development IDE. Specific efforts have
been made to keep the examples simple and leverage commonly available
frameworks and components. The operating system used for running these
examples is CentOS 7, but these examples can run on any flavour of the
Linux operating system.



Who this book is for

e Java developers and architects who would like to implement Data Lake
for their enterprise

e Java developers who aim to get hands-on experience on Lambda
Architecture and Big Data technologies

e Java developers who would like to discover the world of Big Data and
have an urge to implement a practical solution using those technologies.



Conventions

In this book, you will find a number of text styles that distinguish between
different kinds of information. Here are some examples of these styles and an
explanation of their meaning.

Code words in text, database table names, folder names, filenames, file
extensions, pathnames, dummy URLSs, user input, and Twitter handles are
shown as follows: "Rename the completed spool file to spoo1-1 as specified in
the earlier example."

A block of code is set as follows:

agent.sources = spool-source
agent.sources.spool-source.type=spooldir
agent.sources.spool-source.spoolbir=/home/centos/flume-data
agent.sources.spool-source.interceptors=ts uuid

Any command-line input or output is written as follows:

| ${FLUME_HOME}/bin/flume-ng agent --conf ${FLUME_HOME}/conf/ -f ${FLUME_H(

New terms and important words are shown in bold. Words that you see on
the screen, for example, in menus or dialog boxes, appear in the text like this:
" Without minimum or no delay (NRT: Near Real Time or Real time) the
company wanted the data produced to be moved to Hadoop system"

o Warnings or important notes appear in a box like this.

8 Tips and tricks appear like this.



Reader feedback

Feedback from our readers is always welcome. Let us know what you think
about this book-what you liked or disliked. Reader feedback is important for
us as it helps us develop titles that you will really get the most out of.

To send us general feedback, simply e-mail feedback@packtpub.com, and
mention the book's title in the subject of your message.

If there is a topic that you have expertise in and you are interested in either
writing or contributing to a book, see our author guide at www.packtpub.com/aut
hors.


http://www.packtpub.com/authors

Customer support

Now that you are the proud owner of a Packt book, we have a number of
things to help you to get the most from your purchase.



Downloading the example code

You can download the example code files for this book from your account at
http://www.packtpub.com. If you purchased this book elsewhere, you can visit hit
p://www.packtpub.com/support and register to have the files e-mailed directly to
you.

You can download the code files by following these steps:

1. Log in or register to our website using your e-mail address and
password.

Hover the mouse pointer on the SUPPORT tab at the top.

Click on Code Downloads & FErrata.

Enter the name of the book in the Search box.

Select the book for which you're looking to download the code files.
Choose from the drop-down menu where you purchased this book from.
Click on Code Download.

NOUThA N

Once the file is downloaded, please make sure that you unzip or extract the
folder using the latest version of:

e WinRAR / 7-Zip for Windows
e Zipeg/iZip / UnRarX for Mac
e 7-Zip / PeaZip for Linux

The code bundle for the book is also hosted on GitHub at https://github.com/Pac
ktPublishing/Data-Lake-for-Enterprises. We also have other code bundles from our
rich catalog of books and videos available at https://github.com/PacktPublishing/.
Check them out!


http://www.packtpub.com
http://www.packtpub.com/support
https://github.com/PacktPublishing/Data-Lake-for-Enterprises
https://github.com/PacktPublishing/

Errata

Although we have taken every care to ensure the accuracy of our content,
mistakes do happen. If you find a mistake in one of our books-maybe a
mistake in the text or the code-we would be grateful if you could report this
to us. By doing so, you can save other readers from frustration and help us
improve subsequent versions of this book. If you find any errata, please
report them by visiting http://www.packtpub.com/submit-errata, selecting your
book, clicking on the Errata Submission Form link, and entering the details of
your errata. Once your errata are verified, your submission will be accepted
and the errata will be uploaded to our website or added to any list of existing
errata under the Errata section of that title.

To view the previously submitted errata, go to https://www.packtpub.com/books/c
ontent/supportand enter the name of the book in the search field. The required
information will appear under the Errata section.


http://www.packtpub.com/submit-errata
https://www.packtpub.com/books/content/support

Piracy

Piracy of copyrighted material on the Internet is an ongoing problem across
all media. At Packt, we take the protection of our copyright and licenses very
seriously. If you come across any illegal copies of our works in any form on
the Internet, please provide us with the location address or website name
immediately so that we can pursue a remedy.

Please contact us at copyright@packtpub.com with a link to the suspected pirated
material.

We appreciate your help in protecting our authors and our ability to bring you
valuable content.



Questions

If you have a problem with any aspect of this book, you can contact us
at questions@packtpub.com, and we will do our best to address the problem.



Introduction to Data

Through this book, we are embarking on a huge task of implementing a
technology masterpiece for your enterprise. In this journey, you will not only
have to learn many new tools and technologies but also have to know a good
amount of jargon and theoretical stuff. This will surely help you in your
journey to reach the ultimate goal of creating the masterpiece, namely Data
lake.

This part of the book aims at preparing you for a tough road ahead so that
you are quite clear in the head as to what you want to achieve. The concept of
a Data lake has evolved over time in enterprises, starting with concepts of
data warehouse which contained data for long term retention and stored
differently for reporting and historic needs. Then the concept of data mart
came into existence which would expose small sets of data with enterprise
relevant attributes. Data lake evolved with these concepts as a central data
repository for an enterprise that could capture data as is, produce processed
data, and serve the most relevant enterprise information.

The topic or technology of Data lake is not new, but very few enterprises
have implemented a fully functional Data lake in their organization. Through
this book, we want enterprises to start thinking seriously on investing in

a Data lake. Also, with the help of you engineers, we want to give the top
management in your organization a glimpse of what can be achieved by
creating a Data lake which can then be used to implement a use case more
relevant to your own enterprise.

So, fasten your seatbelt, hold on tight, and let's start the journey!

Rest assured that after completing this book, you will help your enterprise
(small or big) to think and model their business in a data-centric approach,
using Data lake as its technical nucleus.

The intent of this chapter is to give the reader insight into data, big data, and
some of the important details in connection with data. The chapter gives



some important textbook-based definitions, which need to be understood in
depth so that the reader is convinced about how data is relevant to an
enterprise. The reader would also have grasped the main crux of

the difference between data and big data. The chapter soon delves into the
types of data in depth and where we can find in an enterprise.

The latter part of the chapter tries to enlighten the user with the current state
of enterprises with regard to data management and also tries to give a high-
level glimpse on what enterprises are looking to transform themselves into,
with data at the core. The whole book is based on a real-life example, and the
last section is dedicated to explaining this example in more detail. The
example is detailed in such a manner that the reader would get a good amount
of concepts implemented in the form of this example.



Exploring data

Data refers to a set of values of qualitative or quantitative variables.

Data is measured, collected and reported, and analyzed, whereupon it can be
visualized using graphs, images or other analysis tools. Data as a general
concept refers to the fact that some existing information or knowledge is
represented or coded in some form suitable for better usage or processing.

- Wikipedia
Data can be broadly categorized into three types:

e Structured data
e Unstructured data
e Semi-structured data

Structured data is data that we conventionally capture in a business
application in the form of data residing in a relational database (relational
database management system (RDBMS)) or non-relational database
(NoSQL - originally referred to as non SQL).

Structured data can again be broadly categorized into two, namely raw and
cleansed data. Data that is taken in as it is, without much cleansing or
filtering, is called raw data. Data that is taken in with a lot of cleansing and
filtering, catering to a particular analysis by business users, is called cleansed
data.

All the other data, which doesn’t fall in the category of structured, can be
called unstructured data. Data collected in the form of videos, images, and so
on are examples of unstructured data.

There is a third category called semi-structured data, which has come into
existence because of the Internet and is becoming more and more
predominant with the evolution of social sites. The Wikipedia definition of
semi-structured data is as follows:



Semi-structured data is a form of structured data that does not conform with
the formal structure of data models associated with relational databases or
other forms of data tables, but nonetheless contains tags or other markers to
separate semantic elements and enforce hierarchies of records and fields
within the data. Therefore, it is also known as self-describing structure.

Some of the examples of semi-structured data are the well-known data
formats, namely JavaScript Object Notation (JSON) and Extensible
Markup Language (XML).

The following figure (Figure 01) covers whatever we discussed on different
types of data, in a pictorial fashion. Please don't get confused by seeing
spreadsheets and text files in the structured section. This is because the data
presented in the following figure is in the form of a record, which, indeed,
qualifies it to be structured data:

Structured Semi-structured Unstructured

Raw Data
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Figure 01: Types of Data



What is Enterprise Data?

Enterprise data refers to data shared by employees and their partners in an
organization, across various departments and different locations, spread
across different continents. This is data that is valuable to the enterprise, such
as financial data, business data, employee personal data, and so on, and the
enterprise spends considerable time and money to keep this data secure and
clean in all aspects.

During all this, this so-called enterprise data passes the current state and
becomes stale, or rather dead, and lives in some form of storage, which is
hard to analyze and retrieve. This is where the significance of this data and
having a single place to analyze it in order to discover various future business
opportunities leads to the implementation of a Data lake.

Enterprise data falls into three major high-level categories, as detailed next:

e Master data refers to the data that details the main entities within an
enterprise. Looking at the master data, one can, in fact, find the business
that the enterprise is involved in. This data is usually managed and
owned by different departments. The other categories of data, as
follows, need the master data to make meaningful values of them.

e Transaction data refers to the data that various applications (internal and
external) produce while transacting various business processes within an
enterprise. This also includes people-related data, which, in a way,
doesn’t categorize itself as business data but is significant. This data,
when analyzed, can give businesses many optimization techniques to be
employed. This data also depends and often refers to the master data.

e Analytic data refers to data that is actually derived from the preceding
two kinds of enterprise data. This data gives enough insight into various
entities (master data) in the enterprise and can also combine with
transaction data to make positive recommendations, which can be
implemented by the enterprise, after performing the necessary due
diligence.



The previously explained different types of enterprise data are

very significant to the enterprise, because of which most enterprises have a
process for the management of these types of data, commonly known as
enterprise data management. This aspect is explained in more detail in the
following section.

The following diagram shows the various enterprise data types available and
how they interact with each other:

)
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Transaction Data y
©
lafinfl

Figure 02: Different types of Enterprise Data

The preceding figure shows that master data is being utilized by both
transaction and analytic data. Analytic data also depends on transaction data
for deriving meaningful insights as needed by users who use these data for
various clients.



Enterprise Data Management

Ability of an organization to precisely define, easily integrate and effectively
retrieve data for both internal applications and external communication

- Wikipedia

EDM emphasizes data precision, granularity and meaning and is concerned
with how the content is integrated into business applications as well as how it
is passed along from one business process to another.

- Wikipedia

As the preceding wikipedia definition clearly states, EDM is the process or
strategy of determining how this enterprise data needs to be stored, where it
has to be stored, and what technologies it has to use to store and retrieve this
data in an enterprise. Being very valuable, this data has to be secured using
the right controls and needs to be managed and owned in a defined fashion. It
also defines how the data can be taken out to communicate with both internal
and external applications alike. Furthermore, the policies and processes
around the data exchange have to be well defined.

Looking at the previous paragraph, it seems that it is very easy to have EDM
in place for an enterprise, but in reality, it is very difficult. In an enterprise,
there are multiple departments, and each department churns out data; based
on the significance of these departments, the data churned would also be very
relevant to the organization as a whole. Because of the distinction and data
relevance, the owner of each data in EDM has different interests,

causing conflicts and thus creating problems in the enterprise. This calls

for various policies and procedures along with ownership of each data in
EDM.

In the context of this book, learning about enterprise data, enterprise data
management, and issues around maintaining an EDM are quite significant.
This is the reason why it's good to know these aspects at the start of the book
itself. In the following sections we will discuss big data concepts and ways in



which big data can be incorporated into enterprise data management and
extend its capabilities with opportunities that could not be imagined without
big data technologies.



Big data concepts

Let me start this section by giving the Wikipedia definition for Big Data:

Big data is a term for data sets that are so large or complex that traditional
data processing applications are inadequate to deal with them. The term "big
data" often refers simply to the use of predictive analytics, user behaviour
analytics, or certain other advanced data analytics methods that extract
value from data, and seldom to a particular size of data set.

- Wikipedia

Let's try explaining, the two sentences that are given in the preceding
Wikipedia definition. Earlier, big data referred to any data that is large and
complex in nature. There isn't any specified size of data for it to be called big
data. This data was considered so big that conventional data processing
applications found it difficult to use it in a meaningful fashion. In the last
decade or so, many technologies have evolved in this space in order to
analyze such big data in the enterprise. Nowadays, the term big data is used
to refer to any sort of analysis method that can comprehend and extract this
complex data and make valuable use of it in the enterprise.



Big data and 4Vs

Whenever you encountered the term big data being overly used, you must
have come across an important aspect with regard to it, called 4Vs (until
recently, it was 3Vs, and then the fourth, very significant, V got introduced).
The 4V, namely variety, velocity, volume, and veracity (in no particular
order) determine whether the data we call Big Data really qualifies to be
called big:

e Variety: In the context of big data, variety has a very important place.
Variety refers to vivid types of data and the myriad sources from which
these are arrived at. With the proliferation of technologies and the ever-
growing number of applications (enterprise and different personal ones),
there is high emphasis on data variety. This is not going to come down
any time soon; rather, this is set to increase over a period of time, for
sure. Broadly, data types can be categorized into structured and
unstructured. Applications during this time deal mainly with structured
data stored mostly in a relational database management system
(RDBMYS). This is very common, but nowadays, there has been the need
to look at more unstructured data, and some of the examples can be
video content, image content, file content in the form of binaries, and so
on.

¢ Velocity: In the context of big data, velocity is referred to in two
aspects. First is the rate at which the data is generated, and second is the
capability by which the enormous amount of data can be analyzed in
real time to derive some meaningful conclusions. As the proverb goes,
Time is money, this V is a very important aspect, which makes it easy to
take quick decisions in real time. This aspect is one of the strongholds of
some of the businesses, especially retail. Giving the customer a
personalized and timely offer can be the deciding factor of the customer
buying a product from you or ditching you to select a more favorable
one.

¢ Volume: In the context of big data, volume refers to the amount/scale of
data that needs to be analyzed for a meaningful result to be derived.
There isn't a quantitative figure that categorizes a data to be falling into



big data. But usually, this volume is definitely more than what a
conventional application is handling as of now. So, in general, this is
quite big and does pose a problem for a traditional application to deal
with in a day-to-day fashion (OLTP - OnLine Transaction
Processing). For many businesses, analyzing and making use of social
data has become a necessity. These social apps (Facebook, Google+,
LinkedIn, and so on) have billions of registered users producing billions
of data (structured and unstructured) in a day-to-day fashion. In addition
to this, there are applications that themselves produce a huge amount of
data in the form of conventional transactions and other analytics
(behavioral, location-based, and so on). Also, with the growing number
of wearables and sensors that emit data every millisecond, the volume
aspect is going to be very important, and this is not going to come down
any time soon.

As detailed in the previous section, until recently, there used to be 3Vs. But
quite recently, the fourth V was introduced by IBM, namely veracity. For
data growing at an exponential rate and as deduced from different reliable
and unreliable sources, the significance of this V is huge.

You must have already heard/read of fake news/material being circulated in
various social media when there is something important happening in the
world. This V brings this a very important aspect of accuracy in big data.
With proliferation of data, especially in social channels, this V is going to be
very important, and rather than 3Vs, it is leaning highly towards 4Vs of Big
Data.

e Veracity: In the context of big data, veracity refers to accuracy of data
being analyzed to get to a meaningful result. With a variety of sources,
especially the not-so-reliable user-entered unstructured data, the data
coming from some of these channels has to be consumed in a judicial
manner. If an enterprise wants to use this data to generate business, its
authenticity has to be verified to an even greater extent.

Big Data and its significant 4V's are shown in a pictorial representation, as
follows:



Variety Velocity Volume Veracity

Types of Data Flow of Data Amount of Data Certainity of Data
* Structured + Stream data * Terabytes * Inconsistent

« Unstructured * Real-time » Petabytes * Incomplete

+ Semi-structured * Near * Exabytes + Ambiguos

* Binary real-time » etc. * Uncertain

« Text = Batch data » Biased

* etc.. » Periodic * Anomaly

= Respondin etc..
+ millisecond
= second

« efc..

Figure 03: 4V's of Big Data

Figure 03 clearly shows what the 4V's are and what each of these V's means,
with adequate bullet points for easy understanding.



Relevance of data

To any enterprise, data is very important. Enterprises have been collecting a
good amount of past data and keeping it in a data warehouse for analysis.
This proves the importance of data for enterprises for past data analysis and
using this for future enterprise growth. In the last decade or so, with the
proliferation of social media and myriads of applications (internal to the
enterprise and external cloud offerings), the data collected has grown
exponentially. This data is increasing in amount as the day goes by, but
enterprises are finding it really difficult to make use of these high volumes of
diverse data in an effective manner. Data relevance is at the highest for
enterprises nowadays as they are now trying to make use of this collected
data to transform or energize their existing business.

A business user when fed with these huge amounts of data and right tools can
derive real good value. For example, if customer-related data from various
applications flows into a place where this data can be analyzed, this data
could give a good amount of valuable insights, such as who is the customer
who engages with various website pages of the enterprise and how. These
derivations can be used as a way in which they can look at either changing
their existing business model or tweaking certain business processes to derive
maximum profit for the enterprise. For example, looking at various insights
from centralized customer data, a new business model can be thought
through, say in the form of starting to look at giving loyalty points to such
customers. This data can also be made use of, giving more personalized
offers closer to customer recommendations. For example, looking at the
customer behavior, rather than giving a general offer, more personalized
offers suiting the customer's needs could be offered. However, these are fully
dependent on the business, and there isn't one approach fitting all the
scenarios. These data can, however, be transformed and cleansed to make
them more usable for a business user through different data visualizations
techniques available as of now in the form of different types of graphs and
charts.

Data is relevant, but where exactly this data lives in an enterprise is detailed



in the following section.

Vit Soupal (Head of Big Data, Deutsche Telekom AG) in one of his blogs
defines these 4V’s of big data as technical parameters and defines another
three V’s bringing in business into context. We thought that we would not
cover these additional V’s in our book, but these are definitely required for
Data lake (Big Data) to be successful in an enterprise.

These additional 3 Vs (business parameters) are as follows:

e Vision: Every enterprise embarking on Big Data (Data lake) should
have a well-defined vision and should also be ready to transform
processes to make full use of it. Also, management in the enterprise
should fully understand this and should be in a position to make
decisions considering its merits.

e Visualization: Data lake is expected to have a huge amount of data.
Some will make a lot of sense and some won't at certain points in time.
Data scientists work on these data and derive meaningful deductions,
and these need to be communicated in an effective manner to the
management. For Big Data to be successful, visualization of meaningful
data in various formats is required and mandated.

e Value: Big Data should be of value to the enterprise. These values could
bring about changes in business processes or bring in new innovative
solutions (say IoT) and entirely transform the business model.

Vit also gives a very good way of representing these 7 V’s as shown in the
following figure:



Vision

Figure 04: 7 V's of big data

Figure 04 shows that Big Data becomes successful in an enterprise only if
both business and technical attributes are met.

The preceding figure (Figure 04) conveys that Data lake needs to have a well-
defined vision and then a different variety of data flows with different
velocity and volume into the lake. The data coming into the lake has different
quality attributes (veracity). The data in Data lake requires various kinds of
visualization to be really useful to various departments and higher
management. These useful visualizations will derive various value to the
organization and would also help in making various decisions helpful to the
enterprise. Technical attributes in a Data lake are needed for sure (variety,
velocity, volume, and veracity), but business attributes/parameters are very
much required (vision, visualization, and value), and these make Data lake a
success in the enterprise.



Quality of data

There is no doubt that high-quality data (cleansed data) is an irresistible asset
to an organization. But in the same way, bad quality or mediocre quality data,
if used to make decisions for an enterprise, cannot only be bad for your
enterprise but can also tarnish the brand value of your enterprise, which is
very hard to get back. The data, in general, becomes not so usable if it is
inconsistent, duplicate, ambiguous, and incomplete. Business users wouldn't
consider using these data if they do not have a pleasant experience while
using these data for various analyzes. That's when we realize the importance
of the fourth V, namely veracity.

Quality of data is an assessment of data to ascertain its fit for the purpose in a
given context, where it is going to be used. There are various characteristics
based on which data quality can be ascertained. Some of which, not in any
particular order, are as follows:

e Correctness/accuracy: This measures the degree to which the collected
data describes the real-world entity that's being captured.

e Completeness: This is measured by counting the attributes captured
during the data-capturing process to the expected/defined attributes.

e Consistency: This is measured by comparing the data captured in
multiple systems, converging them, and showing a single picture (single
source of truth).

e Timeliness: This is measured by the ability to provide high-quality data
to the right people in the right context at a specified/defined time.

e Metadata: This is measured by the amount of additional data about
captured data. As the term suggests, it is data about data, which is useful
for defining or getting more value about the data itself.

e Data lineage: Keeping track of data across a data life cycle can have
immense benefits to the organization. Such traceability of data can
provide very interesting business insights to an organization.

There are characteristics/dimensions other than what have been described in
the preceding section, which can also determine the quality of data. But this



is just detailed in the right amount here so that at least you have this concept
clear in the head; these will become clearer as you go through the next
chapters in this book.



Where does this data live in an
enterprise?

The data in an enterprise lives in different formats in the form of raw data,
binaries (images and videos), and so on, and in different application's
persistent storage internally within an organization or externally in a private
or public cloud. Let's first classify these different types of data. One way to
categorize where the data lives is as follows:

e Intranet (within enterprise)
e Internet (external to enterprise)

Another way in which data living in an enterprise can be categorized is in the
form of different formats in which they exist, as follows:

e Data stores or persistent stores (RDBMS or NoSQL)
e Traditional data warehouses (making use of RDBMS, NoSQL etc.)
e File stores

Now let's get into a bit more detail about these different data categories.



Intranet (within enterprise)

In simple terms, enterprise data that only exists and lives within its own
private network falls in the category of intranet.

Various applications within an enterprise exist within the enterprise's own
network, and access is denied to others apart from designated employees.
Due to this reason, the data captured using these applications lives within an
enterprise in a secure and private fashion.

The applications churning out this data can be data of the employees or
various transactional data captured while using enterprises in day-to-day
applications.

Technologies used to establish intranet for an enterprise include Local Area
Network (LAN) and Wide Area Network (WAN). Also, there are multiple
application platforms that can be used within an enterprise, enabling intranet
culture within the enterprise and its employees. The data could be stored in a
structured format in different stores, such as traditional RDBMS and NoSQL
databases. In addition to these stores, there lies unstructured data in the form
of different file types. Also, most enterprises have traditional data
warehouses, where data is cleansed and made ready to be analyzed.



Internet (external to enterprise)

A decade or so ago, most enterprises had their own data centers, and almost
all the data would reside in that. But with the evolution of cloud, enterprises
are looking to put some data outside their own data center into cloud, with
security and controls in place, so that the data is never accessed by
unauthorized people. Going the cloud way also takes a good amount of
operational costs away from the enterprise, and that is one of the biggest
advantages. Let's get into the subcategories in this space in more detail.



Business applications hosted in
cloud

With the various options provided by cloud providers, such as SaaS, PaaS,
Iaa$, and so on, there are ways in which business applications can be hosted
in cloud, taking care of all the essential enterprise policies and governance.
Because of this, many enterprises have chosen this as a way to host internally
developed applications in these cloud providers. Employees use these
applications from the cloud and go about doing their day-to-day operations
very similar to how they would have for a business application hosted within
an enterprise's own data center.



Third—party cloud solutions

With so many companies now providing their applications/services hosted in
cloud, enterprises needing them could use these as is and not worry about
maintaining and managing on-premises infrastructure. These products, just
by being on the cloud, provide enterprises with huge incentives with regard to
how they charge for these services.

Due to this benefit, enterprises favorably choose these cloud products, and
due to its mere nature, the enterprises now save their data (very specific to
their business)in the cloud on someone else infrastructure, with the cloud
provider having full control on how these data live in there.

Google BigQuery is one such piece of software, which, as a service product,
allows us to export the enterprise data to their cloud, running this software for
various kinds of analysis work. The good thing about these products is that
after the analysis, we can decide on whether to keep this data for future use or
just discard it. Due to the elastic (ability to expand and contract at will, with
regard to hardware in this case) nature of cloud, you can very well ask for a
big machine if your analysis is complex, and after use, you can just discard or
reduce these servers back to their old configuration.

Due to this nature, Google BigQuery calls itself anEnterprise Cloud Data
Warehouse, and it does stay true to its promise. It gives speed and scale to
enterprises along with the important security, reliability, and availability. It
also gives integration with other similar software products again in cloud for
various other needs.

Google BigQuery is just one example; there are other similar software
available in cloud with varying degrees of features. Enterprises nowadays
need to do many things quickly, and they don't want to spend time doing
research on this and hosting these in their own infrastructure due to various
overheads; these solutions give all they want without much trouble and at a
very handy price tag.



The list of such solutions at this stage is ever growing, and I don't think that
naming these is required. So we picked BigQuery as an example to explain
this very nature.

Similar to software as a service available in the cloud, there are many
business applications available in cloud as services. One such example is
Salesforce. Basically, Salesforce is a Customer Relationship Management
(CRM) solution, but it does have many packaged features in it. It's not a sales
pitch, but I just want to give some very important features such business
applications in cloud bring to the enterprise. Salesforce brings all the
customer information together and allows enterprises to build a customer-
centric business model from sales, business analysis, and customer service.

Being in cloud, it also brings many of the features that software as a service
in cloud brings.

Because of the ever-increasing impact of cloud on enterprises, a good amount
of enterprise data now lives on the Internet (in cloud), obviously taking care
of privacy and other common features an enterprise data should comply with
to safeguard enterprise’s business objectives.



Social data (structured and
unstructured)

Social connection of an enterprise nowadays is quite crucial, and even though
enterprise data doesn’t live in social sites, it does have rich information fed
by the real customer on enterprise business and its services.

Comments and suggestions on these special sites can indeed be used to
reinvent the way enterprises do business and interact with the customers.

Comments in these social sites can damage the reputation and brand of an
enterprise if no due diligence in taken on these comments from customers.
The enterprise takes these social sites really seriously nowadays, because of
which even though it doesn't have enterprise data, it does have customer
reviews and comments, which, in a way, show how customer perceive the
brand.

Because of this nature, I would like to classify this data also as enterprise data
fed in by non-enterprise users. Its very important to take care of the fourth V,
namely veracity in big data while analyzing this data as there are people out
there who want to use these just as channels to get some undue advantages
while dealing with the enterprise in the process of the business.

Another way of categorizing enterprise data is by the way the data is finally
getting stored. Let's see this categorization in more detail in the following
section.



Data stores or persistent stores
(RDBMS or NoSQL)

This data, whether on premises (enterprise infrastructure) or in cloud, is
stored as structured data in the so-called traditional RDBMS or new
generation NoSQL persistent stores. This data comes into these stores
through business applications, and most of the data is scattered in nature, and
enterprises can easily find a sense of each and every data captured without
much trouble. The main issue when data is stored in a traditional RDBMS
kind of store is when the amount of data grows beyond an acceptable state. In
that situation, the amount of analysis that we can make of the data takes a
good amount of effort and time. Because of this, enterprises force themselves
to segregate this data into production (data that can be queried and made use
of by the business application) and non-production (data that is old and not in
the production system, rather moved to a different storage).

Because of this segregation, analysis usually spans a few years and doesn't
give enterprises a large span of how the business was dealing with certain
business parameters. Say for example, if the production has five years of
sales data, and 15 years of sales data is in the non-production storage, the
users, when dealing with sales data analysis, just have a view of the last five
years of data. There might be trends that are changing every five years, and
this can only be known when we do an analysis of 20 years of sales data.
Most of the time, because of RDBMS, storing and analyzing huge data is not
possible. Even if this is possible, it is time consuming and doesn't give a great
deal of flexibility, which an analyst looks for. This renders to the analyst a
certain restricted analysis, which can be a big problem if the enterprise is
looking into this data for business process tweaks.

The so-called new generation NoSQL (different databases in this space have
different capabilities) gives more flexibility on analysis and the amount of
data storage. It also gives the kind of performance and other aspects that
analysts look for, but it still lacks certain aspects.



Even though the data is stored in an individual business application, it doesn't
have a single view from various business application data, and that is what
implementing a proper Data lake would bring into the enterprise.



Traditional data warehouse

As explained in the previous section, due to the amount of data captured in
production business applications, almost all the time, the data in production is
segregated from non-production. The non-production data usually lives in
different forms/areas of the enterprise and flows into a different data store
(usually RDBMS or NoSQL) called the data warehouse. Usually, the data is
cleansed and cut out as required by the data analyst. Cutting out the data
again puts a boundary on the type of analysis an analyst can do on the data. In
most cases, there should be hidden gems of data that haven’t flown into the
data warehouse, which would result in more analysis, using which the
enterprises can tweak certain processes; however, since they are cleansed and
cut out, this innovative analysis never happens. This aspect is also something
that needs correction. The Data lake approach explained in this book allows
the analyst to bring in any data captured in the production business
application to do any analysis as the case may be.

The way these data warehouses are created today is by employing an ETL
(Extract, Transform, Load) from the production database to the data
warehouse database. ETL is entrusted with cleaning the data as needed by the
analyst who works with these data warehouses for various analyses.



File stores

Business applications are ever changing, and new applications allow the end
users to capture data in different formats apart from keying in data (using a
keyboard), which are structured in nature.

Another way in which the end users now feed in data is in the form of
documents in different formats. Some of the well-known formats are as
follows:

e Different document formats (PDF, DOC, XLS, and so on)
e Binary formats

¢ Image-based formats (JPG, PNG, and so on)

e Audio formats (MP3, RAM, AC3)

e Video formats (MP4, MPEG, MKYV)

As you saw in the previous sections, dealing with structured data itself is in
question, and now we are bringing in the analysis of unstructured data. But
analysis of this data is also as important nowadays as structured ones. By
implementing Data lake, we could bring in new technologies surrounding this
lake, which will allow us to make some good value out of this unstructured
data as well, using the latest and greatest technologies in this space.

Apart from various file formats and data living in it, we have many
applications that allow end users to capture a huge amount of data in the form
of sentences, which also need analysis. To deal with these comments from
end users manually is a Herculean task, and in this modern age, we need to
decipher the sentences/comments in an automatic fashion and get a view of
their sentiment. Again, there are many such technologies available that can
make sense of this data (free flowing text) and help enterprises deal with it in
the right fashion.

For example, if we do have a suggestion capturing system in place for an
enterprise and (let's say) we have close to 1000 suggestions that we get in a
day, because of the nature of the business, it's very hard to get into the



filtering of these suggestions. Here, we could use technologies aiding in the
sentiment analysis of these comments, and according to the rating these
analysis tools provide, perform an initial level of filtering and then hand it
over to the human who can understand and make use of it.



Enterprise’s current state

As explained briefly in the previous sections, the current state of enterprise
data in an organization can be summarized in bullets points as follows:

e Conventional DW (Data Warehouse) /BI (Business Intelligence):

e Refined/ cleansed data transferred from production business
application using ETL.

e Data earlier than a certain period would have already been
transferred to a storage, which is hard to retrieve, such as magnetic
tape storage.

e Some of its notable deficiencies are as follows:

e A subset of production data in a cleansed format exists in DW;
for any new element in DW, effort has to be made

e A subset of the data is again in DW, and the rest gets
transferred to permanent storage

e Usually, analysis is really slow, and it is optimized again to
perform queries, which are, to an extent, defined

¢ Siloed Big Data:

e Some departments would have taken the right step in building big
data. But departments generally don’t collaborate with each other,
and this big data becomes siloed and doesn't give the value of a true
big data for the enterprise.

e Some of its deficiencies are as follows:

e Because of its siloed nature, the analyst is again constrained
and not able to mix and match data between departments.

e A good amount of money would have been spent to build and
maintain/manage this and usually over a period of time is not
sustainable.

e Myriad of non-connected applications:

e There is a good amount of applications on premises and on cloud.

e Applications apart from churning structured data also produce
unstructured data.

e Some of the deficiencies are as follows:



e Don't talk to each other

e Even if it talks, data scientists are not able to use it in an
effective way to transform the enterprise in a meaningful way

e Replication of technology usage for handling many aspects in
each business application

We wouldn't say that creating or investing in Data lake is a silver bullet to
solve all the aforementioned deficiencies. But it is definitely a step in the
right direction, and every enterprise should at least spend some time
discussing whether this is indeed required, and if it is a yes, don't deliberate
over it too much and take the next step in the path of implementation.

Data lake is an enterprise initiative, and when built, it has to be with the
consent of all the stakeholders, and it should have buy-ins from the top
executives. It can definitely find ways to improve processes by which
enterprises do business. It can help the higher management know more about
their business and can increase the success rate of the decision-making
process.



Enterprise digital transformation

Digital transformation is the application of digital technologies to
fundamentally impact all aspects of business and society.

- infoworld.com

Digital transformation (DX) is an industry buzzword and a very strong
initiative that every enterprise is taking without much deliberation. As the
word suggests, it refers to transforming enterprises with information
technology as one of its core pillars. Investing in technologies would
definitely happen as part of this initiative, but data is one of the key aspects in
achieving the so-called transformation.

Enterprises has known the importance of data and its analysis more and more
in recent times, and that has definitely made every enterprise think out-of-the-
box; this initiative is a way to establish data at the center.

As part of this business transformation, enterprises should definitely have
Data lake as one of the core investments, with every department agreeing to
share their data to flow into this Data lake, without much prejudice or pride.



Enterprises embarking on this
journey

A Forrester Consulting research study commissioned by Accenture
Interactive found that the key drivers of digital transformation are
profitability, customer satisfaction, and increased speed-to-market.

Many enterprises are, in fact, already on the path of digital transformation. It
is no more a buzzword, and enterprises are indeed making every effort to
transform themselves using technology as one of the drivers and, you guessed
it right, the other one being data.

Enterprises taking this path have clearly defined objectives. Obviously, this
changes according to the enterprise and the business they are in. But some of
the common ones, in no particular order, are as follows:

Radically improve customer experience

Reduce cost

Increase in revenue

Bring in differentiation from competitors

Tweak business processes and, in turn, change the business model



Some examples

There are a number of clear examples about what enterprises want to achieve
in this space, some of which are as follows:

e Ability to segment customers and give them personalized products.
Targeting campaigns to the right person at the right time.

¢ Bringing in more technologies and reducing manual work, basically
digitizing many aspects in the enterprise.

e Using social information clubbed together with enterprise data to make
some important decisions.

e Predicting the future in a more quantitative fashion and taking necessary
steps and also preparing accordingly, well in advance, obviously.

e Taking business global using technology as an important vehicle.

The next section details one of the use cases that enterprises want to achieve
as part of digital transformation, with data as the main contributor.
Understanding the use case is important as this is the use case we will try to
implement in this book throughout.



Data lake use case enlightenment

We saw the importance of data in an enterprise. What enterprises face today
is how to mine this data for information that can be used in favor of the
business.

Even if we are able to bring this data into one place somehow, it's quite
difficult to deal with this huge quantity of data and that too in a reasonable
time. This is when the significance of Data lake comes into the picture. The
next chapter details, in a holistic fashion, what Data lake is. Before getting
there, let's detail the use case that we are trying to achieve throughout this
book, with Data lake taking the center stage.

Data lake implementation using modern technologies would bring in many
benefits, some of which are given as follows:

e Ability for business users, using various analyzes, to find various
important aspects in the business with regard to people, processes, and
also a good insight into various customers

e Allowing the business to do these analytics in a modest time frame
rather than waiting for weeks or months

e Performance and quickness of data analysis in the hands of business
users to quickly tweak business processes

The use case that we will be covering throughout this book is called Single
Customer View. Single Customer View (SCV) is a well-known term in the
industry, and so it has quite a few definitions, one of which is as follows:

A Single Customer View is an aggregated, consistent and holistic
representation of the data known by an organisation about its customers.

- Wikipedia

Enterprises keeps customer data in varying degrees siloed in different
business applications. The use case aims at collating these varying degrees of
data from these business applications into one and helping the analysts



looking at this data create a single customer view with all the distinct data
collected. This single view brings in the capability of segmenting customers
and helping the business to target the right customers with the right content.

The significance of this use case for the enterprise can be narrowed down to
points as listed next:

e (Customer segmentation
¢ Collating information

e Improving customer relations and, in turn, bringing is retention
e Deeper analytics/insight, and so on

Conceptually, the following figure (Figure 05) summarizes the use case that
we plan to implement throughout this book. Structured, semi-structured, and
unstructured data is fed into the Data lake. From the Data lake, the Single
Customer View (SCV) is derived in a holistic fashion. The various data
examples are also depicted in each category, which we will implement in this

book. Doing so gives a full use of a Data lake in an enterprise and is more
realistic:

Data
Formats
XML/ISON

Unstructured Data
Semi-structured Data

Structured Data
Business G':‘:Z?;?: d Partner
Apps logs, records, APPS



Figure 05: Conceptual view of Data lake use case for SCV

Figure 05 shows that our Data lake acquires data from various sources
(variety), has different velocities and volumes. This is more a conceptual
high-level view of what we will be achieving after going through the whole
book.

We are really excited, and we hope you are, too!



Summary

In this chapter, we delved deep into some of the common terminologies in the
industry. We started the chapter by understanding data, enterprise data, and
all important big data. We then dealt with the relevance of data, including
various data quality attributes. After that, we went into the details of the
different types of data classification and where the data lives in an enterprise.

In the sections that followed, we dealt with digital transformation and
finished the chapter with the use case that we will be implementing
throughout this book in more detail.

After completing this chapter, you will have clearly grasped many
terminologies and will also have a good understanding of the significance of
data and Data lake to an enterprise. Along with that, you will have a very
good idea about the use case and its relevance.

In the next chapter, we will delve deep into Data lake and also the pattern that
we will use in implementing Data lake in more detail.



Comprehensive Concepts of a Data
Lake

The concept of a Data Lake in an enterprise was driven by certain challenges
that enterprises were facing with the way the data was handled, processed and
stored. Initially, all the individual applications in the enterprise, via a natural
evolution cycle, started maintaining huge amounts of data themselves with
almost no reuse in other applications in the same enterprise. These created
information silos across various applications. As the next step of evolution,
these individual applications started exposing this data across the
organization as a data mart access layer over the central data warehouse.
While Data Mart solved one part of the problem, other problems still
persisted. These problems were more about data governance, data ownership
and data accessibility, which were required to be resolved so as to have better
availability of enterprise relevant data. This is where a need was felt to have
Data Lakes which could not only make such data available but also store any
form of data and process it so that data can be analyzed and kept ready for
consumption by consumer applications. In this chapter, we will look at some
of the critical aspects of a Data Lake and understand how it matters for an
enterprise.



What is a Data Lake?

If we need to define the term Data Lake, it can be defined as a vast repository
of a variety of enterprise-wide, raw information that can be acquired,
processed, analyzed and delivered.

A Data Lake acquires data from multiple sources in an

enterprise in its native form and may also have internal,

modeled forms of this same data for various purposes. The

information thus handled could be any type of information,

ranging from structured or semi-structured data to completely
unstructured data. A Data Lake is expected to be able to derive
enterprise-relevant meanings and insights from this information
using various analysis and machine learning algorithms.




Relevance to enterprises

A Data Lake brings a variety of capabilities to the enterprise by centralizing
the data. With data being centralized, the enterprise can tap into capabilities
that have not yet been explored. This data can help enterprises with a lot
more meaningful business insights when compared to any single system in
the enterprise. Additionally, with a lot more advancements in Data Science
and Machine Learning, a Data Lake can help with many more optimized
operating models for the enterprise as well as specialized capabilities

like predictive analysis, recommendations and so on for future growth.

These are hidden capabilities and have never seen the light of day until this
point as the so-called important data is out of reach from people who can see
relevant insights to make or transform the business in a better way.



How does a Data Lake help
enterprises?

Organizations have been aspiring for a long time to achieve a unified data
model that can represent every entity in an enterprise. This has been a
challenge due to various reasons, some of which have been listed here:

e An entity may have multiple representations across the enterprise.
Hence there may not exist a single and complete model for an entity.

e Different enterprise applications may be processing the entities based on
specific business objectives, which may or may not align with expected
enterprise processes.

¢ Different applications may have different access patterns and storage
structures for every entity.

These issues have been bothering enterprises for a long time; limiting
standardization of business processes, service definition and their vocabulary.

In Data Lake perspective, we are looking at the problem the other way
around. Bringing Data Lake would mean implicitly achieving a unified data
model to a good extent without really impacting the business applications,
which are good at solving very specific business problems. A Data Lake may
represent an entity to its fullest based on the information captured from
various systems that owns this data.

With entities being represented with much better and complete details, Data
Lakes do present a lot of opportunities to the enterprise to handle and manage
data in a way that can help the enterprise grow and derive business insights to
achieve enterprise goals. An interesting article by Martin Fowler is worth
mentioning here, as he summarizes some of the key aspects around Data
Lake in an enterprise at the following link: https:/martinfowler.com/bliki/DataLake
html.


https://martinfowler.com/bliki/DataLake.html

Data Lake benefits

Organizations generate a huge amount of data across their business systems
and as they grow bigger, they also need to get smarter in handling data across
disparate systems.

One of the most basic approaches is to have a single domain model that
accurately describes their data and represents the most significant data for
their overall business. Such information may be referred to as enterprise data.

An organization that has well-defined enterprise data also has some ways to
manage that data so that changes to the definition of data are always
consistent and it is well known as to how systems are sharing this
information.

In such a case, the systems may be broadly classified as data owners and data
consumers. For enterprise data, there needs to be an owner, and that owner
defines how the data becomes available to other consuming systems that play
the role of data consumers.

Once organisations have this clear definition of data and systems, they can
leverage a lot of information with such mechanisms. Nowadays, one of the
common ways to envisage this entire model of enterprise data is by building
an enterprise-wide Data Lake responsible for capturing, processing, analyzing
and serving this data to the consuming systems. Consistent knowledge of this
central model can help the organisations with the following:

e Data Governance and Lineage

Applying machine learning and artificial intelligence to derive business
intelligence

Predictive Analysis, such as a domain-specific recommendation engine
Information traceability and consistency

Historical Analysis to derive dimensional data

A centralized data source for all enterprise data results in data services
primarily optimized for data delivery



e Helping organizations take more informed decisions for future growth

In this section, we discussed what a Data Lake is capable of? A definitive
follow-on in this chapter would be to discuss and summarize how a Data
Lake works and can be realized.



How Data Lake works?

In order to realize the benefits of a Data Lake, it is important to know how a
Data Lake may be expected to work and what components architecturally
may help to build a fully functional Data Lake. Before we pounce on the
architectural details, let us understand the life cycle of data in the context of a
Data Lake.

At a high level, the life cycle of a data lake may be summarized as shown
here:

< Metadata Management, Data Traceability, Data Lineage & Data Security >
Data Data Data Data
Acquisition |:> Processing |$ Analysis E> Storage

*The data may exist in *The data acquired may <The data is further *The data analyzed will
multiple forms and may further be processed to analyzed for easier need to be stored in
need different derive meaningful accessibility on-demand appropriate data storage
mechanisms to be information such as system
acquired recommendations and *The data analysis

business insights, requirements are driven *The choice of data
*The Data acquired as including machine by access patterns for storage would depend
raw as possible, learning the information on the data serving
becomes a part of the needs from the Data
Data Lake upon *The data may be Lake
acquisition processed to an

alternate model while
retaining the acquired
data as is

Figure 01: Data Lake life cycle

These can also be called various stages of data as it lives within the Data
Lake. The data thus acquired can be processed and analyzed in various ways.
The processing and data analysis could be a batch process or it could even be
a near-real-time process. Both of these kinds of processing are expected to be
supported by a Data Lake implementation as both of these patterns serve very
specific use cases. The choice between the type of processing and analysis



(batch/near-real-time) may also depend on the amount of processing or
analysis to be performed, as it may not be feasible to perform extremely
elaborate operations for near-real-time expectations, while there could be
business use cases that cannot wait for long-running business processes.

Likewise, the choice of storage would also depend on the requirements of
data accessibility. For instance, if it is expected to store the data such that it
could be accessed via SQL queries, the choice of storage must support a SQL
interface. If the data access requirement is to provide a data view, it may
involve storing the data in such a way that the data may be exposed as a view
and allows for easy manageability and accessibility of data. A more
prominent requirement that has been evident in recent times is that of
providing data as a service, which involves exposing data over a lightweight
services layer. Each of those exposed services accurately describes and
delivers the data. This mode also allows for service-based integration of data
with systems that can consume data services.

While the data flows into a Data Lake from the point of acquisition, its
metadata is captured and managed along with data traceability, data lineage,
and security aspects based on data sensitivity across its life cycle.

Data lineage is defined as a data life cycle that includes the data's origins
and where it moves over time. It describes what happens to data as it goes
through diverse processes. It helps provide visibility to the data analytics
pipeline and simplifies tracing of errors back to their sources.

Traceability is the ability to verify the history, location, or application of an
item by means of documented recorded identification.

- Wikipedia



Differences between Data Lake and

Data Warehouse

Many a times, Data Lakes are also perceived as Data Warehouses. Both Data
Lake and Data Warehouse have different objectives to be achieved in an
enterprise. Some of the key difference are shown here:

Data Lake

Data Warehouse

Captures all types of data and
structures, semi-structured and
unstructured in their most natural form
from source systems

Captures structured information
and processes it as it is acquired
into a fixed model defined for
data warehouse purposes

Possesses enough processing power to
process and analyze all kinds of data
and have it analyzed for access

Processes structured data into a
dimensional or reporting model
for advanced reporting and
analytics

A Data Lake usually contains more
relevant information that has good
probability of access and can provide
operational needs for an enterprise

A Data Warehouse usually
stores and retains data for long
term, so that the data can be
accessed on demand

As evident from the above differences, a Data Lake and Data Warehouse
would ideally complement each other in an enterprise, and in no way should
a Data Lake be seen as a replacement for a Data Warehouse as they play

absolutely distinct roles in an enterprise.




Approaches to building a Data Lake

Different organizations would prefer to build the data lake in different ways,
depending on where the organisation is in terms of the business, processes,
and systems.

A simple data lake may be as good as defining a central data source, and all
systems may use this central data source for all the data needs. Though this
approach may be simple and look very lucrative, it may not be a very
practical way for the following reasons:

e This approach would be feasible only if the organizations are building
their information systems from scratch

e This approach does not solve the problems of existing systems

e Even if organization decides to build the data lake with this approach,
there is a lack of clarity of responsibility and separation of concerns

e Such systems often try to do everything in a single shot, but eventually
lose out with increasing demand of data transactions, analysis, and
processing

A better way to build a data lake would be to look at the organization and its
information systems as a whole, classify the data ownership, and define a
unified enterprise model. This approach, while it may have process-specific
challenges and may take more effort to get defined, will nonetheless provide
the required flexibility, control, and clear data definition and separation of
concerns between the entities of various systems in an enterprise. Such Data
Lakes can also have independent mechanisms to capture, process, analyze
and serve enterprise data to the consuming applications.



I.ambda Architecture-driven Data
I.ake

As we discussed in earlier sections, there exist multiple ways of processing
data, however they can be broadly classified into batch and real-time data
processing. While there can be scenarios where one of them provides the
desired outcomes, there can be additional scenarios that may need data from
both batch as well as real-time data processing components. This drives us to
a problem of merging batch data with real-time data. This problem is
addressed by the Lambda Architecture pattern, which will be discussed in
further detail in the next chapter. Here, we are discussing the initial view of a
Lambda-Architecture-driven data lake.

Lambda Architecture, as a pattern, provides the ways and means to perform
highly scalable and performant distributed computing on large sets of data
and yet (eventually) provides consistent data with the required processing,
both in batch as well as in near real time. Lambda Architecture defines the
ways and means to enable scale-out architecture across various data load
profiles in an enterprise, with low latency expectations.

Batch Layer

Serving Layer
1

Speed Layer

Messaging Layer

Lambda Layer

[:> Data Storage Layer

Figure 02: Layers in a Data Lake

Source Systems
Data Acquisition Layer
Data Ingestion Layer

The way the Lambda Architecture pattern achieves this is by dividing the



overall architecture into layers. Each of these layers are covered on high-level
in below sections of this chapter.



Data ingestion layer - ingest for
processing and storage

A fast ingestion layer is one of the key layers in the Lambda Architecture
pattern. This layer needs to control how fast data can be delivered into the
working models of the Lambda Architecture. Some of the key specifications
of this layer are:

It must be highly scalable with on-demand scalability to be able to scale
based on varying load conditions

It must be fault tolerant with both fail-safety (recovery) as well as fail-
over (resiliency)

This layer must be able to support multi-thread and multi-event
execution

This layer must be able to quickly transform the acquired data structure
into the target data formats as needed by the processing layers of the
Lambda Architecture

This layer must ensure that all of the data delivered is in its purest form
for further processing



Batch layer - batch processing of
ingested data

The batch processing layer of a Lambda Architecture is expected to process
the ingested data in batches so as to ensure optimum utilization of system
resources; at the same time, long-running operations may be applied to the
data to ensure high quality of data output, which is also known as modeled
data. The conversion of raw data to modeled data is the primary
responsibility of this layer, wherein the modeled data is the data model

that can be served by the serving layers of the Lambda Architecture. The
primary specifications for this layer can be defined as follows:

e The batch layer must be able to apply data cleaning, data processing,
and data modeling algorithms on the raw data ingested

¢ [t must have mechanisms in place to replay/rerun the batches for
recovery purposes

e The batch layer must be able to support machine learning and data
science based processing on the raw ingested data to produce high
quality of modeled data

e This layer may also have to perform some other operations to improve
the quality of the overall modeled data by de-duplication, detecting
erroneous data, and providing a view of the data lineage



Speed layer - near real time data
processing

This layer is expected to perform near-real-time processing on the data
received from the ingestion layer. Since the processing is expected to be in
near real time, such data processing will need to be quick, fast, and efficient,
with support and design for high-concurrency scenarios and an eventually
consistent outcome. A lot of factors play a role in making this layer fast,
which will be discussed in detail later in this book. Broadly, the
specifications for such a layer can be summarized as follows:

Must support fast operation on very specific data streams ingested.

Must be able to produce a data model relevant to near-real-time
processing needs. All long-running processes must be delegated to batch
mode.

Must be supported by fast access and storage layers so as to have no
backlog/pile-up of events to be processed.

Must be decoupled like the batch process from the ingestion layer.

Must produce output model in a way that it can be merged with the
batch-processed dataset to provide enriched enterprise data.



Data storage layer - store all data

The data storage layer is very eminent in the Lambda Architecture pattern as
this layer defines the reactivity of the overall solution to the incoming
event/data streams. As per the theory of connected systems, a system is only
as fast as the slowest system in the chain. Hence, if the storage layer is not
fast enough, the operations performed by the near-real-time processing layer
would be slow, thus hampering the near-real-time nature of the architecture.

In the overall Lambda Architecture, there are broadly two kinds of active
operations on the ingested data: Batch processing and Near-Real-Time
processing. The data needs for batch and Near-Real-Time processing are very
different. For instance, a batch mode, in most cases, would need serial read
and serial write operations, for which a Hadoop storage layer may suffice.
However, if we consider Near-Real-Time Processing, which would need
quick lookups and quick writes, Hadoop storage may not be the right fit. For
supporting Near-Real-Time processing, it is required that the data layer
supports some kind of indexed data storage.

Batch Mode Near-real-time processing

Serial read and serial write operation | Quick lookups and quick writes

Hadoop storage layer (yes) Hadoop storage layer (no)

Typical specifications for a storage layer in a Lambda Architecture can be
summarized as given here:

e Must support both serial as well as random operations

e Must be tiered based on the usage pattern with appropriate data solutions

e Must be able to handle large volumes of data for both batch as well as
near-real-time processing

e Must be flexible and scalable for multiple data structure storage



Serving layer - data delivery and
exports

The Lambda Architecture also emphasizes the criticality of how the data is
served or delivered to the consuming application. Data, as we know, can be
delivered in multiple ways between systems. However, one of the most

common ways to deliver data is via services. In the context of a Data Lake,
these services may be called Data Services that may deliver primarily data.

One of the other ways to deliver data is via exports. The data in its final form
can be exported as messages, files, data dumps, and so on for other systems
to consume.

The primary focus while delivering/serving data is to have the data in the
desired form. This form can be enforced as a data contract whether the data is
served by services or by exports. However, during data delivery operations, it
is very important to have a merge between the batch data and the data from
near real-time processing, as both of these streams would hold key
information from an organizational domain perspective. The data
serving/delivery layer will need to ensure that the data is consistent as
adhering to an agreed contract with the consuming application.

Overall, high-level specifications for the data serving/delivery layer can be
summarized as follows:

e [t must support multiple mechanisms to serve data to the consuming
application

e For every mechanism supported for serving the data, there should be
adherence to a contract in agreement with the consuming application

e [t must support merged views of both batch-processed and near real time
processed data

e It must be scalable and responsive to the consuming application

With the serving layer having its key responsibility to serve the data out of



the Data Lake, this layer may also optionally merge the data for enrichment.

While these are primarily specifications of Lambda Architecture layers, there
are other layers too such as data acquisition, messaging, and the data
ingestion layer that feed the data into the Lambda Architecture for
processing, which we will discuss later in this chapter.



Data acquisition layer - get data
from source systems

In an organization, data exists in various forms, which can be classified as
structured data, semi-structured data, or unstructured data.

Some of the examples of structured data are relational databases, XML/JSON
data, messages across systems and so on. Semi-structured data is also very
prevalent from an organization perspective, particularly in the form of e-
mails, chats, documents and so on. Unstructured data also exists in a
workplace in the form of images, videos, raw texts, audio and so on.

For all of these types of data, it may not be possible to always define a
schema. Schemas are very useful while translating data into meaningful
information. While defining the schema of structured data would be very
straightforward, a schema cannot be defined for semi-structured or
unstructured data.

One of the key roles expected from the acquisition layer is to be able to
convert the data into messages that can be further processed in a Data Lake;
hence the acquisition layer is expected to be flexible to accommodate a
variety of schema specifications. At the same time, it must have a fast
connect mechanism to seamlessly push all the translated data messages into
the data lake.

Acquisition Messaging

Data Flow-— Layer Layer

Multi-Connector
Capability

Figure 03: Data acquisition components



A Data acquisition layer may be composed of multi-connector components
on the acquisition side and push the acquired data into a specific target
destination. In the case of Data Lakes, the target destination would be the
messaging layer.

There are specific technology frameworks that enable low-latency acquisition
of data from various types of source systems; for every data type, the
acquisition connectors are generally required to be configured/implemented
depending on the framework used. The data acquisition layer is expected to
perform limited transformation on the data acquired so as to minimize the
latency. The transformation within the data acquisition layer should be
performed only to convert the acquired data into a message/event so that it
can be posted to the messaging layer.

In the event that the messaging layer is not reachable (either
due to a network outage or downtime of the messaging layer),
the data acquisition must also support the required fail-safety
and fail-over mechanisms.

For this layer to be fail-safe, it should be able to support local and persistent
buffering of messages such that, if needed, the messages can be recovered
from the local buffer as and when the messaging layer is available again. This
component should also support fail-over and if one of the data acquisition
processes fails, another process seamlessly takes over.

B
1 I
1 I
1 I
1 Connectors . Data . I .
Data——p» (PushiPull Data Parsing Tranatormalion Message Publisher 1 Messaging Layer
1 I
1 I
1 |
1 : I
\ Fail-Safetyl : ‘ |
I Recovery i I
1 I
1 |
1 Local Buffer I
1 I
1 I
K i i i 1 s i o T ) A B i ) T 2 ) i J

Figure 04: Data Acquisition Component Design



For this layer to support low-latency acquisition, it needs to be built on fast
and scalable parsing and transformation components.

As shown in the preceding figure, an acquisition layer’s simplified
component view comprises connectors, data parsers, data transformers, and a
message publisher. We will be discussing these components in detail in
specific chapters in the context of the specific technologies and frameworks.



Messaging Layer - guaranteed data
delivery

The messaging layer would form the Message Oriented Middleware
(MOM) for the data lake architecture, and hence would be the primary layer
for decoupling the various layers with each other, but with guaranteed
delivery of messages.

In order to ensure that the delivery of messages is guaranteed, the messages
will need to be persistent. This persistence of messages is usually done on a
storage drive. The storage drive used for persisting these messages should be
fit for the purpose based on number and size of the messages to be stored.
Fundamentally, since the nature of message oriented middleware is to queue
up the messages, for both writes and reads, this fits well into the
characteristics of serial access (writes and reads), for which spinning disks
may be adequate. However, for a very large scale application with millions
of messages streamed per second, SSD could provide better 10 rates.

The other aspect of a messaging layer is its ability to enqueue and dequeue
messages, as is the case with most messaging frameworks. Most messaging
frameworks provide enqueue and dequeue mechanisms to manage publishing
and consumption of messages respectively. Every messaging framework
provides its own set of libraries to connect to its resources (queues/topics).

’—{ Message Queue ( )—‘

Enqueue Dequeue
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Figure 05: Message queue



Any message-oriented middleware generally supports two types of
communication with queue and topic messaging structures. They are as
follows:

e Queues are mostly used for point-to-point communication, with every
message consumed only once by one of the consumers

e Topics are mostly used for publish/subscribe mechanisms, wherein a
message is published once but is consumed by multiple subscribers
(consumers). Hence a message is consumed multiple times, once by
every consumer. Internally, topics are based on queues; however, these
internal queues are managed differently by the messaging engine to
provide a publish/subscribe mechanism.

Both queues and topics can be configured to be non-persistent or persistent.
For the purpose of guaranteed delivery, it is imperative to have persistent
queues such that messages are never lost.

At a high level, the message-oriented middleware can be abstracted with
components such as message broker, message store, and queues/topics with a
messaging framework/engine.

Message Broker

—Enqueue—p»] ( Topics/Queues C )

( Topics/Queues C )

Messaging Engine/Framework

Messaging API

-¢-Dequeue—

Administration & Monitoring

Message Store

Figure 06: A messaging framework

Shown here are the high-level components of a messaging framework. Please
note, the details have been abstracted to provide a simplified view. These
components will be discussed in greater detail in Chapter 7, Messaging Layer



using Apache Kafka later in this book.



Exploring the Data Ingestion Layer

The data ingestion layer is responsible for consuming messages from the
messaging layer and performing the required transformation to ingest them in
the lambda layer such that the transformed output conforms to the expected
storage or processing formats. This layer must also make sure that the
messages are consumed in a consistent way, such that no message is lost and
every message is processed at least once.

This layer is expected to have multiple consumers/threads for parallel
consumption of messages. Every such consumer in this layer must be
stateless and must have fast streaming capability. These streams must be
drawn from the messaging layer and the generated output must also be
streamed into the lambda layer. The data ingestion layer must ensure that the
rate of message consumption is always more than or equal to the message
ingestion rates, such that there is no latency to process the messages/events.
A lower processing rate or latency in this layer will result in a pile-up of
messages in the messaging layer and hence would compromise the near-real-
time processing capability of the messages/events. This layer should also
support a fast consumption approach for recovery from such pile-ups if
required.

Hence there is an implicit need that this layer is always in near real time with
minimum latency such that there are no messages are piled up in the
messaging layer. In order to be near real time, this layer must have capability
to continuously consume the messages/events and have enough resiliency for
fail-over.

The message consumers here play a vital role of delivering the messages to
the lambda layer for further processing. Hence the internal components of
message consumers is similar to the data acquisition layer with the
differentiation that the message consumers are aware of the message format
from the messaging layer (source) and the format in which the messages need
to be delivered to the lambda layer (destination). The message consumption
may be done in micro-batches to achieve the required resource optimization



and achieve better system efficiency.
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The message consumers, however, may need to push the output stream for
both batch as well as speed layer processing in the lambda layer.



Exploring the Lambda layer

As mentioned before, the lambda layer typically comprises two layers, a
batch layer as well as a near real time processing layer known as the speed
layer.



Batch layer

Batch processing has been one of the most traditional ways of processing
large amounts of data and are usually long-running processes. With the
advent of many recent big data technologies, these Batch processes have
become much more efficient and performant; this has greatly helped in
reducing processing times.

The batch process is usually aware of the expected data to be consumed and
the expected output. Historically, these processes were monolithic in nature
and would process the entire dataset in a single run and some level of multi-
threading, with specific mechanisms for handling failure scenarios and
operational procedures to maintain such processes in production.

Hadoop, as a big data technology, provided all of the required framework and
technology support for building batch processes that were more efficient and
scalable than traditional batch processes. Hadoop came with two major
components required for executing batch processes, primarily the process and
the storage. Hadoop batch processes proved to be faster than regular batch
processes primarily due to the following reasons:

1. Fast and optimized execution of processes using the Map-Reduce
paradigm.

2. Sequential storage for fast sequential reads and writes.

3. Replicated storage for higher availability of data.

4. Runtime execution of processes near the data managed by job
schedulers.

These capabilities of a Hadoop-based batch process provided immense
improvements over traditionally built batch processes, wherein the data
distribution and process distribution was managed by the underlying Hadoop
framework, while the mapper and reducer jobs are focused on specific data
processing.
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Figure 08: The Map-Reduce paradigm - batch processing

A Map-Reduce paradigm of process execution is not a new paradigm; rather
it has been used in many applications ever since mainframe systems came
into existence. It is based on Divide and Rule and stems from the traditional
multi-threading model. The primary mechanism here is to divide the batch
across multiple processes and then combine/reduce output of all the processes
into a single output. This way, each and every process is running in parallel
but independent of each other on partitions of data. This ensures that the data
is processed at least once and the output of each of these processes are
combined and results de-duplicated if any. With built-in framework
capabilities, this execution of a batch proved to be highly optimized and
helped Hadoop technology to get into solving mainstream batch problems.
Such Batch processes also provided good window to derive more business
intelligence from data processing and are also embedded with more
sophisticated capabilities like data science and machine learning to serve
batch oriented analytical needs. But then there were always questions around:
what can be done for real-time needs?

As an answer to the near real time needs of data processing, multiple
frameworks originated. These were aimed at solving this problem. Lambda



Architecture also provides mechanisms to use some of
these frameworks mainly in its speed layer.

Some of the early attempts made to achieve real-time processing is by
triggering frequent batch processes. However, the processing could never get
closer to near real time expectations.



Speed layer

The speed layer attributes to the near real time processing layer of Lambda
Architecture, where the messages/data are processed as soon as they are
ingested and the processed data is stored in the storage layer.

Since the primary need for the speed layer is to make data available in near
real time, one has to ensure that the processing, storage and data availability
meets the near real time expectation.

This would be possible only if the processing layer, storage layer, and serving
layer are all operating at equal velocities to ensure that the data is not getting
halted at any point in the flow.

Some of the initial streaming technologies used were Flume with HDFS,
which did solve some part of the problem; however, it constrained the overall
solution to having data converted to logs and these logs would get ingested
into HDFS with almost no processing. The processing ultimately was done
using batch processes that were not real time in nature.

It was soon realized that reliance on Hadoop batch processing would not fit
into the expectation on near real time processing, hence there were separate
frameworks built that specialized in near real time processing and these
frameworks would constitute the speed layer in Lambda Architecture.

The initial frameworks were standalone frameworks, which did not integrate
well into the Hadoop ecosystem; however, as there was more usage and
maturity around these capabilities, it was evident that the systems needs to be
integrated such that operability and manageability are simplified.
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The mechanism implemented by these frameworks was same as that of
Hadoop, that is, the Map-Reduce paradigm. However, it was implemented for
real-time processing. Every framework had their own way of handling
streaming data and resource management. Many of these frameworks were
built on fast in-memory messaging capabilities which was a very effective
way to decouple one component from another in real time processing yet
have minimal latency.

The real-time processing was often dependent on data like the look-up data
and reference data; hence there was a need to have a very fast data layer such
that any look-up or reference data does not adversely impact the real-time
nature of the processing. Here, some of the NoSQL technologies played that
role well which we will discuss in later sections and chapters.



Serving layer

The serving layer in a Lambda Architecture plays the role of delivering data
to the consumers. The serving layer could support various protocols for data
delivery. All of these protocols could be classified as a push or a pull from a
data consumer perspective.

A serving layer must be able to consume the required data from the data
lake’s data storage layer and deliver that data to the consuming application in
adherence to the interface agreed.



Data push

Any mechanism used to push data out of the Data Lake can be defined as a
Data Push mechanism. These can be of various types; however, here we are
discussing some of the most common mechanisms:

e Data Exports: A serving layer must have the required tools, controls,
and manageability to export the data in desired format for consumer
applications. A part of this layer does indicate similar roles to that of an
ETL; however, it is more driven by what the consumer application
requires and how. These may be driven by internal batch processes
scheduled at the serving layer such that the data from Data Lake can be
extracted, transformed, and loaded to the destination. This part of the
serving layer may also leverage some of the embedded ETL tools for the
purpose.

e Data Publish: A serving layer may also publish the data to the required
queues/topics for consumption by consumer applications as subscribers.
This gets us to point-to-point data delivery and publish/subscribe
models. Since these data had to be publishable messages, the size of
these messages needs to be as small as possible for optimal
performance.



Data pull

Any mechanism used to pull the data from Data Lake can be considered as
Data Pull mechanism. Here, we will discuss, some of the most common data
pull mechanisms.

e Services: One of the most popular mechanisms of data delivery are the
data services. This comprises of building web services (REST/SOAP)
over the Data Lake, such that the data can be exposed via services to the
consuming applications. This works very well for consuming relatively
small volumes of data over HTTP for near real time application
requirements. This also stems from the notion of data as a service,
wherein the entire data is ready and available over services. Such service
requests and response definitions must be concise and clearly defined so
that these are generic enough for multiple consumers to consume. This
also implicitly means that the data access must be highly optimized so as
to guarantee sub-second response times or large dataset, with the
capability of random access. These services are more geared towards
read-only services for data and should not be used for data mutations.

e Data Views: A Data Lake can also potentially have data delivery
mechanisms based on data views that can be connected from various
applications and the data can be fetched/pulled. This mechanism of
serving data has been very common as it combines simplicity with ease
of maintenance and access. Once data is exposed from a data view, any
of the authorized applications can directly connect to such a data view
using standard drivers and any additional data processing can be
performed by the consuming application itself. These views are
generally materialized views to keep them performant and isolate any
query impact that may occur on underlying participating tables.
However materialized views also need data refreshes to be performed
which can be done incrementally or may also involve reconstruction of
the entire data view, also known as refresh cycles. If a refresh cycle is
involved in rebuilding the entire materialized view, the required
mechanisms must be in place, such that while the refresh cycle are
executed the data serving is not impacted. Traditionally this was done



using synonyms; for some recent technologies, the same is achieved via
replicated datasets.



Data storage layer

The data storage layer in a Lambda Architecture must provide a flexible
access mechanism and at the same time should be highly optimized for both
batch as well as near real time operations. In other words, the storage must
support both sequential as well as random access of data. In a typical Lambda
Architecture, the following layers are directly dependent on the storage.



Batch process layer

A batch process, from the perspective of data access, requires sequential
access of data and the storage layer should be optimized for this operation.
Hadoop as a technology reads and writes data as blocks and each of these
blocks contains data in a sequence. Even the block level access in Hadoop is
in a sequence to make sure that any batch to disk operation is fast enough
even on spinning disks (commodity hardware).



Speed layer

The speed layer needs to perform its operation in near real time on the
received data message and hence it needs to access the storage that supports
random access to be able to quickly look up the required information and

write back the processed data.



Serving layer

The serving layer consists of various operations that require both sequential
and random access to disk depending on the nature of the data delivery. For
instance, if an export is required to be performed for large datasets, the
serving layer would mostly trigger a batch process to export the required
data, which will largely depend on sequential data access. But if the data
delivery is in the form of data services, the required disk access must support
random data access to ensure that the response time service expectations are
met.
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Figure 10: Data Access Patterns

Thus, the data in a Data Lake can be broadly classified into two categories on
the basis of accessibility, that is, Non-Indexed Data and Indexed Data.

¢ Indexed Data: In the context of maintaining indexed data in a Data



Lake, we are looking at maintaining data that can be randomly
addressed and accessed. The underlying hardware also plays a vital role
in supporting the storage and access patterns for random data. As
mentioned before, SSD would surely be a good fit here. But there are
other things associated like cost, failure frequency, availability, storage
volume, power consumption and so on, which motivates us to think
about the spinning disks. In this context, there is a trade-off expected in
I/O rates. At the same time, one can also think about tiered storage here
such that the high IO/transaction data indexes stay in SSD while the rest
falls to spinning disk.

Today, almost all data indexing frameworks support both SSD as well
as Spinning disks. Some of the leading frameworks in this space, who
have been widely used in the context of Big Data technology and
Lambda Architecture are Solr and Elastic. Both of these frameworks
are based on the Lucene engine and depend on the open source
Lucene engine for core indexing capabilities with added capabilities
around data indexing and access. These frameworks guarantee sub
second response time over large volumes of data which fits well into
the need for speed layer for fast lookups and persistence. Both Elastic
and Solr store indexes of the data and can optionally also store the
data for fast lookup.

¢ Non-indexed Data: The raw data as ingested into a data lake is stored
sequentially and in blocks of data generally. These blocks of data form a
unit of data for processing. Since the non-indexed data is stored
sequentially, it is used for batch data processing and the output data is
also stored sequentially. Since this is sequential data, there is limited
lookup capability based on keys that few of the storage formats support.
Some of the data storage also support some level of indexing and
partitioning of data such that the data can be located as fast as possible.
This data is generally used for batch processing and in order to make the
batch process execute fast, the batch process runs near to the data such
that movement of data for processing is minimized, taking advantage of
data localization. This is one of the key reasons for a fast map-reduce
process in Hadoop ecosystem.

e Storage-Based Classification: While these differences are related more



to access patterns, the data stores can also be classified based on storage
mechanisms.
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Relational data stores

These data stores have been most popular since last many decades and most
commonly represent structured data with relationships between data entities.
The relational data stores have matured since years and have been widely
used across enterprises. Until a few years ago, these stores used to form the
primary storage layer of every enterprise and almost all of the enterprise data
would exist in these relational data stores as they provided a very logical way
to organize and manage data.



Distributed data stores

While relational data stores were very efficient in handling relational
datasets, soon it was realized that they may not be the best fit for other types
of data storage. These types of data included semi-structured and
unstructured data. Keeping relational data stores scalable at very high
volumes for data storage and access also involved complicated processes and
practices. These challenges were recently addressed by a range of distributed
data stores which came into existence as distributed file systems and NoSQL
(Not only SQL) data stores. Hadoop has been one of the most popular
distributed file systems, while there have been a number of NoSQL data
stores that have come into existence, each one of them solves a very specific
problem. All NoSQL databases are inherently implemented on similar
concepts of distributed data management, but they can be further classified
into the following categories:

Key Value  -stores a Value against a key
Stores *Example: HBase

columnar -Sto_rfes data_as columns and column
families against a key
Store *Example: Cassandra

NoSQL Data
Stores

*Stores data as a document against a
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*Stores Indexes and optionally data as well
*Generally based on Lucene, hence storage
format is generally a document

«Example: Elasticsearch, Solr

Index Store

Figure 12: NoSQL Data Stores Classification



Shown here is a broad classification of NoSQL data stores as of their current
state. Each of these types specializes in solving a particular problem related
to data access and data management.

For instance, a key value store could be most appropriate while capturing
ticks or machine data and where accessibility requirement can be done via
key based access. Likewise columnar storage provides a denormalized
storage mechanism, wherein the data is stored as columns or family of
columns, instead of rows, which solves the problem of a read heavy use case
and is expected to support write heavy scenarios as well. Document stores are
mostly suited for storing an entire document against a key. Most often these
documents are of JSON format and these stores can store JSON as is and
provide a JSON-friendly query engine for supporting queries. An index store
generally is preferred where there are heavy search scenarios to be
implemented across large datasets in sub second, taking advantage of
indexing capabilities.

Each of these stores has numerous books published as each of them has a vast
landscape of capabilities when it comes to large-scale data handling and
management in an enterprise. With respect to Data Lakes, we would be
picking some of these data stores to demonstrate various aspects of the data
serving layer in future chapters. In Chapter 5, Data Acquisition of Batch Data
with Apache Sqoop, we will cover HBase and in chapter 10 we will

cover Elasticsearch as NoSQL stores used in our Data Lake.



Summary

In this chapter, we went through various parts of a data lake and the Lambda
Architecture at a high level and established a foundation for chapters later in
this book. There, we will dive into greater technical details towards realizing
this architecture. This chapter introduced the concept of data lake, some high-
level concepts around data acquisition, messaging layer, ingestion layer, and
Lambda Architecture layers, namely speed and batch. We also discussed, to
some extent, the concepts around data storage and differences

between storing data for random access and sequential access.



I.ambda Architecture as a Pattern
for Data Lake

In the previous chapter, while going through the concepts of Data Lakes, you
were introduced a bit to Lambda Architecture. In this chapter, we will go into
a bit of detail on Lambda Architecture and also try to explain the significance
of this important architecture pattern in this book's Data Lake
implementation.

This chapter, though it tries to cover this architecture paradigm in detail,
doesn't give any technology implementation. This is intentional to make sure
that you understand the concepts of these patterns first; once that is achieved,
the following chapters will detail this pattern with technology backing.

After going through this chapter, you will learn the Lambda Architecture
pattern in detail. Once you learn this pattern, you will also see how it forms
an integral part of our Data Lake construction.



What is Lambda Architecture?

Lambda Architecture is not technology dependent; rather it is agnostic of
technology and defines some practical and well-versed principles to handle
and cater to big data. It is a very generic pattern that tries to cater to common
requirements raised by most big data applications. The pattern allows us to
deal with both historical data and real-time data alongside each other. We
used to have two different applications catering to transactional — OnLine
Transaction Processing (OLTP) and analytical — OnLine Analytical
Processing (OLAP) data, but we couldn't mix these together; rather they live
separately and don't talk to each other.

These bullet points describe what a Lambda Architecture is:

e Set of patterns and guidelines. This defines a set of patterns and
guidelines for the big data kind of applications. More importantly, it
allows the queries to consider both historical and newly generated data
alike and gives the desired view for the analysts.

e Deals with both historical (batch) and real-time data.

e Technology agnostic and generic in nature. Not at all dependent on
technologies, this is a pattern that is generic, and any technology can be
used so long as the main layer and its responsibilities are met.

o [t clearly separates responsibilities into distinct layers. It does separate
responsibilities between layers and complies with the Separation of
concerns principle of architecture beautifully.

e It's domain agnostic. It can be applied to different types of business
domains as it is a pattern that is generic.



History of Lambda Architecture

Nathan Marz coined the term Lambda Architecture (LA) to describe a
generic pattern for data processing that is scalable and fault-tolerant. He
gathered this expertise working extensively with big-data-related
technologies at BackType and Twitter. The pattern is conceptualized to
handle/process a huge amount of data by using two of its important
components, namely batch and speed layer. Nathan generalized his findings
and experience in the form of this pattern, which should cater to some of the
important architecture principles, such as these:

¢ Linear scalable: It should scale out and not up and should cater to
different kinds of use cases

e Fault-tolerant: Capable of a wide range of workloads, it should also
shield the system from hardware and software failure and inherent
human mistakes

e Backtype: Reads and updates

e Extensibility: Manageable, easy to extend, and easy to keep adding new
features and data elements

There is a wealth of details documented at http://lambda-architecture.net/. The
architecture pattern became significant with the emergence of big data and
the enterprises' focus on real-time analytics and digital transformation. Why
the pattern was named Lambda (symbol A) is not very clearly detailed.

However, we have always thought the greek letter in association with the
pattern to be a way by which data comes from two places. Batch and Speed
data (layer) pipeline represents the curved parts of the lambda Symbol, which
then combine and serve through the serving layer (the line merging from the
curved part), as shown in the following figure:


http://lambda-architecture.net/

Batch

Serving Speed

Figure 01: The Lambda Symbol



Principles of Lambda Architecture

Nathan Marz, in his Big Data book, has given full-fledged details on the
Lambda Architecture pattern. The following are the three main principles on
which his pattern has been developed. Some of these have been briefly
covered in the previous section.

e Fault-tolerant
e Hardware
e Software
e Human

e Immutable Data

e Re-computation

Lets detail each one of these principles in the next sections.



Fault-tolerant principle

Hardware, software, and human fault tolerance should be part of this pattern.
The pattern is for catering to big data, and because of this, any of these faults
can be a big problem to recover from. So, data loss and data corruption don’t
have any place in this pattern because of the data vastness. If it does have

this, in most cases, it is irrecoverable; so this principle is quite a strong need.

One of the important parts of this is human fault tolerance. Some of the very
common mistakes are typical operational mistakes made in day-to-day
operations; the next most common mistakes are bugs introduced over a
period of time (releases) into the production system. The system should
indeed be designed to cater to and address these aspects.



Immutable Data principle

The data should be stored in a raw format from the different source systems.
More importantly, the data stored should be immutable in nature. By making
it immutable, it inherently takes care of human fault tolerance to at least some
extent and takes away errors with regards to data loss and corruption. It
allows data to be selected, inserted, and not updated or deleted. To cater to
fundamental fast processing/performance, the data is usually stored in a
denormalized fashion. Data being immutable makes the system in general
simpler and more manageable.



Re-computation principle

Since raw data is always available in the lake, it's always possible to cater to
new requirements by running or re-computing functions against the raw data.
In addition to this, it's apt to store this data in a schema-less structure because
tying data to a schema brings its own issue of re-computation. Tying data to
schema also brings overhead to development and maintenance.

While implementing the Data Lake with this pattern as one of the main
layers, we will see how these principles described before are realized.



Components of a Lambda
Architecture

We have been talking about the various components of Lambda Architecture
in multiple sections of this book already, and I am sure you will have some
idea after going through those sections. This section and the following
section detail each and every component of the Lambda Architecture. But this
will avoid any dependency on technologies because we need to go under this
layer, and once we are through, we can use any technology available in the
market and create this pattern without much trouble. Understanding each
layer and its significance along with the lead function that it has to take care
of is very much required, as this is the basis that you would get when going
through future chapters. In the context of Data Lake, the components of
Lambda Architecture just form one of the layers, which is termed as the
Lambda Layer. We will now go through various layers in this Lambda Layer
in detail. The main layers constituting the Lambda Layer are as follows:

e Batch layer
e Speed layer
e Serving layer

A pictorial view of a Lambda Architecture is shown next. The figure shows
these important layers in the pattern:
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Figure 02: Components of a Lambda Architecture

As you can see very clearly from this diagram, new data is fed to both the
batch and speed layers. The batch layer keeps producing and re-computing
views for every set batch interval. The speed layer also creates the relevant
real-time/speed views. The serving layer orchestrates the query by querying
both the batch and speed layers, merges it, and sends the result back.

Whenever new batch views are created, the speed view in place is discarded
and only the new data after that batch is taken into consideration for
generating the speed views. Also, old batch views are kept and archived or
discarded according to the use case or implementation.

In a generic fashion, the new way of handling big data is to follow a data
pipeline as shown in the next figure, in which data is taken from the source of
truth in the rawest format. Then we create an appropriate view out of it,
catering to a business requirement; we use these views as needed. The core
working of Lambda Architecture does follow these footsteps by allowing the
batch and speed layers to produce appropriate views. Then the serving layer
comes in between and does the necessary orchestration of these created
views.
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Batch layer

The batch layer is where raw data is stored as is in the rawest format possible.
Since no omission nor transformation happens while storing, many different
use cases with different perspectives can be derived from these at different
stages. This is the store where master data in an immutable state is also
available and used by various analyses going forward. Since the data is
immutable, update and even delete are forbidden operations. Data is always
appended (added) with a timestamp so that when some data is required, it can
be queried with the highest timestamp to get the latest record. Delete is also
forbidden because then many analyses would require these deleted record
details.

The queries, when run against raw data, would result in lot of processing
time. To avoid these delays while querying the required details, in a periodic
fashion, views aligning closer to the required format (result) is generated and
stored, called batch views. Whenever a new batch view is regenerated (by
taking in data that has come after the last batch processing), the old batch
view is discarded. As one of the principles of this architecture is fault
tolerance, this regeneration of batch view every time, even though it is really
time consuming, takes away the various errors that could have got introduced
as explained earlier. There are different approaches that can be used to make
sure that this data processing takes less time as opposed to conventional
batches, which take hours and even days to complete.

Batch View

Master Data Set

New Data

Batch View

Batch Layer

pure function (Lambda) = function (all data)



Figure 04: Lambda Architecture - batch layer

The persistence store requirement for a batch layer catering to a very large
amount of data is that it should support high-scale random reads. However, it
need not support random writes as the data is bulk-loaded in a set frequency.

With respect to the single customer view use case, the following figure
shows how the batch layer can be realized, by producing a so-called batch
view (intermediate view) from the customer master dataset.

Batch Views

New Data Master Data Intermediate Views

Figure 05: Single customer view - batch layer

For our use case of a single customer view, the customer data flows into the
batch layer, where the master dataset is maintained; and then, at a set batch
process interval, batch views are created. The serving layer, when required,
will query these views, merge with the speed views, and send the results
across.



Speed layer

Speed layer is also known as the Real-time Layer and (as the name suggests)
caters to real-time analysis requirements. The batch layer operates in
specified intervals and between the completion of one batch execution and
start of another; the business users still wants analysis to be conducted on the
data. The responsibility of merging the batch view along with real-time data
is the role of the Speed layer. Now, the batch processing window can be
reduced, but since batch deals with a good amount of data, processing by the
batch layer usually takes time and the business cannot wait for this lag in
processing of the batch layer. For achieving near real-time data for analysis,
data is incremented to the speed layer in a low latency fashion. Once the
batch layer is executed and catches up with the data in the speed layer, the
speed layer views are discarded and the process continues.

The query, when fired by the user, queries both the batch and speed layer. It
merges the result to get the results for the user according to the desired
parameters sent.

To achieve fault tolerance and to recover from the errors introduced, both the
batch and speed layer at any moment can resort to re-computation (batch
layer from the raw data) or roll back (to a previous state for batch layer) and
just flush (for speed layer and regenerating the view).

There are some important concepts that this layer complies with to achieve its
basic objective, which are as follows:

e Incremental computation: A new real-time view is created using an
existing real-time view and new data. As detailed before, this is done so
as to reduce the time taken to make the data available for analysis in
near real time.

e Eventual consistency: To achieve some of the computations in real
time is really complex and time consuming. In that case, the system goes
for approximations (closer or more approximate to correct answer).
After some time (usually not too much), the data becomes correct.



The store requirements for speed layer should support both random read and
write to cater to incremental updates. The speed layer does allow mutation as
against the batch layer but deals with a very small dataset (say, a day as the
batch process frequency) compared to the batch layer, which does deal with a
huge amount of data (spanning months or years).

Following the generic approach as explained in the previous section, the
speed layer also creates a so-called speed view (intermediate view) catering
to the requirement, as shown in this diagram:
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Figure 06: Lambda Architecture - speed layer

With respect to the single customer view, this is how the speed layer can be
realized:
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Figure 07: Single customer view - speed layer

The new data flows to the speed layer, where the appended data is processed
and appropriate speed views are created. When required by the serving layer,
the speed view gets merged with the batch views and results are sent across.



CAP Theorem

In the previous section, we did give some very important aspects such as
eventual consistency (the next section dives deep into this) and other aspects
in brief. Before explaining this aspect in more detail, it is apt to explain a
very important theorem called CAP theorem.

CAP (Consistency, Availability, Partition Tolerance) Theorem, also named
Brewer's theorem after computer scientist Eric Brewer, states that it is
impossible for a distributed computer system to simultaneously provide all
three (Consistency, Availability, Partition Tolerance) guarantees.

- Wikipedia

Out of three guarantees, a distributed system can only have one of C
(Consistency) or A (Availability) when the distributed data is partitioned. A
distributed system is bound to have network failures, and in this case,
network partitioning would have to be tolerated. Let's detail these three
important aspects in a concise manner in this table:

e When data is partitioned (distributed), all the nodes
see the same data at a given time, and this should be

Consistency true for all times

e When queried, each node will return the latest data. If
not, the system will just error out

e At all times, every request being fired at the system
generates a valid response

Availability e While doing this, it doesn't mean that every request

will receive a response with the latest information

(data)




Partition e The system is able to perform continuously even if
tolerance a network failure or data loss occurs

The Data Lake using Lambda Architecture works with this theorem in a
context. Usually in such a context, Availability is chosen as against
Consistency. Because of this aspect, consistency of data would be achieved
eventually, and more often than not, data goes with approximations. This is
known as eventual consistency. We will go into a bit more detail of this
aspect in the following section:

Partition
Tolerance

)

Even after failure gives
results

Every node will
have same data at
same time

Availability Every request will
be served

Consistency

(©)

Pick One
(CorA)

Figure 08: CAP theorem

The traditional ACID (Atomicity, Consistency, Isolation, Durability) based
stores such as RDBMSes choose Consistency over Availability. NoSQL-
based stores, which are more common for Data Lake because of

their features, choose the BASE (Basically Available, Soft state, Eventual
consistency) philosophy and choose Availability over Consistency.



Eventual consistency

Eventual consistency is a consistency model used in distributed computing to
achieve high availability that informally guarantees that if no new updates
are made to a given data item, eventually all accesses to that item will return
the last updated value.

- Wikipedia

In the previous section, you would have clearly got the notion behind the
guarantees, namely consistency versus availability.

Its expected that data in a distributed system will become eventually
consistent but always available. For a Data Lake, the availability guarantee is
more important than consistency, but it purely depends on the use case. We
cannot show/use bad data to the end user as this would have a huge impact on
the company's brand. So, use cases need to be carefully validated you take
this as a generic principle for your Data Lake.

In the context of Data Lakes (Lambda Layer), if the speed layer becomes
corrupted (data loss or data corruption), eventually the batch and serving
layer would correct these mistakes and have the queries served fine through
the serving layer. The speed layer in the pattern just keeps the data for a
period of time so that the batch and serving layers can process the data from
scratch and ensure consistency; once done, the speed layer views get
discarded.



Serving layer

The core task of the serving layer is to expose the views created by both the
batch and speed layer for querying by other systems or users.

Apart from this, there is a good amount of orchestration work done by this
layer. The speed layer needs to keep looking at the batch layer to see if the
necessary batch operation is done. If so, the batch layer store needs to be
updated soon after the batch operation is conducted from the batch view.
Soon after this, the existing speed layer view will be discarded and this is also
a bookkeeping activity which keeps the speed layer store size in control.

The following figure shows the two layers namely batch and serving in

action:
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Figure 09: Lambda Architecture - serving layer

When a query comes to the serving layer, it in turn forms and fires two
queries to the two different layers namely batch and speed. The queries fired
look into the timestamp of records and fetches the results according to the
parameters supplied. Once it gets the records from both the layers, it merges
and applies various application logic and produces the final output in the



desired format by the system or user. Because of the quality of data, the batch
layer is more reliable (recomputation aspect when each batch operation is
completed), in case of conflicts, the batch view results overrides that of speed
layer.



Complete working of a Lambda
Architecture

The following figure pictorially shows the complete working of Lambda
Architecture:
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Figure 10: Complete working of Lambda Architecture

As briefly explained earlier, the master data set is maintained and managed in
the batch layer. When new data arrives, it is despatched to both, batch and
speed layer. Once it reaches the batch layer, at regular batch interval batch
views are generated and recomputed from scratch each time. Similarly, the
speed layer using the new data generates the speed view whenever the new
data arrives in the layer. The serving layer when queried, merges both the
speed and batch layer views to generate the appropriate query results.



Once the batch view is generated, the speed view is discarded and till the
time new data arrives only bath view needs to be queried as all the data is
available in the batch layer itself.

Stored immutable data

Batch N
e Constantly growing in size
Layer . .
e Recomputes views all the time
e Constant stream of data
e Stores mutable data
Speed .
Laver e Less in size/ volume
y e Views live for a specified period and discarded at
intervals
e Responsible for indexing and making sure exposed
batch views perform well
Serving e Exposes real-time views created incrementally by the
Layer speed layer

Merges result from both batch and speed views in a
consistent fashion




Advantages of Lambda
Architecture

There are various advantages because of which we chose Lambda
Architecture for construction Data Lake for the enterprise. Some of these
advantages can be given as:

e Data stored is in raw format. Because of this, at any time, new
algorithms, analytics, or new business use cases can be applied to the
Data Lake by simply creating new batch and speed views. This is one of
the biggest advantages of traditional data warehouses in which data is
cleansed and stored. Because of this, new use cases would need to
change the data schema, and this is usually time and effort consuming.

e One of its very own important principles, namely recomputation, helps
correct fault tolerance without much trouble. As more and more data
comes into the lake, data loss and corruption can be something
that cannot be afforded. Because of this recomputation, at any moment
we can recompute, roll back, or flush data to correct these errors.

e [Lambda Architecture separates different responsibilities into well-
defined and bounded layers. By doing so, these layers can have different
technologies and different optimization techniques can be employed to
make it function better without any effect on that other layers. Some of
the technologies used in these layers, including stores, can be swapped
with a better one without much trouble.

e It provides a pluggable architecture. Adding a new type of source data or
similar one already plugged in, the architecture is built to take in these
source systems without many changes at all.



Disadvantages of Lambda
Architectures

Choosing a Lambda Architecture to develop a Data Lake for your enterprise
does incur some inherent disadvantages if some of its aspects are not fully
thought through. Some of these are as follows:

Due to its different layers, it is generally considered to be complex.
Keeping sync between these two layers incurs cost and effort, and this
has to be thought through and handled.

Because of these two distinct and fully distributed layers (batch and
speed), maintenance and support activities are quite hard.

There are a good number of technologies that have to be mastered to
construct a Lambda-Architecture-driven Data Lake. Getting people who
have expertise in these technologies can be troublesome for your
recruitment division.

Implementing a Lambda Architecture with open sources technologies
and then deploying in the cloud can be troublesome. To avoid this, you
could very well use cloud technologies to implement LLambda
Architecture, but by doing so, the enterprise automatically gets itself tied
to a particular cloud provider and that inherently is considered a
disadvantage.

Even though the architecture pattern has been around for quite some
time now, the tools are still immature and evolving. Cloud evolution has
surely accelerated and innovated in this space so it won't be long before
we get mature solutions and tools in this space.

CI/ CD is now a requirement and not at all a luxury. As tools in this
space are still not that mature, tools in regards to CI/ CD also fall into
the same category, making it hard to do many automations.

The setup could require a good amount of hardware components.
Technically, low end hardware components can be used but for
enterprise grade, usually high end is considered with a well-defined
support model with vendors.

The architecture pattern has always been criticized for implementing the



same job twice (batch and speed layer).



Technology overview for Lambda
Architecture

As explained briefly earlier, Lambda Architecture is a pattern with well
defined guidelines and is technology agnostic. Looking at its various
components/layer, any technology can be brought in to do the required job.

With, emergence of various cloud providers, you could even get ready-made
components in cloud (many are cloud dependent) which actually implements
the Lambda Architecture. In this book, we are marching ahead to actually
create a Data Lake in which the lambda pattern just covers one layer, called
Lambda Layer.

Since there are so many choices for technologies, the future chapters are a bit
opinionated. When we make each technology, we would give the rationale
for our choice, but keeping it as open as possible. We would also give our
other technology choices, so that if needed, these technologies can indeed be
swapped by the reader if required. Having said that, we will actually
implement the Data Lake using the selected technology. The next part of the
book details each technologies in detail, and once done in the following part,
we will bring these technologies together and build the Data Lake.



Applied lambda

Enterprise-level Data Lake is one of the applications of the Lambda
Architecture pattern. In this book, we are going to cover this in more detail.
However, there are other use cases where this pattern can be applied and this
section tries to cover these.



Enterprise-level log analysis

One of the very common use cases for this pattern is log ingestion and
various analytics that surround it. The ELK (Elasticsearch, Logstash,
Kibana) stack is a leading one in this space, but this pattern could very well
be used. The logs can vary from conventional application logs to different
types of logs produced by various software and hardware components. If we
need to have an enterprise level log management and analytical capability
this pattern is indeed a good choice. These logs are produced in large
quantities and at very high velocity. Also these are immutable in nature and
does need to have an order in place for analyst (may be a developer of an
application or a security data scientists making use of this data to decipher
any security threat) to make use of these.

Using the important layer in Lambda Layer (batch and speed layer which we
will explain in detail in next coming sections) helps validate these real-time
logs and also can comprehend past logs to give a real-time insight. These
insights can result in some actions which can be proactively assigned to a
development team. For instance, application bugs can be assigned to
application developer and threat reviews can be assigned to security analysts.

In addition to log analysis to detect certain anomalies, we can also use this
data as a analysis methodology and auditing. For example website like,
Google Analytics data when fed to lake and analyzed can be used to derive
some trends, which can be advantageous to the business running the website.



Capturing and analyzing sensor
data

With the ever-increasing Internet of Things (IoT) use cases, more and more
sensors are expected to be used by enterprises. With more sensors, comes
huge amount of data. With huge amount of data from these sensors, making
out useful information can be really hard and tricky. Using Data Lake with
Lambda Layer can help users with a scalable solution for such real-time
analytics for these huge volume sensor data.



Real-time mailing platform statistics

For an enterprise, mailing platform plays a very important component these
days. With huge amount of data from business applications and social
platforms, the e-mail marketing platform role is significant. Many e-mail
platforms gives a good amount of tracking information for each e-mail sent in
the form of different tracking statuses like opened, link clicked, and so on.
Making use of this huge amount of tracking data and making it available as a
real-time statistics will help refine the marketing team to better target the
emails and also with different content. These days, e-mail platforms have the
capability of A/B testing on the content and this is quite important data for
the marketing team to better prepare marketing email material according to
the target audience.



Real-time sports analysis

Analysis and statistics of various games in a real-time fashion using the
historic batch view and real-time data from a current game to show the
viewers different statistics and analysis.

The batch layer can keep doing various batch operations and prepare the
various batch views and these can be mixed with the current game and
various milestones achieved in this current game could be deduced and
shown. In the game of cricket, for example, the current game when played,
the current player could achieve various milestones. For example, achieve
1000 runs in Test Cricket, during this time these special milestones can be
shown to the viewers watching the match/ game.



Recommendation engines

Various business-related recommendation engines using both historic and
current real-time data from various business applications, most of the time,
end user operated website.



Analyzing security threats

Logs can be captured from various hardware and software components
including business applications and analyzed for security threats by
comparing with past datasets. According to various analyses conducted,
different mechanisms of authentication (for example) can be done. Say, for
example, we can step up authentication (two-factor); The request is coming
from Nigeria repeatedly within a span of few minutes to be stepped up or
altogether blocked for being reviewed by a human and then for authorizing
the transaction.



Multi-channel consumer behaviour

Lambda Architecture can be used to analyze multi-channel customer
behavior. It can be used to analyze customer purchase behaviors, their past
purchases, their social connect and so on. and then use this data for a targeted
marketing campaign. Also, various A/B testing results can be analyzed, and
then you can appropriately take action on how a campaign e-mail has to be
triggered.



Working examples of Lambda
Architecture

Here are some of the working examples where Lambda Architecture has been
used as a way by which certain use cases have been handled:

Multiple use cases on Twitter: One of the use cases where modified
lambda is used in the area of sentiment analysis of tweets.

Multiple use cases in Groupon.

Answers by Crashlytics: Deals with mobile analytics, use Lambda
Architecture layers of batch and speed effectively to produce meaningful
analytics.

Stack Overflow: A well-known question-answer forum with a huge
user community and plenty of activity. For a logged-in user,
recommended questions make a new section, where the Lambda
Architecture is used. There are other analytics too, such as voting, which
uses batch views.

Flickr Magic View: Revised Lambda Architecture to create a magic
view by combining bulk and real-time compute (courtesy:
code.flickr.com).


http://code.flickr.com

Kappa architecture

This book is about building Data Lakes using Lambda Architecture as one of
the main layers (Lambda Layer). However, we feel that the readers also need
to learn about another minimalist Lambda Architecture under active
discussion, namely Kappa architecture. It is more or less similar to lambda,
but for the sake of simplicity, the batch layer is removed and only the speed
layer is kept. The main idea is to avoid having to compute a batch layer from
scratch all the time and try doing almost all of these in real-time or the speed
layer. One of the disadvantages of the Lambda Architecture, as detailed
above, is to have to keep coding and executing the same logic twice, and this
is avoided in the Kappa Architecture.

An image speaks more than a thousand words, and the next diagram
compares both the Kappa and Lambda Architectures side by side. In this, you
can clearly see that in Kappa, the only missing part is the all-important batch
layer:
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Figure 11: Kappa (left) and Lambda (right) architectures side by side
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We strongly feel that for building a Data Lake, even though complex,
Lambda Architecture is the way to go and that's the reason for choosing this
pattern. We really wanted to give you readers another perspective was shown
in the previous figure, you dive deep into implementation mode and that's the
only reason to explain the Kappa architecture briefly.

The Batch layer in Lambda exists for a reason and to address this aspect,
Kappa brings in newer technology frameworks capable of handling a huge
amount of data and do the relevant processing. We do feel that in Kappa, the
responsibility taken care of by both batch and speed layers in Lambda is
diluted and combined. In fact, we can make use of newer technologies in
Lambda and keep these layers separate having well-defined responsibilities
set.



Summary

In this chapter, you learned about the Lambda Architecture in detail. In our
Data Lake implementation, the Lambda Layer (an implementation of the
Lambda Architecture) forms an integral part.

We have taken care to introduce only the theoretical aspects of Lambda
Architecture in this chapter, and stayed away from all technologies; we want
you to understand that this is a pattern and any technology can be used to
implement various parts of this architecture without much trouble. In the next
chapter, however, we will start introducing technologies and will introduce
places where it can be used.

The first few sections of this chapter introduced you to this pattern and later
sections detailed a bit more of each of the components/layers forming a
Lambda Architecture. We stated the advantages and disadvantages associated
with this pattern and gave a full picture of this pattern in detail before
wrapping up.

We hope you now have enough of a background on Data, Data Lake, and
Lambda Architecture; you can go to the next chapter to actually implement a
Data Lake for your enterprise.



Applied Lambda for Data Lake

As introduced in the initial chapters, big data is defined as four Vs, that is,
Variance, Velocity, Volume, and Varsity. We also got introduced to Lambda
architecture and how it can possibly enable merge outputs from two
distinctive processing pipelines. In order to leverage big data technologies to
solve processing problems, it may be a good idea to marry Lambda
architecture with these Big Data architectures such that we can reap the
benefits of both. Though big data refers to an end-to-end solution to handle,
process, and manage information across all the four Vs, it has become quite
synonymous with the Hadoop Big Data framework. While the initial
implementation of Hadoop was introduced by the open source Apache
community, its immediate demand brought in a lot of commercial offerings
for support. Over a period of time, the community witnessed a number of
customized distributions of Hadoop. Some of the most popular ones today are
Cloudera, Hortonworks, and MapR. As we know, Hadoop as a framework
was initially implemented by Yahoo! for internal Big Data scenarios and was
later open sourced as Hadoop under an Apache license. Horton works as a
spin-off from Yahoo! and continues to maintain its commercial offering in
this space, competing closely with Cloudera and MapR. In this chapter, we
will have a quick overview of the technologies in the Hadoop landscape and
how can they conceptually help us realize a Data Lake.

Here we want to establish certain grounds in terms of the

overall landscape of big data and the specific technologies

chosen in this book for forthcoming chapters. As far as possible,
9 this book will refer to standard open source distributions so that

the examples and concepts are distribution agnostic and can be
run on any distribution of your choice. Hence, the content of
this book will lean more towards open source distributions.




Knowing Hadoop distributions

A Big Data ecosystem consists of multiple capabilities, and for every
capability in the ecosystem, there are one or more frameworks. Different
distributions realize these capabilities in their own specific ways and also
have some additional edge over other competitors in the same space.
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Figure 01: Hadoop distributions

Shown here are some of the leading distributions of Hadoop framework,
wherein Cloudera, Hortonworks, and MapR are the leaders in commercial
space while Apache Hadoop is an open source distribution. These
commercial offerings, while having their own specific capabilities, are
largely based on the specifications of the open source Hadoop framework.

Just to put a few things into the perspective of why a Hadoop distribution
should be chosen, unfortunately there is no straight answer for it. However,
we can compare these distributions across various dimensions that we may be
interested in for evaluation.



Selection factors for a big data stack
for enterprises

For any enterprise to adopt a particular Hadoop Distribution that is
commercially supported, there are a few key factors that the enterprise would
generally need to evaluate against these distributions in context of its
maturity and culture of adoption. Here, we will briefly touch upon some of

these key factors.



Technical capabilities

Each of the distributions has its own unique capabilities as well as many
other capabilities which are similar to each other. At the minutest details, we
can always have a big list of capabilities, but we can focus on some of the
prominent ones for the purpose of comparison and evaluation.



Ease of deployment and
maintenance

Many Hadoop distributions, while using common core components, do
differentiate themselves from others in terms of ease of deployment and
maintenance. This may vary from automation and monitoring interfaces to
alerts and upgrades, and so on.



Integration readiness

Many of these distributions provide specific capabilities for integration with
other data systems, both inbound as well as outbound. This, at times,
becomes a crucial factor for selection of a particular Hadoop distribution:
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Figure 02: Hadoop distributions and their features

While we see Apache Hadoop as a great open source framework for big data
processing, it may be critical for enterprises to get professional services
around these capabilities. For that purpose, every enterprise should evaluate



these Hadoop distributions for fitment into their organizations, since every
organization would have its own processes, standards, monitoring, and
alerting expectations, and above all, its own skill set. However, for the
purpose of this book, we prefer to keep the understanding to be very neutral
around building a Data Lake with a Lambda Architecture; hence we will
resort to open source Apache Hadoop for all examples and samples.



Batch layer for data processing

The core of Hadoop technology has been its ability to perform faster,
performant, and optimized batch processes. It proved to be a big success in
solving some of the more complex problems of long-running batch
processing within organizations. The initial implementations of Hadoop were
based on open source Hadoop distributions; however, with the inherent need
to make it professionally supported, there were a number of features that
were incorporated to make it feasible for enterprise use in terms of
provisioning, management, monitoring, and alerting. This resulted in some of
the more customized distributions led by MapR, Cloudera, and Hortonworks:
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Figure 03: The Hadoop 1 framework

As shown in this image, the Hadoop 1 framework can be broadly classified
into Storage and Processing. Storage here is represented by Hadoop
Distributed File System (HDFS) while processing is represented as a
MapReduce API. Hadoop 2 included many of the improved capabilities with
the introduction of YARN, and this representation changed as shown here:

Hadoop

Hadoop Distributed Map-Reduce YARN (Resource
File System (Storage) (Process) Management)

Figure 04: The Hadoop 2 framework



There could be a number of other frameworks that could have been
considered here like Pig scripts, Hive queries, Impala queries, and so

on. However, all of these are internally executed as MapReduce batch jobs
and can be additionally orchestrated with actions, stages, and parameters in
an Oozie workflow or cascade.

Let's have a closer look at how Hadoop MapReduce batch jobs work. The
functioning of a Hadoop MapReduce consists of various key components that
were introduced as part of the initial Hadoop framework. The Hadoop
framework itself has undergone an evolution with Hadoop 1 and Hadoop 2.
Hadoop 1, while establishing the Hadoop capability of MapReduce batch
jobs, it did suffer from a single point of failure. With the introduction of
Hadoop 2, this single point of failure was eliminated and a few other key
capabilities were added. From a discussion perspective, we will cover
Hadoop 2 and compare it with Hadoop 1 as we go through the details.
Hadoop 2, for batch frameworks, consists of the following key components:
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Figure 05: A typical Hadoop cluster



The NameNode server

This component has the responsibility of scheduling and tracking jobs spread
across the cluster. Until Hadoop 1, it was a single point of failure, but with
Hadoop 2, this responsibility was delegated to YARN, which creates multiple
job trackers across the cluster and ensures failover.



The secondary NameNode Server

This component is used for snapshotting of the in-memory state of a Hadoop
cluster and to keep track of write-ahead logs and transactional attributes. It is
often used to replicate the cluster state. This is not a backup node for the
NameNode server, but is for snapshotting purposes.



Yet Another Resource Negotiator
(YARN)

Yet Another Resource Negotiator (YARN) was introduced in Hadoop 2 is
the primary resource manager for the whole of the Hadoop cluster. This
eliminated the single point of failure that existed in Hadoop 1 by spawning
multiple job trackers in a Hadoop cluster such that failure of a job tracker
does not affect other jobs and ensures re-scheduling of failed jobs to resume
from the point of failure.



Data storage nodes (DataNode)

A Data node's primary role in a Hadoop cluster is to store data, and the jobs
are executed as tasks on these nodes. The tasks are scheduled in a way that
the batch job processing is done near the data by allocating tasks to those
nodes which would be having the data for processing in most certainty. This
also ensures that the batch jobs are optimized from execution perspectives
and are performant with near data processing.

Please see the details and inner working of a typical Hadoop batch process

here:
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Figure 06: MapReduce in action

Here, we see that the job, when initiated, is divided into a number of mapper
jobs. The number of mapper jobs spawned typically depends on the block
size and the amount of data to be processed. From a job process perspective,
one can always specify the maximum number of mapper jobs, however the
number of mappers would always be limited by the maximum number of



mappers specified. This is very helpful when we want to limit the amount of
cores that can be utilized for batch jobs.

As stated before, the block size plays a vital role in the batch process since
the unit of work for a mapper depends on the block size, and the job is
distributed across the mappers as blocks of data as inputs.

At a high level, a typical batch job is executed in the following sequence:

1. The job driver program, which sets the job context in terms of mapper,
reducer, and data format classes, is executed.

. The mapper jobs are fed with blocks of data, as read from job execution.

3. The output produced by the mapper is sorted and shuffled before it is fed
to reducers.

4. The reducer performs the reduce function on the intermediate data
produced by mappers and stores the output back on HDFS as per data
format definitions defined in the job driver program.

N

While this may seem to be very simple and straight forward, the actual job
execution consists of multiple stages. At this point, we just want to provide a
context for the Hadoop Batch processing hence limiting the information to a
level that is required to understand the concept.

We will be discussing this subject again in much greater detail
9 in later chapters on the batch layer.

The overall expectation of the batch layer in a Lambda Architecture is to
provide high-quality, processed data that can be correlated with near-real-
time processing of the speed layer, resulting in considerably dependable and
consistent information reflected in near-real-time.



Speed layer

The speed layer in a Lambda Architecture provides near real-time processing
of events. Since the expectation is to process the events in near-real-time
there is a limited amount of processing that can be done on a limited size of
information. This may also include machine learning or complex event
processing algorithms that can be run for near-real-time scenarios.

The term near-real-time processing is a relative term and may mean different
things for different people and different scenarios. For instance, for a
customer reservation, this may mean of the order of 2-3 seconds, however for
a use case such as recommendation engine, it may mean a few minutes.

In terms of Lambda Architecture, this layer should receive the same
event/message which otherwise is also captured by the batch layer, but both
of these layers would give very different meaning to the data once processed,
complementing their respective purposes for realizing a use case.

Speed layer generally comprises of stream processing of the event received
from acquisition layer, and generally there is a presence of a messaging
middleware for guaranteed delivery as well as loosely coupled integration
with the acquisition layer.

Some of the early frameworks in this space have been Apache Storm, Flume,
and Apache Kafka with consumer-based stream processing. Flume has
remained a popular choice in this space, but recently Spark Streaming and
Flink have been gaining a good adoption for their support and simplicity
when it comes to deploying parallel processing and pipeline processing with
support for scale-out architecture. There are very specific differences in the
way each of these frameworks operates, some of which are explained next.



Flume for data acquisition

Flume plays a very important part in the data acquisition capability in our
Data Lake implementation. Below figure pictorially shows how Flume's
stream processing works.
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Figure 07: Flume stream processing

Shown here is a very-high-level component architecture of the Flume
process, which consists of Source, Interceptors, Channels, and Sinks. Each
one of these components has a very specific responsibility when handling
events/messages.

While we will be dwelling on this. In much more detail in later chapters,
please check out a summary of these components now.



Source for event sourcing

This component captures data from source systems in the form of Flume
events/messages. Flume has a number of built-in source connectors that can
connect to a variety of systems with multiple protocol supports.



Interceptors for event interception

Interceptors transform flume events/messages en route to channels. These
typically consist of event serializers and are applied before the
event/messages reaches the channel.



Channels for event flow

Flume supports persistent as well as in-memory channels. A channel provides
a layer of indirection for flume events/messages and supports multiple
patterns for the way the events/messages are relayed to the sink from the

channel.



Sink as an event destination

Sink represents the target system connectors from a Flume perspective.
Flume has built-in sink connectors for connecting to various systems in an
enterprise over various protocols, in a very similar way to that of the source.

While Flume was the initial approach for near real-time stream processing, it
did lack from being a true near-real-time that could accommodate custom
processing of events/messages, and had develop custom component for the
same. The set up and deployment of flume was static at a given point in time,
with a given configurations. For any changes required, the configurations
needed changes and the Flume process had to be restarted. This posed a
limitation for near-real-time use cases.

These limitations were soon addressed by frameworks such as Storm, Spark
Streaming, and so on. For the context of this book and to apply the Lambda
architecture to Data Lakes, we will be primarily considering Spark Streaming
and the Flink framework.



Spark Streaming

Shown in the next image is a very simplified view of the Spark streaming
process. Spark was originally designed for faster processing of batches of
data from Hadoop and was translated for near-real-time use cases as Spark
streaming, retaining some of the fundamental building blocks and patterns in
both the scenarios. One of the primary building blocks of Spark Streaming is
DStreams, Receivers, and Resilient Distributed Datasets (RDD). While
Spark started with optimizing batch processing and was translated for near-
real-time use cases, the fundamental behavior remained somewhat similar.
Even for near-real-time use cases, Spark streaming works with micro-batches
with a batch interval. This batch interval also introduces some latency in
Spark stream-based processing, limiting the near-real-time behavior to a few
seconds rather than a fraction of a second.
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Figure 08: Spark streaming

As shown here, the overall Spark streaming approach works with data
streams having real-time data inflow for near-real-time processing. The Spark
streaming components divide the incoming data stream into multiple micro-
batches. These micro-batches are then submitted to the core Spark Engine,
which processes these micro-batches to produce batches of processed data.



DStreams

Streams represent discrete sets of RDDs (Resilient Distributed Datasets) for
both input and output data streams. Spark streaming provides many of the
Streams as part of the Spark streaming framework, while various frameworks
supporting Spark streaming, provide their own implementations of RDDs that
can be used for DStreams.

These DStreams are divided into micro-batches before getting submitted to
the core Spark Engine for processing:

Spark
Streaming

Figure 09: Spark streaming streams



Data Frames

Data Frames represent a window of time that allows for executing operations
on the time-windowed dataset. One of the most common of such operations is
executing SQL queries on the specific windowed dataset or Data Frame via a
Spark session. This allows a quick analysis of data streamed into a given time
window and performing of windowing operations. A Data Frame is generally
seen as a set of columns that can be logically considered as a table but with
optimizations to perform quick operations with a SQL-like interface provided
by the Spark framework.



Checkpointing

Spark streaming supports both metadata checkpointing as well as data
checkpointing in order to provide the required fault tolerance for critical 24/7
applications. Metadata checkpointing includes configurations, DStream
operations, and batches to recover the overall process, while data
checkpointing includes persisting the in-flight RDDs to a reliable storage.
Checkpointing can be enabled for operations that involve data
transformations. However, for simple processing, where certain failure levels
can be tolerated, it may not be required.



Apache Flink

Flink as a framework overcomes these limitations of Spark streaming also
supports exactly once processing which good consistency. It processes data
iteratively row by row and is not limited by constraints of micro-batching as
in the case of Spark streaming. It also supports time based windowing
functions that are very helpful while performing event correlations, while
keeping the processing pipeline very flexible and scalable.

The primary feature of Flink which makes it different and very suitable for
iterative processing is generally attributed to its near-real-time processing
capability. However, it also supports batch processing. Some of the important
features of Flink are as follows:

1. Exactly once processing makes it a reliable candidate for performing
accurate aggregations while the streams are processed. This is generally
not the case with Flume. It also supports checkpoint mechanism to keep
it tolerant with respect to failures as well.

2. Out of order processing is supported which provides excellent
capability in the streaming layer to have the processing done in the
expected order with respect to event timelines. In a typical multi-
threaded environment, it is very obvious that the events may arrive out
of order to downstream systems. This is further elaborated here:
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Figure 10: Out of order scenario

3. Provides out-of-the-box windowing capability for a streamed event, not
only on the basis of event time but also on the basis of counts and
sessions. This is particularly useful when such events need to be
categorized/grouped together.

4. Failure recovery is supported with no data loss, with a very light-weight
process state management such that the processing is resumed from the
point of failure:
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Figure 11: Apache Flink failure recovery

5. Flink is proven for high-throughput and low-latency processing. As
mentioned earlier, since it is not dependent on micro-batching
constraints, latency is very low compared to Spark Streaming and it
happens to be the most appropriate near-real-time event processing
framework.

6. It works with YARN and MESOS as resource managers, and
scheduling event processing on the available nodes and for failure
recoveries.

Flink is designed and implemented to be run on a large node cluster. It also
supports standalone cluster deployment with dynamic pipeline processing, as
shown in this sample execution:
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Figure 12: Flink stream processing

Processed Events

If we look at the overall Flink architecture, it is built to support both bounded
as well as unbounded dataset processing, with APIs supporting both the
modes. An architecture layout as depicted on flink.apache.org can be seen here:
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Figure 13: Apache Flink architecture
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When we refer to bounded and unbounded datasets, we are typically referring
to batch and stream processing respectively. Since Flink is fundamentally a
stream processing framework, it can also perform batch operations effectively
as batch data is nothing but a subset of streaming data. Any near-real-time
framework in general can be leveraged for batch processing. But it is not true
the other way round; that is, pure batch based processing such as a Hadoop
MapReduce batch process cannot perform the role of a stream processing
framework since its capabilities are built for batch processing, which cannot
be used for stream processing. Even if we minimize the interval between
various batch jobs, it will always have a lag to prepare, process, and load the
results of the batch process.

Here are the key differences between all the three frameworks that we have
discussed in this chapter, namely Flume, Spark Streaming, and Apache Flink:

. Apache
Flume Spark Streaming Flink
Provides stream This is an in-

Flume is mostly used as an

event producer for data processing capability as | MEMOLY,




acquisition. However, it can
be leveraged for stream
processing as well with
custom sink implementations.

part of Hadoop
framework, and provides
for stream processing
across a topology of
nodes.

near-real-
time
processing
framework
across nodes.
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in flume configurations and is

Supports dynamic
scaling with nodes based
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Support for
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duplicate processing.

supported and will not
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Flume processes an event at :
: processing but can result
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: Once processing is also :
events. This can cause processing.

In addition to parallel processing, complex event processing has also been
used in near-real-time processing very effectively, along with Natural
Language Processing and machine learning. Some of these algorithms are
appropriate for near-real-time execution, while many are not. Any latency in
processing affects the overall processing time frames since the such
processing is as slow as the slowest component in the component

orchestration.

One of the other areas that does greatly influence the throughput is the data
compressions that play a vital role in processing speeds. While compression
in a Remote Procedure Call (RPC) may seem to be an overhead from the




processing perspective, they do save on costly IO operations and can provide
considerable performance gains across near-real-time processing. It is
important to have the right compression codec supported for such processing.
For instance, a simple ZIP-based compression may introduce more lags than
performance gains since it is a transformation-based compression and does
not support parallel compression techniques. In this space SNAPPY and
L.ZO are more suitable compression codecs that can provide required
performance gains. However, the choice of these codecs also depends on the
support provided by the parallel processing framework being used.

The output of the Speed Layer is captured generally in the serving layer
having high performance data repositories. Some of examples would be
HBase, Elasticsearch, in-memory cache, and so on. Since this layer perform
near-real-time processing, these data technologies also provide viable means
for quick lookup and for reference data purposes.



Serving layer

The serving layer consists of data that can be readily served to consumer
applications. Hence this is mostly the processed data. The processed data in
this layer could be exposed via any of the data repositories and multiple

protocols.

From the perspective of customer SCV, the processed customer data may
exist in a materialized data view, a data service, as an export ready to be
served or via direct access to tables for Bl/reporting use cases. There could be
multiple use cases, every use case may demand it's own data representation

and accessibility.

A typical serving layer can be represented as follows:
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Figure 14: Serving layer

As seen from this representation, a serving layer as well may have multiple
moving parts, but broadly they would be Data Repository and Data Access or

Data Delivery Layer.



Data repository layer

The Data repository layer may be composed of multiple types of databases.
The reason for this is that different data types may need to be represented for
different purposes and usually a single choice of database would not suffice.
The idea behind the serving layer is that it should be able to serve the data as
per the requirement, hence multiple databases do find a good use here. In
general the serving layer would serve a combined view of data both from the
batch layer as well as from the speed layer.



Relational databases

This would still find a lot of utility in the serving layer as integrations may be
required with various reporting and BI tools, which works on standard
database drivers based access. This may involve populating data into this
store at scheduled intervals from the batch layer.



Big data tables/views

Few applications need to integrate directly with the data from table or views,
hence these tables/views need to be kept up to date with data in the serving
layer. Access to these is again via data drivers as well as being accessible via
native connectivity libraries in cases of Hive and Impala.



Data services with data indexes

The data indexes are used for quick searches for data and are generally used
by data services in the data access layer. These can optionally also be
exposed as REST/SOAP endpoints. This indexing layer is generally based
on Lucene based indexing engines and are very fast when it comes to
searches that need to reflect the changes in near-real-time. The indexes could
optionally also serve the complete data and in certain time critical use cases
that is helpful as well. It needs to be ensured that these indexes are built to
support performance and scalability since these handle more of the real time
service load.

The most common framework to build data services is Spring Boot, closely
followed by Dropwizard. All of these frameworks support JAX-RS 2.0
specifications and integrate well with service definition tools such as
Swagger, providing a well rounded capability for building and publishing
REST services in general.

In order to maintain the data consistency of the Data Lake, it is important to
consider that these services are all read-only services, since their primary role
is to deliver data, and should not ideally expose endpoints to change the data,
since the data should only be altered by data processing cycles in a Lambda
Architecture as discussed earlier.



NoSQL databases

These databases are of great use for applications who want to consume this
data directly via native NoSQL drivers, for high performance lookups and
access. This access can also be wrapped behind data services like in case of
Data Indexes. The processes data will need to be modelled in a way that
provides for optimized storage and supports the expected access patterns.
This should also support high performance and scale out architecture such as
data indexes as this repository can also play a vital role for near-real-time use
cases.



Data access layer

The Data access layer in any application has the responsibility to access the
data from underlying data repositories based on the access patterns expected.
Here we can broadly categorize the data access layer to be performing either
a pull or a push of data with respect to the serving layer.

At a high level, a data push refers to outflow of the data from the serving
layer wherein the data is pushed out to other systems by the serving layer.

A Data Pull however refers to outflow of the data from the serving layer
wherein the external systems pull the data from the serving layer, if the data
is in the available format and the serving layer supports the expected data
definition and protocols for data exchange.



Data exports

The data can be exported from the data repository as a scheduled export with
a cron job. Many applications prefer to get a scheduled data dump once in a
while for their operation requirements. The serving layer must have the
required tools, processes, and schedulers to support data export use cases.
Such data exports have been very prominent; however to get the best results,
it needs to be ensured that more and more streaming formats (text files,
comma separated values, Extensible Markup Language, JavaScript Object
Notation, and so on) are used for these exports for consistent performance
rather than transformational formats (.doc, .pdf, .x1sx, and so on).



Data publishing

The serving layer may also need to publish the processed data. This is more
of a case with the output from near-real-time processing in which other
downstream systems may be interested. Here the serving layer may play the
role of an event hub. Most often it is good to expose such events over a topic
such that multiple consumers could consume these events. However, a slow
or unavailable consumer could potentially cause a pile up of messages on the
data lake side. Hence this component should also be built for failure scenarios
so that smooth recovery can be ensured, while keeping serving layer healthy
and functional.

As discussed before as well, if we need to ever classify data based on Push or
Pull, this can be classified as:

Push Pull
Data Exports Relation Database Access
Tables/Views

Data Publish NoSQL and Indexes via Data Service

For the purpose of this book, the various technologies that we will be
considering to build a Data Serving Layer are the following:

Data Serving Layer Technology
Component

Relational Database PostgreSQL
Tables and Views Hive, Impala
Indexes Elasticsearch
NoSQL Database HBase, Couchbase




Data Services

Spring Boot Service

Data Exports

Hadoop MapReduce, Sqoop, Pig
Scripts

Data Publish

JMS, Kafka




Summary

In this chapter, we discussed how we plan to apply a Lambda Architecture by
choosing specific frameworks and technologies. With the suggested set of of
frameworks and technologies, we will realize the use case as discussed in Cha
pter 1, Introduction to Data to have a fully functional data lake as we progress
through later chapters of this book. Just to summarize, the following image
demonstrates the selection of technologies as discussed in this chapter in
various layers of a Data Lake with a Lambda Architecture applied:
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Data Acquisition of Batch Data
using Apache Sqoop

Now that we have discussed some of the essential elements of a data lake in
the context of Lambda Architecture, it is imperative that the complete story
around data lake starts from capturing the data from source systems, which

we are referring to as Data Acquisition.

Data can be acquired from various systems, in which data may exist in
various forms. Each of these data formats would need a specific way of data
handling such that the data can be acquired from the source system and put to
action within the boundaries of data lake.

In this chapter, we would be specifically looking at acquiring data from
relational data sources, such as a Relational DataBase Management System
(RDBMYS) and discuss specific patterns for the same. When it comes to
capturing data specifically from relational data sources, Apache Sqoop is one
of the primary frameworks that has been widely used as it is a part of the
Hadoop ecosystem and has been very dominant for this capability.

Various technologies would now be mentioned at various points (not that you
should know or we will discuss everything in this book) throughout this part
of the book and the following parts as we are now in the process of actually
implementing the Data Lake using various technologies.



Context in data lake - data
acquisition

The process of inducting data from various source systems is called data
acquisition. In our data lake, we have a layer defined (in fact, the first one)
which has only this responsibility to take care of.

One of the main technologies that we see doing the main job of inducting
data into our data lake is using Apache Sqoop. The following sections of this
chapter aim at covering Sqoop in detail so that you get a clear picture of this
technology as well as get to know the data acquisition layer in detail.



Data acquisition layer

In Chapter 2, Comprehensive Concepts of a Data Lake you got a glimpse of
the data acquisition layer. This layer’s responsibility is to gather information
from various source systems and induct it into the data lake. This figure will
refresh your memory and give you a good pictorial view of this layer:
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Figure 01: Data lake - data acquisition layer

The acquisition layer should be able to handle the following:

e Bulk data: Bulk data in the form of regular batches or micro-batches, as
the case may be. Sqoop is able to handle huge amounts of bulk data and
integrate it with the legacy applications datastore residing in traditional
RDBMS. Micro-batch refers to more frequent bulk loads with less
records to handle in each load. Sqoop is not the right choice here, rather
Apache Flume (discussed in detail in the subsequent chapters, as we do
have cases which require this) is a more apt choice.

e High-velocity data: Data varying from a few megabytes to terabytes in
the form of regular batches and micro-batches needs to be handled by
this layer efficiently without any bottleneck. One aspect is the speed at
which this data comes (micro-batches can come more frequently and
randomly as against regular batches which happen in a specified time
interval), and another is the amount at which data comes into this layer.



e Different formats of data (disparate data): Different types of file
formats (XML, JSON, TEXT, and so on) and different structured and
unstructured data formats. Non-relational formats, such as various
binary data, from various sources, such as IoT sensors, server logs,
machine generated logs, image data, video data, and so on also has to be
handled efficiently.

¢ Structured/unstructured data: The previous point covered this aspect
but this point demands a separate mention because of its significance.
Also, it has to cater semi-structured data, which falls in between
structured and unstructured data. Chapter 1, Introduction to Data did
cover these different data types in a bit more detail, so we wouldn't want
to repeat ourselves here.

e Integration with diverse technologies and systems: With different
types of business applications and Internet applications available in the
enterprise, this layer has to integrate well with different technology
applications and data stores with ease and ingest data into the data
storage layer in our data lake.



Data acquisition of batch data -
technology mapping

To cover our use case and to build data lakes, we use two different
technologies in this layer, namely Apache Sqoop and Apache Flume. This
chapter dives deep into Sqoop and Chapter 7, Messaging Layer with Apache
Kafka dives deep into Flume.

The following figure brings in the technology aspect to the conceptual
architecture that we will be following throughout this book. We will keep
explaining each technology and its relevance in the overall architecture
before we bring all the technologies together in the final part of this book
(Part 3).
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Figure 02: Technology mapping for acquisition layer

Source Systems

In line with our use case, we will be connecting to some of the business
applications data store based on a traditional RDBMS. We will be using
PostgreSQL as our RDBMS database holding customer data. We will connect
to an intranet (B2B) application and an Internet (B2C) application which
holds different sets of customer profile information within itself. Our data
lake will have a consolidation of profile information from these disparate
business applications, from which we will derive SCV.



Business to Business (B2B) applications are applications used
by various departments within the organization and between
organizations/businesses.

Business to Consumer (B2C) applications are applications
used by organizations to interact with their consumers.



Why Apache Sqoop

One of the very commonly used tools for data transfer for Apache Hadoop.

In the data acquisition layer, we have chosen Apache Sqoop as the main
technology. There are multiple options that can be used in this layer. Also, in
place of one technology, there are other options that can be swapped. These
options will be discussed in detail to some extent in the last section of this
chapter.

Apache Sqoop is one of the main technologies being used to transfer data to
and from structured data stores such as RDBMS, traditional data warehouses,
and NoSQL data stores to Hadoop. Apache Hadoop finds it very hard to talk
to these traditional stores and Sqoop helps to do that integration very easily.

Sqoop helps in the bulk transfer of data from these stores in a very good
manner and, because of this reason, Sqoop was chosen as a technology in this
layer.

Sqoop also helps to integrate easily with Hadoop based systems such as
Apache Oozie, Apache HBase, and Apache Hive.

Apache Oozie is a server-based workflow scheduling system to manage
Hadoop jobs.

HBase is an open source, non-relational distributed database modeled after
Google's BigTable and is written in Java.

Apache Hive is a data warehouse infrastructure built on top of Hadoop for
providing data summarization, query, and analysis.

- Wikipedia



History of Sqoop

Sqoop was initially developed and maintained by Cloudera, and later
incubated as an Apache project on 23 July, 2011. In April 2012, the Sqoop
project was promoted as Apache’s top-level project. Since then, all releases
have been managed by Apache committee members. As of the writing of this
book, 1.4.6 is the stable release for Sqoop, released on May 11, 2015.

Due to some inherent challenges in Sqoop 1 (version 1.x.x), fresh thought
came in this regard and this brought Sqoop 2 into existence. In this book, we
will be using Sqoop 1 instead of Sqoop 2. However, we will make sure that
you are introduced, in more detail, both the versions of Sqoop so that you
have a fair bit of knowledge and clearly know the distinction between the two
versions and when to use what.



Advantages of Sqoop

Below are the advantages of Apache Sqoop, which is also the reason for
choosing this technology in this layer.

Allows the transfer of data with a variety of structured data stores like
Postgres, Oracle, Teradata, and so on.

Since the data is transferred and stored in Hadoop, Sqoop allows us to
offload certain processing done in the ETL (Extract, Load and
Transform) process into low-cost, fast, and effective Hadoop processes.
Sqoop can execute the data transfer in parallel, so execution can be
quick and more cost effective.

Helps to integrate with sequential data from the mainframe. This helps
not only to limit the usage of the mainframe, but also reduces the high
cost in executing certain jobs using mainframe hardware.

Data from other structured data stores can be Sqooped into Hadoop,
which is mainly for unstructured data stores. This process allows us to
combine both types of data for various analysis purposes in a more cost
effective and fast manner.

Has an extension mechanism, using which different connectors can be
built and hooked. This can be used to customize existing connectors, and
can also be tweaked according to use case requirements. There are a
number of in-built connectors for stores such as MySQL, PostgreSQL,
Oracle, and a number of well-known ones. Because of its capability of
writing extensions, many companies have written custom connectors
that are well supported and enterprise grade. For example, Oracle
connector is developed by Quest Software and VoltDB connector is
developed by VoltDB itself.

In addition to JDBC based connectors (for various RDBMS systems), it
also has direct connectors which uses native tools for better
performance.

Sqoop also supports a variety of file formats such as Avro, Text, and
SequenceFile.

Avro is a remote procedure call and data serialization framework developed



within Apache's Hadoop project. It uses JSON for defining data types and
protocols, and serializes data in a compact binary format.

- Wikipedia

SequenceFile is a flat file consisting of binary key/value pairs. It is
extensively used in MapReduce as input/output formats.

- Hadoop wiki



Disadvantages of Sqoop

Even though Sqoop has very strong advantages to its name, it does have
some inherent disadvantages, which can be summarized as:

e Jt uses a JDBC connection to connect with RDBMS based data stores,
and this can be inefficient and less performant.

e For performing analysis, it executes various map-reduce jobs and, at
times, this can be time consuming when there are lot of joins if the data
is in a denormalized fashion.

e Being used for bulk transfer of data, it could put undue pressure on the
source data store, and this is not ideal if these stores are heavily used by
the main business application.



Workings of Sqoop

For your data lake, you will definitely have to ingest data from traditional
applications and data sources. The ingested data, being big, will definitely
have to fall into the Hadoop store. Apache Sqoop is one technology

that allows you to ingest data from these traditional enterprise data stores into
Hadoop with ease.

SQL to Hadoop == SQOOP

The figure below (Figure 03) shows the basic workings of Apache Sqoop. It
gives tools to export data from RDBMS to the Hadoop filesystem. It also
gives tools to import data from a Hadoop filesystem back to RDBMS.

Export

) - ’ |
- 5

[ I Import

i [t
RDBMS | l Hadoop
(PostgreSQL) (HDFS)

Apache Sqoop

Figure 03: Basic workings of Sqoop

In our use case, we will be exporting the data stored in RDBMS
(PostgreSQL) to the Hadoop File System (HDFS). We will not be looking at
Sqoop's import capability in detail, but we will briefly cover that aspect also
in this chapter so that you have pretty good knowledge of the different
capabilities of this great tool.

As of writing this book, Sqoop has two variations (flavours) called by

its major versions as Sqoop 1 and Sqoop 2. We have detailed sections below
which explain both Sqoop 1 and 2, jotting down comparisons between the
two for easy understanding. In this book, as detailed earlier, we will be



working with Sqoop 1, as Sqoop 2 is still a work in progress and we wouldn't
want to start solving its inherent problems while constructing the code for our
use case.

Below is a figure taken from official Sqoop documentation, and it shows the
architecture view for Apache Sqoop 1.
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Figure 04: Conceptual architecture of Sqoop 1

The workings of Sqoop are pretty straightforward, as detailed conceptually in
the preceding figure. The user interacts with Sqoop using command prompts
using various commands. These commands, when executed, kick off map
tasks in Hadoop, which connects with the supplied RDBMS (using JDBC -
Java DataBase Connectivity) and then connects to the Hadoop filesystems
and stores data. One of the inherent problems with Sqoop 1 is very
fundamental and this is due to the usage of JDBC for connectivity, as this can
be quite clunky for different use cases.

JDBC is an application programming interface (API) for the programming
language Java, which defines how a client may access a database. It is part
of the Java Standard Edition platform, from Oracle Corporation.



- Wikipedia

The next section gives the reader a glimpse of Sqoop 2, as this is logically the
next step in the upgrade process for Sqoop 1.



Sqoop 2 architecture

The workings of Sqoop 2 are very much in line with Sqoop 1. However,
Sqoop 2 brings in more user-friendly and easy-to-use features by taking
difficult parts of Sqoop 1 away from the user. It brings in a new web browser
based tool along with the client (this is the only option in Sqoop 1) and also
helps the user install Sqoop once on a machine, giving provision for the user
to access it from multiple places. It also gives a good amount of RESTful
APT’s (more details can be found in the Apache Sqoop documentation at https:
//sqoop.apache.org/docs/1.99.5/RESTAPLhtml), which aids in many of the
integrations that Sqoop needs to support for effective use in the context of a
data lake.

The following figure (Figure 05) shows the detailed architecture of how
Sqoop 2 works as compared to Sqoop 1. To bring in comparison between
Sqoop 1, additional parts brought in by Sqoop 2 are shaded. The architecture
figure is referred from the Sqoop documentation (https://sqoop.apache.org/docs/1.
99.5/) and changed to decipher the context of this book.


https://sqoop.apache.org/docs/1.99.5/RESTAPI.html
https://sqoop.apache.org/docs/1.99.5/

Sqoop Client
Command Line [
Interface (CLI) Browser RDBMS (Data. StOI‘ES)
Traditional D t Business
@ Data Warehouse Gias o;umet:ms Applications
w (PostgreSQL) ed sys (PostgreSQL)
REST ul
Job Manager \ //
Connector Manager Hadoop File ]
\. System
. (HDFS)
Repository Manager \
Map Task
Metadata
Sqoop|Server Apache Hadoop
Metadata
Repository

Figure 05: Conceptual architecture of Sqoop 2

As shown in Figure 05, the shaded sections are new in Sqoop 2. Sqoop 2 has
introduced a server component and has also given a new client in the form of
a browser, using which users can now interact with Sqoop and this interface
shields the user from clunky commands and hides the complexity behind the
browser interface. Due to the server component, users can now interact with
Sqoop from other machines as well, as opposed to Sqoop 1. There are a
number of components inside Sqoop the server component, enabling this new
set of features, and these are shown in the above figure. Also, with that, a
new block in the server, namely Metadata, which stores so-called data for



data so that it is quite easy for the user, takes away much of the commonly
repeated stuff, and allows us to use this data stored in the repository.



Sqoop 1 versus Sqoop 2

It's important to understand the difference between the two flavours of
Sqoop, and this sections aims to cover that in some detail. It will first explain
the main design thoughts on which Sqoop 2 was designed and then compare
each of these with regards to Sqoop 1.

As detailed in blogs on the Apache website on Sqoop, below are the main
design thoughts on which the newly-developed and ever-evolving Sqoop 2
architecture design is based. They are:

e Ease of use
e FEase of extension
e Security

The subsections below will delve into the above design thoughts and compare
both Sqoop 1 and Sqoop 2.



Ease of use

Adding the layer between the client and Hadoop is the reason for a lot of the
ease which Sqoop 2 brings as compared to Sqoop 1. The following table
compares this design though between the two versions.

Sqoop 1

Sqoop 2

Command line is the only client
option

Command line along with browser
interface (via Hue) are the client
options

Client only architecture

Client-server architecture

Client works only on the same
machine where Sqoop is installed

Server setup allows access to
Sqoop from different machines

Tight coupling between other tools
(Apache Oozie) when integration is
brought about.

Integration is quite easy using the
exposed REST API’s

Connectors and drivers need to be
configured for each client
installation separately. Each of the
clients need to have connection
details with them to connect and
execute.

Because of server component,
connectors and JDBC drivers
would be configured in one place

No well defined role-based access
possible.

Role-based access and execution is
possible because of the central
access by the server component.

More error prone, as many options
are to be filled in manually by the
user by reading various available
documentation.

Having a browser-based interface
makes sure that the user is advised
when they make mistakes and that
all necessary options are filled in
before actually using Sqoop.




Table 01: Sqoop 1 and Sqoop 2 - Comparison based on Ease of Use

Hue (Hadoop User Experience) is an open-source Web interface that

supports Apache Hadoop and its ecosystem, licensed under the Apache v2
license.

- Wikipedia

Quite clearly, this design thought scores well with Sqoop 2 as against Sqoop
1 and most of the advantages come in by default for Sqoop 2 because of the
central one-time server component installation.



Ease of extension

Let's now get into the second design thought based on which Sqoop 2 was
designed. This aspect is quite crucial for modern day enterprises with varying
types of applications in which data lives.

Sqoop 1

Sqoop 2

Only JDBC style connector
possible

Apart from JDBC, other connectors can
be built and used. Because of this, it is
quite flexible and other data stores can
easily write and maintain their own
connectors.

Common connector
functionality not abstracted
away, making it complex to
write connectors and they are
forced to know the nitty-gritties
of Sqoop

Common connector functionality
abstracted away and providers need to
only write the core aspects. This allows
the shielding of unwanted complexities
while writing the connector.

Complexity of writing a
connector is quite high.

Complexity has reduced considerably
as low-level working details of Sqoop
have been abstracted away and the
connector provider only writes core
logic of data transfer.

Explicit selection of connector
is not mandated nor validated,
paving way for errors.
Connector selection is implicit.

Explicit connector selection is
mandated reducing errors resulting due
to selection of wrong connector.

Table 02: Sqoop 1 and Sqoop 2 - Comparison based on ease of extension

The table above summarized the differences between Sqoop 1 and 2 with
regard to writing a connector. Clearly, Sqoop 2 brings in good advantages as
against Sqoop 1.



Security

One of the key design thoughts which Sqoop 2 considered when it was being
designed and developed is security. For modern day enterprises, utmost care
is given to data security, and Sqoop 2 does aid in having a granular and fine
grained access control.

The following table summarizes this very important aspect between the two
Sqoop versions.

Sqoop 1 Sqoop 2

No role-based access | Role-based access control possible because of the
control single Sqoop server component.

Only Hadoop Hadoop security along with role-based security
security available available.

Limited security

support

(username/password) | External system security using role-based access
when integrating control.

with external

systems

Client requires direct
access to Hive and
HBase

Server only needs to have access and the client
having access is defined using well defined roles.

Connections are made first class objects and they
are pooled and used multiple times. Users having
Admin role creates connection objects and users
having Operator role uses these connections for
executing various jobs.

Each client makes
distinct connections
which are never
reused

Possesses resource management policy. The above




Does not possess point allows how connections can be used and how
resource each role can be used during execution of job
management policy | (import or export).

Table 03: Sqoop 1 and Sqoop 2 - Comparison based on security

Clearly, Sqoop 2 scores well against Sqoop 1 in one of the key aspects,
namely, security. For modern day enterprises, security plays a key role,
especially in regard to data and how it can be accessed and used by different
parties in the organization.



When to use Sqoop 1 and Sqoop 2

At the time of writing this book Sqoop 2 is still not fully complete in all
aspects and not fully in a stable state. That's the core reason for us to choose
Sqoop 1 for implementing the chosen use case for this book. However,
clearly Sqoop 2 brings in good advantages (detailed in subsections above) as
against Sqoop 1 and when fully ready should be used or favored in place of
Sqoop 1.



Functioning of Sqoop

Let's get into a bit more detail on the actual working of Sqoop in this section.
When a command is entered in the command line, these in turn execute a
map task to connect to the desired RDBMS (using appropriate connector) and
then retrieve the required/relevant data. After the map task, it hands over the
data to the reduce task, which has the responsibility of persisting this
retrieved data to HDFS/HBase/Hive.



Data import using Sqoop

The import tool within Sqoop when given commands imports individual or
all tables from RDBMS using various available connector API’s into HDFS.
When importing data, each row in an RDBMS table is imported into HDFS
as a record. According to the type of data, it is either stored as text files for
text data or as sequence files and Avro files in case of binary data.

The following figure (Figure 06 - our interpretation of Sqoop Export inspired
from Apache Sqoop blogs) details the Sqoop import tool functioning by
importing data from PostgreSQL to HDFS:

[2] Submit Map task

{ Sqoo[p?on ]

[1] Gather Metadata

| Map Task

Hadoop File
System
(HDFS)

- Map Task

e Map Task
Customer Table

(PostgreSQL)

= Map Task

Apache Hadoop

Figure 06: Working of Sqoop Import

Before the actual Sqoop import function executes, the tool analyses the



database and forms relevant metadata. The formed metadata is then used to
execute the import function from the database of the required table or the
whole table as the case may be.

Sqoop does provide different options based on which the import function can
take place. The data imported from a table is stored as single or multiple
HDFS files (according to size of data from source) in the form of comma
separated values (for each column) and each row in the table is separated
using a new line. Sqoop also provides options while importing to specify file
format (Avro or text files).

Later in this chapter we will actually run you through the Sqoop command
which will be used to get data from PostgreSQL to HDFS. This section just
gives the import Sqoop functioning and its actual working under the hood.



Data export using Sqoop

The working of the Sqoop export tool is very much similar to the Sqoop
import tool. When the export command is executed, Sqoop gathers the
metadata required for the export function and then churns the appropriate
map tasks depending on the size and nature of the data; then it transfers the
data to the appropriate RDBMS. It does use the available connectors to
actually persist/write the data to the database. Some connectors have a
concept of staging table where data is first collected (staged) and then
actually moved to the target database. This staged table approach is good in
one aspect where there is a failure while export and because of this staged
data availability, the whole job doesn't have to be redone, rather it could very
well be reused.

The following figure (Figure 07 - our interpretation of Sqoop Export inspired
from Apache Sqoop blogs), very much similar to Sqoop import (Figure 06)
gives the inner working of Sqoop when exporting data using Sqoop:
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Figure 07: Working of Sqoop Export

Our use case does not demand showing the export function of Sqoop;
however, we will just give you the important Sqoop export commands in the
next sections of this chapter so that you as a reader have a complete
understanding of Sqoop.



Sqoop connectors

Sqoop connector allows Sqoop job to:

e Connect to the desired database system (import and export)
e Extract data from the database system (export) and
e [.oad the data to the database system (import)

Apache Sqoop allows itself to be extended in the form of having the
capability of plugin codes, which is specialized in data transfer with a
particular database system. This capability is a part of Sqoop’s extension
framework and can be added to any installation of Sqoop. Sqoop 1 does have
this capability and Sqoop 2 extends this aspect even further and adds many
new features (the comparison section before has covered this aspect). Sqoop
2 has better integration using well defined connector API’s.

For transferring data when Sqoop is invoked, two components come into
play, namely:

e Driver: JDBC is one of the main mechanisms for Sqoop to connect to a
RDBMS. The driver in purview of Sqoop refers to JDBC driver. JDBC
is a specification given by Java Development Kit (JDK) consisting of
various abstract classes and interfaces. Any RDBMS for connecting to
them provides drivers complying with the JDBC specification. These
drivers are proprietary and often have licenses associated with it, based
on which this could be used. For Sqoop to work, these drivers need to be
installed as the case may be by individual users and then used. Since
these drivers are written by the database system providers it would be
written with utmost care to be highly performant and efficiency in mind.

e Connector: For a Sqoop job to run, it requires metadata of the data
which needs to be transferred. Connector helps to retrieve these
metadata and aids in transferring data (import and export) in the most
efficient manner possible. JDBC is one of the main mechanisms and
uses SQL language for data extraction and load; but each database
systems would have certain hacks called as dialects. Connector uses



these dialects to efficiently transfer data. Sqoop ships with a default
JDBC connector (generic), which works with JDBC and SQL-compliant
database systems; but due to its generic nature, it may not be the most
optimal way of transferring data. There are other built-in connectors and
external specialized connectors, which will be discussed in detail in the
following subsection.

The figure (Figure 08) shows how these components are used by the Sqoop
client to get a connection and thereafter use this connection object to transfer
data from and to the database system:

Built-in
Connector

Built-in Driver

]

RDBMS Table

Sqoop Installation

External Driver

RDBMS Table

{t

External
Connector

Figure 08: Sqoop Connector components and its working

In the case of Sqoop 1, when a command is executed, Sqoop first analyses
the command-line arguments and scans the Sqoop installation for the most
apt (efficient and better performing) connector. It does scan both the built-in
and manually installed connectors while choosing the best possible option. If
it is not able to find right connector, as a last resort, it uses the built-in
generic JDBC connector. Once it selects a connector, it looks for the best
driver, and mostly there is a specialized driver tagged to a connection and
database system to choose from. In case of generic JDBC driver, however,
the driver has to be explicitly supplied using the command-line parameters.



One of the difference between Sqoop 2 is that in Sqoop 2, the connector has
to be explicitly selected as against implicit selection in Sqoop 1.



Types of Sqoop connectors

Sqoop connectors can be broadly classified as below:

e Built-in connectors: Connectors which ship along with the default
Sqoop installation are categorized in this. Built-in connectors can again
be sub-categorized as follows:

e Generic JDBC connector: This connector can be used to connect
to any database system complying with JDBC and SQL. Sqoop
chooses this connector as a last resort when it is not able to find any
other connector (default or manually installed).

e Specialized connectors: These are connectors included by default
along with Sqoop installation for all the popular database
management systems. Some of the example connectors falling into
this category are Oracle, MySQL, PostgreSQL and so on.

e Fast-path connectors: Specialized built-in connector which
use database specific tools to better perform the data transfer option
fall into this category. MySQL and PostgreSQL have such native
tool based connectors which does have better performance and
throughput purely by the merit of being native.

e Pluggable external connectors: As against built-in default connectors,
Sqoop does allow plugging in external connectors dealing with
appropriate datasource to better do the data transfer and these connectors
fall into this category. These are specialized connectors, mostly supplied
and maintained by the database providers. Being managed by the
provider themselves, these usually are highly performant and use
different database native tools to do the data transfer job. Connectors
dealing with different NoSQL databases are readily available, such as
Couchbase connector.



Sqoop support for HDFS

Sqoop is natively built for HDFS export and import; however, architecturally
it can support and source and target data stores for data exports and imports.
In fact, if we observe the convention of the words Import and Export it is all
with respect to whether the data is coming into HDFS or going out of HDFS
respectively. Sqoop also supports incremental data exports and imports with
having an additional attribute/fields for tracking the database incrementals.

Sqoop also supports a number of file formats for optimized storage such as
Apache Avro, orc, parquet, and so on. Both parquet and Avro have been very
popular file formats with respect to HDFS while orc offers better
performance and compression. But as a tradeoff, parquet and Avro formats
are relatively more preferred formats due to maintainability and recent
enhancements for these formats in HDFS, supporting multi-value fields and
search patterns.

Avro is a remote procedure call and data serialization framework developed
within Apache's Hadoop project. It uses JSON for defining data types and
protocols, and serializes data in a compact binary format. Its primary use is
in Apache Hadoop, where it can provide both a serialization format for
persistent data, and a wire format for communication between Hadoop
nodes, and from client programs to the Hadoop services.

- Wikipedia



Sqoop working example

We will be using Google Cloud Platform for running the whole use case
that we will be covering in this book. Screenshots and code would be covered
throughout this book with this in mind so that the reader at the end of this
book would have a fully functioning Data Lake in the cloud which slowly
could be connected to the real database existing in the enterprise.

Being the first chapter, which is now dealing with installation and code, this
chapter will install certain softwares/tools/technologies/libraries that will be
referred to in subsequent chapters. In the context of Sqoop, some installations
and commands won't be required but

are needed for running all of these in the cloud having a clean node with
nothing installed on it.

These examples have been prepared and tested on CentOS 7, and this would
be our platform for all the examples covered in this book.



Installation and Configuration

For all the installations discussed in this book, we are following some basic
conventions and assumptions:

1. The user is assumed to be a non-root, but sudo user configured with no
password.

2. All downloads are assumed to be downloaded into a single directory,
referred to as s{pownLoap_pir}. This should be configured as an
environment variable using the following command and the same must
be added into ~/.bashrc:

| export DOWNLOAD_DIR=<path of download directory>

3. All the installations are assumed to done in user directories, except for
RPMs, hence any system level changes, package installations, and so on
will have to be done using sudo.

Now let's get our hands dirty with some code. This section details each and
every point as a step for easy reading and understanding. Let's dig in.



Step 1 - Installing and verifying
Java

1. For the purpose of the examples covered in this book, it is recommended
to go with Oracle JDK only.

2. Please copy the download link to the latest Java JDK from the Oracle
website. For Linux distributions, RPM download is recommended. At
the time of writing this book, this is the Oracle JDK download page (http
://'www.oracle.com/technetwork/java/javase/downloads/jdk8-downloads-2133151.ht
ml), however this changes often, hence may require some fresh search
and exploration on search engines.

3. In order to download from the copied link, please run this command in
CentOS shell. Here the copied link is the one pointing to the download.ora
cle.com, however since this link is dynamic, it will need to be copied for
every download.

| wget --header "Cookie: oraclelicense=accept-securebackup-cookie" h

4. Once downloaded, run the setup to complete the installation with the
following commands:
5. Install the downloaded RPM file by running the following command:

| rpm --install <JDK_RPM_FILE>

6. Set the Java_nome environment variable, pointing to the directory where
JDK is installed; usually it is in the subdirectories of /usr/java.

| export JAVA_HOME=/usr/java/default

7. Configure the path variable as:

| export PATH=$PATH:S$JAVA_HOME/bin

8. Put the above export statements in ~/.bashrc
9. Verify the install by executing the following command and observing
that paTh has the location of JAVA folder installed:


http://www.oracle.com/technetwork/java/javase/downloads/jdk8-downloads-2133151.html
http://download.oracle.com

| echo $PATH

Even now, java -version would show Open JDK but that can be ignored as
various components make use of sava_vome as a reference point for JAVA
install.



Step 2 - Installing and verifying
Hadoop

1. As mentioned before we would be using open source Apache Hadoop
distribution for all the samples in this book, specifically version 2.7.3.

2. Download the Hadoop Distribution from the following location in
${DOWNLOAD_DIR} USINg wget command:

| wget http://www-eu.apache.org/dist/hadoop/common/hadoop-2.7.3/hadoop-z

3. Once the download is complete, using the shell change into any user
directory, let us refer it as s{Hapoop_Home}, where we want to install, and
run the following command to extract the contents:

| tar -xzvf ${DOWNLOAD_DIR}/ hadoop-2.7.3.tar.gz

4. Also, please disable the firewall from within the shell using the
following command and reboot the VM:

systemctl stop firewalld
systemctl disable firewalld

5. We will be setting up Hadoop in pseudo distributed mode for the
examples, while in production Hadoop is setup in distributed mode (in C
hapter 09, Data Store using Apache Hadoop we are covering Hadoop
deployment options in a bit more detail). Change into the ${HAboor_HoME}
directory and perform the changes as mentioned here: https://goo.gl/x6TC9

q

6. In case of HosT key VERIFICATION FAILURE, While setting up Hadoop in

Pseudo distributed mode, please run the following commands in the
shell:

ssh-keyscan -H -t rsa localhost >> ~/.ssh/known_hosts
ssh-keyscan -H -t rsa 0.0.0.0 >> ~/.ssh/known_hosts
ssh-keyscan -H -t rsa 127.0.0.1 >> ~/.ssh/known_hosts


https://goo.gl/x6TC9q

10.

11.

Once the DFS is up and running, the installation completion can be
confirmed by navigating to the following URL: nhttp://1localhost:50070.
This pseudo-distribution setup is a reasonably complete setup that will
be required for running various examples covered in this book.

As of now, we may just run DFS, however we will delve into other
services like YARN, Hive, Hbase, and so on in later chapters in this
book. For running Sqoop examples we just need dfs running.

Please set the environment variable Haboop_tomE to point to the Hadoop
installation directory, using the export command in ~/.bashrc. Also
configure the PATH environment variable:

export HADOOP_HOME=<Hadoop-Installation-Directory>
export PATH=$PATH:$JAVA_HOME/bin:$HADOOP_HOME/sbin:$HADOOP_HOME/bin



Step 3 - Installing and verifying Hue

Hue provides a complete Ul based access to various Hadoop services,
orchestrations, workflows and even a browser for HDFS. Hue setup is very
straightforward, and can be done by compiling the hue from source. In order
to install Hue, the following steps may be followed:

1. Please download Hue 3.11 using the following command for its tarball
release:

| wget https://dl.dropboxusercontent.com/u/730827/hue/releases/3.11.0/hv

2. Extract the contents of the tarball in a user directory by using the
following command:

| tar -zxvf ${DOWNLOAD_DIR}/hue-3.11.0.tgz

3. Hue setup has dependency on Python 2.7 and many of the other
packages, which need to be installed the OS specific package installer.
For the purpose of this book, we have tried all the installs on CentOS 7,
and we ended up with the following packages to be specifically
installed:

sudo yum install libffi-devel

sudo yum install gmp-devel

sudo yum install python-devel mysql-devel

sudo yum install ant gcc gcc-c++ rsync krb5-devel mysql openssl-devel
sudo yum install libtidy libxml2-devel libxslt-devel

sudo yum install python-devel python-simplejson python-

setuptools sudo yum install maven

4. As per Hue's reabme. txt, which has the installation steps, please run the
following command from the HUE source directory (the directory
where we extracted tarball):

| PREFIX=~/ make install

5. Here prerix is considered to be the installation directory, but it can be
any of the user directories as well. Hue setup would create a directory,



10.

11.

hue, under that prer1x.
Once the install completes, configure the
${PREFIX}/hue/desktop/conf/hue.ini with the correct HDFS URL as shown:

fs_defaultfs=hdfs://localhost:9000

Set the environment variable s{Hue_vome} using the following command,
and add the same to ~/.bashrc.

export HUE_HOME=~/hue
(assuming that this is the folder path created in the previous step).

Configure ${HADOOP_HOME}/etc/hadoop/hdfs-site.xml with the following
properties:
<property>
<name>dfs.webhdfs.enabled</name>
<value>true</value>
</property>
<property>
<name>hadoop.proxyuser .hue.hosts</name>
<value>*</value>
</property>
<property>
<name>hadoop.proxyuser.hue.groups</name>

<value>*</value>
</property>

Once Hue is setup, please change to the ${Hue_Home} and start the hue
server with the following command:

${HUE_HOME}/build/env/bin/supervisor

To run it as a daemon process, so that the process does not terminate if
your console gets disconnected, you may use the following command:

${HUE_HOME}/build/env/bin/supervisor -d

Navigate to http://localhost:8sss and create the user account for Hue.
After login, we can also see HDFS file view from hue (located at top
right corner).

Once we login into the Hue console, some errors or

A%



o misconfiguration may be reported, but these can be ignored, as
we will be setting up these configurations with every framework
we integrate with Hue.



Step 4 - Installing and verifying
Sqoop

Sqoop has been changing in its form and features very rapidly since the
Hadoop platform release. As mentioned before, the Sqoop framework, as it
stands today, comes as Sqoop and Sqoop 2. While Sqoop is the older
generation of the ETL framework in the Hadoop world, it is complete. On the
other hand, Sqoop 2 is a more recent advancement with a REST-based
interface but it is still not complete. For the purpose of installation, we'll
cover the installation of the Sqoop version specifically.

Sqoop binary packages can be downloaded and extracted as given below:

1. Download the binary package of sqoop with hadoop2 compatibility with
the following command:

| wget https://www-eu.apache.org/dist/sqoop/1.4.6/sqoop-1.4.6.bin__hadoc

2. Extract this tarball in any of the user directories, let us refer to it as
${sqoop_rome}, with the following command:

| tar -zxvf <DOWNLOAD_LOCATION>/sqoop-1.4.6.bin__hadoop-2.0.4-alpha.tar.

3. Configure the ${SQOOP_HOME} environment variable with the
following command and add the same to ~/.bashrc:

export SQOOP_HOME=${SQOOP_HOME}
export PATH=$PATH:$SQO0P_HOME/bin

4. Verify by invoking sqoop --he1p in the CentOS shell.

Alternatively, to build and install Sqoop from source, please follow the
following steps:

1. Download the latest version of Sqoop from:

| wget http://www-eu.apache.org/dist/sqoop/1.4.6/sqoop-1.4.6.tar.gz



. Extract this tarball in any of the user directories; let's refer to it as
${sQoop_Home}, with the following command:

tar -zxvf <DOWNLOAD_LOCATION>/sqoop-1.4.6.tar.gz

. Follow instructions in compILINnG. txt to compile the source code, or
alternatively using ssh change into s{sqoor_+ome} and run the following
command:

ant release

. During the install, if any executables are reported to be missing, please
install them using package installer (yum install <required package>). The
ones we encountered on CentOS 7 were, AsciiDoc, LSB and xmlto.

. After the install, copy the bin folder of Sqoop source into build/bin and
copy the build folder to an independent folder.

. Configure the s{sqoor_ome} environment variable with the following
command and add the same to ~/.bashrc:

export SQOOP_HOME=${SQOOP_HOME}
export PATH=$PATH:$SQO0P_HOME/bin

. Verify by invoking sqoop -help in the CentOS shell.



Step 5 - Installing and verifying
PostgreSQL (RDBMS)

We have selected PostgreSQL as our relational database, which we would be
using both as a metastore as well as a data store for relational information.
While the sample described in this chapter may correspond to Sqoop, the
installation will be reused across the chapter.

PostgreSQL provides ready packages for almost all the common operating
systems. For Linux, the PostgreSQL is available as a standard package that
can be installed using native package installer. On CentOS 7, we followed the
following steps.

1. Run the following command in terminal:

| sudo yum install postgresql-server*

2. Once the database is installed, please initialize the database by running
the following:

sudo service postgresql initdb
sudo chkconfig postgresql on

3. Start postgres server with the following command:

| sudo service postgresql start

4. By this time, a Postgres user (non-interactive) has been created on the
system. The database password for this user may be altered with the
following commands:

| sudo -u postgres psql postgres

This would take you into Postgres shell which would be indicated
as postgres=#. Use the following command to enter the new
password:



10.

postgres=# password postgres

Exit the Postgres shell by entering the following command:

postgres=# (

Next, we will need to alter configurations in the data directory of the
newly created database. Invoke the following command to see the data
directory and the port on which PostgreSQL is running. Default port is
5432. As a reference, it can be seen something similar

tO /usr/bin/postgres -D /var/lib/pgsql/data -p 5432 after the command is
executed:

sudo service postgresql status

Set the permissions to modify the pgsq1 data files with the following
command:

sudo chmod 777 -R /var/lib/pgsql

Now go to data directory of Postgres and alter the pg_hba.conf
(/var/1ib/pgsql/data/pg_hba.conf) to allow local and remote users connect
to the database using postgres user credentials. A typical modified file of
pg_hba.conf looks as given:

# TYPE DATABASE USER ADDRESS ME
# "local" is for Unix domain socket connections only

local all all md
# IPv4 local connections:

host all all 127.0.0.1/32 md
# IPv6 local connections:

host all all 1:1/128 md
# remote connections

host all all 0.0.0.0/0 md

# Allow replication connections from localhost, by a user with the
# replication privilege.

#local replication postgres p
#host replication postgres 127.0.0.1/32 i
#host replication postgres ::1/128 i

The lines highlighted above have been changed from their original
values to enable a normal username/password based login.

Now, we will need to modify the /var/1ib/pgsql/data/postgresql.cont file
with the following:



# - Connection Settings -

listen addresses = '*' # what IP address(es) to listen on;

# comma-separated list of addresses;
# defaults to 'localhost'; use '*' for all
# (change requires restart)

11. Set the permissions back onto the folder /var/1ib/pgsq1 with the
following command:

| sudo chmod 0700 -R /var/lib/pgsql

12. Start/Restart the PostgreSQL service with the following command:

| sudo service postgresql restart

This completes the database setup. In order to be able to remotely access this
database please ensure the following:

e The database port is open and accessible

e A client application is installed to help run the query on Postgre
database. We would recommend installing pgadmin4 as the PostgreSQL
client.



Step 6 - Installing and verifying
HBase (NoSQL)

1. Download HBase binary version 0.98.24 from the following URL using
the command:

| wget https://archive.apache.org/dist/hbase/0.98.24/hbase-0.98.24-hadoc

At the time of authoring this book, the stable version of HBase
was 1.2.4, but we were forced to fallback to 0.98.x vesion of
HBase due to compatibility issues of Sqoop 1 with newer
versions of HBase.

2. Extract the above binary with tar command as shown below, from the
directory where you would want to extract it, let us refer to it as
${HBASE_HOME}.

| tar -zxvf downloads/hbase-0.98.24-hadoop2-bin.tar.gz

3. Set an environment variable Hease_HovME pointing to the directory where
the files have been extracted with following command and add the same
to ~/.bashrc file:

export HBASE_HOME=${HBASE_HOME}
export PATH=$PATH:$HBASE_HOME/bin

4. Once extracted, we can observe that the HBase configuration files are
placed in ${HBASE_HOME}/conf directory.

5. Lookup hbase-site.xml in <HBASE_HOME>/conf directory, and please modify
the following as shown below (centos is the username used in this
sample configuration, this can be replaced with the username on the
VM. Also, replace the localhost with IP address of HDFS).

<configuration>
<property>
<name>hbase.rootdir</name>
<value>hdfs://localhost:9000/user/centos/hbase</value>
</property>



<property>
<name>hbase.zookeeper.property.dataDir</name>
<value>/home/testuser/zookeeper</value>
</property>
</configuration>

6. Please start HBase by executing <+ABse_HOME>/bin/start-hbase.sh, which
would start the Hbase service which can be monitored at
http://localhost:60010.

AR PARACHE
HBRASE ‘ome TbeDetals  Locallogs  Loglevel  DebugDump  Metrics Dump  HBase Configuration

Master ioc:

Region Servers

Memory Requests Storefiles Compactions

ServerName Start time Version Requests Per Second Num. Regions
localhost,42601,1487187006730 Wed Feb 15 14:30:06 EST 2017 1.2.4 0 2

Total:1 0 2

Backup Masters
ServerName Port Start Time

Total:0
. Tables

Figure 09: HBase Service Console

7. We may verify the HBase install by launching it's shell and running
some basic HBase queries:
1. Launch the shell by executing <HBase_HoME>/bin/hbase shell
command.
2. Create a test table by executing the following query inside the shell:

| create 'test', 'cf'

3. If the above table gets created successfully, it indicates that the
basic setup is successful and refreshing the HBase Service home
page lists the table created as shown:



Tables

VAW System Tables  Snapshots

1 tablefs) in set. [Details]

Namespace  TableName  Online Regions Offline Regions Failed Regions Split Regions  Other Regions Description

default test 1 0 0 0 0 'test', {NAME => 'cf'}

Figure 10: HBase Install Verification

8. Also, alternatively, please consider referring to the cet started page of
HBase of further reference.

This is the basic setup of HBase and would be sufficient for us to run a few
Sqoop examples.



Configure data source (ingestion)

In this section we will see how to configure our data source which will be
considered as a source for data ingestion into our Data Lake.

1. Login into PostgreSQL database using a client (pgadmin4a) with the user

postgres and respective credentials.

2. Create the source database that would have customer profile
information. This database can be created using pgadmina UI, let us name

it as sourcedb.

3. Execute the following script to create the table:

WITH (

)

0IDS =

FALSE

CREATE TABLE public."customer"(
id integer NOT NULL,
first_name character varying COLLATE pg_catalog."default",
last_name character varying COLLATE pg_catalog."default",
dob date,
CONSTRAINT "customer_pkey" PRIMARY KEY (id)

TABLESPACE pg_default;

ALTER TABLE public."customer"
OWNER to postgres;

4. Insert a few rows of data into this table with a script as given

below:

INSERT
INSERT
INSERT
INSERT
INSERT

INTO
INTO
INTO
INTO
INTO

public.
public.
public.
public.
public.

"customer"
"customer"
"customer"
"customer"
"customer"

values(0, 'tomcy', 'john', '1985-10-20"');
values(1, 'rahul', 'dev', '1989-08-15");
values(2, 'pankaj', 'misra’', '1982-08-10"')
values(3, 'devi', 'lal', '1990-05-06");
values(4, 'john', 'doe', '1992-06-25");

With the above steps completed we are ready with our source data that we
would want to import into HDFS. The table in postgresql should now look as
shown in the figure (Figure 11):



id first_name | last_name

[PK] inte... | character... | character...

0 tomcy john 1985-10-20
1 rahul dev 1989-08-15
2 pankaj misra 1982-08-10
3 devi lal 1990-05-06
4 john doe 1992-06-25

Figure 11: Loaded sample data in RDBMS



Sqoop configuration (database
drivers)

In order to configure Sqoop with required database drivers, please follow the
following steps:

1. Since the database of our choice is postgresql, please download the
postgresql JDBC driver from the following location (the latest driver at
the time of authoring this book) from within the VM (CentOS) using the

following command:

| wget https://jdbc.postgresql.org/download/postgresql-9.4.1212.jre6.jar

2. Place the JDBC driver inside s${sqoop_tome}/1ib folder.



Configuring HDFS as destination

Sqoop’s natural destinations are HDFS and RDBMS for import and export
respectively. However, Sqoop 2 also supports few more connectors to the list,
namely Kafka and Kite.

Kite is a high-level data layer for Hadoop. It is an API and a set of tools that
speed up development. You configure how Kite stores your data in Hadoop,
instead of building and maintaining that infrastructure yourself.

- http://kitesdk.org/docs/current/

With respect to Sqoop 1, both the source and destination are provided as part
of the command line parameters, as would be evident in the examples
covered in this chapter.



Sqoop Import

Sqoop when compiled comes with a set of shell scripts that invoke the Sqoop
jobs. All the Sqoop operations are performed via a single shell script, which
can be found inside ${sqoop_HoME}/bin, i.e. sqoop. sh.

In order to perform a data import from the configured sources, i.e. postgresql
database into HDFS, the shell command can be run as given:

bin/sqoop import --connect jdbc:postgresql://<DB_SERVER_ADDRESS>/<DB_NAME>?sc
Where:

<DB_SERVER_ADDRESS> - Address (hostname/IP) of the database

<DB_NAME> - Database Name

<SCHEMA> - Database Schema where the source table exists

<TABLE_NAME> - Name of the table to be imported

<DB_USER_NAME> - Name of the postgresql user who has access to the

table
<DB_PASSWORD> - Database password for the user
--me Indicates number of map tasks

!

In our case, the filled-in command is as shown:

| sqoop import --connect jdbc:postgresql://<Cent0S_IP>/sourcedb?schema=public -

Once the import is complete, the imported files can be viewed via Hue or by
Namenode UI (Utilities | Browse the file system), as shown in the
screenshots.

The figure shows the HDFS view in Hue:



U A QueryEditorsv  Notebooks DataBrowsersv  Workflows v Search  Security v
B File Browser
fActions v xMovetotrash v
# Home / user/ centos/ customer
Name 4 Size User
s 8
I centos
[ _SUCCESS 0bytes centos
[ part-m-00000 117 bytes centos

Group

supergroup
supergroup
supergroup

supergroup

Permissions
drwxr-xr-x
drwxr-xr-x
WA=

WA=

B ® &v

0O B @

®Upload v ©New v

v History 1 Trash

Date

January 18,2017 10:06 AM
January 18,2017 10:06 AM
January 18,2017 10:06 AM
January 18,2017 10:06 AM

Figure 12: HDFS View in Hue (HDFS Browser menu in top right)

The figure (Figure 13) shows the same HDFS view in the Namenode UI:

Hadoop  Overview  Datanodes

Browse Directory

luser/centos/customer
Permission Owner Group
WP centos supergroup
WP centos supergroup

Hadoop, 2016.

Snapshot  Startup Progress

Utilities

Size Last Modified
0B 1118/2017, 10:06:50 PM

178 1/18/2017, 10:06:50 PM

Replication
1

1

Block Size

128 MB

128 MB

Go!

Name
_SUCCESS

part-m-00000

Figure 13: HDFS View in Namenode UI (Utilities/Browse the filesystem

menu)



If we look into the file, we see that this file has the contents which we had
initially inserted into the sourcedb database in PostgreSQL.:

U A QueryEditorsv  Notebooks DataBrowsersv  Workflows v  Search  Security v k ® €£v 0 F &

B File Browser

ACTIONS
A Home / user / centos / customer / part-m-00000 Page. 1 oft K 4 B W

Ul View as binary

¢ Editfile 0, toncy, john, 1985-10-20
1, rahul, dev,1989-08-15

& Download 2,pankaj,misra,1982-08-10
3,devi, lal,1990-05-06

B View file location 4,john, doe, 1992-06-25

© Refresh

Figure 14: File Contents via Hue

This file written into HDFS has been written in text format, which is the
default format until and unless specified. Alternatively, the same Sqoop
import could be run to import the data into HDFS as binary Avro data files as
well, by making a small change to the import parameters as shown below.

|bin/sqoop import --connect jdbc:postgresql://<DB_SERVER_ADDRESS>/<DB_NAME>?sc

The resulting difference can be seen in the following screenshots. The figure
below shows the Avro file uploaded to HDFS viewed using Hue in the HDFS
File browser.



UE A QueryEdtorsv  Notebooks DataBrowsersv ~ Workflows v  Search  Security v B © &v 0 B @

B File Browser

fActions v X Movetotrash v @Upload v ©New v
# Home / user/ centos/ customer v History 1 Trash
Name 4 Size User Group Permissions Date

[ ] centos supergroup drwxr-xr-x January 18,2017 10:29 AM
[ 1N centos supergroup drwxr-xr-x January 18,2017 10:29 AM
[ _Success 0 bytes centos supergroup W= January 18,2017 10:06 AM
[ part-m-00000 117 bytes centos supergroup W= January 18,2017 10:06 AM
D part-m-00001.avro 638 bytes centos supergroup WA~ January 18,2017 10:29 AM

Figure 15: Import as Avro Data File via Hue
In the previous screenshot, clicking on the Avro part file would show the

content stored in HDFS as shown in following screenshot:

U A QueryEdtorsv  Notebooks DataBrowsersv  Worklows v Search  Securlty v B E & 0 B @

K File Browser

ACTIONS
# Home / user / centos / customer / part-m-00001.avro Page 1 oft M K B M
(1l View as binary
@ Stop preview © Output rendered from compressed avro file.
& howniied {u'dob': 498628800000, u'first_name': u'tomcy', u'last_name': u'john', u'id": 0}

{u'dob': 619156800000, u'first_name': u'rahul', u'last_name': u'dev', u'id": 1}
{u'dob': 397800000000, u'first_name': u'pankaj', u'last_name': u'misra', u'id': 2}
B View file location {u'dob': " o et ! gt Valt it
u'dob': 641966400000, u'first_name': u'devi', u'last_name': u'lal', u'id': 3}
{u'dob": 709444800000, u'first_name': u'john', u'last_name': u'doe’, u'id": 4}
© Refresh

Figure 16: Avro Data File Contents via Hue

As seen in previous figure, the Avro representation of data is slightly
different from text representation. An Avro file is also compressed, hence



provides the benefits of compression at storage levels.



Import complete database

Sqoop executable also comes with the capability to import all tables from a
relational database to HDFS. The typical syntax to perform this is as given:

| sqoop import-all-tables (generic-args) (import-args)

With respect to the previous import command, the only difference here would
be to use the import-al1-tables option of Sqoop command. A sample
command is as shown:

| bin/sqoop import-all-tables --connect jdbc:postgresql://<DB_SERVER_ADDRESS>/<

As we come to this point, we also realize that in order to see this command in
action, we should have multiple tables in the relational database. Hence, I
would suggest creating an additional table of addresses related to customers:

CREATE TABLE public.address
(
id integer NOT NULL,
custumer_id integer NOT NULL,
streetl character varying COLLATE pg_catalog."default",
street2 character varying COLLATE pg_catalog."default",
city character varying COLLATE pg_catalog."default",
state character varying COLLATE pg_catalog."default",
country character varying COLLATE pg_catalog."default",
zip_pin_postal_code character varying COLLATE pg_catalog."default",
CONSTRAINT address_pkey PRIMARY KEY (id),
CONSTRAINT customer_fkey FOREIGN KEY (custumer_id)
REFERENCES public.customer (id) MATCH SIMPLE
ON UPDATE NO ACTION
ON DELETE NO ACTION

WITH (
0IDS = FALSE

)
TABLESPACE pg_default;

ALTER TABLE public.address
OWNER to postgres;

Once the table is created, the following scripts may be used to load sample
data:

|INSERT INTO address (id, custumer_id, streetl, street2, city, state, country,



VALUES
INSERT
VALUES
INSERT
VALUES
INSERT
VALUES
INSERT
VALUES

(06, 0, 'd-40', 'chavez street', 'trivandrum', 'kerala', 'india',6 '778¢
INTO address (id, custumer_id, streetl, street2, city, state, country,
(1, 1, '1-90', 'cooper street', 'mumbai', 'maharashtra', 'india', '40€
INTO address (id, custumer_id, streetl, street2, city, state, country,
(2, 2, 'a-47', 'sector-11', 'noida', 'uttar pradesh', 'india', '201311
INTO address (id, custumer_id, streetl, street2, city, state, country,
(3, 3, 'r-98', 'sector-37', 'gurgaon', 'haryana', 'india', '122021');

INTO address (id, custumer_id, streetl, street2, city, state, country,
(4, 4, '201', 'high street', 'austin', ‘'texas', 'us', '411e1');

If we want to see the import-all-tables in action, we will have to remove
existing files in HDFS otherwise this command would fail with a message
similar to: Output directory hdfs://localhost:9000/user/<username>/customer

already exists.

In order to remove the contents from HDFS, we may run the following
command in the shell:

hdfs dfs -rm -r /user/<username>/*

After the import of tables are done, we see that the tables were traversed in a
cascading manner to retrieve all the information as shown in the following

screenshot:
@)U A QueryEditorsv  Notebooks DataBrowsersv  Workflows v Search  Security v ] v 0 B »
& File Browser
#Actions v xMovetotrash v ®Upload v QNew v
# Home user / centos v History i Trash
Name A Size User Group Permissions Date
b centos supergroup drwxr-xr-x January 17,2017 03:04 PM
[N centos supergroup drwxr-xr-x January 18,2017 11:01 AM
B Trash centos supergroup drwxr-xr-x January 18,2017 10:48 AM
B _sqoop centos supergroup drwxr-xr-x January 18,2017 10:29 AM
B address centos supergroup drwxr-xr-x January 18,2017 11:00 AM
B customer centos supergroup drwxr-xr-x January 18,2017 11:00 AM

Figure 17: Import all tables in a database into HDFS



Import selected tables

In order to import selected tables, there is no direct mechanism in Sqoop,
however it can be achieved by scripting. Sqoop does support getting a list of
all tables, and then these tables can be looped over to import selective tables
into HDFS.



Import selected columns from a
table

Sqoop does provide a command line option to import selected columns into
HDFS. This be done either by using the --coiumns option or by using free form
query capability of Sqoop. Both of these variations are shown as follows:

e Using --columns Options:
| bin/sqoop import --connect jdbc:postgresql://<DB_SERVER_ADDRESS>/<DB_N
e Using free form query capability

| sqoop import --query 'SELECT c.*, a.* FROM customer ¢ JOIN address a



Import into HBase

As indicated earlier during the installation steps, Sqoop can also
import/export data with HBase as destination/source respectively. Here we
shall see how to initiate data import from RDBMS into HBase using Sqoop.

| bin/sqoop import --connect jdbc:postgresql://<DB_SERVER_ADDRESS>/<DB_NAME>?sc

An example with filled-in values for the above command is as shown as
follows:

| sqoop import --connect jdbc:postgresql://<Cent0S_IP>/sourcedb?schema=public -

As we see here, there are a few new arguments used specific to HBase.
HBase is a NoSQL data store with primary capability to support key value
pairs and column families, the arguments used here are specified for table
name and column family definition.

After we run the above Sqoop import command, we observe the data to be
imported in HDFS storage area of HBase.

In order to view the data in HBase, we can use hbase shell, which can be
launched by running the following command in the VM (CentOS) shell:

| ${HBASE_HOME}/bin/hbase shell

Once the hbase shell is initialized, run the command as shown in the
following screenshot:



[hbase(main):002:0> scan 'customer'

ROW COLUMN+CELL

column=h_cust_coll:dob, timestamp=1487190691627, value=1985-10-20
column=h_cust_coll:first_name, timestamp=1487190691627, value=tomcy
column=h_cust_coll:last_name, timestamp=1487190691627, value=john
column=h_cust_coll:dob, timestamp=1487190691627, value=1989-08-15
column=h_cust_coll:first_name, timestamp=1487190691627, value=rahul
column=h_cust_coll:last_name, timestamp=1487190691627, value=dev
column=h_cust_coll:dob, timestamp=1487190691627, value=1982-08-10
column=h_cust_coll:first_name, timestamp=1487190691627, value=pankaj
column=h_cust_coll:last_name, timestamp=1487190691627, value=misra
column=h_cust_coll:dob, timestamp=1487190691627, value=1990-05-06
column=h_cust_coll:first_name, timestamp=1487190691627, value=devi
column=h_cust_coll:last_name, timestamp=1487190691627, value=lal
column=h_cust_coll:dob, timestamp=1487190691627, value=1992-06-25
column=h_cust_coll:first_name, timestamp=1487190691627, value=john
column=h_cust_coll:last_name, timestamp=1487190691627, value=doe

(=]
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5 row(s) in 0.0940 seconds

hbase(main):003:6> I

Figure 18: Imported Table into HBase as seen in "HBase shell"

There is no direct way to export data from HBase using Sqoop; however, it
can be achieved by making a Hive view over HBase tables. We will discuss
Sqoop export from HDFS in detail in the next section.



Sqoop Export

Similar to the Sqoop import function, Sqoop also can export data from HDFS
to a relational database. The precondition, however, is that the table must be
already existing in the target database:

sqoop export (generic-args) (export-args)

sqoop export --connect jdbc:postgresql://<DB_SERVER_ADDRESS>/<DB_NAME>?schema

Here <Hprs_source_paTh> is the Hadoop filesystem path as a source that would

be exported to a target database:
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tomcy john 1985-10
1 rahul dev 1989-08-...
2 pankaj misra 1982-08-...
3 devi lal 1990-05-...
4 john doe 1992-06-...

Export to RDBMS from HDFS using Sqoop Export



Sqoop Job

The Sqoop framework also supports concept of Jobs. A Sqoop job may be
defined and saved for reusability of Sqoop commands. A Sqoop job typically
consists of a source and a destination defined with a few other optional
parameters. A Sqoop job is saved in Sqoop metadata for reusability and

remote access.



Job command

A job is stored as a metadata entity within Sqoop metastore. The primary
objective of creating a job is to define a one-time configuration between
source and target systems and reuse it multiple times to perform export or
import. Like any other entity, even job supports lifecycle methods such as
create, get, update, and delete with a few other functions. We will discuss
these functions in the next sections.



Create job

A typical syntax for creating a Sqoop job execution can be defined as:

sqoop job (generic-args) (job-args)
[-- [subtool-name] (subtool-args)]

bin/sqoop job --create <JOB_NAME> -- <OPERATION_NAME> --connect jdbc:postgres

Where,
<JOB_NAME>
<OPERATION_NAME>
<DB_SERVER>
<TABLE_NAME>
<DB_USER>
<DB_PASSWORD>

Name of the job to be created

Name of the sqoop operation to be defined, e.c
DB Server address or IP

Name of the table to be imported

Username of the DB containing data to be impor
Password of the DB containing data to be impor

A

Please observe the spaces around - -. These spaces are
interpreted as separators of one segment of command from the
other.
For simplicity, the embedded default datastore, namely
HSQLDB, is considered here as Sqoop 1 metastore.
HSQLDB is a relational database engine written in Java, with a JDBC
driver, conforming to ANSI SQL:2011. A small, fast, multithreaded engine
and server with memory and disk tables, LOBs, transaction isolation,
multiversion concurrency and ACID.

- https://sourceforge.net/projects/hsqldb/



List Job

The configured jobs can be listed by using the following command:

| bin/sqoop job --list



Run Job

Running the job would always require accessing the stored job and then
executing it, hence meta connect (connection to Sqoop 1 metastore where job
metadata is stored) would be required here as well. The following command
would execute a stored job.

| bin/sqoop job --exec <JOB_NAME>

If prompted for password, please enter your PostgreSQL user password.



Create Job

A typical syntax for creating a Sqoop job execution can be defined as:

sqoop job (generic-args) (job-args)
[-- [subtool-name] (subtool-args)]

bin/sqoop job --create <JOB_NAME> -- <OPERATION_NAME> --connect jdbc:postgres

Where,
<JOB_NAME> - Name of the job to be created
<OPERATION_NAME> - Name of the sqoop operation to be defined, e.g. import
<DB_SERVER> - DB Server address or IP
<TABLE_NAME> - Name of the table to be imported
<DB_USER> - Username of the DB containing data to be imported
<DB_PASSWORD> -, Password of the DB containing data to be imported




Sqoop 2

Sqoop 2 contains all the capabilities as described above in the context of
Sqoop 1, as well as many of the new capabilities which do not exist in Sqoop
1. These include Sqoop-shell, metadata support for multiple databases as
repositories, as well as concept of links and remotability of Sqoop jobs.

Sqoop 2 runs from within an embedded container and depends on Hadoop
environment variables to locate all dependencies.

Here, we are referring to v 5 of Sqoop 2 primarily because it worked slightly
better than the latest versions of Sqoop 2 at the time of authoring this book.

In order to install Sqoop 2, the following steps are required to be performed:

1. Download the Sqoop 1.99.5 (yes, this officially called as Sqoop 2)
binary distribution for Hadoop 2 using the following command:

| wget http://archive.apache.org/dist/sqoop/1.99.5/sqoop-1.99.5-bin-hadc

2. Once the download is complete, extract the contents of the tarball into a
user directory with the following command. Let us refer to the extracted
Sqoop folder as s${sqoor2_wove} and update the ~/.pashrc file accordingly.

| tar -zxvf ${DOWNLOAD_DIR}/sqoop-1.99.5-bin-hadoop200.tar.gz

3. Configure the file located at
${SQO0P2_HOME}/server/conf/catalina.properties to contain all the absolute
classpath directories of our Hadoop install. A sample of such a
configuration in our case is given below for reference
(/data1/home/centos/hadoop-2.7.3 below refers to s{Hapoop_wome} and makes
sure absolute path is given, as it doesn't resolve environment variables
correctly):

| common.loader=${catalina.base}/1ib, ${catalina.base}/1lib/*.jar,${catali

4., Configure ${SQOOP2_HOME}/server/conf/sqoop.properties tO point to the



7.

Hadoop configurations as shown:

org.apache.sqoop.submission.engine.mapreduce.configuration.directory=/

. Set the permissions to the Sqoop 2 scripts with the following command:

chmod +x ${SQO0P2_HOME}/bin/*

Verify the Sqoop 2 configuration with the following command (if there
is an error Caused by: java.sql.SQLNonTransientConnectionException:
No current connection, ignore it and the configuration is all good):

${SQO00P2_HOME}/bin/sqoop2-tool verify

Launch the sqoop 2 server with the following command:

${SQ00P2_HOME}/bin/sqoop2-server start

Hue comes with native integration with Sqoop 2, and at the time of authoring
this book, there were incompatibilities found between Hue and Sqoop 2.
These incompatibilities have been raised and are currently bugs registered in
Hue JIRA. Once such link is provided for reference: https:/issues.cloudera.org/br
owse/HUE-5128.

However, we observed that once we have Sqoop 2 set up and working, we
could use Sqoop 2 shell and view the configured jobs and connectors in Hue.
Some of the screenshots have been provided as an indicative reference. Once
we have the issues fixed in Hue for Sqoop 2, we will see that this would be a
very strong capability for actively managing Sqoop 2 via Hue.

In the images below, we see a few configurations for resource links that can
be configured via Hue for Sqoop 2 (in the pata Browser menu item, click
on sqoop Transfer). Here, we are configuring a database link and an HDFS

link.


https://issues.cloudera.org/browse/HUE-5128

dhue @ Query Editors v Notebooks Data Browsers v Workflows v Search Security v
Sqoop Jobs / ® db2hdfs
ACTIONS
Step 1: From Step 2: To
P Run
) Copy
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X Delete
SUBMISSIONS Schema name public
Table name "SOURCE_SAMPLE_TABLE"
Table SQL statement

Table column names
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Null value allowed for the
partition column

Boundary query
Extractors

Loaders

ke m

True False

Figure 20: RDBMS to HDFS via Sqoop 2 and Hue

Clicking on next navigates Hue to the next screen which captures the
database connection details to finally save the database link to the database

repository.



Sqoop Links / ® postgresqgl

Name postgresql

JDBC Driver Class org.postgresql.Driver

JDBC Connection String jdbc:postgresql://192.168.0.117/sourcedb

Username postgres
Password
JDBC Connection Property name Value
Properties protocol top Delete
Add

Cancel

Figure 21: RDBMS Link

Similarly, an HDFS link can also be configured with hdfs link name and
HDFS URI as shown:

Sgoop Links / ® hdfs

Name hdfs

HDFS URI hdfs://localhost:9000/

Cancel m

Figure 22: HDFS Link

Like Sqoop 1, Sqoop 2 also needs a metadata repository. By default, Sqoop 2
uses an embedded Apache Derby database (https://db.apache.org/derby/);
however, external databases can also be configured via sqoop.properties file.
A sample of this file is provided in the following code block highlighting the


https://db.apache.org/derby/

Sqoop 2 repository configuration:

# External connectors load path

# "/path/to/external/connectors/": Add all the connector JARs in the specifie
#

org.apache.sqoop.connector.external.loadpath=
org.apache.sqoop.repository.jdbc.handler=org.apache.sqoop.repository.postgres
org.apache.sqoop.repository.jdbc.maximum.connections=4
org.apache.sqoop.repository.jdbc.url=jdbc:postgresql://192.168.43.28/sqoop?sc
org.apache.sqoop.repository.jdbc.driver=org.postgresql.Driver
org.apache.sqoop.repository.jdbc.user=sqoop
org.apache.sqoop.repository.jdbc.password=sqoop
org.apache.sqoop.repository.jdbc.transaction.isolation=READ_COMMITTED

As shown in the code snippet above, we would need to create a user sqoop for
the above configuration to work. Cloudera provides a reference page on how
to set up this user at the following location: https://goo.gl/F6iJsb.

We have also referred (from Cloudera) to those setup instructions below,
with very minor modifications with respect to the specific PostgreSQL
version we are working with in this book. Full setup and detailing of Sqoop 2
is outside the scope of this book:

$ psql -U postgres

Password for user postgres: *****

postgres=# CREATE ROLE sqoop LOGIN ENCRYPTED PASSWORD 'sqoop'
NOSUPERUSER INHERIT CREATEDB NOCREATEROLE;

CREATE ROLE

postgres=# CREATE DATABASE "sqoop" WITH OWNER = sqoop
ENCODING = 'UTF8'

TABLESPACE = pg_default

LC_COLLATE = 'en_US.UTF-8'

LC_CTYPE = 'en_US.UTF-8'

CONNECTION LIMIT = -1;

CREATE DATABASE

postgres=# q


https://goo.gl/F6iJsb

Sqoop in purview of SCV use case

As we have seen here, Sqoop covers a substantial part of building a single
customer view, as we discussed in Chapter 1, Introduction to Data. Sqoop
covers one of the most prominent channels for data acquisition, i.e. data
transfer from relational databases to the HDFS layer. Most business and
partner apps fall into this category and amount to a majority of structured
information.

Hence, from the perspective of building a single customer view:

customer

Partner
Apps

Business
Apps

Figure 23: Sqoop in purview of SCV use case

As seen from the above, out of the entire single customer view, we still have
various other types of information to be captured, which we will be covering



in the chapters to follow.

From the perspective of single customer view, we discussed in this chapter
various import and export mechanisms of data. As we start building a
complete data lake for single customer view, we can visualize various
architecture layers and components getting introduced.

From the Sqoop usage perspective, the layers being introduced here are data
acquisition and can be visualized as shown:

]
Data Saoo %
\___/‘_Exportllmpon q00p D S HBase
\ L ? FAARSHUESHSE
S— 3 HBRSE
& \
Data .
[~ Export/ Import Lambda Layer
HDFS
Data Acquistion Layer Data Storage Layer

Figure 24: Acquisiton Layer with Sqoop for Single Customer View



When to use Sqoop

Apache Sqoop could be employed for many of the data transfer requirements
in a data lake, which has HDFS as the main data storage for incoming data
from various systems. These bullet points give some of the cases where
Apache Sqoop makes more sense:

For regular batch and micro-batch to transfer data to and from RDBMS
to Hadoop (HDFS/Hive/HBase), use Apache Sqoop. Apache Sqoop is
one of the main and widely used technologies in the data acquisition
layer.

For transferring data from NoSQL data stores like MongoDB and
Cassandra into the Hadoop filesystem.

Enterprises having good amounts of applications whose stores are based
on RDBMS, Sqoop is the best option to transfer data into a Data Lake.
Hadoop is a de-facto standard for storing massive data. Sqoop allows
you to transfer data easily into HDFS from a traditional database with
ease.

Use Sqoop when performance is required, as it is able to split and
parallelize data transfer.

Sqoop has a concept of connectors and, if your enterprise has diverse
business applications with different data stores, Sqoop is an ideal choice.



When not to use Sqoop

Sqoop is the best suited tool when your data lives in database systems such
as Oracle, MySQL, PostgreSQL, and Teradata; Sqoop is not a best fit for
event driven data handling. For event driven data, it's apt to go for Apache
Flume (Chapter 7, Messaging Layer with Apache Kafka in this book covers
Flume in detail) as against Sqoop. To summarize, below are the points when
Sqoop should not be used:

e For event driven data.

e For handling and transferring data which are streamed from various
business applications. For example data streamed using JMS from a
source system.

e For handling real-time data as opposed to regular bulk/batch data and
micro-batch.

e Handling data which is in the form of log files generated in different
web servers where the business application is hosted.

e If the source data store should not be put under pressure when a Sqoop
job is being executed, it's better to avoid Sqoop. Also, if the bulk/batch
have high volumes of data, the pressure that it would put on the source
data store would be even greater, which is usually not desirable.



Real-time Sqooping: a possibility?

For real-time data ingestion we don't think Sqoop is a choice. But for near
real-time (not less than 5 mins, no particular reason for choosing the time as 5
mins), Sqoop could be used for transferring data. Since these are more
frequent, the volume of data should also be in such a way that Sqoop can
handle and complete it before the next execution starts.



Other options

For the bulk/batch transfer of data from RDBMS to the Hadoop filesystem
there aren't many options in the open source world. However, there are
possible choices whereby we could transfer data from RDBMS to Hadoop,
and this section tries to give you the reader some possible options so that,
according to enterprise demands, they can be evaluated and brought into the
data lake as technologies if found suitable.



Native big data connectors

Most of the popular databases have connectors, using which data can be
extracted and loaded onto the Hadoop filesystem. For example, if your
RDBMS is Oracle, Oracle provides a suite of products which integrate the
Oracle database with Apache Hadoop. The figure below (Figure 09) shows
the full suite of Oracle Big Data connector products and what they do (details
taken from www.oracle.com).

Oracle Loader
for Hadoop

(

N—
-

Oracle SQL connector Oracle DB

for HDFS

Big Data (HDFS)

Oracle Data Integrator
Knowledge Modules

Figure 25: Oracle Big Data connector suite of products

Similar to Oracle, MySQL RDBMS has MySQL Applier, which is the native
big data connector which can be used to load data from MySQL to Hadoop
filesystem. MySQL Applier is also capable of incremental data transfer (real-
time) as against the traditional batch by Sqoop. The following figure (Figure
10) shows the MySQL native connector to transfer data to HDFS.


http://www.oracle.com
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Figure 26: MySQL Applier for Hadoop



Talend

Talend is an open source ETL development (graphical), monitoring and
scheduling tool. In purview of this chapter, we are only taking the ETL
capability of Talend into discussion but it has a suite of products having
different capabilities ideal for big data. Talend is supported by a very large
community and has a huge amount of connectors (800+, largest connector
library), using which you will be able to do the integration work with a
variety of tools and technologies with ease. Talend is a mature product and
supports a variety of big data technologies.

Having a rich set of connectors, Talend can integrate and transfer data from a
variety of database systems to Hadoop without much trouble and is a viable
alternate to Sqoop. Talend also has a graphical user interface, using which the
data pipelines can be authored and executed, making it very user-friendly to
operate. It also has a Sqoop connector, using which Sqoop’s advantages can
also be brought into your big data landscape.

A reference transformation graph taken from talendexpert.com is as shown in
the following figure (Figure 11):
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Figure 27: Talend graphical user interface for ETL development


http://talendexpert.com

Pentaho’s Kettle (PDI - Pentaho
Data Integration)

Pentaho is an open source (commercial offering also available) Business
Intelligence (BI) suite comprising of a variety of products, one among it
being called Kettle, capable of data integration. Kettle is now called Pentaho
Data Integration (PDI). It's a Java based tool and supports cross platform,
having support for a variety of database technologies.

Pentaho comes with inbuilt readers and writes for both HDFS and relational
databases and provides a rich graphical user interface to enable data
movement and transformation.



Summary

In this chapter, we started introducing or rather mapping technologies into the
various data lake layers. In this chapter, we started with the technology
introduction in the data acquisition layer. We started the chapter with the
layer definition first, and then listed down reasons for choosing Sqoop by
detailing both its advantages and disadvantages. We then covered Sqoop and
its architecture in detail. While doing so, we covered two important versions
of Sqoop, namely version 1 and 2. Soon after this theoretical section, we
delved deep into the actual workings of Sqoop by giving the actual setup
required to run Sqoop, and then delved deep into our SCV use case and what
we are achieving using Sqoop.

After reading this chapter, you should have a clear understanding of the data
acquisition layer in our data lake architecture. You should have also gotten
in-depth details on Apache Sqoop and what are the reasons for choosing this
as a technology of choice for implementation. You would also have gained
knowledge on the actual working of Sqoop and how we can use it in action
by going through the working example. You would by now have also
implemented data acquisition functionality from PostgreSQL to HDFS using
Sqoop, which kickstarts our SCV use case using Data Lake.

In the next chapter, we will move on to the next layer in our Data Lake,
namely the Messaging Layer, and introduce the technology choices that we
have chosen in detail, similar to what we have done in this chapter.



Data Acquisition of Stream Data
using Apache Flume

To continue with the approach of exploring various technologies and layer in
Data Lakes, this chapter aims to cover another technology being used in the
data acquisition layer. Similar to the previous chapter (and, in fact, every
other chapter in this part of the book), we will first start with the overall
context in purview of Data Lake and then delve deep into the selected
technology.

Before delving deep into the chosen technology, we will give our reasons for
choosing this technology and also will familiarize you with adequate details
so that you are acquainted with enough details to go back to your enterprise
and start actually using these technologies in action.

This chapter deals with Apache Flume, the second technology in the data
acquisition layer. We will start off lightly on Apache Flume and then dive
deep into the nitty-gritties. Finally we will show you a working Flume
example--linking with our SCV use case. The final section of the chapter is
chosen to familiarize you with other similar technologies that can be used in
place of Flume to realize the capability in your Data Lake architecture.

After reading this chapter, you will have a clear idea of Flume's usage in the
architecture and will also have gained enough details on the full working of
Flume. You will also have hands-on experience with Flume and will have
progressed further in our journey to implement Data Lake and realize the
SCV use case.

This is really exciting; let's dive in!!



Context in Data Lake: data
acquisition

One of the V’s of Big Data makes this chapter significant in all aspects in the
modern era of any enterprise, namely Velocity. Traditionally, analytics was
all done on data collected in the form of data (slow data), but nowadays
analytics is done on data flowing in real time and then acted upon in real time
to make a meaningful contribution to the business. The business outcome can
be in the form of acting on a live Twitter stream of a customer to enhance
customer experience or showing up a personalized offer by looking at some
of his recent actions on your website. In this chapter, we will be covering
mainly the Data Acquisition part of real-time data in our Data Lake.

In Chapter 5, Data Acquisition of Batch Data with Apache Sqoop we have
detailed what the Data Acquisition layer is, so I won't be covering that in this
section. However there is a significant difference between the data handled in
Chapter 5, Data Acquisition of Batch Data with Apache Sqoop (which was
batch data) and real-time data (in this chapter). Let's understand these data
types in a bit more detail before delving into the technical aspects.



What is Stream Data?

Stream data is the data generated by a variety of business applications and
external applications (these days, almost all social media) continuously and in
a fast pace, usually having a small payload. There is a variety of data

that falls into this category, some which are as follows:

e [.og data generated by various web and application servers where your
application is hosted

e Data generated by user behaviour (page impression, link clicks and so
on) on your company’s website

¢ Loads of data generated by your customers on various social network
platforms

e Inrecent times, data generated by various sensors as part of your
enterprise’s vision to go to IoT platforms

These are real time data which comes one after the other and makes sense
when processed in a sequential manner. For an enterprise analysing these
data and then responding appropriately can be a business model and this can
indeed transform their way of working. Looking at these data in real time
fashion and then personalizing according to customer needs can indeed be
very rewarding for the customer, but will also bring financial gains to the
business and can improve customer experience (intangible benefits).

The following figure shows the stream data from various so called sources
which will eventually come as is into the Data Lake or gets processed and
persisted in the data store:
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Figure 01: Data Streaming in action

Enterprise should start using these data initially for bear minimum use cases,
for example, collect log data and see if there are errors which can be
proactively looked upon and corrected. Over a period of time, complex use
cases can be derived, say analyse user behaviour (from the behavioural data
by your user on your site) and serve the user in a real-time fashion
appropriate offers.

It's better to stream these data into the Hadoop file system as is without any
processing but we can also have an approach of putting data as is in Hadoop
and can also have some processing making real sense for business. These
processed data can then flow to a visual analytic tool and then showcase
necessary details for business to use these in real time business decision
making. Say, keep analysing booking data for your ecommerce site and if not
meeting the target, make necessary adjustments in the prices of each item
(may be give discounts for items having huge inventory and not really
selling).

One of the very fundamental issues with analysing stream data is to handle
message received in order. If the order if not maintained the analysis can
result in wrong interpretations which can have adverse negative impact on
business. The amount of data coming along can vary and it can be that when
the system is in load velocity of data can be very huge for the various
components to handle. Architecture principles like scalability, durability and
other aspects should be considered and dealt with.



Batch and stream data

The following table (Table 01) summarizes the main difference which exist
between batch and stream data. Our use case does have both these types of
data. For handling batch data we selected and used Sqoop as the technology
and for stream data handling and transfer to Hadoop we have selected Flume
as the choice.

Batch Data

Stream Data

Mostly the volume
of data is quite high
and deal with a
chunk of data in
defined period of
time. Batch
consisting of
thousands of
records.

The volume of data is not that great. But, deal with
high velocity data and it comes continuously but
does not have defined period in which they come.
Stream data consist of single or few record. Few
records are sometimes also called as micro-batch as
the batch record size is quite small compared to
conventional batch.

Analysis or
processing is done
on a very large
period or all the
data.

Analysis and processing is done on a small dataset
over a moving time window in a continuous
manner.

Period of operation
spans from minutes
to hours usually.

Operation period spans from milliseconds to
seconds in most of the cases.

Since the data set is
huge, complex
analysis can be
performed deriving
usual deductions for
business decision
making.

Simple analysis can be performed and in usual case
done with batch analysis to derive usual
information.




Example, customer
who has purchased
more electronic
items past month
when the sale was
going on.

Example, detection of credit card fraud as and
when a purchase happens OR RBA (Risk Based
Analysis) for important transactions in your
ecommerce website. According to risk, step up
authentication to multi factor (say One Time
Password) mechanism.

Table 01: Details summarizing difference between Batch and Stream data

The preceding table does state quite clearly the varying difference between
batch and stream data. This means, these two data need to be handled
accordingly when ingesting into the Data Lake.




Data acquisition of stream data -
technology mapping

The following figure brings in technology aspect to the conceptual
architecture that we will be the following throughout this book.

We have chosen Apache Flume as the real time data transfer technology and
this does come in the data acquisition layer of our Data Lake implementation.
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Figure 02: Technology mapping for Acquisition Layer

Inline with our use case of SCV, the real time data from various business
applications will flow into the Flume and then transferred to the Hadoop file
system for storage and later analysis. The real time data from business
application that we are going to handle is the customer’s behavioural data
when dealing with the enterprise’s website. Data such as page visits, link
clicks, location details, browser details and so on will flow into Flume and
then stored in HDFS.



The following figure (Figure 03) shows only the aspect that we will be
delving deep in this chapter, rest of the layers and other aspects from Data
Lake is intentionally taken away from this diagram. However it does show
Sqoop also so that we are building onto our full-fledged Data Lake
architecture as we navigate through chapters one by one.
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Figure 03: Working of Flume in the Data Lake



What is Flume?

Flume (not technical) is constructed to transfer logs down a mountain by
using the shear capability of water flowing through a constructed channel.
These channels can be build over a large distance and enables to transfer
these logs quickly, effectively and in a very cost effective manner. These
flumes can be used for transferring variety of materials, although initially the
main intent was to transfer logs and lumber.

Standing by its name Flume, it's a piece of technology which enables to
transfer huge amount of data from a source to its intended destination.
Similar to its physical counterpart (log Flume), this was also constructed
initially for transfer of log data accumulated in each servers (and other
software components), aggregate it and give a holistic analytical capability.
Later on it was extended for different sources and different destinations.

The following figure (Figure 04) gives the conceptual view of how Flume
functions. In our use case (Data Lake implementation with SCV in mind), we
will be using to capture log data (collected from various web servers) as well
as event data (mainly behavioural data) and channelling into the common
data storage (Hadoop system) as shown earlier in Figure 03:
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Sqoop and Flume

In this section, we are not going to compare the features of Sqoop and Flume;
rather we are doing this to bring out the difference between the two
technologies and what features these bring onto the table. For realizing our
Data Lake we do need two technical capabilities as offered by these

technologies for sure.

To put you reader at ease comparing these technologies and bring out its
capabilities, the following table has summarized information as points and
some details to elaborate the point. It's important to note that each row is not
a one on one comparison between the two, rather it summarizes capability of

each in a tabular, easily readable format.

Sqoop

Flume

Batch data handling.

Stream data (real time data)
handling.

Works on high volume of data. Size of
data can be of the range of gigabytes
to terabytes.

Works on low volume data with
high velocity. Data is usually
messages and of the range of
kilobytes to megabytes.

Main capability is to transfer data from
RDBMS to Hadoop (HDEFS).

Main capability is to transfer
data in motion (stream) data into
Hadoop (HDFS).

Works really well with variety of
RDBMS, mainly using the JDBC
technique. Vendors of RDBMS does
have provision of writing their own
connector and can use many
optimization techniques (using native)
to achieve the best results.

Apart from message type of data,
Flume works well in bringing
log data into Hadoop.

Has capability to parallelize data

N/A




transfer operation.

Most apt for data at rest (data residing
in RDBMS).

Most suitable for data in motion.

Acts on data which is more or less
static in nature.

Acts on data which changes
often. Because it is event driven,
the order in which these events
reaches is quite important to
make sure that data integrity is
kept while bringing to the
Hadoop environment.

Works on data which is already
aggregated and collected.

Collection and aggregation of
data possible, it deals with the
most recent data.

Inherently reliable, highly
available and distributed in
nature.

Being batch, it can put undue pressure
on the source system from where data
is being transferred to HDFS.

Does Not put any pressure on the
source system and works
completely disconnected
manner.

Table 02: Sqoop and Flume difference summarized in a table

The following figure quite well summarizes the capability which Sqoop and
Flume brings in purview of the capability requirement required in

implementing the Data Lake.
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Figure 05: Sqoop and Flume



Why Flume?

This section is dedicated explain you why we have chosen Flume as our
technical choice in the technical capability that we look to realize Data
Acquisition layer for handling stream/real time data.

With the following subsections, we will first dive into the history and then
into Flume’s advantages as well as disadvantages. The advantages detailed
are the main reasons for our choice of this technology for dealing with
transfer of real-time data into Hadoop.



History of Flume

Apache Flume was developed by Cloudera for handling and moving large
amount data produced into Hadoop. Without minimum or no delay (NRT:
Near Real Time or Real time) the company wanted the data produced to be
moved to Hadoop system, for various analysis to be carried. That was how
this beautiful came into existence.

As detailed in previous section, it was initially conceived and developed to
take care of a particular use case of collecting and aggregating log data from
various source (web servers) into Hadoop for performing various analytics
useful for proactive maintenance. Later on it was redesigned and refactored to
include different sources and destinations and also design was taken into
account for pluggability and extensibility in mind.

Very much similar to Sqoop, Flume also has two major flavours. They are:

e Flume OG (Old Generation: pre 1.0)
e Flume NG (New Generation)

As the name suggests, Flume OG was the initial Flume distribution, which
then underwent complete rewrite and refactoring giving rise to Flume NG.
Flume NG is the current supported and active Apache project and this is the
flavor we will use in our book. As of writing this book, the latest version of
Flume NG is 1.7.0, which was released on October 17, 2016. Flume got into
Apache Incubator with version 1.0.0 and 1.1.0.



Advantages of Flume

Some of the core advantages of Apache Flume which made this technology
chosen are as detailed here in bullet points:

Open source.

Very good documentation, with many examples and patterns of how
these can be applied, is available.

High throughput with low latency.

Declarative configuration.

Inherently distributed.

Highly reliable, available, and scalable (horizontally).

Highly extensible and customizable.

Less costly installation, operation and maintenance.

Contextual routing aspect has a dedication subsection in this chapter.
But for you to have a heads-up, this is an aspect of Flume to look at the
payload (stream data or event) and construct a routing which is apt.
Build-in support for a variety of source and destination systems.
Inherently highly pluggable.

Feature rich.

Transaction support is built in.

Capability of getting data from multiple servers into Hadoop easily
Supports different data flows like multiple-hop, fan-out, fan-in and so
on.

Good integration support with a variety of existing monitoring tools.



Disadvantages of Flume

Although Flume has good advantages attached to it, it does have some
disadvantages pulling it down on certain aspects. They are as follows:

e Weak ordering guarantee.

e Does Not guarantee that message reaching is unique (duplicate messages
might pop in at times, in many scenarios).

e For an enterprise, sizing the hardware of a typical Flume can be tricky,
and in most cases, it's trial and error. Because of this, its scalability
aspect is often put under a lens.

e The throughput that Flume can handle depends on the backing store of
the channel. So, scalability and reliability is under question when the
choice of backing store is not chosen wisely considering all factors.

Clearly Flume’s advantages overweight its disadvantages and that's one of
the main reason for our choice. Second aspect is it popularity (which is
relative) and that the reason not mentioned in the advantages but this aspect
really matters for an enterprise (easy recruitment, good community with
answers for every question).



Flume architecture principles

Any technology piece to be successful, should have clearly defined
architecture principles based on which its design is created and then evolved
throughout. Flume also comes in one such software and up next are some of
the architecture principles based on which Flume was designed (some of
those got introduced as part of Flume NG):

¢ Reliability: The capability of continuously accepting stream data and
events without losing any data, in a variety of failure scenarios (mostly
partial failures). One of the core architecture principles taken very
seriously by Flume is fault-tolerance, which means that even if some
components fail or misbehave, some hardware issues pop up, or if
bandwidth or network behaves bad, Flume will accept these as facts of
life in most cases and carry on doing its main job without shutting down
completely. Flume does guarantee that the data reaching the Flume
Agent will eventually be handed over to other components as long as the
agent is kept running. There are settings that can be set to control the
reliability level. Good to know that higher the reliability, lower will be
the scalability.

e Scalability: Flume has the ability to handle more stream data with mere
changes in hardware topology. Flume scales horizontally by allowing to
add additional machines to cater to the load of increased message
throughput. In the architecture section we will cover various
components which needs change when scaled horizontally. The
scalability does however depend on the destination system's ability to
keep taking data coming out of the pipeline and that at times can be a
defining aspect of how much your flume can scale.

e Manageability: Ability to manage various components as part of the
solution centrally in all aspects is key to success installation of any
architecture in production. Apache Flume, using Flume master (will
explain in next section in detail) component allows managing all
components in a central fashion using defined settings controlled
through a web interface or Flume command line interface.

e Extensibility: One of the very important principle which allows



integration of this technology with various source and destination
systems. This is a mandatory requirement and definitely one of the core
principles how Flume was designed and architected. This is achieved
mainly by writing new or using built-in connectors to connect to Flume
in both input and output.

These are some of the core architecture principles on which Flume was made
and in the following sections many of these aspects will get clarified more.



The Flume Architecture

We discussed in previous section, the architecture principles based on which

Flume was conceived, now let's deep dive into the architecture. Let's start off
with a very basic diagram detailing the architecture of Flume (Figure 06) and
then in the following sections keep diving deep.

w

Channel

Flume Agent

Figure 06: Basic Flume Architecture

A simple Flume architecture has three important components, which work
together to transfer a data from source to destination in real time fashion
(stream or log data). They are:

e Source: The responsibility of listening to stream data or events and then
putting it to the channel

e Channel: A pipe where events are stored until it has been taken by
someone else

e Sink: The responsibility of taking away events from the channel for
further processing (sending to another source) or persisting to a data
store. If sink operation fails, it will keep trying until success.

The following table summarizes some of examples for each of the
components in the Flume architecture namely Source, Channel and Sink:

Source Channel | Sink



Console Memory | Memory
Exec File JDBC
Syslog JDBC File
Avro and so on | Null
JMS HDFS
Spooling Directory and so on
and so on

Table 03: Some examples of source, channel, and sink

Figure 06 depicts a very basic Flume architecture but according to various
setup or arrangements of these core components different topologies can be
setup and used according to the requirement. Some of the well known
arrangements are:

e Distributed pipeline
e Fan Out
e FanIn

The following subsections gives you a very detailed description for these
arrangements. Also, it has another section which details advanced Flume
architecture by bringing in some more components into the basic one.



Distributed pipeline - Flume
architecture

The source, channel, sink unit can chain one after the other accomplishing
what is called as Distributed pipeline architecture, as shown in Figure 07:

Source Source

Flume Agent Flume Agent

Figure 07: Distributed pipeline Flume architecture



Fan Out - Flume architecture

Arrangement of the Flume components namely source and channel in such a
way that there is one source which is fed to many channels is termed as Fan
Out Flume architecture. The following figure (Figure 08) shows the Fan Out
architecture:

Channel 3

Flume Agent

Figure 08: Fan Out Flume architecture



Fan In - Flume architecture

The arrangement of Flume's components, namely source and channel, in such
a way that there are many sources fed to one channel is termed as a Fan In
Flume architecture. The following figure (Figure 09) shows this architecture:

Flume Agent

Figure 09: Fan In Flume Architecture

Next is a figure (Figure 10) that combines these Flume components in a more
complex manner, and it is more functionally suited to a particular use case.
This is shown to you to make you understand that according to your use case,
you are free to arrange these components:



G

Flume Agent 2

Figure 10: Typical Flume Architecture arrangement catering to a use case



Three tier design - Flume
architecture

Most of the Flume deployments follow a well documented three tier design.
The three main tiers of this design are:

e Agent Tier: This is the tier where the Flume agents are located along
with sources which contains data which have to be moved.

e Collector Tier: This is the tier where the data from the agent tier is
collected using multiple collectors and then these are forwarded to the
next layer.

e Storage Tier: This is the tier where data from collector tier flows finally
and stored. This will have file systems like HDFS where the data is
stored.

The following figure (Figure 11) shows the three tier design of a Flume
Architecture in action:



—_0
—
—_—0
Flume Agent
)
—_—
App Server
PP —
Collector
—0
—
App Server
— PP
Flume Agent
—
—
App Server > HDFS Cluster
Collector
-_—0
= App Server
—— PP
Flume Agent
App Server
43 42 48
o0 ] o g
-3 = & = a
= 8 2

Figure 11: The three-tier design of Flume architecture



Advanced Flume architecture

The Flume architecture in an enterprise setting will have one more important
component namely Flume master, whose main responsibility is to serve as a
centralized authority for all the configurations of all nodes in the overall
architecture. Every machine participating in the architecture is termed as
node. Each node depends on the master to retrieve the configurations which
dictates as to how the Flume should perform its actions.

The entire Flume topology can be configured or reconfigured dynamically by
sending relevant commands using Thrift API to the Flume master.

The following figure (Figure 12) shows an advanced Flume architecture
arrangement, which shows the all-important Flume master controlling the
configuration and dictating the overall working and topology of Flume:



Flume Agents

Collector

Thrift APIﬂ

Flume Master

Flume Admin

Figure 12: Advanced Flume architecture



Flume reliability level

Reliability is one of the core architecture principle based on which Flume
architecture was designed. To achieve this level of reliability, Flume provides
its user with configurable reliability levels. They are classified as follows:

¢ End-to-end: When this reliability level is set, the event sent to Flume
will surely make it to the other end as long as the originating agent (the
agent which accepted the venet) is alive. To achieve this reliability
level, the agent when receiving an event stores/writes in the disk in
WAL (Write Ahead Log). When the event reaches the defined
endpoint and acknowledgement is sent all the way to the originating
agent and then the written event is erased. This level can withstand
failure of any component after the originating agent. As pointed out
earlier, higher the reliability lower is it scalability and this falls into
highest reliability level offered by Flume.

e Store on failure: When this reliability level is set, the event when
traversing through different agents (hops), the originating agent of the
event will only store/write to the disk only if the agent to whom the
event was sent fails. In principal agent only write to disk the detail of
event if there is no acknowledgement from the next hop on agent. This
is a more practical reliability level but if there are silent failures, events
can be lost forever.

e Best-effort: This reliability level is the weakest and the most lightweight
in which the vent is sent to the next hop without writing to the disk and
does not rely on any acknowledgement or failure coming back from the
next agent where the event was sent to.

Choose the right reliability level what your use case demands and always
keep in mind that more the reliability, less is the scalability and more is the
cost of maintenance.



Flume event - Stream Data

Event is the unit of data which is send across the Flume pipeline. The
structure of the event is quite simple and had two parts to it namely:

e Event header: A Key/Value pair in the form map<string, string>. These
headers are meant to add more data about the event. For example, these
headers can hold severity and priority aspects of this event, and so on.
These headers can also contain UUID or event ID which distinguishes
one event from the other.

e Event payload: An array of bytes (byte array) in the form byte[]. 32 KB
is the default body size, which is usually truncated after that figure but
this is a configurable value in Flume.

This figure shows the internal structure of the Flume event, which hops from
one agent to another in Flume:

Headers Can add custom
Map<String, String> headers
Payload
Small size
byte []
Flume Event

Figure 13: Anatomy of a Flume event



Flume agent

Flume agent is the smallest possible deployment comprising of Source,
Channel and Sink as its main components. The following figure shows a
typical Flume agent deployment:

Stores events Buffers and Retrieves events
into channel stores events from channel

Sink
(Outgoing
Events)

Source
(Incoming
Events)

Channel

Flume Agent (Single JVM)

Host Machine

Figure 14: Flume Agent components

Flume agent is a Java daemon which received event from a source and then
passes onto a channel, where it is usually written to the disk (according to
reliability level set) and then moves the event to the sink. When the sink
receives the event it sends acknowledgement back to channel and channel
erases the event from its store. The agent has a very small memory footprint
(-Xmx20m) and can be controlled declaratively using configurations.



Flume agent configurations

Some of these aspects have been unintentionally discussed in details in the
Flume architecture section, however we thought that separate section for
these agent configuration is required. Since we don't want to repeat ourselves,
we will be referring some aspects back to that section.

The following are main configurations using which agents can be arranged:

e Multi-hop (multi-agent flow): Similar to the one given in the preceding
section Distributed pipeline - Flume architecture. One agent feeds the
event to another (called as a hop) and this carries on according to use
case demand. Figure 15 shows multi-hop flume agent configuration:

Flume Agent Flume Agent

Figure 15: Multi-hop flume agent configuration

e Consolidation (converging flow): Similar to one given in the preceding
section, Three tier design - Flume architecture. Multiple agents
consolidates the events and sends it across to other set of agents. Figure
16 shows this setup of agent configuration in action:
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Flume Agent
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Figure 16: Consolidation flume agent configuration

Multiplexing: Similar to Figure 10 in which inside an agent a source
fans out to multiple channels and one of the channel feeds to another
agent’s source. This is one such setup and varied kinds of setup is
possible as demanded by the use case.



Flume source

Flume agent can have multiple sources, but it is mandatory to have at least
one source for it to function. The source is managed by Source Runner which
controls the threading aspect and execution models namely:

e Event-driven and
e Polling

In event-driven execution model the source listens and consumes events. In
polling execution model the source keeps polling for events and then deal
with it.

The event (as detailed earlier) can take a variety of content satisfying the
event schema (header and payload). The source, complying with the
architecture principle of extensibility, works on plugin approach. The source
requires mandated name and type. According to the type, source will demand
additional parameters and accordingly configurations have to set for it to
work fine. The source can accept single event or a batch of event (mostly and
in ideal case micro-batch as opposed to regular batch). Built-in sources in
Flume can be broadly classified as:

1. Asynchronous sources: Client sending the events doesn’t handle the
failure. Once the event is sent the client forget it (fire and forget). Some
of the examples are as follows:

e Exec executes the command and ingest the output as data.
Configuration looks as shown in the code block:

agent.sources.http.type=http
agent.sources.http.port-8080

e Syslog (spooling directory) parses the file and ingests the data. The
following configuration is just an example of how a spooling
directory can be configured:

agent.sources.spool.type = customerDataDir
agent.sources.spool.spoolDir = /data/lake/customerdata



| agent.sources.spool.deletePolicy = immediate

2. Synchronous sources: After the event is sent and if the source doesn’t
acknowledge to the client, the client can deal with the failure scenarios
gracefully. Some of the examples are:

e JMS, these are events produced and handled by Java Messaging
Service (Queues and Topics). Sample configuration for connecting
to an AMQP queue is as follows:

agent.
agent.
agent.
agent.
agent.

sources
sources
sources
sources
sources

.jms.
.jms.
.jms.
.jms.
.jms.

type = jms

initialContextFactory = org.apache.activ
providerURL = tcp://datalakeserver:61616

destinationName
destinationType

customerData
customerDataQueue

e HTTP inherently starts a web server to handle REST API. This is
an example configuration:

agent.sources.execSource. type=exec

agent.sources.execSource.command="ps -ef | grep java’'



Custom Source

If your use case demands a special source, a custom source can be written by
implementing source interface. An example of how this custom source (c1ass
com.datalakebook.Customsource) can be configured for an agent ag1 is as follows:

agl.sources = srcil

agl.channels = chi

agl.sources.srcl.type = com.datalakebook.CustomSource
agl.sources.srcl.channels = ch1l



Flume Channel

A channel is a mechanism used by the Flume agent to transfer data from
source to sink. The events are persisted in the channel and until it is
delivered/taken away by a sink, they reside in the channel. This persistence in
channel allows sink to retry for each event in case there is a failure while
persisting data to the real store (HDFS).

Channels can be broadly categorized into two:

1. In-memory: The events are available until the channel component is
alive:
¢ Queue: In-memory queues in the channel. This has the lowest
latency time for processing because the events are persisted in
memory.

2. Durable: Even after the component is dead, the event persisted is
available, and when the component becomes online, these events will be
processed:

e File (WAL or Write-Ahead Log): The most used channel type.
It's durable and requires disk to be RAID, SAN or similar.

e JDBC: A proper RDBMS backed channel that provides ACID
compliance.

e Kafka: stored in Kafka cluster.

There is another special channel called Spillable Memory Channel, which
stores data in-memory and on disk. When the capacity of in-memory is full,
rest of the events are stored to disk (embedded file channel).

You will be clearly remembering the reliability section that has been
discussed earlier in this chapter. The reliability aspect depends on the channel
type which is being configured as detailed before. Channels also takes care of
the event ordering and also helps in transaction guarantee for the agent.

RAID (originally redundant array of inexpensive disks, now
commonly redundant array of independent disks) is a data



storage virtualization technology that combines multiple
physical disk drive components into a single logical unit for the
purposes of data redundancy, performance improvement, or
both.

A storage area network (SAN) is a network which provides
access to consolidated, block level data storage. SANs are
primarily used to enhance storage devices, such as disk arrays,
tape libraries, and optical jukeboxes, accessible to servers so
that the devices appear to the operating system as locally
attached devices.

In computer science, write-ahead logging (WAL) is a family of
techniques for providing atomicity and durability (two of the
ACID properties) in database systems. In a system using WAL,
all modifications are written to a log before they are applied.
Usually both redo and undo information is stored in the log.

In computer science, ACID (Atomicity, Consistency, Isolation,
Durability) is a set of properties of database transactions. In
the context of databases, a single logical operation on the data
is called a transaction.

- Wikipedia



Custom channel

The pluggable aspect of Flume can be used to write custom channel
according to your requirement satisfying the use case. For this, the class has
to be written implementing the channel interface. A sample configuration of a
custom channel for an agent ag1 for a custom channel class
com.datalakebook.Customchannel is as follows:

agl.channels = chil
agl.channels.chl.type = com.datalakebook.CustomChannel



Flume sink

Similar to the source, the sink is managed by SinkRunne, which manages the
thread and execution model. Unlike a source, however, a sink is polling-
based and polls the channel for events. The sink is the component that
outputs (according to type of output required) it from the agent to an external
or other source. Sinks also participate in transaction management, and when
the output from a sink is successful, an acknowledgement is passed back to
the channel. The channel then takes the event away from the persistence
mechanism. Transaction management will be covered in detail in a separate

section.

There are a variety of existing sinks available, as follows:

e HDFS: Write to HDFS. This currently supports writing text and
sequence files (in compressed format as well). The following is a sample
HDFS sink configuration (taken from Flume user guide) for an agent
named a1. The full configuration can be found in the Flume user guide (h

ttps://flume.apache.org):

al
al

al.
al.
al.
al.
al.
al.
al.

channels = c1
sinks =

sinks.
sinks.
sinks.
sinks.
sinks.
.sinks.
.sinks.

k1

k1

k1.
k1.
k1.
k1.

k1

.type
k1.

= hdfs

channel = c1

.hdfs.
hdfs.
hdfs.
hdfs.
hdfs.

HBase: Writes to HBase
AsyncHBase: Writes to HBase asynchronously

Hive: Writes text or JSON to Hive tables and partitions
Null & Logger: For debugging

Kafka: This can publish the event to a Kafka topic. For our use case, we

path = /flume/events/%y-%m-%d/%H%M/%S
filePrefix = events-

round = true

roundvalue = 10

roundUnit = minute

will definitely be using this sink

e And so on


https://flume.apache.org

For a complete list of Flume Sinks and its configuration details, please go
through the Flume user guide (https://goo.gl/U8pS35) as covering this in all
aspects is outside the scope of this book.


https://goo.gl/U8pS35

Custom sink

Custom sink can be written taking advantage of its pluggable nature. You
need to implement the Sink interface according to your requirement to write
custom sink. Here is a sample configuration of how custom sink can be
configured for an agent ag1 for which com.datalakebook.customsink class is
written implement the Sink interface:

agl.channels = chil

agl.sinks = cusl

agl.sinks.cusl.type = com.datalakebook.CustomSink
agl.sinks.cusl.channel = ch1l



Flume configuration

Flume can be fully configured using the flume configuration file. A single
image speaks more than thousand words, so we will like to explain Flume
configuration using the following figure. An exhaustive flume configuration
is out of scope of this book, but will explain some core aspects of how the
flume can be configured and this can be base for understanding a full-fledged
configuration.

type ]—»[ netcat ]
channels H channell ]
bind H 127.0.0.1 ]
port ]—>[ 10010 ]

sources sourcel

flumeAgentl

type ]—>[ logger ]
channels ]—>[ channell ]

sink1

channels

»{ channell —p[ type ]—>[ memory ]

Figure 17: Flume Configuration Tree (sample)

The next code block shows the preceding configuration tree figure:

# Active Flume Components
flumeAgentl.sources=sourcel
flumeAgentl.channels=channell
flumeAgentl.sinks=sink1l

# Define and Configure Source 1



flumeAgentl.sources.sourcel.type=netcat
flumeAgentl.sources.sourcel.channels=channell
flumeAgentl.sources.sourcel.bind=127.0.0.1
flumeAgentl.sources.sourcel.port=10010

# Define and Configure Sink 1
flumeAgentl.sinks.sinkl.type=logger
flumeAgentl.sinks.sinkl.channels=channell

# Define and Configure Channel 1
flumeAgentl.channels.channell. type=memory

# Other Flume Agent configurations
flumeAgent2.sources=source2

When a configuration is loaded by Flume for actual execution, it follows
some defined rules. Some of which are as given next:

Every agent should have at least one channel

Every source should have at least one channel

Every sink should have only one channel

Agents should be named and only these named agents configurations are
loaded

Within a named agent, only active components are loaded

e Every component defined should have its type defined



Flume transaction management

Throughout the previous sections we have indeed transaction aspects at
various stages. The following figure summarizes these discussions in a more
pictorial fashion:
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Figure 18: Transaction management in Flume (Source Tx and Sink Tx)

This figure shows that incoming data from a client or previous sink starts the
present agent transaction and this is termed as Source Tx in the figure. The
Source Tx ends soon after the event is persisted in the channel and
acknowledgement received.

In purview of an agent a second transaction kicks in termed as Sink Tx
which start with the data being polled by the sink and when the data is
successfully transferred, channel uses the acknowledgement to remove the
data in the channel.

Flume does have transaction management in all aspects and according to use
case various reliability levels can be set in channel which decides how the
transaction behaviour (Sink Tx) is realized.



Other flume components

In addition to main components in Flume, there are other very important
components. These components will be discussed in some detail in this
section. The following figure shows all of these components working

together:
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Figure 19: Other Flume components working together

The following subsection gets deep into working and responsibility of each of
the components in the preceding figure (Figure 19). Let's get started and
understand how these components will help you in designing the right Flume



component arrangement to execute your use case successfully.



Channel processor

As shown in Figure 19 the source sends the events to the channel processor.
Every source has its own channel processor and for persisting the event in the
channel, the source delegates the work to the channel processor, which
actually does the job of persisting according to the channel type.



Interceptor

As seen in the preceding figure, the channel processor then passes the events
to the interceptor. Channel selector has instance of its interceptor attached to

1t.

Interceptors act upon event soon after the event is generated and before
sending it to the channel. Flume gets this ability to modify and filter events
with help from these interceptors. Interceptors are mainly classified into:

1. Built-in/predefined interceptors - As the name says these interceptors
built-in in Flume. Some examples are:

Timestamp Interceptor: Inserts header of time in milliseconds
when the event is acted upon.

Host Interceptor: Inserts host or IP of the machine where agent is
running.

UUID Interceptor: Inserts universally unique identifier to every
event.

Morphline Interceptor: It floats the event through a morphline
configuration file which has commands defined and all these events
passes through these commands and then finally the events are
filtered and also transformed.

Search and Replace Interceptor: Based on regular expressions it
gives the functionality of search and replace functionality and so
on.

2. Custom interceptors:

By looking at the event, it can insert headers or transform the event.
It's plain Java code of writing a custom interceptor.
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Figure 20: Interceptor chain in action



Channel Selector

As shown in the preceding figure, channel selector helps in selecting the right
channel based on set criteria. Very much similar to interceptors, channel
selector is classified into two main categories:

1. Built-in channel selector:
e Replicating channel selector
e Default channel selector if explicitly not specified
e If more than one channel is specified for a source, each
channel gets a copy of the event.
e Multiplexing Channel Selector
e According to header value a channel is selected.
e (Can say that this provides dynamic routing based on the
specified header values.
e Context Routing
2. Custom Channel Selector: For handling dynamic criteria you can write
your own custom implementation for channelselector class.



Sink Groups

Reliability is one of the core architecture principle on which Flume was built
on. To take care of failures, flume components can be arranged in a variety of
fashion. In case of failures when transferring data from channel to sink, sink
can be setup in a load balanced or failover fashion. For achieving this
prerequisite is to configure a Sink Group. A Sink Group, as its name
suggests, is a logical grouping of of sinks. The defined or these named group
participates in load balancing or failover case.

Some of the aspects of a Sink Group which are worth noting down is as
follows:

¢ A sink can only be associated with one Sink Group at a time.

e All sinks has their own default Sink Group where it belongs to.

e If not specified each sink belongs to this default Sink Group and it
behaves as a pass through for events.

e The Sink Group can be deactivated at any point but deactivating it
doesn't have any impact on the sinks participating in that Sink Group.

¢ In the Flume configuration, Sink Group is a top level element.



Sink Processor

Sink Processor dictates how the Sink Group will function and achieve the
load balancing or failover scenarios required by the reliability guarantee
agreed for your Flume setup. Sink Processor is also a top level component in
the Flume configuration. Broadly Sink Processor is classified into two:

1. Built-in Sink Processor: These are processors present by default with
Apache Flume.
e Default Sink Processor:

Accepts only one sink.
Doesn't have to be explicitly put as a single sink has this
processor by default.

e Failover Sink Processor:

Keeps a prioritized list of sinks

Uses that priority to select the sink and makes sure that there
is always a sink to process an event.

If an event fails while sending to a sink, the next event
automatically selects the next sink in the priority list.

e [.oad Balancing Sink Processor:

Keeps an indexed list of sink

When events come along it uses conventional load balancing
approach of looking at the load and then distributing the load
evenly as possible.

Round robin load balancing is defaulted

Apart from round robin Flume has another algorithm namely
random.

2. Custom Sink Processor: Does have support for this but not yet in there
with the latest Flume release.



Event Serializers

To convert the event into format of your choice serializers can be a handy
component whipped with the Flume installation. Only a very few sinks
support serializers at the moment namely File ro11 sink and HDFS Sink.
There are few serializers in the default installation of Flume as follows:

1. Body text terializer:

e Writes the body of the event as is into an output stream

e Event headers are however ignored while the stream is written
2. Flume event - avro event serializer:

e Writes the event to an Avro container file
3. Avro event serializer:

e This is similar to the preceding serializer but has configurable

control over the record schema of the Avro container file



Context Routing

As explained earlier, event has two main parts namely Header and Payload.
Header (Key/Value pair) values can be used and accordingly routing defined.
Two components where the routing selection can be decided are:

e Channel: A channel can be selected according to the header values.
Custom component namely Channel Selector can be written which can
have code written to select the channel desired for achieving your use
case.

e Sink: As before, header values can be used to make decisions to select
the right sink. Also, within the sink different operations can be
performed by writing custom sink which can do whatever your use case
require. There are some default header values which can also be used to
do sophisticated stuff for your use case selected.

Basically you can introduce any number of headers and using which your
components can do the right stuff. Doing this, the flume components behaves
dynamically in all aspects.



Flume working example

In this section, as always throughout this part of the book, we will cover a full
working example for the technology; towards the end of this section, there
will be a dedicated section that covers how in our use case SCV is
implemented, showing real code snippets.



Installation and Configuration

This step details most of the installation stuff that has to be done to make
Flume working. This is a pre-requisite to be dealt with.



Step 1: Installing and verifying
Flume

In this section we will install Apache Flume and then verify its installation.
Follow the given steps for complete installation:

1.

Download the Apache Flume binary distribution with the following
command; we will be using the current version of Apache Flume, which
is 1.7.0.

wget http://www-us.apache.org/dist/flume/1.7.0/apache-flume-1.7.0-bin.

Once downloaded, change the directory to a location where you will
want to extract contents by using the following command:

tar -zxvf ${DOWNLOAD_DIRECTORY}/apache-flume-1.7.0-bin.tar.gz

Let us refer to the extracted flume folder as ${FLume_nome}. Set
${FLUME_HOME} as an environment variable as well as in the ~/.pbashrc file
with the following command, where s${rLume_tome} should be replaced
with the complete path:

export FLUME_HOME=${FLUME_HOME}

Once extracted, getting started with flume is as simple as putting in the
required configuration in conf/flume-conf.properties. The next section
will detail out various parts of this configuration.



Step 2: Configuring Flume

The conf folder in the Flume configuration folder comes with templates for
configuration files. These templates are well documented and provide a
jumpstart for users. If we look into conf/flume-conf-template.properties, wWe See
the following:

# The configuration file needs to define the sources,
# the channels and the sinks.
# Sources, channels and sinks are defined per agent,
# in this case called 'agent'

agent.sources = seqGenSrc
agent.channels = memoryChannel
agent.sinks = loggerSink

# For each one of the sources, the type is defined
agent.sources.seqGenSrc.type = seq

# The channel can be defined as follows.
agent.sources.seqGenSrc.channels = memoryChannel

# Each sink's type must be defined
agent.sinks.loggerSink.type = logger

#Specify the channel the sink should use
agent.sinks.loggerSink.channel = memoryChannel

# Each channel's type is defined.
agent.channels.memoryChannel.type = memory

# Other config values specific to each type of channel(sink or source)
# can be defined as well

# In this case, it specifies the capacity of the memory channel
agent.channels.memoryChannel.capacity = 100

Figure 21: Flume Configuration Template

In the Flume Configuration section covered before, more details on various
configuration aspects have already been covered with examples; so we will
not repeat ourselves here. With regards to configuring Flume to cater to our
SCV use case, it will be covered in the following sections.



Step 3: Start Flume

The flume agent can be started with the fiume-ng command as shown
next (sample only, and for reference). Again, these will be detailed in
later sections:

bin/flume-ng agent -n $agent_name conf -f conf/flume-conf.properties

Here,

agent - The instance of Flume agent

-n $agent_name - Name of the agent as defined in the configuration file

-f conf/flume-conf.properties - configuration file with flume component defir



Flume in purview of SCV use case

As discussed with the overall data lake architecture in previous chapters and
the Single Customer View use case, it is evident that capabilities of Flume
can be leveraged in multiple ways. Flume can be used for data acquisition as
well as can play a role in data ingestion as well. For the context of this
chapter we will focus on data acquisition capabilities of flume from various
sources in context of SCV use case.

While we may discuss the messaging layer in a greater detail in later
chapters, in order to complete the data acquisition mechanisms for flume, we
will also cover in the examples some basic parts of messaging engine,
Apache Kafka.



Kafka Installation

We will perform a basic, bare minimum setup of Kafka, only as a message
broker (message going in an out of a component), playing a primary role of a
Flume sink. We will go ahead with default configurations for now.

1. Download the Kafka binaries with the following command:

| wget http://redrockdigimark.com/apachemirror/kafka/0.10.1.1/kafka_2.11

2. Change directory to a user directory, where we will want to extract the
contents of the kafka tarball using the following command:

| tar -xzvf <DOWNLOAD_DIRECTORY>/kafka_2.11-0.10.1.1.tgz

3. Let us refer to the extracted Kafka folder as s{karka_nome} and configure
the same using the following command and add the same to ~/.bashrc
file. Also, as with other installations, you can optionally update spatH
with ${KAFKA_HOME}/bin:

| export KAFKA_HOME=${KAFKA_HOME}

4. Change the directory into the extracted Kafka folder, ${karka_rome} and
run the following commands to start the Kafka server:

${KAFKA_HOME}/bin/zookeeper-server-start.sh
${KAFKA_HOME}/config/zookeeper.properties

And then, in a separate bash shell, start the kafka server with the
following command

${KAFKA_HOME}/bin/kafka-server-start.sh
${KAFKA_HOME}/config/server.properties

5. On successful start of the Kafka server, you should be able to see the
message started (kafka.server.Kafkaserver) on the shell console.
6. This Kafka instance is started based on the default server.properties file



which is bundled within the Kafka binary. For the purpose of Flume as
an acquisition layer, this will be good enough.

In the following sections we will be detailing a number of examples required
for completion of SCV scenarios. One such scenario will be to load the data
from database while the other will be to load the data from unstructured data
source, such as a spool file. We will see how to realize these scenarios with
these examples.



Example 1 - RDBMS to Kafka

As we have created some data with earlier chapters for Sqoop export/import,
we will reuse the same data for streaming them as events into Kafka using
Flume in this example. Database Source Configuration:

1. Copy the PostgresSQL driver jar, downloaded in previous chapters (Chap
ter 5, Data Acquisition of Batch Data with Apache Sqoop), into
${FLUME_HOME}/1ib folder:

cp ${SQO0P_HOME}/lib/postgresql-9.4.1212.jre6.jar
$F{LUME_HOME | /1ib

2. SQL as a source is not a standard source which gets bundled with flume
distribution. Hence a third party source needs to be downloaded and
installed:

1. Download the source from the following location, using this
command:

| wget https://github.com/keedio/flume-ng-sql-source/archive/1.4

2. Rename file as sgl-source-1.4.2.tar.gz.

mv ${DOWNLOAD_DIR}/1.4.2.tar.gz
${DOWNLOAD_DIR}/sql-source-1.4.2.tar.gz

3. Extract the contents of tarball into a user folder using the following
command

| tar -zxvf ${DOWNLOAD_DIRECTORY}/sgl-source-1.4.2.tar.gz

4. Change directory into the extracted contents and compile the source
code using the following command. The binary JAR will be
compiled into the target folder:

| mvn install -DskipTests

5. Create the p1lugins.d with sq1-source as its subdirectory and other
directories using the following command:



| mkdir -p ${FLUME_HOME}/plugins.d/sql-source/lib

6. Copy the jar from target folder to the piugins.d/sql-sources1ib folder
using the following command:

cp ${DOWNLOAD_ DIR}/flume-ng-sql-source-1.4.2/target/flume-ng-sql-s
${FLUME_HOME}/plugins.d/sql-source/1lib

3. Change directory back to s{rLume_nome} and create a new flume
configuration file db-kafka-flume-conf.properties. Make the following
configuration changes:

e Source Configuration: The source can be configured with the
following properties. Please change the properties as per your VM
setup. The directory pointed by agent.sources.sql-
source.status.file.path should be an existing directory before
executing Flume agent, here as per the following properties, it will
be mkdir ~/db-kafka. In the flume configuration, we will need to
specify the full path for all directory and file locations:

agent.
agent.
agent.
agent.
agent.
agent.
agent.
agent.
agent.

sources

sources.
sources.

sources

sources.
sources.

sources

sources.
sources.

= sql-source

sql-source.
sql-source.
.sql-source.
sql-source.
sql-source.
.sql-source.
sql-source.
sql-source.

type=org.keedio.flume.source.SQLSourc
hibernate.connection.url=jdbc:postgre
hibernate.connection.user=postgres
hibernate.connection.password=<db_pas
table=customer

columns.to.select=*
status.file.path=/home/centos/db-kafk
status.file.name=sql-source.status

The properties set just now can be explained as given in tabular format (Table

04):

Property

Description

agent.sources

Set a logical reference name for the
source

agent.sources.sql-source.type

The class declaring the type of source
being configured. Here it belongs to the
open source GitHub project for SQL
source.

agent.sources.sql-

source.hibernate.connection.url

Set the JDBC URL




agent.sources.sql-
source.hibernate.connection.user

Set the connection user

agent.sources.sql-
source.hibernate.connection.user

Set the connection user password

agent.sources.sql-source.table

Set the table name

agent.sources.sql-
source.columns.to.select

Set the columns to be selected. Here it is
set to * which means all.

agent.sources.sql-
source.status.file.path

Set it to a location where we want to
keep the status file for source

agent.sources.sql-
source.status.file.path

Set the name of status file

Table 04: Flume source configuration

¢ Channel Configuration:

# The
agent.
agent.
agent
agent.

channels =

e Sink Configuration:

sources.sqgl-source.
.channels.memoryChannel. type

channel can be defined as follows.
memoryChannel

memoryChannel

channels =
= memory

channels.memoryChannel.capacity = 100

.kafkaSink.type=org.apache.flume.sink.kafka.KafkaSink
kafkaSink.brokerList=1localhost:9092

# Each sink must be defined
agent.sinks = kafkaSink
agent.sinks

agent.sinks.
agent.sinks.kafkaSink.topic=db
agent.sinks.

kafkaSink.channel = memoryChannel

4. Overall Configuration should now look as:

agent.
agent.
agent.
agent.
agent.
agent.
agent.
agent.
agent.

sources =

channel
channels =

# The
agent.
agent

.sources.sql-source.

sql-source
sources.sql-source.
sources.sql-source.
sources.sql-source.
sources.sgl-source.
sources.sql-source.
sources.sql-source.
sources.sql-source.
sources.sql-source.

type=org.keedio.flume.source.SQLSource
hibernate.connection.url=jdbc:postgresql://<i
hibernate.connection.user=postgres
hibernate.connection.password=<db_password>
table=customer

columns.to.select=*
status.file.path=/home/centos/db-kafka
status.file.name=sqgl-source.status

can be defined as follows.
memoryChannel

channels = memoryChannel



agent.channels.memoryChannel.type = memory
agent.channels.memoryChannel.capacity = 100

# Each sink must be defined

agent.sinks = kafkaSink
agent.sinks.kafkaSink.type=org.apache.flume.sink.kafka.KafkaSink
agent.sinks.kafkaSink.brokerList=1localhost:9092
agent.sinks.kafkaSink.topic=db

agent.sinks.kafkaSink.channel = memoryChannel

5. Launch the flume agent with the following command:

| ${FLUME_HOME}/bin/flume-ng agent --conf ${FLUME_HOME}/conf/ -f ${FLUMN

6. Observations:
e The following statements in status file indicate the last index read
and meta information of the source:

| cat ~/db-kafka/sql-source.stat

{"SourceName": "sql-source","URL": " jdbc:postgresql:\/\/192.168.43.28\/sourcedb?schema=public", "LastIndex

":"5" "ColumnsToSelect":"*","Table": "customer"}[centos@localhost apache-flume-1.7.0-bin]$

Figure 26: Source last index read and meta information

e The following Kafka logs indicate the events that were queued:

| cat /tmp/kafka-logs/db-0/00000000000000000000.109g

[centos@localhost apache-flume-1.7.@-bin]$ cat /tmp/kafka-logs/db-0/00000000000000000000.10g

4","john","doe","1992-06-25" [centos@localhost apache-flume-1.7.8-bin]$

Figure 27: Kafka log showing events queued

e The following consumer command launches a consumer and shows
the events consumed from Kafka:

${KAFKA_HOME}/bin/kafka-console-consumer.sh
${KAFKA_HOME}/config/consumer.properties --topic db -bootstrap



[centos@localhost kafka_2.11-0.10.1.1]$ bin/kafka-console-consumer.sh ./config/consumer.properties --t
opic db -bootstrap-server localhost:9092 --from-beginning

[2017-02-16 07:24:37,025] INFO [GroupCoordinator @]: Preparing to restabilize group console-consumer-47
468 with old generation @ (kafka.coordinator.GroupCoordinator)

[2017-02-16 07:24:37,029] INFO [GroupCoordinator @]: Stabilized group console-consumer-47468 generation
1 (kafka.coordinator.GroupCoordinator)

[2017-02-16 @7:24:37,057] INFO [GroupCoordinator @]: Assignment received from leader for group console-
consumer-47468 for generation 1 (kafka.coordinator.GroupCoordinator)

"@", "tomcy","john","1985-10-20"

"1","rahul","dev","1989-08-15"

"2","pankaj","misra","1982-08-10"

"3","devi","1al", "1990-05-06"

4" "john", "doe" , "1992-06-25"

Figure 28: Consumer command showing events consumed from Kafka



Example 2: Spool messages to
Kafka

A Spool file, in simple words, is a file containing data to be processed. Most
of the times, such files contain delimited information (information separated
by a character), and is read line by line for processing, wherein each line
represents a record. Optionally, each of these line may also contain
XML/JSON data structure.

One of the sources of data can be spool files emitted by other systems, which
may contain user data and these spool files may work as integration points
into the Data Lake.

Flume framework supports a number of variations of spool formats, here we
are considering the most common spool format which contains data as JSON
messages.

A spool source may be configured with the following steps:

1. Create another configuration file, ${FLUME_HOME}/conf/spool-kafka-flume-
conf.properties file, the same way as done for db-kafka integration.
2. Perform source, channel and sink configuration as follows:
e Source Configuration:
1. Provide Spooler file configuration, as a source. Please create
data user directory with command mkdir ~/flume-data. This
directory will contain the spool file to be processed:

agent.sources = spool-source
agent.sources.spool-source.type=spooldir
agent.sources.spool-source.spoolDir=/home/centos/flume

2. Make sure that the spooler directory exists and is
accessible and flume process can access it

3. Create a spool file and populate the spool file with the
following data, and save it in ~/data directory with the



filename as spoo1-1 for reference:

{"id":0, "firstName":"tomcy", "lastName":"john", "dob":"1

e Channel Configuration: Channel configuration is not very
different than in the previous example with just one minor change
as we continue to use the memory channel.

agent.channels = memoryChannel
agent.sources.spool-source.channels = memoryChannel
agent.channels.memoryChannel.type = memory
agent.channels.memoryChannel.capacity = 100

e Sink Configuration: Minor changes required in sink
configuration since most of the sink configuration
remains the same except the Kafka topic, as given next:

# Each sink must be defined

agent.sinks = kafkaSink
agent.sinks.kafkaSink.type=org.apache.flume.sink.kafka.KafkaSi
agent.sinks.kafkaSink.brokerList=1localhost:9092
agent.sinks.kafkaSink.topic=spooled
agent.sinks.kafkaSink.channel = memoryChannel

3. Launch the flume agent with the following command:

| ${FLUME_HOME}/bin/flume-ng agent --conf ${FLUME_HOME}/conf/ -f ${FLUMN

4. Verification and Observations:
e The spool file got renamed as spoo1-1.coMPLETED since it was
processed.
o Kafka logs contain the data streamed from spool file, as shown
next:

| cat /tmp/kafka-logs/spooled-0/00000000000000000000.1og

[centos@localhost apache-flume-1.7.0-bin]$ cat /tmp/kafka-logs/spooled-0/00000000000000
000000.1og

"id":4,"firstName":;"john",



Figure 31: Kafka log revisited

e Running Kafka consumer consumes the queued messages in
Kafka logs:

${KAFKA_HOME}/bin/kafka-console-consumer.sh
${KAFKA_HOME}/config/consumer.properties --topic spooled -boot

[centos@localhost kafka_2.11-8.10.1.1]$ bin/kafka-console-consumer.sh ./config/consumer
.properties --topic spooled -bootstrap-server localhost:9@92 --from-beginning
[2017-02-16 ©9:08:@9,863] INFO [GroupCoordinator @]: Preparing to restabilize group con
sole-consumer-8871@ with old generation @ (kafka.coordinator.GroupCoordinator)
[2017-02-16 09:08:09,863] INFO [GroupCoordinator @]: Stabilized group console-consumer-
88710 generation 1 (kafka.coordinator.GroupCoordinator)

[2017-02-16 @9:08:09,870] INFO [GroupCoordinator @]: Assignment received from leader fo

r group console-consumer-88710 for generation 1 (kafka.coordinator.GroupCoordinator)
{"id":0,"firstName":"tomcy","lastName" :"john", "dob":"1985-10-20"}
{"id":1,"firstName":"rahul","lastName":"dev","dob":"1989-08-15"}
{"id":2,"firstName": "pankaj","lastName":"misra","dob":"1982-08-10"}
{"id":3,"firstName":"devi","lastName":"1lal", "dob":"1990-05-06"}
{"id":4,"firstName":"john","lastName" : "doe", "dob":"1992-06-25"}

Figure 32: Running Kafka consumer (logs revisited)



Example 3: Interceptors

There are multiple interceptors supported by Flume out of the box, and are
very useful for specific scenarios. As indicated previously, the interceptors
act on source events, to intercept them and add a few more details to the
event as needed.

In order to better understand the usage of Interceptors, we will take the
example of spooled events being streamed into kafka. We will intercept
these spooled events and add 2 more attributes which can be useful for our
Data Lake:

1. Timestamp (timestamp): Adding of timestamp to every event will help
maintain the time profile of event, such that an event’s end to end timing
can be tracked.

2. UUID (eventld): Adding UUID to an event will help uniquely identify
each event. Since an event is immutable, tracking event via UUID
provides traceability.

This will require creating a new configuration file, ${FLuME_HOME}/conf/spool-
interceptor-kafka-flume-conf.properties, having similar configurations as in the
spool example, with minor changes in source and sink configuration with
additional interceptor configuration as shown next:

1. Source configuration changes: As shown, the source configuration is
only around defining additional interceptors, namely timestamp and
UUID and their respective properties:

agent.sources = spool-source
agent.sources.spool-source.type=spooldir
agent.sources.spool-source.spoolDir=/home/centos/flume-data
agent.sources.spool-source.interceptors=ts uuid

#Timestamp Interceptor Definition
agent.sources.spool-source.interceptors.ts.type=timestamp

#UUID Interceptor Definition
agent.sources.spool-source.interceptors.uuid.type=org.apache.flume.sir
agent.sources.spool-source.interceptors.uuid.headerName=eventId




2. Channel configuration: The channel configuration remains the same as
in the previous example:

agent.channels = memoryChannel
agent.sources.spool-source.channels = memoryChannel
agent.channels.memoryChannel.type = memory
agent.channels.memoryChannel.capacity = 100

3. Sink Configuration Changes:

# Each sink must be defined

agent.sinks = kafkaSink
agent.sinks.kafkaSink.type=org.apache.flume.sink.kafka.KafkaSink
agent.sinks.kafkaSink.brokerList=1localhost:9092
agent.sinks.kafkaSink.topic=spooled-intercepted
agent.sinks.kafkaSink.channel = memoryChannel
agent.sinks.kafkaSink.useFlumeEventFormat=true

As we observe the change in sink configuration is addition of the property
useFlumeEventFormat SO that the event headers are also captured while capturing
the event body as part of the Kafka message.

In order to rerun the preceding example but with interceptors, do the
following:

1. Rename the spool file to be uncompleted and delete the Kafka logs for
the spooled topic using the commands provided here:

| mv ~/flume-data/spool-1.COMPLETED ~/flume-data/spool-1

2. Change the directory to <rLume_ome> and run the following command to
reprocess the spool file:

| ${FLUME_HOME}/bin/flume-ng agent --conf ${FLUME_HOME}/conf/ -f ${FLUMN

3. The output from the Kafka console consumer can be observed as shown
next:

${KAFKA_HOME}/bin/kafka-console-consumer.sh
${KAFKA_HOME}/config/consumer.properties --topic spooled-intercepted -



[centos@localhost kafka_2.11-0.10.1.1]$ bin/kafka-console-consumer.sh ./config/consumer.properties --topic spooled -bootstrap-server
localhost:9092 --from-beginning

[2017-02-16 10:35:43,946] INFO [GroupCoordinator @]: Preparing to restabilize group console-consumer-24139 with old generation @ (kafk
a.coordinator,GroupCoordinator)

[2017-02-16 10:35:43,947] INFO [GroupCoordinator @]: Stabilized group console-consumer-24139 generation 1 (kafka.coordinator.GroupCoor
dinator)

[2017-02-16 10:35:43,954] INFO [GroupCoordinator @]: Assignment received from leader for group console-consumer-24139 for generation 1
(kafka.coordinator.GroupCoordinator)
eventIdHd8c45b62-1550-4f28-9304-36f4a344e34ftimestamp14872593090067{"1d" :0, "firstName" : "tomcy" , "lastName": "john", "dob": "1985-10-20"}
eventIdHf44c01dc-0ecb-45a1-8147-a85a766e89e1timestamp14872593090067{"1d":1,"firstName": "rahul", "LastName": "dev", "dob" : "1989-08-15"}
eventIdHa061a57¢-862f-44bb-b568-bad63b62583t imestamp14872593090067{"1d" : 2, "firstName" : "pankaj" , "lastName": "misra", "dob" : "1982-08-10"}|
eventIdH9f778d11-ce22-4335-b486-bae67d95c574t imestamp1487259309006~{"1d" :3, "firstName": "devi", "lastName": "1al", "dob":"1990-05-06"}
eventIdHd14be@34-14e3-4¢52-9380-5e5eed179757t imestamp1487259309006~{"1d" : 4, "firstName" :"john" , "lastName" : "doe", "dob" : "1992-06-25"}

Figure 35: Kafka logs revisited again to show consumer details

As shown here, the interceptor headers have been captured as part of the
message, however the consumer will need to process the message
accordingly for message headers and the message body.



Example 4 - Memory channel, file
channel, and Kafka channel

So far, we have seen in all our examples the usage of the memory channel.
Flume supports a few more channels, of which File channel and Kafka
channel are well-known. Each of these channels is capable of connecting to
source and sink in exactly the same way, however there are a few subtle
differences in the way they are defined. For example, if we define a File
channel, we will need to provide the location of the file and a few other file
related attributes, and also ensure that the file location has sufficient
permissions to be accessible.

On other hand, if we define a Kafka channel, we will need the Kafka
connection URL as well as the topic name, which will act as a channel for
further consumption. Hence in this case, the topology can be Source —
Kafka Channel — HDFS, as an example.

Let us replay the spool example with the preceding variations and observe
how it changes the way our example works:

1. File Channel:

1. Ck)p)rthe ${FLUME_HOME}/conf/spool-interceptor-kafka-flume-
conf.properties file to ${FLUME_HOME}/conf/spool-fileChannel-kafka-
flume-conf.properties and change the source, channel and sink
configurations as shown next:

agent.sources = spool-source
agent.sources.spool-source.type=spooldir
agent.sources.spool-source.spoolDir=/home/centos/flume-dat
agent.sources.spool-source.interceptors=ts uuid

#Timestamp Interceptor Definition
agent.sources.spool-source.interceptors.ts.type=timestamp

#UUID Interceptor Definition
agent.sources.spool-source.interceptors.uuid.type=org.apac
agent.sources.spool-source.interceptors.uuid.headerName=ev

# The channel can be defined as follows.




agent.channels = fileChannel
agent.channels.fileChannel.type = file
agent.channels.fileChannel.capacity = 100
agent.channels.fileChannel.transactionCapacity=10
agent.channels.fileChannel.dataDirs=/home/centos/flume-dat
agent.channels.fileChannel.checkpointDir=/home/centos/flum
agent.sources.spool-source.channels = fileChannel

# Each sink must be defined

agent.sinks = kafkaSink
agent.sinks.kafkaSink.type=org.apache.flume.sink.kafka.Kaf
agent.sinks.kafkaSink.brokerList=1localhost:9092
agent.sinks.kafkaSink.topic=spooled-fileChannel
agent.sinks.kafkaSink.channel = fileChannel
agent.sinks.kafkaSink.useFlumeEventFormat=true

Rename the completed spool file to spoo1-1 as specified in the
earlier example.

Create the flume channel’s data and checkpoint directories for
transactionsal and rollback needs:

mkdir -p ~/flume-data/flume-channel/data
mkdir -p ~/flume-data/flume-channel/checkpoint

Ensure that that channel capacity (in configuration,
agent.channels.fileChannel.capacity = 1oo)iseﬂwvays greatertharlthe
transaction capacity (in configuration,
agent.channels.fileChannel.transactionCapacityle)

Run the flume process again for spool file with the following
command:

${FLUME_HOME}/bin/flume-ng agent --conf ${FLUME_HOME}/conf/ -

Verification and Observations:
e Verify the messages with the same Kafka console consumer
command as in the previous example, all the messages must
be seen exactly the same way as in the previous example.

${KAFKA_HOME}/bin/kafka-console-consumer.sh
${KAFKA_HOME}/config/consumer.properties --topic spooled-

e Observe the flume channel data directory for the flume log
created, and inspect the content of the log (~/f1ume-data/f1ume-
channel/data/log-1) file as shown next:



?
/
eventId$53383d9d-1ded-406@-955a-8547cela4@ae

1487264842472A{"id":0, "firstName": "tomcy", "lastName": "john", "dob":"1985-10-20"}/5
?

/
eventId$9f79c492-1d05-4008-8acc-7a3974abf28e

1487264842472@{"1id":1,"firstName": "rahul","lastName": "dev","dob": "1989-08-15"}?7]?
?

/
eventId$71bf0954-f3a9-4499-b86d-a2f2425b939F

1487264842472C{"id":2,"firstName" : "pankaj", "lastName":"misra","dob" : "1982-08-10"}{4?
?

Vs
eventId$14b3233e-3652-442b-8230-b481d46ef165
14872648424727{"id":3,"firstName": "devi", "lastName":"1al","dob" : "1990-05-06"m?
?

/
eventId$d10611c3-0d00-42c4-b58c-c71blabbecbcs
14872648424727{"id":4,"firstName": "john", "lastName": "doe","dob" : "1992-06-25"}?7
]

/

eventId$ecc94e4f-68cl-46dd-b400-30ebc@c14b74

1487264842472tamp

Figure 37: Flume log

2. Kafka Channel:

1. Copy ${FLUME_HOME}/conf/spool-interceptor-kafka-flume-
conf.properties file to ${FLUME_HOME}/conf/spool-kafkaChannel-kafka-
flume-conf.properties and change the source, channel, and sink
configurations as shown next:

agent.sources = spool-source
agent.sources.spool-source.type=spooldir
agent.sources.spool-source.spoolDir=/home/centos/flume-data
agent.sources.spool-source.interceptors=ts uuid

#Timestamp Interceptor Definition
agent.sources.spool-source.interceptors.ts.type=timestamp

#UUID Interceptor Definition
agent.sources.spool-source.interceptors.uuid.type=org.apache.f
agent.sources.spool-source.interceptors.uuid.headerName=eventI

# The channel can be defined as follows.

agent.channels = kafkaChannel

agent.channels.kafkaChannel.type =org.apache.flume.channel.kaf
agent.channels.kafkaChannel.kafka.bootstrap.servers=localhost:
agent.channels.kafkaChannel.kafka.topic=datalakeChannel
agent.sources.spool-source.channels = kafkaChannel




agent.
agent.
agent.
agent.
agent.
agent.

sinks =

sinks.
sinks.
sinks.
sinks.
sinks.

kafkaSink.
kafkaSink.
kafkaSink.
kafkaSink.
kafkaSink.

# Each sink must be defined
kafkaSink

type=org.apache.flume.sink.kafka.KafkaSi
brokerList=localhost:9092

topic=spooled

channel = kafkaChannel
useFlumeEventFormat=true

2. Rename the completed spool file to spoo1-1.10g and clear the Kafka
logs as specified in the earlier example.
3. Run the flume process again for the spool file with the following

command:

${FLUME_HOME}/bin/flume-ng agent --conf
${FLUME_HOME}/conf/ -
${FLUME_HOME}/conf/spool-kafkaChannel-kafka-flume-conf.propert

f

4. Verification and Observation:
e Observe the channel-specific Kafka topic and its queue depth:

| ${KAFKA_HOME}/bin/kafka-run-class.sh kafka.tools.GetOffset

[centos@localhost kafka_2.11-0.10.1.1]% bin/kafka-run-class.sh kafka.tools.GetOffsetShell

--broker-1list localhost:9092 --topic datalakeChannel

datalakeChannel:0:6

Figure 38: The channel-specific Kafka topic's queue depth in the log

e Verify the messages with the same Kafka console consumer
command as in the previous example; all the messages must be
seen exactly the same way as in the previous example:

${KAFKA_HOME}/bin/kafka-console-consumer.sh
${KAFKA_HOME}/config/consumer.properties --topic datalakeC

As we observed here, we used Kafka as a channel; and then we again
propagated the event back into a Kafka topic. This does not sound right, and
for all practical cases, this will not be the case since we will be more
interested in putting the events into a processing pipeline from a kafka
channel or directly ingesting into the storage layers. This example was taken
more as a reference to indicate a very important aspect--that Kafka can be



used as a channel rather than a destination sink. This will be a big advantage
since most near-real-time processing frameworks and batch frameworks
would want to consume the events from Kafka as a channel.

In this chapter, we looked at Flume as an additional acquisition layer
component to capture much richer customer information through various
sources. Here, we have covered RDBMS as well as spool file as input, both
of them aggregating the customer information into the data layer. The overall
acquisition layer with Flume being added to already existing sqoop
component can be visualized in the following figure:
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Figure 39: Acquisition Layer with Sqoop and Flume for Single Customer
View



When to use Flume

Some of the consideration which you can use when choosing Flume for
handling different use cases is as follows - choose Flume when you want:

To acquire data from a variety of source and store
into Hadoop system

To handle high-velocity and high-volume data into
Hadoop system

Reliable delivery of data to the destination

A scalable solution that can run quite easily just by
adding more machine to it, when the velocity and
volume of data increases

The capability of dynamically configuring the
various components in the architecture without
incurring any downtime.

To achieve a single point of contact for all the
various configurations based on which the overall
architecture is functioning



When not to use Flume

In some scenarios, usage of Flume is not the ideal choice. There are other
options out there which can be employed to solve those use case and not
Flume. Do not choose Flume when:

¢ You need more data processing as against transfer of
data. They are more suited for other stream
processing technologies.

¢ You need more batch data transfer scenarios (regular
batch as against micro-batch).

e You need a more available setup with no data loss.

e You need a durable message with very high
scalability requirements (there isn't a scientific
quantitative figure for that though).

e You have a huge number of consumers as this has a
very high impact on Flume’s scalability.

Even through Flume can be dynamically configured in many cases, it does
incur downtime in certain configuration changes (topology changes).



Other options

As always, it doesn't mean that Apache Flume is the only option that can be
used to solve the use case problem in hand. We chose Flume for its merit and
advantages especially considering our use case of SCV. There are other
options which can be considered and these are discussed in brief in his
section.



Apache Flink

Apache Flume is used mainly for data acquisition capability. We will be
using Flume to transfer data from source systems sending stream data to the
messaging layer (for further processing) and all the way into HDFS.

For transferring data all the way to HDFS, Apache Flume is best fit for
stream data. However for getting stream data and then processing is one of
the main use case for Apache Flink and it does have additional features
suited for this.

This doesn't mean that Apache Flink can be used for transferring data to
HDFS, it does have the mechanism but there willn't be so many built-in
capabilities. It does have many features as against Flume but they are more
on the stream processing aspects. Flink does have a rolling file sink, using
which we can write data streams to HDFS but definitely lack many features
provided by built-in features in Flume.

Apache Flink is growing in popularity day by day but stream processing is its
main capability and Flume will still be around mainly in the space of data
acquisition and persisting into Hadoop and related big data storage systems.



Apache NiFi

The Apache NiFi website states Apache NiFi as - An easy to use, powerful,
and reliable system to process and distribute data.

It definitely is an alternate to Apache Flume and does have a rich set of
features and easy to use web user interface. It is highly configurable, security
thought and built bottom up and is highly customizable (extensibility
principle).

One of the strong features notable is its drag and drop capable web user
interface in which most of properties of components dropped can be
configured dynamically on the fly. Another notable feature is it capability of
ingesting almost any data. If you do have a very particular data, you can write
your own ingestion methodologies. Similar to inputting data, it also have a
wide range of support for various protocols used to send data out of NiFi.
Again, the output aspect is also customizable if the need be by writing some
custom implementation class according to your use case requirement.



Summary

First of all, a pat on your back for coming this far. We have completed the
technologies that we are going to use in our Data Lake’s first layer namely
Data Acquisition Layer. Even though we have covered just two technologies
(we willn't say we have covered these topic in depth but we have covered
these in some breath and in alignment with our use case implementation) we
have covered fair distance in our journey to implement Data Lake for your
enterprise.

In this chapter, similar to other chapters in this part, we first set our context
by seeing where exactly this technology will be placed in the overall Data
Lake architecture. We then gave enough details on why we chose Apache
Flume as the technology for handling stream data from source systems.

After that we went deep into Apache Flume and start learning main concepts
and working of Flume. We then looked at a full-fledged working example of
Flume, in line with our use case of SCV. Before wrapping up we did put in
bullet points, when and when not to you Flume. We then wrapped up the
chapter by introducing you to other technology options which you can
consider replacing Flume when you actually implement Data Lake, obviously
if it is right suit.

After reading this chapter you should have a fair bit of idea on Flume as a
whole and will also have a full-fledged working example ready. You will
now have fair bit of idea of handling both stream and batch data acquisition
methodologies which can be employed in your enterprise.



Messaging Layer using Apache
Kafka

Handling streamed data is a very important aspect of a Data Lake. In the Data
Lake architecture discussed in this book, the handling of streamed data is the
responsibility of the messaging layer. In this chapter, we will go into detail on
this layer and will also discuss the technology that we have chosen to be a
part of this layer doing the actual work.

We have chosen Apache Kafka as the fitting technology to be used
in messaging layer. This chapter delves deep into this technology and it's
architecture in regards to Data Lake.



Context in Data Lake - messaging
layer

In this chapter, we are dealing with a technology which constitutes one of the
core layers of Data Lake namely, the messaging layer. Its crucial to have a
fully functional messaging layer for dealing with a real-time data stream
flowing in from different applications in an enterprise.

The technology that we have shortlisted to do this very important job of
handling such, stream data is Apache Kafka. This chapter will take you
through the functioning of messaging layer and then deep dive into the
technology, Kafka.



Messaging layer

In Chapter 2, Comprehensive Concepts of a Data Lake, you already a high-
level view of the messaging layer and how it works, especially in the context
of Data Lake.
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Figure 01: Data Lake: Messaging layer
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The messaging layer in Data Lake takes care of as mentioned in the bulleted
list has a set of functions/capabilities:

e One of the core capabilities of this layer is it's ability to decouple both
the source (producer) and destination (consumer).

e Ability to handle high-velocity messages of the order of hundreds of
megabytes per second from each application server node.

e Ability to handle huge volumes of data of the order of terabytes to
petabytes.

e Ability to deal with messages with very low latency under extreme
throughput requirements.

e Ability to guarantee message delivery (durability) in an ordered fashion.

e Ability to supply the same message to multiple consumers with less
hassle of doing so. In our context, supplying messages to Lambda
Speed Layer (the speed layer within the Lambda Layer) and Data
Storage Layer at the same time to do two different functions.

e Capability of data analysis to derive operational statistics. Ability to



aggregate data coming from various sources and to do some analysis.
e Obviously, high performance with less hardware requirements (yes,
indeed this is a requirement).
e Ability to perform bare minimum enrichment and transformation
capabilities.



Messaging layer - technology
mapping

If data is the lifeblood of high technology, Apache Kafka is the circulatory
system

- Todd Palino, LinkedIn

To cover our use case and to build our Data Lake, we use Apache Kafka in
this layer as the technology.

The following figure brings in the technology aspect to the conceptual
architecture that we will be following throughout this book. We will keep
explaining each technology and its relevance in terms of overall architecture
before bringing all the technologies together in the final part of this book
(Part 3).

RDBMS
Sourc}e Sys}éms @ \

Figure 02: Technology mapping for Messaging Layer

In line with our use case of SCV, the real-time data from various business
applications will flow into Flume. From there, using the messaging layer, it
will flow to the Hadoop file system for storage as well as the Lambda speed
layer. The real-time data from business applications that we are going to
handle is customer’s, behavioral data coming from user interaction with
enterprise's website. For example, data such as page visits, link clicks,



location details, browser details and so on, will flow into Flume. Using the
publish subscribe capability of Kafka it is then streamed to the Data
Ingestion Layer. The Data Ingestion Layer will handle multi-target
ingestion, where one path goes to the Data Storage Layer (HDFS) and the
other goes to Data Ingestion Layer for required processing as needed.



What is Apache Kafka?

Apache Kafka is an open-source stream processing platform developed by
the Apache Software Foundation written in Scala and Java. The project aims
to provide a unified, high-throughput, low-latency platform for handling real-
time data feeds. Its storage layer is essentially a "massively scalable pub/sub
message queue architected as a distributed transaction log," making it highly
valuable for enterprise infrastructures to process streaming data.

- Wikipedia

The next sections of this chapter will definitely give you more details on what
Kafka is in detail. In one sentence, Kafka gives a level of indirection, by
which it disconnects the source from the consumer and also gives capability
which a messaging layer should process, as detailed in the previous section.



Why Apache Kafka

We are using Apache Kafka as the stream data platform (MOM: message-
oriented middleware). Core reasons for choosing Kafka is it's high
reliability and ability to deal with data with a very low latency.

infrastructure supporting the sending and receiving of messages

o Message-oriented middleware (MOM) is software or hardware
between distributed systems.

- Wikipedia

Apache Kafka has some key attributes attached to it making it an ideal choice
for us in achieving the capability that we are looking to implement the Data
Lake. They are bulleted below:

e Scalability: Capable of handling high-velocity and high-volume data.
Hundreds of megabytes per second throughput with terabytes of data.

e Distributed: Kafka is distributed by design and handles some of the
distributed capabilities as follows:

e Replication: The replication feature is one of the default features
which needs to be available for any distributed enabled technology
and Kafka has this feature built-in.

e Partition capable: Again, capability to partition is one of the
inherent features required for distributed architecture.

e Faster: This attribute can be quite relative and subjective. However, for
such a capability, in the market, Kafka is considered to be quite fast and
performant.

e Capable of supporting a variety of consumers. However, consumers are
considered inherently slow because of more work configured to be done
by them.

¢ Inherent buffering capability: To cater to a variety of consumers,
Kafka has a built-in buffering capability.

e Publish/subscribe feature: Asynchronous and capable of a pub/sub
integration pattern. This is one of the key features of a messaging based



technology.

¢ Reliability/guarantee similar to database: all the data sent to Kafka is
ordered and is persistent by default.

e Fault tolerance: inherent built-in fault tolerance in Kafka because of
distributed nature and replication.



History of Kafka

Kafka was initially developed by an engineering team at LinkedIn and later
released as an open source project with the Apache Software Foundation in
early 2011. Kafka is LinkedIn’s messaging platform. The project went from
incubation to top-level Apache project on October 23, 2012.

Jay Kreps, Neha Narkhede and Jun Rao are the founders of Kafka while
working for LinkedIn’s engineering team. Jay Kreps has been a big fan of the
famous writer Franz Kafka and found the name Kafka to be apt for this
messaging platform, which is optimized for writing purposes (as quoted by
Jay Kreps in Quora).

Kafka is primarily developed by keeping in mind some of the important new-
generation messaging requirements like high-throughput, low-latency and
capability of handling high-velocity and high-volume real-time feeds. It is
written in Scala and is one of the top projects in Apache Software
Foundation (ASF) with big community backing. The design of Kafka is
heavily borrowed or influenced from how transaction/commit logs work and
function.

2011 2012 2014 2015 2016
Jay Kreps, Neha Several engineers
Narkhede and Jun Rao, who build Kafka
working at LinkedIn forms a new Release 0.10.1
created Kafka and Open company Confluent
sourced it with 0.6 v.
Y A

Apache Top

Level Project Release 0.8.2.1

Figure 03: History of Apache Kafka



In 2014, the Kafka founders started their own company, Confluent, which
actively develops multiple solutions using Kafka at it's core. The company is
also a forerunner which develops multiple connectors for Kafka and
maintains it in the industry.



Advantages of Kafka

Apache Kafka is selected for it's strengths in the space of messaging. The
following are some of the advantages which Kafka possess, making it ideal
for our Data Lake implementation:

High-throughput: Kafka is capable of handling high-velocity and high-
volume data using not so large hardware. It is capable of supporting
message throughput of thousands of messages per second.

Low latency: Kafka is able to handle these messages with very low
latency of the range of milliseconds, demanded by most of new use
cases.

Fault tolerant: The inherent capability of Kafka to be resistant to
node/machine failure within a cluster.

Durability: The data/messages are persistent on disk, making it durable
and messages are also replicated so the messages are never lost.
Scalability: Kafka can be scaled-out without incurring any downtime
on the fly by adding additional nodes. The message handling inside the
Kafka cluster is fully transparent and these are seamless.

Distributed: Inherently supports distributed architecture making it
scalable using capabilities like replication and partitioning.

Message broker capabilities.

High concurrency: Capable of handling thousands of messages per
second and that too in low latency conditions with high throughput.
Kafka allows the reading and writing of messages into it at high
concurrency.

By default persistent: By default, the messages are persistent making it
durable and reliable.

Consumer friendly: Kafka can be integrated with a variety of
consumers. Each customer has a different ability to handle these
messages coming out of Kafka and because of it's inherent persistence
capability, it can behave or act differently according to the consumer
that it integrates with. It also integrates well with a variety of consumers
written in a variety of languages.

Batch handling capable (ETL like functionality): Since Kafka persists



messages, it could also be employed for batch like use cases and can
also do the work of a traditional ETL.

Capable of handling a variety of use cases commonly required for a
Data Lake, namely log aggregation, web activity tracking, and so on.
Designed to work on commodity hardware. For POC’s it is fine, but for
an enterprise, because of many reasons, selecting a commodity hardware
is not recommended, even though it should work just fine.

Helps decouple the data pipeline bringing a level of indirection.

Helps handle real-time data pipeline. This is one of the core reasons for
our choice, as we need to find a technology piece to handle real-time
messages from applications.

Apache Kafka is open source and has a huge fan following community.
Also, there are many companies that are ready to provide commercial
support, which can be an important aspect for big enterprises because of
their criticality.

Kafka works well with Apache Spark. For us, Spark is in our technology
list and that also makes Kafka a good choice.

For streaming messages to consumers, it uses system capabilities and
because of this, it can perform quite well. It also uses many operation
system features for doing many things efficiently, and that is definitely a
plus point.



Disadvantages of Kafka

Although Kafka’s advantages overshadows its disadvantages, it's good to
know it's limitations and consider it only when advantages are too compelling
to omit. The following are the disadvantages mostly associated with Kafka
and some might be more relevant for a particular use case but not really
linked with ours.

e Doesn’t possess a full set of management and monitoring tools.

This makes enterprise support staff a bit apprehensive about choosing
Kafka and supporting it in the long run.

e The broker uses certain system calls to deliver messages to the
consumer, but if the message needs some tweaking, doing so reduces
Kafka’s performance significantly. If the message is unchanged, it can
perform quite well, as it uses the capabilities of the system.

e Kafka only matches the exact topic name and does not support wildcard
topic selection, making it incapable of addressing certain use cases.

e API’s which are needed by other languages are maintained by different
individuals and corporates, so these can be a problem because of the
lack of pace by which these vendors update the connectors.

o Kafka broker and its approach are often attributed to be really simple
and uncomplicated in nature. Because of this, other components are used
to cater to certain requirements like Zookeeper (state coordination), and
MirrorMaker (inter-cluster communication) which makes the
deployment and support of the overall architecture a nightmare,
especially for support staff.

e Inherently, Kafka doesn't have any problems with the individual
message size. But, as the size increases, the brokers and consumers start
compressing these messages and because of this, the node memory gets
slowly used when decompress and compress happens when the data
flows in the pipeline. This could impact throughput and also
performance.

e It's often criticized that, as the number for queues in a Kafka cluster
increases, it starts behaving a bit clumsy and and slowly. Kafka will say
this is as it is by design (as Microsoft will always categorize certain bugs



in their software as this is by design).
e Kafka lacks other messaging paradigms like request/reply, point-to-
point queues and so on, making it problematic for certain use cases.



Kafka architecture

This section aims to explain ins and outs of Apache Kafka. We will try to
dive deep into its architecture and then, later on try expanding each part of it's
architecture's components in a bit more detail.

So, let's stream forward.



Core architecture principles of
Kafka

The main motivation behind Kafka when developed by LinkedIn’s
engineering team was

To create a unified messaging platform to cater to real-time data from
various applications in a big organization.

- LinkedIn

There are core architecture principles based on which Kafka was conceived
and designed. The bulleted points sum up these principles:

Maximize performance (compression and B-tree usage is an example)
Wherever possible, core kernel capabilities to offload work to drive
optimization and performance (zero-copy and direct use of Linux
filesystem cache is an example)

Distributed architecture

Fault tolerance

Durability of messages

Wherever possible, eliminate redundant work

Offload responsibility of tasks to consuming application, as the case
may be (consumers manage the message state and work on a No ACK
approach).

Extensibility: provide as many ways by which applications can plug in
and make use of Kafka. Also, provide ways by which to write new
connectors as needed.

High throughput (capable of handling high-volume messages)
Real-time processing of these messages to derive processed messages in
real-time

Low latency delivery



Data stream life cycle

Apache Kafka is a piece of technology that enables us to handle data streams.
Before getting into the working of Kafka, let's see what life cycle events that
are when a data stream flow takes place. Rassul Fazelat, in one of his
LinkedIn blogs, has explained this in detail as shown pictorially in the
following figure.

Create Collect Process
(Creation of Data) (Gather Data) (Data Processing)

Figure 04: Life cycle of Data Stream

As shown in the preceding figure, the life cycle events of a data stream have
three components, each having a definite job to do:

e Create: The most important component. It produces the data streams
from a variety of internal business applications and external partners as
well as other applications. For example, server logs from servers where
business applications are hosted, behavioural data collected from various
business applications in the form of click stream, page views, social data
coming from various social sites, various sensors (IoT) emitting
different parameters, and so on.

e Collect: This is one of the components that helps in collecting this data
and making it available for processing. This capability is achieved by
the technology we are diving deep into this chapter, Apache Kafka.
Other options that give you this capability do exist, such as ActiveMQ,
HornetQ and so on.

e Process: Component which processes the data stream and derives
meaningful data stream for various analyses. In our Data Lake



architecture, we have this capability requirement and we also have a
technology in mind, which will be delved deep into the following
chapters. Some of the example technologies in this space are Apache
Spark, Apache Flink, and so on.



Working of Kafka

Kafka’s architecture in whole is quite simplistic in nature and has some very
important components, which are the crux of the whole workings of it.

The following figure shows the workings of Kafka with all components
labelled. The main components which constitute Kafka architecture are as
follows:

e Message: Flows from producer all the way to consumer through topics
existing in a broker.

¢ Producer: Producer, as the name suggests produces these stream
messages and pumps into the topic.

e Topic: The category into which the producer pumps the message. The
producer produces messages of a particular category which fall into this
topic. Ideally, for each category of messages a new topic is created in
Kafka.

e Broker: Kafka cluster comprising of multiple servers/nodes. Each node
is a Kafka broker and contains multiple partitions holding multiple
topics.

e Partition: Each of the Kafka topic, is partitioned and each partition
contains ordered messages from the producer. Writes to each partition
are sequential in nature and this aspect is one of the main reasons for
Kafka’s high performance. When writing onto the topic partition, each
message is given a sequence number referred to as offset and this
uniquely identifies a message in a partition. Kafka, being distributed in
nature, distributes these topic partitions across multiple brokers for fault
tolerance and durability of messages.

e Consumer: Again as the name suggests, subscribes to a particular
message category (a topic) and consumes messages in that topic. This
consumer reads messages from the topic and is entrusted with
maintaining the audit of which message has been read and actioned.
Kafka does not remove these messages nor take an audit of messages
read by various consumers connecting to the topic and reading
messages.



e Consumer Group: A group of consumers logically grouped in Kafka is
known as the consumer group.

So, the producers produce messages and dumps into various categorized
topics, from there consumers subscribed to these topic reads the messages
and do the necessary. The communication of various components is over the
efficient and reliable TCP protocol. This is the overall architecture of Kafka.

We have dedicated the sections here to detailing each of these components:
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Detailed Kafka documentation can be found on Kafka’s official site,
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Figure 05: Kafka architecture



available at https://kafka.apache.org/documentation/.


https://kafka.apache.org/documentation/

Kafka message

As said in Apache Kafka documentation, the message contains a fixed header
and an array of variable length key and variable length value. The header
contains the following fields:

e CRC32 checksum to detect any corruption (4 bytes)
e A so-called magic identifier, having a value of either 0 or 1 (1 byte)
e Attributes identifier (1 byte):
¢ Bit 0-2: Compression codec: contains the following values
e 0: No compression
e 1: GZIP gives a high compression ratio but low performance
on compression and decompression with higher load on the
CPU
e 2: Snappy gives lower compression ratio with high
performance in decompression and less burden on the CPU
e 3:1z4 is a lossless compression algorithm
(http://1z4.github.io/1z4/)
e Bit 3: Timestamp type
e (0: Create time
e 1: Log append time
e Bit 4-7: Reserved
e Optional timestamp only if magic identifier is greater than 0 (8 bytes)

The body part of the message contains the following fields:

Key length (4 bytes), say a length of K
Actual key value (K bytes)

Payload length (4 bytes), say a length of V
Actual payload value (V bytes)

It's been documented that the key and value length is kept open as there are a
lot of optimizations being done in regards to message format and this design
makes Kafka quite easily adaptable.


http://lz4.github.io/lz4/

The following figure shows the message format in Kafka in a pictorial format
covering all the aspects we just covered:

Message Header

CRC32 (4 bytes)
Values which can be used are:
0
Magic Identifier (1 byte) —1 1

Attributes Identifier (1 byte)

|_—P» Values which can be used are:
Compression codec (bit 0-2) |—1 0 - no compression
1-gzip
Timestamp type (bit 3) L Z-EITappy
\ 3-1z4
Reserved (bit 4-7) \
Values which can be used are:

0 - create time
1 - log append time

Timestamp (optional-8 bytes) [

\ Only if magic identifier is greater
Message Body than 0

Key length (4 bytes) | L say its value is set as K

Actual Key Value (K bytes)

Payload length (4 bytes) || —P sayits value is set as V

Actual Payload Value (V bytes)

Figure 06: Kafka message format (courtesy: Kafka Apache documentation)



Kafka producer

As the name suggests, this is the client which produces message (stream data)
to the Kafka cluster into the designated Kafka topics. There are different
types of producers that exist and each have different ways by how they pump
these messages. Some produce at a high-velocity with low volume (a
message with less payload and high throughput). Some produce low velocity
data at a very high-volume (low throughput with the message size being
high).

The producer has a choice of sending messages in a synchronous or
asynchronous manner. Asynchronous support in Kafka allows producers to
send micro-batch messages and can reduce the chattiness between the
producer and the cluster. In certain situations, this is quite useful and it is
always dependent on the use case being developed. If real-time message
processing is required, this micro-catching will be the best choice, as it incurs
a lag between message production and actual processing/analysis.



Persistence of data in Kafka using
topics

High-level abstraction provided by Kafka where the data pushed by
producers is persisted, having a defined name. To cater to replication and
fault tolerance each topic is divided into multiple partitions and each partition
is distributed in different brokers inside the Kafka cluster.

The topic doesn't keep a note of consumers who have consumed the messages
inside the topic, rather the full control of monitoring is offloaded to the
consumer and it's their responsibility to keep the track of messages
consumed. The consumer comes to a topic and collects a message beginning
from a particular message ID and this has to be managed by the consumer.

The following figure shows the inner structure of a topic, how the partitions
are created, and how messages get into each message:
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Figure 07: Inner structure of a Kafka topic

Messages pumped to the topic get appended to the partition towards the end,
as shown in the preceding figure. Each partition in a topic is logically a log
file.

Kafka does keep the messages in the partitions, even though all consumers
have consumed them, and follows a different approach of removing these
from the partition. Kafka gives the user ways by which these messages
should be removed from partitions using well defined properties. The
following are the configurations based on which messages are removed:

Description Configuration property

Number of messages in the partition log.flush.interval.messages

log.default.flush.interval.ms,

Timestamp
log.flush.interval.ms

Size of the all messages in the partition | 1log.retention.size

Table 01: Kafka message removal configurations



Partitions - Kafka topic division

To achieve fault tolerance and replication, Kafka’s topic is divided into
partitions and also distributed over multiple brokers. Each partition elects one
server (broker or node) as the leader (known as leader) and zero or more
servers follows the leader (known as followers).

The leader takes care of the read and write activities. The followers keep
replicating the leader and always sync with it. As with any distributed
system, if the leader fails due to any reason, one of the followers takes charge
of the situation automatically and becomes the leader. This allows seamless
fault tolerance and message durability in Kafka.

To divide the leader and followers throughout the Kafka cluster, Kafka
makes optimal partitions in a server as leader and others as followers. Again,
these are seamless to the user and handled internally by Kafka’s architecture.



Kafka message broker

One of the important component, which brings the decoupling behaviour of
Kafka in action is the all important message broker. The messages produced
by the producer is pumped to the topic residing in the broker and the
consumer consumes the messages from the topic (the consumer subscribes to
topics in the broker and the broker publishes the messages to it). The
messages are published to this broker and there could be more than one
broker (node) which forms the Kafka cluster. The storage responsibility in
Kafka is taken care of by the broker. Finding the message from within the
partition and within a broker is the responsibility of the broker. This is
required when the consumer requests a message from within a subscribe
topic.

The messages are stored in the topic consisting of multiple partitions and
these partitions get replicated in multiple brokers with the same cluster. The
following figure shows an example replication which a Kafka cluster having
4 brokers could employ (this is just a pictorial representation; internals are
completely handled by Kafka).



Broker 0 Broker 1 Broker 2
Topic 0 Topic O Topic 0
(Leader) (Follower) (Follower)
Topic 1 Topic 1 Topic 1
(Follower) (Leader) (Follower)
Topic 2 Topic 2 Topic 2
(Follower) (Follower) (Leader)

Figure 08: Message replication in topic across broker in Kafka cluster

In the figure, the red block is the leader and the green blocks are the
followers. Each topic partition is also replicated into multiple nodes with the

cluster. For clarity the partitions within a topic are not shown.

One of the brokers in the Kafka cluster takes the role of controller and
manages these partition leaders and the state of these partitions. In addition, it
is given the responsibility to do partition reassignment, as the case may be

and to deal with replicas as configured.




Kafka consumer

Consumers consume messages from the topic from within the Kafka cluster.
It consumes messages in a sequential manner from within a partition of a
topic. The consumer is required to make sure that it tracks the messages
being taken/read from the topic and when asked for a message it is required
to supply a sequential ID and the messages from that ID onwards are read in
a sequential manner thereafter. Kafka uses a pull approach from the consumer
to consume a message and this is one of the main reason for the high
throughput of message consumption in Kafka. Also, the throughput of
message consumption is left to individual consumers, and because of this
Kafka is ready to integrate with a variety of consumers having different
capabilities.

If needed, consumer can always come back and consume old messages if
needed (replay) because the messages are kept in the memory of Kafka
according to defined configuration properties.

Within a consumer group, it is guaranteed that a message will be consumed at
least once.



Consumer groups

Consumer groups allow multiple hosts to form a group (using the same
group) to access a particular topic. Consumer groups guarantee that a
message is only read by one consumer in the group. As shown in the
following figure, partitions are assigned to each consumer in a group and
these are entrusted to read the messages in a topic. A consumer may get one
or more partitions from which to read the messages, but it's care is taken that
one partition is only assigned to a single consumer in a group.

This figure shows the working of a consumer group in action in a Kafka
deployment.

Kafka Cluster

Broker 0 Broker 1

Partmon 0 Partition 2 Partition 1 Partmon 3

%%?\\

Consumer 0 Consumer 1 Consumer 2 Consumer 3 Consumer 4 Consumer 5

Consumer Group A Consumer Group B

Figure 09: Multiple consumers logically grouped in a consumer group

As shown in the figure, for easy understanding of a consumer group we have
just taken two brokers with one topic replicated with the two brokers, and in
each broker the topic has two partitions. We have two consumer groups,
group A having two consumers and group B having 4 consumers. Group A
consumers read messages from two partitions of a topic from broker 0 and
two partitions of the same topic from broker 1. Group B consumers read
messages from two partitions of a topic from broker 0 and other consumers



reads the messages from two partitions of a topic from broker 1.



Other Kafka components

In addition to these components, there are some important components in a
Kafka deployment without which the Kafka won't work as intended. These
are a couple of the important components that could be used:

e Zookeeper
e MirrorMaker



Z.0okeeper

Zookeeper is one of the very important hidden component, needed
(mandatory) for Kafka to function properly. It is entrusted to do the following

jobs:

Taking care of bringing each broker into the cluster membership.
Electing the Kafka controller which does some very important functions
within the cluster such as managing the state of partitions and their
replicas.

Complete topic configurations like number of partitions, leader
partitions election, partition replication location and so on.

Access control list maintenance and various quotas within each broker.



MirrorMaker

As the name suggests, it helps mirror data cross Kafka clusters. This
component can be used to mirror an entire cluster from one data center to
another, as shown in the next figure.

Inherently, this component uses both consumer and producer APIs to mirror
the cluster. It reads messages from one or more source cluster and then writes
to the target cluster.

-----------------------------------------

ZooKeeper
(Source)

ZooKeeper
(Target)

Kafka Cluster

: Mirror Maker
(Source) ) )

Consumer

Kafka Cluster
(Target - Mirror)

Broker O | | Broker 1

Producer |—p

[Broker 0 | | Broker 1]

Data Center A ‘ ‘ Data Center B

-----------------------------------------

Figure 10: MirrorMaker working in mirroring Kafka cluster from one data
center to another



Kafka programming interface

Kafka contains two programming interface mechanisms:

e Low level core API’s
e REST API’s: REST interface wrapping the core API’s for easy access



Kafka core API’s

These are the core API’s in Apache Kafka, as documented in the Apache
Kafka documentation:

e Producer API: Contains a set of API’s which allows us to publish a
stream of data to one or more of the named/categorized Kafka topics in
the cluster.

e Streams API: Contains relevant API’s which acts on the stream of data.
They can process this stream data and can transform it from existing
form to a designated form according to your use case demands. These
are relatively new API's as against existing producer and consumer
APT’s.

e Connect API: API’s which allows Kafka to be extensible. It contains
methods which can be used to build Kafka connectors for the inputting
and outputting of data into Kafka.

e Consumer API: Contains relevant API’s to subscribe to one or more
topics in the broker. Since consumer takes care of a message and it's
consumption, there are API’s using which a message can be consumed
precisely from a partition.



Kafka REST interface

The REST interface wrapping the core API’s created and maintained by
Confluent (company created by ex-LinkedIn engineering team who created
Kafka). Using these API’s does have performance overhead, as it needs two
hops to do a piece of work. It also requires an additional server for hosting
these REST API’s. In addition, for every call to these API’s, additional time
is lost in parsing the JSON request and also for creating the JSON response.



Producer and consumer reliability

In distributed systems, components fail. Its a common practice to design your
code to take care of these failures in a seamless fashion (fault-tolerant).

One of the ways by which Kafka tolerates failure is by maintaining the
replication of messages. Messages are replicated in so called partitions and
Kafka automatically elects one partition as leader and other follower
partitions just replicate the leader. The leader also maintains a list of replicas
which are in sync so as to make sure that ideal replication is maintained to
handle failures.

The producer sends message to the topic (Kafka broker in Kafka cluster) and
durability can be configured using the producer configuration,
request.required.acks, which has the fOHOWil‘lg values:

e 0: message written to network/buffer

e 1: message written directly to partition leader

e all: producer gets an acknowledgement when all in-sync replicas (ISR’s)
get the message

Consumer reads data from topics and in Kafka the state of the message read
from topic by a consumer is kept with the consumer itself rather than Kafka.
This allows Kafka to take away management of message consumption by
each of the consumers. It's the responsibility of each consumer to manage this
and they do this using what is called consumer offset (the sequence message
ID from where the consumer last read the message). The messages in topic
are kept as is and are not deleted soon after consumers have subscribed to a
topic read. The messages are deleted from the topic, according to set
broker/topic configuration. So, even though the consumer is dead or is not in
a position to consume messages, it's still kept in the topic and if the retention
period is kept at a reasonable level, when the consumer comes online, using
it's offset, it can read all the messages from that offset value, without much of
a problem. This is how consumer reliability is achieved in Kafka.



This figure shows the various positions that a consumer uses while traversing
a topic partition in a broker.

Partition 0
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Offset Watermark
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Position

Figure 11: Offsets which consumer uses to track message consumption

This figure shows some of the important positions maintained by a consumer
in a log partition as summarized here:

e Last committed offset: Offset of the last message written to the log. If a
partition fails and the consumer is hooked to a new partition, this offset
is used as the starting point.

e Current position: offset which is read by the consumer

e High watermark: Offset that holds the message which has been
successfully copied to all replicas within the cluster. This is a message
till a consumer can ideally read other messages after that won't be
exposed for consumption till all replicas get the message and then the
watermark offset moves forward.

e Log end offset: Message which is last written by the producer to a log.



Kafka security

When designed and developed at LinkedIn, security was kept out to a large
extent. Security for Kafka was an afterthought after it became a main project
at Apache. Later on in the year 2014, various security discussions were
considered for Kafka, especially data at rest security and transport layer
security.

Kafka broker allows clients to connect to multiple ports and each port
supports a different security mechanism, as detailed here:

No wire encryption and authentication

SSL.: wire encryption and authentication

SASL: Kerberos authentication

SSL + SASL: SSL is for wire encryption and SASL for authentication
Authorization similar to Unix permissions for read/write by a client

These security features are led by Confluent and more details can be found at
http://docs.confluent.io/2.0.0/kafka/security.html.


http://docs.confluent.io/2.0.0/kafka/security.html

Kafka as message-oriented
middleware

Message-oriented middleware (MOM) is software or hardware infrastructure
supporting sending and receiving messages between distributed systems.
MOM allows application modules to be distributed over heterogeneous
platforms and reduces the complexity of developing applications that span
multiple operating systems and network protocols. The middleware creates a
distributed communications layer that insulates the application developer
from the details of the various operating systems and network interfaces.

- Wikipedia

Looking at the definition for MOM above, Kafka fits in the category of an
MOM and does cater to all the capabilities needed by it. But, Kafka is not just
a simple queue/message management solution and has certain core
capabilities making it more marketable than traditional MOM. Some of it's
inherent capabilities that are advantages are:

e Approach used is log (distributed commit log) based with zero-copy and
messages are always appended

e Uses partitions heavily to distribute messages within a topic in multiple
partitions across brokers in a cluster

e Distribution built-in and this helps fault-tolerance and message
durability

e Replication built-in

e Scalability built-in. One consumer per partition allocated and for scaling
keeps adding partitions.

e It's a queuing mechanism which will work just fine if the subscribed
consumer is not available or offline as the message state is managed by
the consumer as against the broker/topic.

e Durable messaging: since Kafka persists the data on the disk without
performance issues, the message durability is guaranteed and this is one
of the aspects not seen in traditional messaging systems. This also



allows the consumer to consume these messages at their pace rather than
according to the producer rate.

As it stands today, Kafka does the job of a MOM plus some more additional
core features required for big data platform and for modern messaging
requirements as against traditional ones.

With more and more data generated through various social websites and with
evolution of IoT, more and more data streams will come into the existence.
Kafka with it's inherent capabilities, will be able to take care of these streams
of data to do meaningful derivations to solve many business problems for an
enterprise.

Zero-copy describes computer operations in which the CPU
does not perform the task of copying data from one memory
area to another. This is frequently used to save CPU cycles and
memory bandwidth when transmitting a file over a network.

- Wikipedia



Scale-out architecture with Kafka

Main principles on which Kafka works have been covered in this
chapter earlier. We won't cover those again here; however below are the main
reasons for scale-out architecture in Kafka:

e Partition: Splits a topic into multiple partitions and increasing partitions
is a mechanism of scaling.

e Distribution: Cluster can have one or more brokers and these brokers
can be increased to achieve scaling.

e Replication: Similar to partitions, multiple replication of a message is
there for fault-tolerance and this aspect also brings in scalability in
Kafka.

e Scaling: Each consumer reads a message from a single partition (of a
topic) and to scale out we add more consumers and the newly added
consumers read the message from new partition (one consumer cannot
read from the same partition; this is a rule) as shown in this figure.

Producer

Producer

.......... © © ©
© ©
n n n
n n
< < <
< <
(3] ™ ™
™ (3]
N N N
N N o - N
o~ o §| -« §| - §| -
gl - sl = = = £
] E gl o £l o 5l o
El o £l o o o o
o o \
I [
Consumer 0 | | Consumer 1 Consumer 0 Consumer 1 Consumer 2

Figure 12: Scale out by adding more consumers



Kafka connect

Extensibility is one of the important design principle followed rigorously by
Kafka. The Kafka Connect tool makes Kafka extensible. The tool enables
Kafka to connect with external systems and helps bring data into it, and also
out from it to other systems. It has a common framework, using which
custom connectors can be written. More details on Kafka connect can be
found in Kafka documentation in https://kafka.apache.org/documentation.html#conne

ct.

The following figure shows how Kafka Connect works.

Figure 13: Kafka connect working

Kafka Connect
Kafka Connect

The Kafka connectors are categorized into two:

e Source Connectors: Connectors which bring data into Kafka topics.
e Sink Connectors: Connectors which take data away from topics into

other external systems

There are a huge list of connectors available, catering to various external
systems, using which Kafka can hook onto them. These existing connectors
are again categorized broadly into two:

e Certified connectors: Connectors which are written using the Kafka
Connect framework and have already passed the best coding practice.
They are usually created and managed by vendors. These vendors write
these connectors to enable Kafka to connect and integrate into their tool.


https://kafka.apache.org/documentation.html#connect

e Other connectors (non-certified): These are connectors which are not
yet certified and are maintained and managed by the community.

A full list of certified and non-certified connectors can be found at the link htt
ps://www.confluent.io/product/connectors/.


https://www.confluent.io/product/connectors/

Kafka working example

We have briefly discussed a basic setup of Kafka as part of Flume examples.
The basic setup of Kafka as listed there remains the same, hence the
installation steps will remain the same, however we will also look
additionally at usage examples of Kafka as a message broker.

The most natural programming language for Kafka is currently Scala or Java.
Hence, to keep things simple, we will be using Java as our choice of language
for examples.



Installation

1. Download the Kafka binaries from the following link, using the
command:

| wget http://redrockdigimark.com/apachemirror/kafka/0.10.1.1/kafka_2.11

2. Change the directory to a user directory, where we will want to extract
the contents of the Kafka tarball using the following command. Let us
refer the extracted karka directory as ${kKAFKA_HOME}:

| tar -xzvf ${DOWNLOAD_DIRECTORY}/kafka_2.11-0.10.1.1.tgz

3. Set karka_HoME as environment variable using the following commands
and add the same into ~/.bashrc:

export KAFKA_HOME=<PATH to KAFKA Directory>
export PATH=$PATH:$KAFKA_HOME/bin

4. Change the directory into the extracted Kafka folder, that
is, s{karka_nome}, and run the following command to start the Kafka
server:

| ${KAFKA_HOME}/bin/kafka-server-start.sh ${KAFKA_HOME}/config/server.pr

5. This Kafka instance is started based on the default server.properties file,
which is bundled within the Kafka binary.

The Kafka installation comes bundled with default configurations for
producer, broker (server), as well as consumer. We will have a deeper look at
each one of these with working examples.



Producer - putting messages into
Kafka

The default producer configuration that comes bundled with Kafka is as
gTVEH be1OVV,lOCaIEd.at${KAFKA_HOME}/config/producer.properties:

HHAHBHBH AR Producer Basics #####H#HHHIHHH I T HEHEHEH

# list of brokers used for bootstrapping knowledge about the rest of the clus
# format: hostl:portil, host2:port2 ...

bootstrap.servers=localhost:9092

# specify the compression codec for all data generated: none, gzip, snappy, 1
compression.type=none

# name of the partitioner class for partitioning events; default partition sg
#partitioner.class=

# the maximum amount of time the client will wait for the response of a reque
#request.timeout.ms=

# how long “KafkaProducer.send  and “KafkaProducer.partitionsFor  will block
#max.block.ms=

# the producer will wait for up to the given delay to allow other records to
#linger.ms=

# the maximum size of a request in bytes
#max.request.size=

# the default batch size in bytes when batching multiple records sent to a ps
#batch.size=

# the total bytes of memory the producer can use to buffer records waiting tc

Code 01: Console Producer Configuration

This is the basic configuration required for Kafka producer, wherein, the
most important and the only required configuration parameters are:

1.

bootstrap.servers: Refers to the Kafka broker listening ports, which will
be comma-separated to specify a cluster of brokers in a multi-broker
Kafka cluster.

key.serializer: Specifies the serializer for serializing the key of the



message (value). The value of which is a fully qualified class name of
the desired serializer. The default for the console producer is
org.apache.kafka.common.serialization.StringSerializer.

3. value.serializer: A property that specifies the serializer for serializing
the message (value). The value of which is a fully qualified class name
of the desired serializer. The default for console producer is:

org.apache.kafka.common.serialization.StringSerializer.

Serialization is the process of converting an object into a stream
of bytes in order to store the object or transmit it to memory, a
database, or a file. https://goo.gl/eDQES5A (https://docs.microsoft.com)

A simple producer can be built easily by using Kafka libraries as follows:

1. Checkout the latest code from the source repository using the following
command:

| git clone https://github.com/PacktPublishing/Data-Lakes-for-Enterprise

If the repository is already cloned, ensure to check out the latest source
code with the following command:

| git pull

2. Within the repository, the source code of this chapter is under the folder
nan]ed,chapter07.

3. The following is the maven dependency for a simple producer, declared
in.chapter07/pom.xml.

<dependencies>
<!-- https://mvnrepository.com/artifact/org.apache.kafka
/kafka-clients -->
<dependency>

<groupId>org.apache.kafka</groupId>
<artifactId>kafka-clients</artifactId>
<version>0.10.1.1</version>
</dependency>
</dependencies>

Code 02: Maven Dependencies for Simple Producer

4. A simple producer Java implementation is as shown in the following


https://goo.gl/eDQE5A
https://docs.microsoft.com

code snippet:

public class SimpleProducer {

public static void main(String[] args) throws
ExecutionException, InterruptedException {
Properties props = new Properties();

/*
Set the list of broker addresses separated by commas.
This needs to be updated with IP of your VM running Kafka
broker
*/
props.setProperty("bootstrap.servers",
"192.168.0.117:9092");

//Set the serializer for key of the message(value)
props.put("key.serializer",
"org.apache.kafka.common.serialization.StringSerializer");

//Set the serializer for the message (value)
props.put("value.serializer",
"org.apache.kafka.common.serialization.StringSerializer");

//Create a producer
Producer<String, String> producer = new KafkaProducer<String, £

//Create a message to be sent to a topic
ProducerRecord message = new
ProducerRecord("customer", "001", "A Sample Message...");

//send the message
producer.send(message);

System.out.println("Message Published");

//close the producer connection
producer.close();

Code 03: A Simple Producer
Few observations in the preceding examples are:

e The minimum required configuration for a Kafka producer has been put
in as a properties object. This could have been provided as a map as
well.

e We are using the default serializers for message key and it's value.

e While publishing the message we are also specifying the topic as well as
key of the message.



e The topic specified while sending the message will get created if it does
not exist already.

5. For the simple producer to publish messages to a remote broker process,
it is important to change the following setting in the server.properties,
that is, ${KAFKA_HOME}/config/server.properties, Of Kafka server such that
the Kafka server binds to the correct external IP, rather than binding to
the localhost.

AR Socket Server Settings #HHHHHHHHHEHHHHEHHEHEHHTHEA

# java.net.InetAddress.getCanonicalHostName() if not configured.
FORMAT :

listeners = security_protocol://host_name:port
EXAMPLE :
listeners = PLAINTEXT://your.host.name:9092
isteners=PLAINTEXT://192.168.0.165:9092

Figure 14: Binding Host (external IP) configuration of Kafka Server

6. The preceding source code can be run by simply executing the main
program in an IDE of your choice. The only precondition is that the
Kafka must be running. Make sure that the broker IP in the
simpleproducer class (line 18) is changed before running the class. The
console output will show a message stating message Published once the
message is published to the topic.

7. The message published can be verified from the Kafka console by
running the following command:

| ${KAFKA_HOME}/bin/kafka-console-consumer.sh --topic customer --bootstr

[centos@localhost kafka_2.11-0.10.1.1]% bin/kafka-console-consumer.sh --topic
customer --bootstrap-server 192.168.0.117:9092 --from-beginning

A Sample Message...

Figure 15: Output of console consumer for Messages published by Simple
Producer



Kafka Connect

As discussed earlier, Kafka Connect can be used to copy streaming messages
from or to Kafka and is very similar to Flume. However, in order to use
Kafka connect there is a dependency to have confluent setup. Provided here
are the steps to install Confluent:

1.

Download the latest Confluent package from the following link, using
the command given below. It’s a big download so it may take some time
to complete:

wget http://packages.confluent.io/archive/3.2/confluent-0ss-3.2.0-2.11

Change directory to a user directory and extract the contents of the
preceding tarball using the following command. We will refer the
extracted confluent folder as ${CONFLUENT_HOME}:

tar zxvf ${DOWNLOAD_ DIRECTORY}/confluent-o0ss-3.2.0-2.11.tar.gz

Set conFLUENT_HOME as an environment variable using the following
command and add the same to ~/.bashrc file:

export CONFLUENT_HOME=<PATH to CONFLUENT Directory>

Start the Zookeeper and Kafka server with the following commands if it
is not already started:

${KAFKA_HOME}/bin/zookeeper-server-start.sh ${KAFKA HOME}/config/zooke

Start the schema registry with the following command:

${CONFLUENT_HOME}/bin/schema-registry-start ${CONFLUENT_HOME}./etc/sclt

Once the schema registry is successfully started, it will display a log
message as shown:

[2017-05-09 22:10:10,088] INFO Server started, listening for requests.



. Follow the Quickstart instructions for the Avro schema example as
provided at the following URL (from Step 5 onwards in the Quickstart
guide). All the instructions specified in the Quickstart guide are required
to be run from s{conFLuenT_nome} and wherever, localhost is mentioned, it
needs to be replaced with the IP to which Kafka is binding to.(http://docs.c
onfluent.io/2.0.0/quickstart.html#quickstart).

. This is a good Quickstart article to make us understand the purpose of
Kafka Connect.

. Once you have run the Avro example, switch back to s{karka_nome} and
see the results from the test topic by running the following command:

${KAFKA_HOME}/bin/kafka-console-consumer.sh --topic test --bootstrap-s

. Here, we ran Zookeeper and Kafka from our existing Kafka install. We
also ran schema registry from the confluent platform and were able to
push messages in the Avro format and in a parallel fashion consume
them with Avro validations.


http://docs.confluent.io/2.0.0/quickstart.html#quickstart

Consumer - getting messages from
Kafka

The default consumer configuration ($KAFKA_HOME/Config/consumer . properties)
that comes bundled with Kafka is as shown:

# Zookeeper connection string

# comma separated host:port pairs, each corresponding to a zk
# server. e.g. "127.0.0.1:3000,127.0.0.1:3001,127.0.0.1:3002"
zookeeper.connect=127.0.0.1:2181

# timeout in ms for connecting to zookeeper
zookeeper.connection.timeout.ms=6000

#consumer group id
group.id=test-consumer-group

#consumer timeout
#consumer . timeout.ms=5000

Code 04: Console Consumer Configuration

As seen here, the only configuration required by the console consumer (the
consumer that comes by default with Kafka for terminal/ssh based
consumption) is the Zookeeper connection (this is an old property but kept
for backward compatibility), or bootstrap servers (this is the new property),
details and group ID. Other settings are around timeouts and group ID which
are optional. The group ID indicates the consumers belonging to a group,
such that the group always processes every message only once. The key and
value deserializers default to a string deserializer, as explained in the
producer section before.

Hence the mandatory settings for a consumer are:

1. bootstrap.servers: Refers to the Kafka broker listening addresses (comma
separated ip:port), which specifies a cluster of brokers in a multi-broker
Kafka cluster.

2. key.deserializer: Specifies the serializer for serializing the key of the
message (value). The value of which is a fully qualified class name of



the desired serializer. The default for console producer is
org.apache.kafka.common.serialization.StringSerializer.

3. value.deserializer: Specifies the serializer for serializing the message
(value). The value of which is a fully qualified class name of the desired
serializer. The default for console producer is
org.apache.kafka.common.serialization.StringSerializer.

4. group.id: defines a group for the consumers.

Now, let us look at how a simple consumer can be built by using Consumer
APIL.

1. The maven dependencies for a simple consumer are the same as for a
simple producer and are as follows for reference:

<dependencies>
<!-- https://mvnrepository.com/artifact/org.apache.kafka/
kafka-clients -->
<dependency>

<groupId>org.apache.kafka</groupId>
<artifactId>kafka-clients</artifactId>
<version>0.10.1.1</version>
</dependency>
</dependencies>

Code 05: Maven Dependencies for Simple Consumer

2. A simple consumer Java implementation is as shown here:

public class SimpleConsumer {
public static void main(String[] args) {
Properties props = new Properties();

/*
Set the list of broker addresses separated by commas.
This needs to be updated with IP of your VM running
Kafka broker
*/
props.setProperty("bootstrap.servers",
"192.168.0.117:9092");

//Set the deserializer for the key of the message
props.put("key.deserializer",
"org.apache.kafka.common.serialization.StringDeserializer");

//Set the deserializer for the message (value)
props.put("value.deserializer",
"org.apache.kafka.common.serialization.StringDeserializer");




//Set the groupId
props.put("group.id", "1234");

//Create a consumer from Kafka Consumer
Consumer<String, String> consumer = new
KafkaConsumer<String, String>(props);

//Subscribe the consumer to the topic
consumer.subscribe(Arrays.asList("customer"));

try {
while (true) {

//Get All records from latest offset
ConsumerRecords<String, String> records =
consumer.poll(100);

//Display all records
for (ConsumerRecord<String, String> record :
records) {
System.out.println("key:" + record.key() +
"\nvalue:" + record.value());

}

}
} finally {
consumer.close();
}

Code 06: A Simple Consumer
Looking at the code, we can observe and verify the following:

e The minimum required configuration for a Kafka consumer has been put
in as a properties object. This could have been provided as a map as well

e The consumer is continuously watching the topic for new messages

e The polling interval is defined as 100 ms for consuming new messages
and is a configurable value, as evident from the previous code

3. The preceding source code can be run by simply executing the main
program in IDE of your choice. The only precondition is that the Kafka
must be running and the producer has published some messages into the
topic. Make sure that the broker IP in the simp1ieconsumer class (line 22) is
changed before running the class. The console output will show all the
messages consumed from the topic, as shown in this figure.



/Library/Java/JavaVirtualMachines/jdk1.8.08_101.jdk/Contents/Home/bin/java ...
SLF4]: Failed to load class "org.slf4j.impl.StaticLoggerBinder".

SLF4J: Defaulting to no-operation (NOP) logger implementation

SLF4): See http://www.slf4j.org/codes.html#StaticloggerBinder for further details.
key:001

value:A Sample Message...

Figure 16: Output from Simple Consumer



Setting up multi-broker cluster

While we may be setting up the Kafka server on a single node deployment in
our example code, we can always have multiple broker deployment for single
node level resiliency. In that case, if one broker fails, the other broker is still
available to serve the messages.

Setting up multiple brokers on a single node is very straightforward and
involves changing the following settings in
${KAFKA_HOME}/config/server.properties.

Configuration Description

Parameter

o . This should always be unique in a Kafka cluster for each

roker.id

of the broker instances

sort The port must be different if multiple brokers are to be
set up on the same node

logs. dir The log location for each of the brokers must be defined
on different paths for single node deployment

A general recommendation is to have 2 different server.properties file for
each of the broker instances. An example of this file is as shown next
(observe the parameters changed). The broker ID is required to be distinct for
both the broker configurations. Accordingly the logs directory need to be
configured, so that both broker are writing to different log folders.

HEHHHBHHH AR H TR H TR Server Basics #####H#HTHHHTRHHH AR HHIRHHH AR HHH

# The id of the broker. This must be set to a unique integer for each broker.
broker.id=10

# Switch to enable topic deletion or not, default value is false
delete.topic.enable=true

HEHH TR H TR H TR H TR AR Socket Server Settings #H#####BHHHARHHHBHHHARHHH

# java.net.InetAddress.getCanonicalHostName() if not configured.




# FORMAT :

# listeners = security_protocol://host_name:port
# EXAMPLE:

# listeners = PLAINTEXT://your.host.name:9092
listeners=PLAINTEXT://192.168.0.117:9092

# Hostname and port the broker will advertise to producers and consumers. If
# it uses the value for "listeners" if configured. Otherwise, it will use tt
# returned from java.net.InetAddress.getCanonicalHostName().
#advertised.listeners=PLAINTEXT://your.host.name: 9092

# The number of threads handling network requests
num.network.threads=3

# The number of threads doing disk I/0
num.io.threads=8

# The send buffer (SO_SNDBUF) used by the socket server
socket.send.buffer.bytes=102400

# The receive buffer (SO_RCVBUF) used by the socket server
socket.receive.buffer.bytes=102400

# The maximum size of a request that the socket server will accept (protectic
socket.request.max.bytes=104857600

HEHHHBHHH TR H TR H AR L0Q Basics #######HHTRHHTRHHHARHHHRHHHAR

# A comma seperated list of directories under which to store log files
log.dirs=/tmp/kafka-broker10-logs

# The default number of log partitions per topic. More partitions allow great
# parallelism for consumption, but this will also result in more files across
# the brokers.

num.partitions=1

# The number of threads per data directory to be used for log recovery at stsa
# This value is recommended to be increased for installations with data dirs
num.recovery.threads.per.data.dir=1

HEHHHHHHHHH TR H Log Flush Policy ######H#HHHHHHHHHHHHHHHHHHHHIH

Messages are immediately written to the filesystem but by default we only f
the 0S cache lazily. The following configurations control the flush of dats
There are a few important trade-offs here:
1. Durability: Unflushed data may be lost if you are not using replicati
2. Latency: Very large flush intervals may lead to latency spikes when t
3. Throughput: The flush is generally the most expensive operation, and
The settings below allow one to configure the flush policy to flush data af
every N messages (or both). This can be done globally and overridden on a

HoH o HHHHH

# The number of messages to accept before forcing a flush of data to disk
#log.flush.interval.messages=10000

# The maximum amount of time a message can sit in a log before we force a fli
#log.flush.interval.ms=1000



HEHHHHHHHH AT H T Log Retention Policy ####H#BHHHHHHHHHHIHHHHHHHHAS

# The following configurations control the disposal of log segments. The poli
# be set to delete segments after a period of time, or after a given size has
# A segment will be deleted whenever *either* of these criteria are met. Dele
# from the end of the log.

# The minimum age of a log file to be eligible for deletion
log.retention.hours=168

# A size-based retention policy for logs. Segments are pruned from the log as
# segments don't drop below log.retention.bytes.
#log.retention.bytes=1073741824

# The maximum size of a log segment file. When this size is reached a new loc
log.segment.bytes=1073741824

# The interval at which log segments are checked to see if they can be delete
# to the retention policies
log.retention.check.interval.ms=300000

HEHHHHHHHHTH BT TR Z00Keeper ###HHHHBHHHHHHHHHHHHHHHHHHHHTHE

Zookeeper connection string (see zookeeper docs for details).

This is a comma separated host:port pairs, each corresponding to a zk
server. e.g. "127.0.0.1:3000,127.0.0.1:3001,127.0.0.1:3002".

You can also append an optional chroot string to the urls to specify the
root directory for all kafka znodes.

zookeeper.connect=localhost:2181

HHHHH

# Timeout in ms for connecting to zookeeper
zookeeper.connection.timeout.ms=6000

Code 07: Multi-Broker Setup

Once the preceding changes are done, we can launch the Kafka server in
daemon mode using the following commands:

| ${KAFKA_HOME}/bin/kafka-server-start.sh -daemon ${KAFKA_HOME}/config/server -k

After the Kafka instances are started, observe the creation of logs in the tmp
folder: (/tmp/kafka-1logs/) as shown here:

drwxrwxr-x. 2 centos centos 152 Feb 16 19:43 10-1ogs
drwxrwxr-x. 2 centos centos 92 Feb 16 19:44 20-1ogs

Figure 17: Multiple Broker Logs



Kafka in the purview of an SCV use
case

The usage of this technology (Apache Kafka) in the purview of SCV can be
summarized very well by this figure:
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Figure 18: Kafka technology usage in SCV use case

In this chapter, we looked at the publishing, message broker and consuming
aspects of information. In the previous chapter, we used Kafka both as a
channel as well as a sink. While using Kafka as a channel, it was acting both
as a producer as well as a consumer; while using Kafka as a sink it was more
of doing a producer function.

What this basically means is that we intend to use Kafka more as a message
broker and as a channel so that we can define acquisition and ingestion
interfaces around it from a single customer view perspective. This
information could be a mix of structured and unstructured information
exchanged via messages with standard data formats like XML/JSON. In the
previous chapter, we saw how we can acquire both structured as well as
unstructured data as a Spool file into Kafka. There could be



additional/custom interfaces built with custom serializers/sinks, making
Kafka as the central broker of message/events disseminated into target
systems via an ingestion layer.



When to use Kafka

Kafka has its core capabilities making it a choice for our use case and these
were documented in this chapter when we started of Kafka should be used:

When you need a highly distributed messaging system

When you need a messaging system which can scale out exponentially
When you need high throughput on publishing and subscribing

When you have varied consumers having varied capabilities by which to
subscribe these published messages in the topics

When you need a fault tolerance operation

When you need durability in message delivery

Obviously, all of the preceding without tolerating performance degrade.
With all the preceding it should be blazing fast in operation.



When not to use Kafka

For certain scenarios and use cases, you shouldn't use Kafka:

If you need to have your messages processed in order, you need to have
one consumer and one partition. But this is not at all the way Kafka
works and we do have multiple consumers and multiple partitions (by
design one consumer consumes from one partition) and because of this,
it won't serve the use case that we are looking to implement.

If you need to implement a task queue because of the same reason in the
preceding point. It doesn't have all the bells and whistles that you
associate with a typical queue service.

If you need a typical topic capability (first in first out) as the way it
functions is quite different.

If your development and production environment is Windows or Node.js
based (subjective point but it's good to know that this aspect is quite
true).

If you need high security with finer controls. The original design of
Kafka is not really created with security in mind and this plagues

Kafka at times.



Other options

There are sections in this chapter that details advantages of using Kafka. Also
in this chapter, there are sections that details disadvantages and when not to
use Kafka. That means, Kafka for us is just a choice suited for the topic that
we are covering in this book and also for the SCV use case. The main reason
for this choice is because of Kafka's clear advantages; especially when
dealing with big data and its associated technologies.

There are other options in market which is a full-fledged messaging system
(MOM) and possess rich features compared to Kafka. Some of the
alternatives that we think you could look into and replace Kafka are briefly
summarized in this section. In no way we mean to say that these cannot be
used in our use case, just that we thought Kafka is the best fit. If we are to
look at other options in place of Kafka these alternatives are our favorites.

All the technology choices have been made after careful technical analysis
and with our book we want to give the right steer for you in the right
direction.



RabbitMQ

One of the strong alternatives that we see is RabbitMQ. It's one of the most
powerful and well-known message brokers in the industry. Some of its
important features are as follows:

Written in Erlang programming language

Very good documentation with lots of resources online
Developed and maintained by Pivotal

Open source and commercially supported by many vendors
Matured

Rich routing capabilities

Distributed in nature

Possess durability and persistence options (optional though)
Possess order message processing if needed

Supports clustering if needed

Licensed under Mozilla Public License

Use/choose RabbitMQ if:

¢ You need messages to be routed in more complex ways

e Fach message needs delivery guarantees

e Don't really care much about ordered message delivery and it is left to
the consumer to maintain the order

e Your enterprise demands paid commercial support for production
environment

e High-availability requirements in deployment aspect

¢ You need good routing capabilities

e You are looking to support multiple protocols (AMQP, STOMP,
MQTT, and so on.)

* You need better security features

e You need transaction features

The Advanced Message Queuing Protocol (AMQP) is an open standard
application layer protocol for message-oriented middleware. The defining



features of AMQP are message orientation, queuing, routing (including
point-to-point and publish-and-subscribe), reliability and security.

Simple (or Streaming) Text Oriented Message Protocol (STOMP), formerly
known as TTMP, is a simple text-based protocol, designed for working with
message-oriented middleware (MOM). It provides an interoperable wire
format that allows STOMP clients to talk with any message broker
supporting the protocol.

MQTT (Message Queuing Telemetry Transport) is an ISO standard publish-
subscribe-based "lightweight" messaging protocol for use on top of the
TCP/IP protocol. It is designed for connections with remote locations where
a "small code footprint" is required or the network bandwidth is limited.

- Wikipedia



ZeroMQ

Some of its important features are as follows:

Lightweight messaging system

Capable of high throughput with low latency operation

Capable of handling many messaging scenarios by bringing in various
components within ZeroMQ

Capable of asynchronous programming

Not very good support for transaction based messaging systems
Licensed under GPL

Supports variety/multiple language bindings

Use/choose ZeroMQ if:

You are looking for the simplest messaging system in regards to
implementation

You are looking for fast message transmission of transient messages
You need to connect multiple applications using messaging architecture
and should have a very low footprint on the nodes

You need an asynchronous messaging model



Apache ActiveMQ

Some of its important features are as follows:

Provides different persistence mechanisms

Horizontally scalable

Highly flexible in configuration aspect

Support for a variety of transport protocols

Many projects internally use Apache ActiveMQ as an enterprise service
bus

Supports many advanced messaging system features

Easily integrates with many applications, especially Java-based
Reliable

Faster

Supports transaction in messaging system

Open source with vibrant community

Has scheduler support

Use/choose ActiveMQ if:

You are looking for ease by which a product can be configured
You are looking at messaging system having high performance with no
persistence



Summary

The topic covered in this chapter is quite exhaustive. Rest assured that you
have covered enough of Apache Kafka to implement a Data Lake.

In this chapter, we started with the relevance of messaging layer in the
context of a Data Lake. After that, the chapter deep dived into Kafka and
detailed it's architecture and its various components. It then showed you the
full working example of Kafka with step-by-step instructions from
installation all the way to taking data from a source, to destination using
Kafka. Finally, as in other chapters we introduced other choices which can
replace Kafka as the technology to achieve the same capability.

After reading this chapter, you should now have a clear idea of the messaging
layer and a deep understanding of Apache Kafka and how it works. You
should also have a clear idea of how our use case can use this technology and
what exactly it accomplishes.



Data Processing using Apache Flink

By now, I am sure you have got the approach of each chapter in this part of
the book. This chapter follows the same approach. It will introduce the Data
Ingestion Layer initially and then it will make a technology mapping, in our
case, Apache Flink.

Handling both stream and batch data and appropriately processing it is an
important feature required for our Data Lake implementation, and Flink is the
choice for us. In this chapter, we will give you just enough details that you
need to know about Flink to execute the Data Lake use case in hand.
Covering Flink in its full aspects is out of the scope of this book and would
take a book in itself. We will initially dive into Flink’s core strengths and
weaknesses, followed by its architecture and important components. We will
then delve deep into an actual hand on coding session of Flink and the
connection with our SCV use case.

Finally, we will explain some of the alternate technologies that you can think
of if Flink is not something you would like to import for your chosen use case
in your organization.



Context in a Data Lake - Data
Ingestion Layer

In this chapter, we are dealing with a technology that constitutes one of the
core layers of Data Lake, namely Data Ingestion Layer. For dealing with
processing of data from both streaming and batch data from different
applications in an enterprise having the layer is very important.

The technology that we have shortlisted to do this very important job of
processing data is Apache Flink. I have to say that this selection was quite
difficult as we have another technology in mind, namely Apache Spark,
which was really strong in this area and more matured. But we decided to go
with Flink in the end considering its pros. However, we have also detailed
Spark a bit as opposed to other chapters in which we have just named other
options and left it, because of its significance in this space.

This chapter will take you through the Data Ingestion Layer and its working
first and then it will dive deep into the technology, Flink.



Data Ingestion Layer

Data ingestion is the process of obtaining and importing data for immediate
use or storage in a database. To ingest something is to "take something in or
absorb something."

- whatis.com

In Chapter 2, Comprehensive Concepts of a Data Lake you will have got a
glimpse of the Data Ingestion Layer. This layer’s responsibility is to gather
both stream and batch data and then apply any processing logic as demanded
by your chosen use case. The following figure will refresh your memory and
give you a good pictorial view of this layer:
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[> Data Storage Layer

Figure 01: Data Lake - Data Ingestion Layer
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In our Data Lake implementation, the Data Ingestion Layer is responsible for
consuming the messages from the messaging layer and performing the
required transformation for ingesting them into the Lambda Layer (batch and
speed layer) such that the transformed output conforms to the expected
storage or processing formats. The Data Ingestion Layer must ensure that the
rate of message consumption is always better or equal to the message
ingestion rates, such that there is no latency to process the messages/events.

Some of the characteristics of Data Ingestion Layer can be summarized as


http://whatis.com

follows:

e [Less complex and really fast to cater to data input (in our case, output
from the messaging layer)

e Capable of handling different data flows (real-time or batch, continuous
or asynchronous)

e Capable of handling various data types (structured, unstructured, and

semi-structured)

Integration with various persistence store mechanisms

Multiple transport protocol support

Capable of handling four V's of big data

Capable of connecting with disparate systems and technologies

e (=) B

[Lambda Speed] [Lambda Batch]

Layer Layer

Figure 02: Working of Data Ingestion layer in our Data Lake implementation

As shown in the preceding figure, we will take data from the messaging layer
and will enrich and transform it accordingly to pass it to the Lambda Layer
(both Speed and Batch Layer).



Data Ingestion Layer - technology
mapping

For covering our use case and to build Data Lake we use Apache Flink in this
layer as the technology. Other strong technology choices namely Apache
Spark will also be explained a bit as we do feel that this is an equally good
choice, in this layer. This chapter dives deep into Flink, though.

The following figure brings in the technology aspect to the conceptual
architecture that we will be following throughout this book. We will keep
explaining each technology and its relevance in the overall architecture
before we brings all the technologies together in the final part of this book
(Part 3):
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Figure 03: Technology mapping for Data Ingestion Layer
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Inline with our use case of SCV, the data from the messaging layer is taken in
by this layer and then enriched and transformed accordingly and passed onto
the Lambda Layer. We might also pass this data to the Data Storage Layer for
persisting as well.

In this layer there might be other technologies such as Kafka Consumer,
Flume and so on. to take of certain aspects in the real working example of
SCV. Part 3 will bring these technologies together so that a clear SCV is



derived for enterprise use.



What is Apache Flink?

Apache Flink is an open-source stream processing framework for distributed,
high-performing, always-available, and accurate data streaming
applications.

- flink.apache.org

Apache Flink is a community-driven open source framework for distributed
big data analytics, like Hadoop and Spark. The core of Apache Flink is a
distributed streaming dataflow engine written in Java and Scala. Flink
executes arbitrary dataflow programs in a data-parallel and pipelined
manner. Flink's pipelined runtime system enables the execution of bulk/batch
and stream processing programs.

- Wikipedia

Apache’s definition of Flink is somewhat easy to understand and the second
part of Wikipedia's definition is quite hard to understand. For the time being
just understand that Flink brings a unified programming model for handling
stream and batch data using one technology.

This chapter in no way covers in a comprehensive way the working of
Apache Flink. Apache Flink is a topic by itself spanning an entire book.

However, without giving too much details, it tries to cover many aspects of
this awesome tool. We will skim through some of the core aspects and we
will also give you enough information to actually use Flink in your Data Lake
implementation.

For comprehensive coverage of Flink, I suggest going through, latest
documentation of Flink in Apache, which can be found at https://ci.apache.org/pr
ojects/flink/flink-docs-release-1.1/.


https://ci.apache.org/projects/flink/flink-docs-release-1.1/

Why Apache Flink?

The technology choice in this layer was really tough for us. Apache Spark
was initially our choice, but Apache Flink had something in it that made us
think over and at the time of writing this book, the industry did have some
pointers favoring Flink and this made us do the final choice as Flink.
However, we could have implemented this layer using Spark and it would
have worked well for sure.

This section tries to give the reader reasons for why Flink was chosen.
Obviously we have a subsection that gives detail advantages of Flink and
those are these primary reasons for the choice.

But before going to the advantages and disadvantages of Flink, lets see how
Flink started its journey and what were the advantages it had when it started.
Some aspects is definitely its learning from existing similar technologies and
that itself is an advantage. Other aspect is new things get developed when
there is such a requirement (necessity is the mother of all inventions as stated
by the famous proverb). One of the main differences between the two is to do
with how these two are actually implemented (implementation design and
details).

The following are some of the reasons for its selection as against its
competitors:

e Fasier to use application programming interface (API) and also at much
higher level

e Lighting fast data processing using many inherent Flink features (in-

memory processing)

Capable of touching each stream data and perform required analysis

Low latency data processing

Support for exactly once processing

High throughput

Fault tolerant

Easy configuration



e Open source

e Capable of providing accurate results for late coming data and also out
of order data streams

e Stateful in nature

Spark operates in micro-batch and that's one of the core reasons to move to
Flink. Going forwards micro-batch can be an issue (bottleneck) to handle
real-time data and giving results as required by use cases in a timely manner.
Due to this reason only, Spark is not considered as it does impose a latency in
analyzing data in real-time and to produce relevant results.



History of Flink

Flink started as a fork from the Stratosphere project and in April, 2014 it
was incubated in Apache Incubator. In the same year (December, 2014),
Flink became Apache's top-level project and the 0.9 version was Flink’s first
version after becoming top-level Apache project and 1.1 is the latest release
of Flink released in December, 2016.

In 2010, the research project "Stratosphere: Information Management on the
Cloud" (funded by the German Research Foundation (DFG)) was started as
a collaboration of Technical University Berlin, Humboldt-Universitdt zu
Berlin, and Hasso-Plattner-Institut Potsdam.

- Wikipedia

The following figure summarizes Flink’s evolution in a pictorial fashion for
easy understanding;:

January April December March February
2010 2014 2014 2016 2017

v0.5 v0.6 vO0.7 v0.8 v0.9 v0.10

Apache Top
Level Project

Release 1.2.0

Stratosphere

Apache Flink

Incubation Release 1.0

Figure 04: History of Apache Flink

It was a complete rewrite from Stratosphere 0.2 to Flink 0.8. Flink was added
on real-time data streams and integration with a variety of frontend and
backends making it more acceptable in the industry. It also has been well
integrated with many of the open source big data technologies and gels with
this ecosystem quite well. The Fink community has been thriving since then
and has started challenging more mature frameworks like Spark in due course



because of its subtly implementation philosophies of avoiding micro-batch
and dealing with stream data as is in real-time.



Advantages of Flink

Apache Flink was chosen for its inherent strengths and new designs. It was
also chosen, considering use case that we are dealing with and also how the
big data space is going forward. It is also considering how enterprises see
data at real-time as a mechanism to make more profit. Dealing with real-time
data with less latency as against dealing with micro-batch inherently
providing results with some latency is needed in modern industries and Flink
does live up to this aspect quite well.

Some of the core advantages offered by Flink are as follows:

Capable of working with filesystems apart from Hadoop File Systems.
Easy API’s.

Open source.

Better testing capability and support.

Extremely fast data processing.

Unified programming model for both batch and stream data. This
internally helps enterprises to get resources (people) in this technology
to handle these disparate types of data into Data Lake.

Capable of analyzing stream data at extreme velocity as required by use
case and transform accordingly.

Flink has its own Machine Learning (ML) library, FlinkML, for
dealing with ML related use cases.

Support for iterative queries and algorithms natively.

Supports many new operators along with built-in MapReduce models.
Low latency data processing using its pipelined engine.

By design capable of handling higher throughput.

Fault tolerance support using light-weight methodologies.

Also support batch processing.

Built-in storm support allowing reusing of code written for Storm.
Bult-in memory manager supporting customizations as required by your
use case

Little or no configuration.

Most of tuning in regards to performance handled internally by the Flink



engine.

e Possesses different windowing features for the streamed data required
for modern big data technologies (for handling steady data streams,
Flink divides the arriving data into slices based on timestamp, count and
other criteria, this is called as a window).

e Being stateful is one of the features making it come out of failure.

e Capable of large scale enterprise deployment capable of handling high
volume and velocity data from various business applications.

e Decouples APIs from actual execution (what this means is the same
program can be ran in many ways and this is hidden from users) making
it easy to achieve performance.

e Many required metric for monitoring and management is exposed via
REST APIs.

e Easy to use dashboard for rich user interface experience.

e Supports highly-available cluster setup.

For more details, Flink documentation does have a specific section detailing
with Flink, which can be found at this link http:/flink.apache.org/introduction.html
#features-why-flink.


http://flink.apache.org/introduction.html#features-why-flink

Disadvantages of Flink

Being the latest in this space (not really the latest, its origin dates back to
2008), it does try to cover many of the shortcomings its more popular
competitors have within them. So in that league it does possess only a very
few disadvantages as of now.

Some of the disadvantages associated with Flink can be bulleted as follows:

Compared to competitors not ahead in popularity and community
adoption at the time of writing this book

Maturity in the industry is less

Pipelined execution in Flink does have some limitation in regards to
memory management (for long running pipelines) and fault tolerance
Flink uses raw bytes as internal data representation, which if needed, can
be hard to program

Doesn't have matured APIs for querying data (Flink’s Table API is not
quite there when compared with other competitors)

Data source integration API’s are not the best and are limited in options.
Only Java and Scala API’s available as of now



Working of Flink

An image conveys much more than a paragraph and because of that reason
we will start this section with a figure. The functioning of Flink is as shown
in the following figure:
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Program

stream Worker A'~‘
Data /
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Batch Data Worker

Worker

EOutput D

Flink

Figure 05: Functioning of Flink

Flink is capable of taking in both batch and stream data. It operates on batch
data as if it is another form of stream data and this itself is quite a unique
feature of Flink. We have in one of the chapters in Part 1 explained a bit on
Kappa Architecture was explained, in which all data is being considered
and dealt with stream data and Flink uses that exact principle in its
architecture and implementation.

In the preceding figure, both types of data (batch and stream) from various
source systems gets into Flink. The Flink program submits the job and using



master and worker, deals with these data and produces output.



Flink architecture

The crux of the Flink architecture as shown in the preceding figure are three
important components working together namely:

e Client
e Job Manager
e Task Manager

The following figure shows this aspect extracted out for easy understanding:
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Figure 06: Core components in Flink architecture

The preceding figure clearly shows the interaction between these components
pretty well. Now let's get into each component into a bit more detail in



following subsections.



Client

The client has the following defined functions to be performed for each Flink
program execution:

e Code parsing

e Type extraction

e Optimizer: Optimization to select the best since, Flink has a built-in
optimizer that optimizes the code before actual execution

e Graph Builder: Construction of dataflow graph for every job

e Transfer the constructed dataflow graph to job manager

e Get the job results generated

The following figure gives you anatomy of the Flink client component and
also gives the link between another Flink component:
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Figure 07: Flink client component




Job Manager

The main functions performed by the Job Manager (master node) are as

follows:

o Prepares to parallelize execution of tasks.

e Task Scheduling: Schedules the tasks on the task managers. It deploys,

stops, and cancels tasks in the task manager.

¢ Contains the checkpoint coordinator, which is used to trigger

checkpoints in the task manager.

e Execution Tracking: Tracks the execution of tasks in the task manager

and gathers task results.

e Gathers and keeps the metadata associated with the dataflow graph.

The following figure shows the anatomy of Job Manager in detail and also

shows its link to the next component:
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Figure 08: Flink Job Manager component



Task Manager

Task Manager is the worker node where the tasks are finally executed. It
contains multiple task slots in which it executes the tasks as
specified/demanded by the Job Manager.

The following figure shows the anatomy of the Task Manager. It shows
multiple workers task nodes showing that this component is usually more
than one in a typical deployment:

Deploy Task
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Task Manager Task Manager
Task Task Task Task Task Task Task Task
Execution Slot Slot Slot Execution Slot Slot Slot
e BB ILE e BB
Exchange Exchange
Memory Actor Network Memory Actor Network
Management System Manager Management System Manager

\Exchange intermediate results/‘

Figure 09: Flink Task Manager component

The following figure shows all these components in the Flink architecture in
action, but unlike the previous high-level image, this details each components
and its interaction:
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Figure 10: Flink architecture component nitty-gritties (courtesy-Flink
documentation)

The preceding figure shows that each component is linked by a coordination
system built on the Akka library. Flink has different deployment topology. If

Flink is started in local mode, one Job Manager with one or more task
manager is started with the same JVM.

As shown in the preceding figure, the client submits a job to the job manager,

which in turn controls the task manager, inside which tasks are placed in
tasks slots and then executed.

The next section gives us the Flink execution model and the path a job takes

to execute it and produce results.




Flink execution model

The following figure shows Flink’s execution model. The Flink program
written is parsed by the program compiler and then type extracted and then
optimized (Flink Optimizer). Each submitted job is then converted to a
dataflow graph and then passed onto Job Manager, which then creates an
execution plan and the job graph is then passed onto Task Manager where the
tasks are finally executed (execution graph).

) Progr'f\m Dataflow
Compiler
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Program @
Execution Execution
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Figure 11: Flink execution model



Core architecture principles of
Flink

We have gone through Flink’s architecture and its important components in
the previous section. Before going deep into Flink internals it's very
important to understand the principles on which Flink was conceived and
developed. Some of the core architecture principles followed by Flink are as
follows:

Hide internal workings of many aspects away from users (abstract as
much as possible so as to become easy for users).

Decouple API’s from actual execution logic (interface-implementation
approach). This helps Flink to execute the same program in multiple
ways hidden away from the users achieving maximum performance.
Declarative.

Little or no tuning.

Execute everything as stream (even batch data).

Little or no configuration.

Support for many filesystems (BYOS - Bring Your Own Storage).
Multiple deployment options (BYOC - Bring Your Own Cluster).
Work very close with various Hadoop systems and technologies.
Separation of application logic from fault-tolerance.



Flink Component Stack

The following figure shows Flink’s stack in detail. Getting in each
component in the stack is out of the scope of this book and we would suggest
going through Flink’s official documentation (https://ci.apache.org/projects/flink/fl
ink-docs-release-1.1/).
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Figure 12: Flink Component Stack (Courtesy Apache Flink doc - http://flink.ap
ache.org)

The preceding figure shows the various components in Flink stack in a layer
fashion (conceptual architecture). As shown, Flink supports variety of storage
(BYOS) and that constitutes the bottom later. The next layer is the
deployment topology that Flink supports (BYOC) and as shown, it does
support a variety of them. The next layer labelled Runtime is the core of
Flink’s execution model and consists of Batch Optimizer for batch operation


https://ci.apache.org/projects/flink/flink-docs-release-1.1/
http://flink.apache.org

and Stream Builder for stream handling. On top of that is the layer that is
interacted by the developer and it is quite well abstracted away from the
developer in the form of well-defined API’s and libraries.



Checkpointing in Flink

One aspect of Apache Flink that allows it to handle stateful streaming is
checkpointing and this is one of core features that makes it different from
others. Other aspect namely savepoint (explained in the next section), also
enables Flink to handle stateful streaming.

Fault tolerance is one of the core features of Flink. Achieving this feature
with high throughput and performance is quite a tricky combination to
achieve. But Flink achieves this using the so called checkpointing feature.

As against batch (which has a defined start and end), stream data does not
have a clear start and end. Also the stream data coming in has a state that has
to be preserved and this poses additional challenges in achieving fault
tolerance.

Checkpointing in Flink uses the Distributed Snapshots approach, which is
based on a technique by Chandy and Lamport in the year 1985. Flink has
slightly varied the algorithm by saving the snapshot state periodically
(frequency is configurable) in the background of the running data stream to a
persistent storage (Flink supports multiple filesystems). This mechanism,
however does not put any pressure on other components and is quite
lightweight and happens very seamlessly to the developer under the hoods.

Stream barriers is the mechanism by which Flink’s checkpointing mechanism
works. These barriers are inserted at sources and flow through the stream.
These streams as shown in the following figure are part of either current
snapshot or the next snapshot. When these barriers pass through operators, it
triggers state snapshots and is persistent in the storage. Once the
checkpointing is done the barriers flow through and the process continues.
When all the sinks receives these checkpoints, the current checkpoint is
complete and can be taken away from storage (if needed). In case of failure,
the checkpoint stored on storage can be restored and continued from there.

The following figure shows the stream barriers and checkpointing aspects in



detail:
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Figure 13: Checkpointing in Apache Flink

Checkpointing is one of the very important technical aspects in Flink and
many other design principles such as fault tolerance are fully relying on this.



Savepoints in Flink

Savepoint is another important feature in Flink, which takes it ahead of many
of its competitors. Savepoint is a point in time snapshot that keeps track of
where exactly we are in the processing of input streams and also holds its
associated metadata. It also keeps track of all the pending states or in flight
sessions in Flink execution engine. Conceptually its like taking a picture by
literally stopping the stream data. By doing so, however, it doesn't actually
stop the operation but does this silently in the background.

Internally Flink handles savepoints very much similar to checkpointing, but it
does have some notable differences, as follows:

e Triggering can be done manually by relevant configurations
e [s never terminated by Flink until it is explicitly done by the user

The following figure shows the savepoint working in a pictorial fashion for
easy understanding:
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Figure 14: Savepoints (SP) in Flink

Savepoint features allows us to do many operations quite easily and give a



versioning mechanism of the snapshots being taken at an internal. Some of
those are:

e Can help in applying Flink upgrade/bug fixes quite easily. If due to any
reason, issue is seen, it can always use a previous savepoint to restore.

e Can help in doing A/B testing. A savepoint can be used to spin off
another Flink execution with variation and tested.

e If you would like to reprocess data streams due to some reason or replay
certain scenarios.

For more details, we would suggest going through the following blog http://dat
a-artisans.com/how-apache-flink-enables-new-streaming-applications/.


http://data-artisans.com/how-apache-flink-enables-new-streaming-applications/

Streaming window options in Flink

Generally speaking, a window defines a finite set of elements on an
unbounded stream. This set can be based on time, element counts, a
combination of counts and time, or some custom logic to assign elements to
windows.

- Flink documentation (flink.apache.org)

Dealing with infinite data stream demands the need for such window
functions. Flink’s DataStream API (discussed in following sections) does
have some built-in windowing functions that takes care of most use cases. It
also allows us to define custom window behavior as required by your use
case by letting developers implement its interfaces and implementing
appropriate methods.

The following are Flink’s built-in windowing options:

e Time window
e Count window


http://flink.apache.org

Time window

As the name suggests, it groups the incoming data stream by time.
Timestamp which Flink looks are:

e Processing time: Uses the system/machine time where Flink executes.

e Event time: Uses an existing timestamp on the data stream event.

e Ingestion time: A mix of the preceding two. When each event arrives, it
attaches the event with the system time and then uses these stamped
time on these events for grouping.



Count window

As the name suggests, windows are based on the configured count. If the
event count hits the configured value, the data streams are
windowed/grouped.

Both time and count windows can be configured in two different ways:

e Tumbling
e Sliding



Tumbling window configuration

As the name suggests, it tumbles over the data stream. Tumbling windows do
not overlap with each other and because of which events in a tumbled
window do not fall into two windows. Tumbling configuration can be done

for both time and count windows by mere configuration.

The following figure shows tumbling window in action:
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Figure 15: Tumbling window



Sliding window configuration

As the name suggests, the window slides over the data stream. Because of
this sliding nature, the windows tend to overlap with other sliding windows.
Due to this the data stream events in one windows can belong to other
windows as well. Again, this can be configured for both time and count
windows by appropriate configuration.

The following figure shows the sliding window in action:
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Figure 16: Sliding window

In this section, we just have skimmed through one of the important Flink’s
capability of windowing, that is a mandatory functionality especially for
processing infinite data streams. These become more significant when you
need to do an aggregation.



Memory management

Memory management in Flink is often attributed to be innovative and claims
to be one of the first big data technology which has implemented custom
memory management. To achieve this Flink has its own mechanisms for type
extraction and serialization.

The following figure shows the JVM heap that is divided into areas dedicated
to do certain defined activities in regards to memory. As shown in the figure,
Flink has a managed heap, which is a dedicated memory fraction given to
Flink for various Flink related operations such as caching and data
processing:
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User Code
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Hashing
Sorting
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Network Buffers

Figure 17: Flink memory management
Some of the core features of Flink’s memory management is as follows:

Non GC (Garbage Collection) based approach

Serialization is based on individual fields as against the whole object
Employs C++ style memory management as against Java (based on GC)
Works on pool of memory pages comprising of bytes and map objects

The preceding listed features give some unique advantages to Flink in regards
to memory management as follows:



e Does not throw Out Of Memory (OOM) exceptions

e Garbage collection is quite a stress on the hardware and because of these
features in Flink GC doesn't put pressure

e Binary representation of storing data is more efficient and uses less
memory.

e Limited or no memory tuning required

e Stable performance and more reliable

e Binary representation can be compared and operated with other binary
representation easily, making it more performant

In computer science, garbage collection (GC) is a form of

automatic memory management. The garbage collector, or just

collector, attempts to reclaim garbage, or memory occupied by

objects that are no longer in use by the program. Garbage
collection was invented by John McCarthy around 1959 to
abstract away manual memory management in Lisp.

- Wikipedia

Elaboration on this subject is out of scope of this book but more information
can be found from the Flink documentation at https://cwiki.apache.org/confluence/
pages/viewpage.action?pageld=53741525.


https://cwiki.apache.org/confluence/pages/viewpage.action?pageId=53741525

Flink API’s

Basic operation of Flink can be explained in very simple terms, as shown in
the the following figure:
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Figure 18: Flink program execution

As shown in the preceding figure, a Flink programs connects to a source, and
then applies use case related operations (transformation, calculations and so
on) and then finally outputs the results to the sink. Flink is capable of taking
in data of two forms, namely, real-time data (DataStream) and batch data
(DataSet). To cater to these distinct data types Flink has two main API’s
namely:

e DataStream API: To handle continuous real-time flowing data to cater
to real-time stream analytics. API’s are available in Java and Scala.

e DataSet API: To handle stagnant data in batch format. API’s are
available in Java, Scala, and Python.

In addition to these main API’s, Flink also has domain specific libraries. The
following figure shows some of the important ones that we will be discussing
in detail in the following subsections:
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Figure 19: Flink API’s



DataStream API

As the name says it all, the DataStream API in Flink can be used to do any
operation on the stream of the inflowing data. The operation is one on each
element in a stream or stream windows as the case may be. It offers many
built-in transformations and also gives a toolbox to create custom ones if
needed for your use case. DataStream is the core structure in the DataStream
APL

Flink’s DataStream API is capable of handling almost any kind of data types
(basic types such as string arrays, and so on, and composite types such as
tuples, POJO’s, and so on).

The following figure shows DataStream program execution in Flink:
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Figure 20: Flink DataStream API program execution




Flink DataStream API example

To handle a stream of incoming data, these numbered steps (as documented
in the Flink documentation) have to be done programmatically:

1. Get the streamExecutionEnvironment Object. streamExecutionEnvironment is the
basis for all Flink data stream execution programs. The following code
block shows one way to get this object created in Java:

| final StreamExecutionEnvironment env = StreamExecutionEnvironment .

N

Load the initial data from the appropriate source.

3. Do the necessary transformation on this loaded data. The full set of
transformations available can be found in the Flink documentation at
this link: https://goo.gl/YI82xY.

4. Specify the destination where the results after transformation has to be
kept.
5. Trigger the program execution.

We wouldn't want to replicate the Flink documentation here; rather we would
say that you go to this link to have a deep understanding of the DataStream
API in the Flink documentation: https://goo.gl/NS69SK.


https://goo.gl/YI82xY
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Streaming connectors

Flink has many connectors for easy integration that can be broadly
categorized as follows:

1. Built-in Connectors: Connectors that are already there along with the
Flink installation and developed by various providers and are already
supported and maintained come under this category:

File: Reads file from a specified file path. It can monitor a directory
and as and when a file is added or changed can read and do the
needful

Collection: Reads from elements and also is capable of reading
from Java collections

Socket: Reads text socket from exposed port

Basic:

e File

e Socket

e Standard output

Advanced:

e Flasticsearch: Used to store and index JSON documents. We
do have a dedicated chapter on this in which we will discuss
this technology in a bit more detail. Flink supports both
Elasticsearch 1.x and Elasticsearch 2.x

e (Cassandra

e HDFS (Hadoop FileSystem)

RabbitMQ

Apache Kafka: Gives provision to convert a Kafka topic to
DataStream and also can write to a DataStream. Flink has good
integration support with Kafka

Apache NiFi

Amazon Kinesis Streams

Sources: Connectors that are configured as source in Flink comes
in this.

Sinks: Connectors which are configured as sink in Flink are
categorized in this



e Source and Sink: Connectors that behave as both source and sink
in the Flink ecosystem come into this category
2. Custom Connectors: If these built-in connectors suit your chosen use
case, Flink does give provision to implement your own connector. Flink
has a toolbox using which you could do this with ease. Using the
toolbox (specification interfaces), both custom source and sink can be
implemented.



DataSet API

Flink handles batch data and processes it using the Flink’s built-in DataSet
API. The DataSet API also has mechanisms to do necessary transformations
necessary for common use cases. After transformation, the DataSet is
transformed to DataSet. API’s are in Java, Scala, and Python. In Flink batch
data and its processing also work on the same aspect as stream data. The
following figure shows basic working of the DataSet API on a batch data
using the MapReduce paradigm producing DataSet (class of objects created
when data is read and processed):

. . Data Set . . Data Set

Figure 21: Flink DataSet API program execution



Flink DataSet API example

Apart from the environment, rest of the steps in DataSet API program are
identical to that of the DataStream API. The following are the steps you have
to perform to actually deal with batch data using the DataSet API in Flink:

1. Before doing anything with the DataSet API, you need to get an
environment specific to batch data handling. executionEnvironment is the
object require to start using the API and its capability as shown in this
code snippet (there are many ways and this is just a basic way):

| final ExecutionEnvironment env = ExecutionEnvironment.getExecutionEnvi

2. To do operations on data, the data has to be created or loaded from the
source. In this set data is prepared. Data can be loaded/created from file-
based, collection-based, socket-based, and so on.

3. Do the necessary transformations on the loaded/created data next. There
are various transformations possible on the batch data such as Map,
FlatMap, Filter, Reduce and so on. The complete list of transformations
can be found in the Flink documentation at this URL
https://goo.gl/HLg3bN.

4. In this step specify where the transformed data results are to be put (Sink
configuration). For example, write results to file, socket and so on.

5. This is the final step in which the program execution is triggered, which
triggers off the actual program execution.


https://goo.gl/HLg3bN

Table API

APT’s built on top of DataStream and DataSet API’s enabling SQL like
queries on the data is termed as Table API. They are available in the Java
and Scala languages. Using these API’s you can use SQL-like expressions for
specifying the required operations.

The Table API creates this abstraction above DataStream and DataSet,
making it easy for coding. Using this, its easy to deal with structured data
using the popular SQL expression. Basic data structures that the API deals
with is Table.

programming and designed for managing data held in a Relationai

9 SQL (Structured Query Language) is a domain-specific language
Management System (RDBMS), or for stream processing in a RD.

- Wikipedia

Similar to the DataStream and DataSet APIs, using the Table API can done
by doing the following steps:

1. Get the executionEnvironment as this is the starting point for any API
execution in Flink:

| ExecutionEnvironment env = ExecutionEnvironment.getExecutionEnvironmer

2. After that, you need to get TableExecutionEnvironment Using
ExecutionEnvironment as shown next in the code snippet. According to the
data type (batch or stream data) to be handled, you need to get either
BatchTableEnvironment (Datch data) and streamTableEnvironment (Stream
data), as shown in this code snippet:

BatchTableEnvironment tableEnv = TableEnvironment.getTableEnvironment (
OR
StreamTableEnvironment tableEnv = TableEnvironment.getTableEnvironment

3. Now, register the table. This can be from DataStream, DataSet, and so



on, shown in this code snippet as an example:

tableEnv.registerDataSet("table_name", mytable);
OR
tableEnv.registerDataStream("table_name", mytable);

4. Now, using the TableAPI, perform various operations.

The Flink documentation has all the details with regards to this API at https://g
00.gl/B6F8Ey.


https://goo.gl/B6F8Ey

Flink domain specific libraries

Apart from the core API’s (DataStream and DataSet) there are other API’s
for easy handling of certain operation as shown in the following list. Similar
to the Table API most of the libraries are also built on top of core Flink
APD’s:

e Gelly (Graph Library)
¢ FlinkML (Machine Learning Library)
e FlinkCEP (Complex Event Processing Library)

Event processing is a method of tracking and analyzing
(processing) streams of information (data) about things that
happen (events), and deriving a conclusion from them. Complex
event processing (CEP), is event processing that combines data
from multiple sources to infer events or patterns that suggest
more complicated circumstances.

- Wikipedia



Gelly - Flink Graph API

Gelly is Flink’s Graph API and library. There are various algorithms built-in
long with this library to deal with graph capability. Graph management was
initially offloaded to another library, namely Apache Spargel, to be handled.
However a new project namely Gelly was launched by Gelly to deal with
graph management, more aligned with other core API’s and also using core
Flink capabilities.

The Gelly library requires objects inheriting from DataSet, so at the end it
caters to addressing graph-related functionality for batch data.

Gelly offers various graph analysis utilities and also allows doing many
iterative processes on graphs and has many algorithms to deal with the graph
data.

Similar to the core API’s in Flink, Gelly offers various functions to transform
and modify various types of batch data. A graph representation in Gelly is
based on vertices and edges (DataSet - batch data).

This section has just skimmed through the Gelly library and more details can
be found in official Flink documentation in the following URL https://goo.gl/S5
plEP.
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Figure 22: Flink Graph API (Gelly)

Flink’s Gelly has both Java and Scala APIs.


https://goo.gl/S5plEP

FlinkML

Flink’s answer to the Machine Learning (ML) library is FlinkML. It has
built-in support for various ML libraries and the list keeps growing. It works
on the pipeline mechanism inspired by scikit-learn (http://scikit-learn.org/).

FlinkML can act on both batch and stream data. Stream data and the ML
application is quite significant and one of the use cases can be to deal with
payment transactions and detect fraud.

For more details, see Flink documentation at the following URL https://goo.gl/z
DL2Cn.

Scikit-learn (formerly scikits.learn) is a free software machine learning
library for the Python programming language.

- Wikipedia

A project name Apache SAMOA (Scalable Advanced Massive Online
Analysis), is a streaming machine language framework that could also be
used along with Flink to cater to stream data ML capabilities.


http://scikit-learn.org/
https://goo.gl/zDL2Cn

FlinkCEP

Flink has its own Complex Event Processing (CEP) library called
FlinkCEP. The library allows to deal with vent patterns in a stream and
accordingly deals with it to cater to use case in hand. It is built on top of the
DataStream API and helps defining user patterns and then injecting into a
stream and according to the pattern generates new events and deals with
those accordingly.

Again we wouldn't want to delve deep into this topic in this book as it would
be a book by itself. We strongly suggest going through the official Flink
documentation at the following URL https://goo.gl/Tsu6q7.


https://goo.gl/Tsu6q7

Flink working example

This section details a full working example using Flink. Towards the end of

this section, it also brings a connection of our use case with Flink and how its
features are used.

At the time of authoring this book, we had Flink Release
Candidate 3 source code available for download, while official
release of Flink 1.3.0 was just about to be released. As we
observed Flink Release Candidate 3 (RC3) was versioned as
1.3.0, and its implementation is expected to be very close to the
official release of Flink 1.3.0.




Installation

Follow the steps for full installation of Flink:

1. Download the latest source code for release candidate of flink 1.3.0,
which was RC3 (release candidate 3) at the time of authoring this book,
using the following command in your download directory,
${DOWNLOAD_DIR}:

| wget https://github.com/apache/flink/archive/release-1.3.0-rc3.zip

2. Change to a user directory and extract the contents from the zip using
the following command. Let us refer to the extracted r1ink source folder,
flink-release-1.3.0-rc3, as ${FLINK_SRC}:

| unzip ${DOWNLOAD_DIR}/release-1.3.0-rc3.zip

3. Change directory into s{rLink_src} and use the following command to
compile the source code. It may take some time for the build the
complete.

| mvn install -DskipTests

4. Once the build completes, copy the generated build-target folder to a
separate user folder, <flink-install-dir>. This user folder would be our
working installation of Flink 1.3.0 RC3. The command below would
inherently create the Flink install directory as part of its execution:

| cp -r ${FLINK_SRC}/build-target <flink-install-dir>

5. Configure the s{FLink_HovE} environment variable using the following
command and add the same into ~/.bashrc:

export FLINK_HOME=<flink-install-dir>
export PATH=$PATH:$FLINK_HOME/bin

6. Change to the user directory of Flink’s extracted content and start the
Flink server using the following command:



| ${FLINK_HOME}/bin/start-local.sh

7. Navigate to http://<vm-ip-address>:8081, and the following screenshot
should be visible, confirming a successful setup of Flink on a single
node:

@ Apache Flink Dashboard Overview

— 1 Total Jobs
—=

Task Managers Running

. 1 Finished 0]
Task Slots Canceled

m 1 Failed (0]

Avalable Task Slots

Running Jobs

Completed Jobs

Figure 23: Flink Dashboard

If you are planning to run the Flink examples from a development
environment, it is advisable to build Flink source on the same macl
such builds are platform dependent. This is also due to the fact thai
using the latest Flink version for our examples, i.e. RC3, which is n
available in most of the public maven repositories at the time of aui
book.



Example - data processing with
Flink

Let us build an example to process some data with Flink. For this purpose,
let's try to process the data that we have in our database, stream the data via
Flink, and store it in the database.

In order to have substantial data for our examples, it would be good to have a
bit larger volume of data. In the following section, we will see how we can
generate the required data.



Data generation

In this section, we will go in steps explaining how we can generate the
required data to showcase our example/use case:

1.

The commands/steps outlined in these examples, can be run either from
within an IDE of your choice or directly from within CentOS. If it is
done from within CentOS, additional copy/move steps between your
IDE and CentOS could be avoided.

In your local (cloned) git repository, navigate to the chapteros folder
which contains the code that will be detailed in this chapter. For data
generation, the code is contained in one of the modules of chapteres, in
the client-generator folder.

Change the directory into a client-generator folder and run the following
command to build from source:

mvnh install

Once the package is built successfully, observe that the tarball is built in
the target folder of the client-generator project

Change the directory to a user folder, we suggest creating a ~/data-
generators directory and extract the contents of the tarball with the
following command:

tar -zxvf <client-generator project>/target/client-generator-1.0-SNAPS

Once the contents are extracted, change the directory into the extracted
folder and configure the properties file ( ~/data-generators/client-
generator-l.O-SNAPSHOT/config/db.properties%-baSECIOFIYO[H‘daIabaSE
configurations:

jdbc.url=jdbc:postgresql://<DB_IP_ADDRESS>/sourcedb?schema=public
user=
password=

Run the following command from within ~/data-generators/client-
generator-1.0-SNAPSHOT to generate the content. For the purpose of our



examples, let us generate 100,000 customer records including their
addresses. Please make sure that the PostgreSQL database server is
running before executing this command:

| java -jar client-generator-1.0-SNAPSHOT.jar config/db.properties 1000€

8. After successful execution, the script will display the status of records
generated in the console.

Now that we have about 100,000+ rows in our database for customer profile
(customer + address), let us build the example that we intend to in which we
will stream all of these rows in PostgreSQL DB into Hadoop storage via
Flink.

For now, we will build the examples in such a way that it can be used as an
extendable piece for our SCV use case.

The overall example can be divided into multiple steps, as detailed in the
following sections.



Step 1 - Preparing streams

This step involves preparing data streams by publishing the data into the
Kafka topic, for which we will utilize the simple producer API (explained in
Chapter 7, Messaging Layer with Apache Kafka). In this step, we will read the
data from the database and publish the records into a topic in Kafka:

1. In order to prepare streams, navigate to the chapteros folder, which
contains the code for this chapter. For preparing the streams, the code is
contained in one of the modules of chapteros, that is, in the
chapter08/flink-examplel folder.

2. Change the following properties files as per your environment:

® chapter08/flink-examplel/config/db.properties: This file contains all
the database related properties to access the database

L chapterOS/flink—examplel/config/producer.properties:Trhisiﬁle
contains all the configurations required for the producer to publish
the customer records read from the database and publish them into
a Kafka topic

L4 chapterOS/flink—examplel/config/flink.propertiesljTﬂS file contains
Flink-related configuration, which currently contains the
HDFS path and user account only

e The main class doing the job in this example is pbrroducer . java, the
complete source code of this class is as shown as follows. The
pBProducer class reads the customer records from the database and
publishes the customer records as JSON strings into a Kafka topic,
named customer. The code is well commented and it's quite
straightforward to understand going through it line by line:

public class DBProducer {
private static final String CUSTOMER_QUERY = "SELECT * FROM CUSTOMER";
public static void main(String[] args) throws SQLException, IOExceptic

publishCustomers();

}
private static void publishCustomers() throws SQLException, IOExceptic

//Initialize the object mapper for serialization/deserialization




ObjectMapper mapper = new ObjectMapper();

//Load the producer properties and initialize Kafka producer
Properties producerProps =
PropertyLoader.loadProperty("producer.properties");
Producer kafkaProducer = initializeProducer (producerProps);

//Establish database connection & execute query to retrieve all custon
Connection conn = getConnection();
System.out.println("Database Connection Established...");
Statement stmt = conn.createStatement();

ResultSet result = stmt.executeQuery(CUSTOMER_QUERY);
System.out.println("Query Executed...");

//Serialize all customer records into JSON string and publish to Kafke
while(result.next()) {
Customer cust = new Customer();
cust.setId(result.getInt("id"));
cust.setFirstName(result.getString("first_Name"));
cust.setLastName(result.getString("last_Name"));
cust.setDob(result.getDate("dob"));

//Serialize object into a JSON string
String customerMessage = mapper.writeValueAsString(cust)

//Publish customer record as JSON message
ProducerRecord message = new
ProducerRecord(producerProps.getProperty("topicName"),

String.valueOf(cust.getId()), customerMessage);
kafkaProducer.send(message);
}

System.out.println("Messages Published");

//Close producer and exit
conn.close();
kafkaProducer.close();

}

private static Producer initializeProducer (Properties producerConfig)
Producer<String, String> producer = new KafkaProducers<
return producer;

}

private static void closeProducer(Producer producer) {
if (producer != null) {
producer.close();
}

}

private static Connection getConnection() throws ClassNotFoundExceptic
Class.forName("org.postgresql.Driver");
Properties props = PropertyLoader.loadProperty("db.prc
return DriverManager.getConnection(props.getProperty("jdbc.url"), prog

}
b



Code 01: Publish DB Records into Kafka

As shown in the preceding code, we are reading all the customer
records from the database and then publishing them into a topic
named customer into Kafka.

While doing so, we are also converting the records into objects and
serializing those objects into JSON representation by using
ObjectMapper.

4. From within chapteres/flink-example1, run the following command to
compile the code:

| mvn install

5. Execute the preceding code, which is in peproducer.java from within your
IDE or from command line. Before executing the Java class please go
through the preceding listed class and understand it's working. This will
queue the customer records as messages in the customer Kafka topic:

e While executing the class from within the IDE, please make sure
that the working directory is properly set pointing to the project
folder, that is, flink-example1, and the module ciasspath in Run
Configuration. This can be set by navigating to the top-level menu
Run and under that selecting Run... opens these settings. Once this
is set, you may simply execute the class from IDE. This is with
reference IntelliJ IDEA. Similar setting are available in Eclipse as
well.

e If you are executing the class from Command Prompt/shell, you
may run the following command to execute the program from
within the project folder, that is, chapteres/f1link-example1:

java -cp target/flink-examplel-1.0-SNAPSHOT.jar com.laketravel



Step 2 - Consuming Streams via
Flink

Now that we have all 100K records queued into Kafka, the next step is to
consume these messages using Flink and start establishing an execution
pipeline within Flink.

Flink comes with a lot of inbuilt connectors, and one of the source connectors
is the Kafka connector. In order to include the Kafka connector, the following
dependency is required to be added into the project’s pom.xm1 file (refer to
flink-examplel/pom.xml)Z

<dependency>
<groupId>org.apache.flink</groupId>
<artifactId>flink-connector-kafka-0.10_2.10</artifactId
<version>1.2.0</version>

</dependency>

<dependency>
<groupId>org.apache.flink</groupId>
<artifactId>flink-streaming-java_2.11</artifactId
<version>1.2.0</version>

</dependency>

Code 02: Flink Dependencies for Consumption from Kafka

In order to consume the messages from the Kafka topic, the following code
can be taken as a reference. This same code is being used in our example in
the com.laketravels.ches.consumer.FlinkProcessor class, which contains the main
method:

final ObjectMapper mapper = new ObjectMapper();

Properties flinkProps = PropertyLoader.loadProperty("flink.properties");

// create execution environment

StreamExecutionEnvironment env = StreamExecutionEnvironment.getExecutionEnvir

env.enableCheckpointing (2000, CheckpointingMode.EXACTLY_ONCE);

// parse user parameters
ParameterTool parameterTool = ParameterTool.fromArgs(args);

DataStream<Tuple2<IntWritable, Text>> messageStream = env.addSource(
new FlinkKafkaConsumer010(




parameterTool.getRequired("tc
new Tuple2DeserializerSchema(),
parameterTool.getProperties()

messageStream.rebalance().print();

Code 03: Code to consume Kafka messages from Flink Process

The main method in the F1inkprocessor class needs the following arguments
for a successful launch of the execution pipeline. The parameters required for
this example are:

e topic - Contains the name of the topic from where the messages are to be
consumed

® bootstrap.servers - Contains comma separated list of ip:port of Kafka
broker processes

® zookeeper.connect - Contains the zookeeper connect address, in the form
ip:port

® group.id - Identifies the consumer group for message consumption and
group level offset management of the consumer

In our example, we are passing the parameters as command line arguments as
follows. Once the arguments are passed, they are decoded/interpreted by
parameterTool for substitutions within the code:

|--topic customer --bootstrap.servers <KAFKA_SERVER_IP>:9092 --zookeeper.conne

In the preceding code, the messages are being consumed using the
simplestringschema deserializer. This deserializer is required by
FlinkkafkaConsumer tO deserialize messages into the data stream.

In order to replay the messages/re-submit the job, the Flink job
can be run with different Group IDs

We have now consumed the messages from Kafka and now we have to use
Flink as a channel to persist into HDFS. This is explained in the next step.



Step 3 - Streaming data into HDFS

Flink also provides a number of connectors including HDFS connectors as
sinks. All the HDFS connectors have very similar constructs. HDFS
connectors can sink messages from Flink DataStreams that have a tuple
structure. HDFS also stores data as tuples. The specific class provided for this
purpose by Flink is the Tup1e2 class.

A tuple is a finite ordered list of elements. (https://en.wikipedia.org/wik

Any sink can be added to the Flink environment by making a call to the
env.addsink(...) method. The specific class that we have used here is
Bucketingsink. The following code can be considered as a reference for
understanding our example:

System.setProperty("HADOOP_USER_NAME", flinkProps.getProperty("hdfsUser"));
BucketingSink<Tuple2<IntWritable, Text>> hdfsSink = new BucketingSink<Tuple2<
hdfsSink.setBucketer(new DateTimeBucketer("yyyy-MM-dd--HHmm"));
hdfsSink.setWriter(new SequenceFileWriter<IntWritable, Text>());
hdfsSink.setBatchSize(1024 * 1024 * 400);

messageStream.addSink(hdfsSink);

Code 04: HDFS Sink in Flink Processor

If we try to connect the code shown in the previous step with the preceding
code, we may realize a bit of an issue in terms of source and sink.

The main issue here is that, in the previous step the source is sourcing
messages from Kafka as String messages, while Sink requires the messages
to be in tuple structure. This creates a gap in what is coming in and what is
required to be persisted.

In order to solve this we can implement a custom deserializer schema class at
the source, a reference implementation can be seen here:

public class Tuple2DeserializerSchema implements DeserializationSchema {


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

public Object deserialize(byte[] bytes) throws IOException {

ObjectMapper mapper = new ObjectMapper();

Customer cust = (Customer) mapper.readValue(new String(bytes),
Customer.class);

Tuple2<IntWritable, Text> tuple = new Tuple2<IntWritable, Text>();

tuple.setFields( new IntWritable(cust.getId()), new Text(new
String(bytes)));

return tuple;

}

public boolean isgEndOfStream(Object o) {
return false;
}

public TypeInformation<Tuple2<IntWritable, Text>> getProducedType() {
return new TupleTypeInfo<Tuple2<IntWritable, Text>>
(TypeExtractor.createTypeInfo(IntWritable.class),
TypeExtractor.createTypeInfo(Text.class));

Code 05: Tuple2 Deserializer Schema for Flink Source

During the initialization of DataStream in the rF1inkprocessor class, we can
pass the custom serializer (Tuple2peserializerschema) instead of the String
serializer as shown in the following, with complete code:

public class FlinkProcessor {
public static void main(String[] args) throws Exception {

final ObjectMapper mapper = new ObjectMapper();

Properties flinkProps = PropertyLoader.loadProperty("flink.properties
// create execution environment

StreamExecutionEnvironment env = StreamExecutionEnvironment.getExecut

env.enableCheckpointing (2000, CheckpointingMode.EXACTLY_ONCE);

// parse user parameters
ParameterTool parameterTool = ParameterTool.fromArgs(args);

DataStream<Tuple2<IntWritable, Text>> messageStream = env.addSource(
new FlinkKafkaConsumer010(
parameterTool.getReqL
new Tuple2DeserializerSchema(),
parameterTool.getProg

messageStream.rebalance().print();

System.setProperty("HADOOP_USER_NAME", flinkProps.getProperty("hdfsuUs
BucketingSink<Tuple2<IntWritable, Text>> hdfsSink = new BucketingSink
hdfsSink.setBucketer(new DateTimeBucketer("yyyy-MM-dd--HHmm"));
hdfsSink.setWriter(new SequenceFileWriter<IntWritable, Text>());
hdfsSink.setBatchSize(1024 * 1024 * 400);



messageStream.addSink(hdfsSink);

env.execute();

}

Code 06: Flink Processor for Reading Messages from Kafka and writing into
HDFS

The preceding example can be run from the IDE as a standalone process or
from the command prompt. In case this needs to be run from the command
line, the following command may be used, assuming that the working
directory is the source directory of this example, that is, f1ink-example1:

| java -cp target/flink-examplel-1.0-SNAPSHOT.jar com.laketravels.ch08.consumer

Please ensure that HDFS services are running and exposed on an accessible
IP before executing the r1inkprocessor. In case the HDFS is configured to run
on localhost, it will need to be changed in core-site.xml. A sample is shown
as follows:

<property>
<name>fs.defaultFS</name>
<value>hdfs://192.168.0.165:9000</value>
</property>

The output of this execution is that the customer JSON is stored against the
the customer ID in HDFS, as follows:
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Figure 24: Messages Sinked into HDFS



Flink in purview of SCV use cases

Now that we have seen an example of Flink based processing, it is time that
we apply this to the single customer view use case and continue building the
Data Lake landscape.

For this purpose, let us consider integrating sources such as customer
information stored in relational format and user location logs. For user logs,
we will generate them as spool files which can then be consumed by Flume
with Kafka channel. This Kafka channel would be eventually consumed and
processed by the Flink pipeline into HDFS sink. In this use case Flume acts
as the acquisition layer that would acquire data from these sources and store
them as messages in Kafka topics. We will define two Flink processing
pipelines, that would consume these information from both of these Kafka
topics and then process and store these information in the HDFS layer.



User Log Data Generation

In order to generate a sample log of customer location (100,000 records),
please follow the following steps, which are very similar to the above
mentioned customer generation.

1.

Clone/Update the source code for the project (we assume this is already
done as you have cloned the whole book’s code from git when you
started) chapter08/web-generator

Change into the directory containing the project (web-generator) and run
the following command to generate the tarball:

mvn install

Change to a user directory, ~/data-generators as in previous case, and
extract contents with the following command:

tar -zxvf <web-generator project>/target/web-generator-1.0-SNAPSHOT-bi

Change to the user directory containing the extracted content and run the
following command to generate the records as a spool file (1ocation.1og):

java -jar web-generator-1.0-SNAPSHOT.jar location.log 100000

. The log thus generated has the following structure of content:

"id":100095, "longitude"”:160.98048, "latitude":-62.541742
"id":100096, "longitude”:157.16113, "latitude" :68.544508
"id":100097,"longitude":11.078648, "latitude" :82.648036

"id":100098, "longitude™”:-133.38267, "latitude":-10.155658
"id":100099, "longitude":-107.13184, "latitude":-88.434630
"id":100100, "longitude"”:-58.465704, "latitude" :-44.031773

Figure 25: Location Log Content

As we can see above, the location log contents are mostly free
flowing and these logs may contain additional fields as required.
The only correlation here is the customer identifier.



6. Copy the generated location.log to the spool directory which would be
configured in Flume configuration. This could be the same directory
which was created while running Flume examples



Flume Setup

Flume configuration will be required for us to stream the contents from DB
and the log file into Kafka topics. Here we will follow similar steps to
configure both the data sources as discussed in earlier chapters:

1. Make a new Flume configuration in ${rFLume_HomME}/conf, let us call it as
customer-data-kafkaChannel-flume-conf.properties. As the name suggests,
this would contain all the configurations required to capture customer
data.

2. Now let us have a look at the source configuration as shown below:

agent.sources = sgl-source spool-source

agent.sources.spool-source.type=spooldir
agent.sources.spool-source.spoolDir=<directory containing the spoac
agent.sources.spool-source.inputCharset=ASCII

agent.sources.sql-source.type=org.keedio.flume.source.SQLSource
agent.sources.sql-source.hibernate.connection.url=jdbc:postgresqgl:
agent.sources.sql-source.hibernate.connection.user=postgres
agent.sources.sql-source.hibernate.connection.password=<db-passwor
agent.sources.sql-source.table=customer
agent.sources.sql-source.columns.to.select=*
agent.sources.sql-source.status.file.path=<path-for-status-file>
agent.sources.sql-source.status.file.name=sql-source.status

As seen from the above configuration, we are configuring two
sources of data in this Flume configuration, i.e. SQL source and
SPOOL source.

Please replace the following with specific values as per your
environment.

® <db-password> with the database password as in your setup.

® <directory containing the spool file> with the complete path of directory,
should not include the spool file name

® <db-ip-address> with the ip address of the PostgreSQL database

® <path-for-status-file> with complete path of a directory where status file
can be written



3. The next step would be to configure channel, which in this case is
Kafka. With Kafka as a channel all the messages would flow into Kafka
before the data is ingested into HDFS. Since we have two sources, we
will need to configure two channels as shown below (in the same file
llanlely'customer-data-kafkachannel-flume-conf.properties)Z

agent.

agent.
agent.
agent.
agent.
agent.

agent.
agent.
agent.
agent.

channels = kafkaCustomerLocationLogChannel kafkaCustomerDBCh

channels.kafkaCustomerLocationLogChannel.type =org.apache.fl
channels.kafkaCustomerLocationLogChannel.kafka.bootstrap.ser
channels.kafkaCustomerLocationLogChannel.kafka.topic=custome
sources.spool-source.channels = kafkaCustomerLocationLogChan
channels.kafkaCustomerLocationLogChannel.parseAsFlumeEvent =

channels.kafkaCustomerDBChannel.type =org.apache.flume.chann
channels.kafkaCustomerDBChannel.kafka.bootstrap.servers=<kaf
channels. kafkaCustomerDBChannel. kafka.topic=customer
sources.sqgl-source.channels = kafkaCustomerDBChannel

In the above configuration, please replace <kafka-broker-ip> with the
IP address of Kafka broker as per your environment. Here we have
defined separate topics for each of the data source.

4. Now let us launch the flume process with the following command:

${FLUME_HOME}/bin/flume-ng agent --conf ${FLUME_HOME}/conf/ -f ${FLUME_HOME}

If the above command runs successfully the Spool file would be
renamed by appending covpLeTED by the Flume process.

5. As soon as Flume process starts we would observe that messages from
both the sources, i.e. database as well as log are streamed into respective
Kafka topics for Flink processes to consume. This can be verified with
the following commands, that would display the respective queue depths
for the topics namely customer and customerLocation.

${KAFKA_HOME}/bin/kafka-run-class.sh kafka.tools.GetOffsetShell --brok

${KAFKA_HOME}/bin/kafka-run-class.sh kafka.tools.GetOffsetShell --brok



Flink Processors

Since we are working with two types of data sources with different data
structures, we have streamed them into two different topics respectively. This
will require us to build two execution Flink pipelines in Flume that would be
working in parallel.

The fundamental code remains the same as in chapteros/flume-example1 in both
the cases since the messages are originating from Kafka topic and are then
stored in HDFS. But the message types for both have very different
structures, hence we will need to modify the Deserialization schema
implementation as shown below. The source for this class can be found in
chapteres/flink-customer-db project. The class is well documented for easy
understanding of its working.

public

public

return

}

public
return

}

public
return

b
b

class Tuple2CustomerProfileMessageDeserializationSchema implements Des

private static final ObjectMapper MAPPER = new ObjectMapper();

Object deserialize(byte[] bytes) throws IOException {

String message = new String(bytes);

message=message.replace("\", \"", ", ");
message=message.substring(message.indexO0f("\"")+1, message.lastIndexC
String[] data = message.split(",");

Customer cust = new Customer();
cust.setId(Integer.parseInt(data[0]));

cust.setFirstName(data[1]);

cust.setLastName(data[2]);

DateTimeFormatter formatter = DateTimeFormatter.ofPattern("yyyy-MM-dc
LocalDate date = LocalDate.parse(data[3], formatter);
cust.setDob(java.sql.Date.valueOf(date));

String customerMessage = MAPPER.writeValueAsString(cust);
Tuple2<IntWritable, Text> tuple = new Tuple2<IntWritable, Text>();
tuple.setFields( new IntWritable(cust.getId()), new Text(customerMess
tuple;

boolean isendOfStream(Object o) {
false;

TypeInformation<Tuple2<IntWritable, Text>> getProducedType() {
new TupleTypeInfo<Tuple2<IntWritable, Text>>(TypeExtractor.createTypel



Code 07: Customer Profile Message Deserialization Schema

As shown in the above code, the customer datails captured into the customer

Object and then serialized into the Tup1e2 object so that it can be written into
HDFS. The following arguments should be passed for running the

customerbBMessageProcessor class. Use the below command to execute the class
in command prompt:

| java -cp target/flink-customer-db-1.0-SNAPSHOT.jar com.laketravels.ch08.inges

If things go well you should see Flink consuming messages from Kafka topic
(customer) and persisting into HDFS which can be viewed in HDFS browser

within Hue. Similar to the code snippet shows the deserialisation schema for
the customer location:

public class Tuple2CustomerLocationMessageDeserializationSchema implements [
private static final ObjectMapper MAPPER = new ObjectMapper();
public Object deserialize(byte[] bytes) throws IOException {

//Spooled messages have 2 bytes of leading unicode chars
String message = new String(bytes, 2, bytes.length-2);
if (message.trim().length()>0) {
String[] locationAttributes = message.split(",");
ObjectNode locationObject = MAPPER.createObjectNode();
for (String attribute : locationAttributes) {
String[] attributeElments = attribute.split(":");
String attributeName = attributeElments[0].replaceAll(""", "");
String attributevalue = attributeElments[1].replaceAll(""",

Illl);

locationObject.put(attributeName, attributeValue);
}
Tuple2<IntWritable, Text> tuple = new Tuple2<IntWritable, Text>();
tuple.setFields(new IntWritable(locationObject.get("id").asInt()),
new Text(locationObject.toString()));
return tuple;
} else {
return null;
}

}

public boolean isEndOfStream(Object o) {
return false;
}

public TypeInformation<Tuple2<IntWritable, Text>> getProducedType() {
return new TupleTypeInfo<Tuple2<IntWritable, Text>>
(TypeExtractor.createTypeInfo(IntWritable.class),
TypeExtractor.createTypeInfo(Text.class));




Code 08: Customer Location Flink Processor Serialization Schema

As shown in the previous code snippet, for customer location message, the
deserialization is flexible and will also work even if there are any additional
attributes added in the future.

For processing the customer location data via Flink, please pass the following
arguments to the customerLocationMessageProcessor class from chapteres/flink-
customer-1log project folder. Use the below command to execute the class in
Command Prompt:

| java -cp target/flink-customer-log-1.0-SNAPSHOT.jar com.laketravels.ch@8.inge

We can observe the data written into HDFS via namenode server ur as shown
in the following figure, which can be accessed by opening the URL
http://<hadoop-server-ip>:50070/ and navigating {0 Browse the file system Menu
option.

Hadoop Ovendew Dalanodes  Snapshol  StartupProgress  Ulllies

Browse Directory

fcentos Gol

Permission Owner Group Size Last Modified Replication Block Size Name
drwxr-xr-x centos supergroup 0B 3/5/2017, 6:31:59 PM 0 08 customer

Arwar-Xr-X centos supergroup 0B 3/5/2017, 8:30:36 PM 0 0B customerLocation

Hadoop, 2016.

Figure 26: Data From Multiple Sources Stored in HDFS via Flink

The following figure sums up quite well as to how our SCV use case gels
with the Flink technology. In our use case, Flink



applies appropriate processing of stream data as and when it flows into our
Data Lake:
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Figure 27: Flink in purview of SCV use case



When to use Flink

Select Flink as your data processing technology when:

You need high performance. Flink at the moment is one of the best in
performance for stream processing.

Your use case needs machine learning. Flink’s native closed loop
iterations operators make the processing perform much faster.

Your use case needs graph processing. Again, because of the preceding
same feature, Flink will process data faster.

You require high throughput rates with guaranteed consistency.

You need exactly one time processing. This also eliminates duplicate
record processing.

You want to avoid handling memory manually and leave that to the
framework. Flink has automatic memory management.

You need to deal with intermediate results and Flink follows the data
flow approach making it easy to do this.

You need less configuration. Many aspects in Flink are abstracted away
from the user and this makes configuration simple.

You need to deal with both batch and stream data using the same
framework. Flink is a hybrid framework capable of dealing with both
batch and stream.

You need different deployment options.



When not to use Flink

Try to avoid using Flink and go for other options when:

* You need a more matured framework compared to other competitors in
the same space
¢ You need more API support apart from the Java and Scala languages

There isn't many disadvantages associated with Apache Flink making it ideal
choice for our use case.



Other options

The following figure shows other options which can be considered as
alternates to Apache Flink, which is our choice of technology in this space.

Data Processing Engines

APACHE

Figure 28: Data Processing engine alternates



Apache Spark

If Apache Flink wasn't selected as technology of choice, Apache Spark would
have been the most apt choice.

Apache Spark is an open-source cluster-computing framework. Originally
developed at the University of California, Berkeley's AMPLab, the Spark
codebase was later donated to the Apache Software Foundation, which has
maintained it since. Spark provides an interface for programming entire
clusters with implicit data parallelism and fault-tolerance.

- Wikipedia

Apache Spark is one of the most well-known data processing technologies in
the open source community with a huge user base and contributors. The base
working of Apache Spark is based on micro-batching and this is one of the
main reasons for choosing Apache Flink as against Spark as this can be one
of the problems to cater to many use cases in the future (many use cases
require data processing to be in real-time as against micro-batch).

Spark can be deployed and run in multiple topologies and on different
technology platforms. It also has integration support with multiple data
sources including HDFS, Cassandra, and so on. It's easy to make use of
SPark with API’s in Java, Scala, Python, and R. This aspect is quite an
advantage with Spark as against Flink. It is also highly performant with
processing happening with low latency.



Apache Storm

Apache Storm is a distributed stream processing computation framework
written predominantly in the Clojure programming language. Originally
created by Nathan Marz and team at BackType, the project was open sourced
dfter being acquired by Twitter. It uses custom created "spouts" and "bolts"
to define information sources and manipulations to allow batch, distributed
processing of streaming data. The initial release was on 17 September 2011.

- Wikipedia

Storm is an open source real-time data processing framework and it can be
worked with any programming language. Storm like Spark and Flink is
distributed, high-performing, and fault-tolerant and also supports message
delivery guarantees. Storm integrates with many technologies with ease,
making it apt for implementing many use cases.



Apache Tez

Apache Tez is an extensible framework for building high performance batch
and interactive data processing applications, coordinated by YARN in
Apache Hadoop. Tez improves the MapReduce paradigm by dramatically
improving its speed, while maintaining MapReduce’s ability to scale to
petabytes of data. Important Hadoop ecosystem projects like Apache Hive
and Apache Pig use Apache Tez, as do a growing number of third party data
access applications developed for the broader Hadoop ecosystem.

- hortonworks.com (http://hortonworks.com/apache/tez/)

Apache Tez is designed for Yarn on top of Hadoop 2. Tez is designed for
high performance, functioning at low latency mainly for processing. Tez is
developed with extensibility in mind and allows us to plugin many
technologies for data transfer use cases quite easily. One of the main reasons
for the evolution of this framework is taking away the limitations imposed by
native MapReduce. Since Hadoop is still the core at any big data technology,
Tez can be quite handy in that case as it natively supports HDFS.


http://hortonworks.com/apache/tez/

Summary

In this chapter, as with any other chapter in this part of the book, we started
with introducing the layer where the technology would fall. Then we
introduced the chosen technology in this layer, namely Apache Flink. We
slowly went into the details of Apache Flink. Its architecture was

elaborated and many core aspects of this all-important framework were
covered in brief. We then got our hands dirty with an actual implementation
of Apache Flink technology pertaining to our use case--SCV. We finally
explained when to use and when not to use Flink, and closed the chapter with
alternatives to Apache Flink.

After reading this chapter, you should have a fair idea of the Data Ingestion
layer and the full working and functioning of Apache Flink. Now you also
know about Flink’s architecture along with its core components and working.
You should have also got hands-on working experience with Flink and

a high-level view of the alternatives to Flink.



Data Store Using Apache Hadoop

We acquired data, then we processed data, and now we will have to store this
data. This chapter aims at covering this all important aspect of the Data Lake.

One of the core principles that we will follow in our Data Lake
implementation is to store all the data as is in the lake as against storing only
processed or sanitized data. This is key as data that is not significant today
can become significant at a later stage and, during that time, we can make use
of this stored raw data.

In this chapter, like other chapters in this part of the book, we will start off by
introducing the layer and then go into technology mapping. After that, we
will delve deeply into the chosen technology and then ensure that you are
introduced to all the important aspects of this technology.

As the title of this chapter says, the chosen technology is Apache Hadoop, for
storing non-indexed data in raw format for our Data Lake. We will, as with
the other chapters, start with reasons for choosing this technology in this
layer and then go in-depth on its architecture. We will then go into its various
architecture components and tools then make it our choice. We will then get
your hands dirty with a walk through of the actual code and data store layer
implementation. Finally, we will cover some other options/alternatives that
you can choose instead of Hadoop, and we will also give a final picture of
our SCV use case implementation.

Get ready, let's persist data that we have got in hand.



Context for Data Lake - Data
Storage and lambda Batch layer

In our Data Lake implementation, we have a dedicated layer where the data
permanently resides and this is the Data Storage Layer. The data gathered
from various sources is persisted in various stores capable of handling
different types and forms of data. In this chapter, we are storing non-indexed
raw data in our Data Lake.

We have chosen Apache Hadoop as our technology for this data storage
capability. I am sure there was not much debate when we chose this
technology in this layer, obviously because of the fantastic features this
technology. Also, the level of maturity and support this technology possesses
is quite astonishing over the short span of its existence.

The following sections of this chapter aim at covering Hadoop in detail so
that you get a clear picture of this technology as well as get to know the data
storage layer in detail.



Data Storage and the Lambda
Batch Layer

In Chapter 2, Comprehensive Concepts of a Data Lake, you got a glimpse into
the data storage layer. This layer’s responsibility is to persist gathered data
into a permanent place in our Data Lake. The Lambda Batch Layer’s
responsibility is to create batch views for the data stored in the Data Storage
layer. The following figure will refresh your memory and give you a good
pictorial view of this layer:

Lambda Layer
[> Data Storage Layer

Figure 01: Data Lake - Data Storage and Lambda Batch Layer
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The Data Storage Layer is one of the very important layers, which should
persist different types of raw data coming from different source systems, and
it also should be easy to scale according to need. It's very important for this
layer to have a defined IOPS (see info) as this can be one of the deciding
factors of how much and how frequently the data from the source system can
be taken into the data lake. For unstructured data, Hadoop is one of the de-
facto technologies used for this purpose. There are other mechanisms, such
as NoSQL (see info) and NewSQL (see info).

Input/output operations per second (IOPS, pronounced eye-
ops) is a performance measurement used to characterize



computer storage devices, such as hard disk drives (HDDs),
Solid State Drives (SSDs), and Storage Area Networks (SANs).

A NoSQL (originally referring to non-SQL, non relational, or
not only SQL) database provides a mechanism for the storage
and retrieval of data, which is modeled by means other than the
tabular relations used in relational databases.

NewSQL is a class of modern relational database management
systems that seek to provide the same scalable performance of
NoSQL systems for online transaction processing (OLTP)
read-write workloads while still maintaining the ACID
guarantees of a traditional database system.

- Wikipedia
The storage layer should be able to handle the following:

e Support for a wide variety of analytics tool to be bound on top of it for
various queries

e Different types of data in different modes (batch and real-time)

e Different formats of data, such as structured, unstructured, and semi-
structured data, with ease

e Different scaling requirements

e Various compression methodologies for efficient persistence and
efficiency

e Different data velocities (KB per second, MB per second, and so on)

e Different querying mechanism and language capabilities for extracting
relevant data out of the lake for various analysis, as the case may be



Data Storage and Lambda Batch
Layer - technology mapping

To cover our use case and to build the Data Lake, we use multiple stores.
This chapter aims at covering storage mechanism for non-indexed raw data.
This chapter delve deeply into Hadoop, which is our choice for this
capability.

The following figure brings in the technology aspects of the conceptual
architecture that we will be following throughout this book. We will keep
explaining each technology and its relevance in the overall architecture
before we bring all the technologies together in the final part of this book

(part 3):
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Figure 02: Technology mapping for Data Storage and Lambda Batch Layer

For our use case, SCV, we have already gathered data from various source
system data stores, and we will just be persisting these raw data in Hadoop,
as shown in the preceding figure.

The subsequent sections of this chapter give more details on Hadoop and will



make you conversant with many important components of the Hadoop
architecture.



What is Apache Hadoop?

Before going into Hadoop in detail, let's give you a high-level idea of what
Hadoop is. This is the approach we have followed, and let's stick to that
pattern for consistency.

Apache Hadoop is a framework capable of using a cluster of computers (need
not be a server range but can be normal computers that you use in day-to-day
life) to do distributed computing and also to store large amount of varied
formats of data. Yes, you read it correctly, it can also be used for computing
and this aspect is one of the fundamental aspects of Hadoop. We will be
using Hadoop’s computing aspect, but a more important aspect of Hadoop
that we will use is its capability for distributed data storage.

Due to its sheer capabilities and popularity, Hadoop has embedded itself in
the technology stack of almost all organizations, and we are sure your
organization will already have this, making it easy for the Data Lake
implementation using this as a store.



Why Hadoop?

For me, the question Why Hadoop? is not really a question. In the industry as
of now, for big data Apache Hadoop is indispensable. There are alternatives,
but most of them work in conjunction with Hadoop. Listed here are some of
the prominent reasons why Hadoop is technology of choice for the technical
capability that we are looking for in a Data Lake implementation:

e It can handle high volumes of structured, semi-structured, and
unstructured data with ease.

e It is less costly to implement as it can start off using commodity
hardware and scale according to organization all requirement.

¢ [t has the ever growing Apache community to support it with frequent
releases, releasing bug fixes and enhancements alike. Hadoop, as you
know, has two core layers, namely the compute and data (HDFS) layers.
The compute layer adds new frameworks and libraries, such as Pig and
Hive, on top of the Hadoop ecosystem, making Hadoop all the more
relevant for many use cases.

e The library of Hadoop itself is built with availability in mind and is not
reliant on underlying hardware to do this capability. This is quite useful
for organizations starting to build a Hadoop-based data lake from
commodity hardwares as a start.

e [t's flexible to handle a wide variety of data, and this is because of
Hadoop’s inherent schema-less capability of handling data.

e Recently, with the ever-growing Hadoop ecosystem, Hadoop is
becoming more real-time as against its conventional batch data
operation.

e Hadoop is inherently cloud capable, so hosting a full-fledged Hadoop in
cloud is simple to implement and more cost-effective for organizations
taking baby steps in the direction of big data and Data Lake.

e [t has built-in robust and fault-tolerance.

e It has a very good compute layer, making it ideal for intensive
computations required for deriving meaningful analytic requirements.

e It has a high speed of execution. It can handle complex computational
logic quite easily.



e [t runs on the majority of operating systems, such as Linux, Mac,
Windows, and Solaris.



History of Hadoop

Doug Cutting, after getting inspiration from Google’s MapReduce (published
in 2004, where an application is broken down into multiple blocks/fragments
and then run on multiple nodes belonging to the same cluster), created this
framework and named it Hadoop (in 2006), after his child’s stuffed yellow
elephant toy. According to him, the name was short, unique, and relatively
easy to spell and pronounce. In the same year (2006), Doug joined Yahoo and
in the year 2008, he created a Hadoop cluster comprising of 4,000 nodes in
Yahoo, using which Yahoo breaks the TeraByte sort benchmark (http://sortbenc
hmark.org/). The following figure explains Hadoop's history in a more readable
and pictorial fashion:

2002 2003 2004 2006 2008 2009 2011 2013
Doug Cutting piSiE e nloiele)y Hortonworks
creates Nutch Papey op-lovel established
published Apache project
Google File Hadoop Hadoop first
sub-project commerical
:y::eﬂéﬁ:: e) d created by Doug distribution Release 2.0
Bapenb Cutting released

Figure 03: Apache Hadoop's brief history

Let's decipher the preceding figure in more detail. Doug Cutting (creator of
Hadoop), in the year 2002, created Nutch, which is a crawl and search
system. In the year 2003, Sanjay Ghemawat, Howard Gobioff, and Shun Tak
Leung published the Google File System (GFS) paper. Following that
publication, Sanjay Ghemawat and Jeffrey Dean published another paper
(MapReduce: Simplified Data Processing on Large Cluster) in the year 2004.
Doug rearchitected the Nutch project inspired by MapReduce paper and, in
the year 2006, created the Hadoop sub-project. Owen O’Malley was the first
committer added to the Hadoop project in 2006. Hadoop 0.1.0 was released


http://sortbenchmark.org/

in April 2006. In 2008, Hadoop became a top-level project in Apache
Software Foundation (ASF) and in 2009, Hadoop’s first commercial
distribution was released. In 2011, Hortonworks was established by Rob
Bearden partnering with Yahoo, including key Hadoop team members,
namely Arun Murthy, Devaraj Das, Sanjay Radia, Suresh Srinivas, Alan
Gates, and all-important Owen O’Malley.



Advantages of Hadoop

The Why Hadoop? section covered some of the reasons we chose Hadoop,
which are in turn the core advantages. The following list reiterates those
points with much more in-depth details and coverage in a crisp and easy-to-
read manner:

Scalability: It is capable of handling a huge volume and variety of data.
You can add more nodes to keep handling more data (linearly scalable).
Flexibility: There is no structured schema (schema-less). It is capable of
handling different types of data (big data V, namely Variety).

High performance: It is capable of high performance for these huge
volumes of data.

Low cost: It is capable of running on commodity hardware, making it a
less costly prospect for implementation. It's open source with a vibrant
community, so things keep moving, and it is never stagnant.

Advanced analytics: It is capable of the high computing output needed
for producing advanced analytics.

Large ecosystem: Hadoop ecosystem, especially its computing layer, is
growing at a rapid pace with the introduction of new open source
projects in an ongoing manner.

Data warehouse: It a good alternative to a data warehouse for an
organization with lots of flexibility built in.

Capablility: It is capable of handling or catering to a wide variety of
organizational and important use cases, such as sentiment analysis, click
stream behavioral data analysis, and fraud detection.



Disadvantages of Hadoop

Hadoop’s advantages outweigh its disadvantages; it does suffer from
disadvantages, which are listed here:

Hadoop stores data in chunks and, because of this, reading data will
have to be done by querying the whole file. This can make random data
access problematic with Hadoop as the data store.

If your data is small (in our case, it isn't), usage of Hadoop can be
troublesome or will not reap the benefits envisaged.

Execution of advanced algorithms, which demands more specific
hardware requirements, can be problematic using Hadoop.

Getting niche/skilled people was a problem early on, but this skill is
increasing in the market day by day. However, this is still an issue
rolling out the Hadoop ecosystem in an organization.

Security issues/concerns exist as Hadoop was not thought through with
enterprise-grade security in mind. So, this tends to be when Hadoop is
used to store enterprise-grade customer information (PII - see the
following information box).

Deficiency in tooling is again improving, but this is still a problem as
many aspects have to be still handcoded (skills come into play here as
well).

Hadoop runs on commodity hardware, but to make it enterprise-grade,
the organization invests in costly hardware. So, even though it is less
costly theoretically, it is considered costly for enterprises.

Personally identifiable information (PII), or sensitive personal

laws, is information that can be used on its own or with other
information to identify, contact, or locate a single person, or to
identify an individual in context.

0 information (SPI), as used in information security and privacy

- Wikipedia



Working of Hadoop

Let's now see the internals of Hadoop and its components, it's architecture,
and how it works in this section. We will start off by understanding some of
Hadoop’s core architecture principles, and then we will explain its
architecture and important components in detail.



Hadoop core architecture principles

Hadoop was built and conceived with well-defined architecture goals and
principles, as listed here, (the following are in no way authoritative as we
can't find one; rather we gathered this from https://goo.gl/3nvERI):

Linear scalability (Scale-Out rather than Scale-Up): Add more nodes
for scalability to increase data storage and computing power.

Bring code to data rather than data to code: In big data, data is
usually huge and code working on data is small. So, this principle states
that bring or distribute code to the nodes/machines where it can act on
data and not distribute or move data. In essence, it means minimize data
transfer and distribute code instead.

Deal with failures as they are common: Bring reliability and fault-
tolerance by actually anticipating and dealing with these situations.
Simple computational model: Reliability and fault-tolerance demands
distribution and concurrency; hide these details from the user and give
an abstracted layer to deal with it. This is one of the main reasons for the
high adoption of Hadoop.

Sequential data processing: Avoid random access reads.

Auto managing: Manage many aspects common to distributed
applications/framework automatically, rather than depending on manual
intervention.

Parallel processing: By default, embrace parallel processing in an
automated fashion.

Scale-Out (Horizontal Scaling) refers to adding more
nodes/machines having less memory and processing power.
Considered less costly and cheaper option, it is a more
practical option.

0 Scale-Up (Vertical Scaling) refers to adding more memory and

processing power to the existing node/server. This, in general,
is considered costly as against the scale-out option. It is a less
practical option over a period of time and can cause a


https://goo.gl/3nvERl

maintenance havoc.
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Figure 04: Scale-Up and Scale-Out architectures



Hadoop architecture

Let's get into Hadoop’s architecture. We are covering both the Hadoop 1.x
and Hadoop 2.x versions to give you in context and evolution of this
wonderful framework. In our use case implementation and example, we are
using the Hadoop 2.x version.



Hadoop architecture 1.x

It's important to know that there was Hadoop first generation, many aspects
were bundled and performed by the MapReduce component, such as resource
management, job scheduling, and job processing. To address this aspect,
Hadoop second generation was envisaged and is used widely now. To
understand the Hadoop 2.x architecture, it's good to know the basics of the
Hadoop 1.x architecture and that's what we will do in a very brief fashion in
this section.

The following figure shows the conceptual architecture of the Hadoop 1.x
framework:

Hadoop Ecosystem

MapReduce V1

HDFS V1

Hadoop Core/Common Module

' Hadoop 1.5'

Figure 05: High-level Hadoop 1.x conceptual architecture

Let's delve deeply into each of the components in the preceding figure from
the bottom up:

e Hadoop Core/Common Module: It contains the base Hadoop API used
by all the preceding components. Hadoop is written in Java, so these are
packaged along with Hadoop as a JAR file (see the following
information box). This is a mandatory component required for other



components to work and contains reusable code and utilities.

e HDFS (V1): This is short for Hadoop Distributed File System. It's
important to note that in Hadoop 1.x, V1 of HDFS is being used. It's also
referred to as HDFS V1, and we will be using this name further in this
book. This is the core component responsible for giving Hadoop the
distributed storage functionality. It has a default block size of 64 MB,
which can be flexibly changed according to your use case. HDFS V1 is
divided into two sub-components:

e NameNode
e DataNode

It's important to know that being distributed in nature, it does have the
concept of Master-Slave. In HDFS V1, the NameNode exists in the
master node and is responsible for storing metadata for the successful
working of Hadoop.

The DataNode resides on the slave node and stores the application's
data in blocks defined by size (the default being 64 MB). The
NameNode stores metadata such as how many slave nodes there are
and the number of blocks in each data node.

e MapReduce (V1): This is the distributed data processing system in the
Hadoop framework. Based on Google’s MapReduce algorithm, it is also
known as MRV1 or Classic MapReduce. Similar to HDFS, MapReduce
also has two sub-components, again following the master-slave model,
as follows:

e JobTracker
o TaskTracker

Very much similar to the HDFS component, JobTracker resides in
the Master node and TaskTracker in the Slave node. JobTracker, as
the name suggests, assigns tasks to the TaskTracker and also records
and maintains the status of each of the TaskTrackers. TaskTracker, on
the other hand, executes the assigned tasks and sends the status back
to JobTracker after execution.

e Hadoop Ecosystem: All the various Hadoop external tools and libraries
work on top of these core components: HDFS V1 and MapReduce V1.



A JAR file is a Java archive (JAR) file used by the Java

Runtime Environment (JRE), a framework used for executing
o Java programs. JAR files may serve as program libraries or as

standalone programs that run if the JRE is installed on the
computer or mobile device.

- https://fileinfo.com

The following figure shows a more detailed Hadoop 1.x conceptual
architecture inline with the detailed explanation given earlier:
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Figure 06: Low-level Hadoop 1.x conceptual architecture

The preceding figure is quite self-explanatory. As you would have already
understood, both the master and slave nodes have two core components:
HDFS V1 and MapReduce V1. According to the master and slave node,
various sub-components within these core components become active and
take effect for the full functioning of Hadoop. The slave node’s HDFS sub-
component, TaskTracker, contains two tasks, namely Map Task and Reduce
Task, inline with the MapReduce algorithm.


https://fileinfo.com

Hadoop architecture 2.x

We hope that by now you understand the Hadoop 1.x architecture; let's dive
into the version that we will be using in our book, which is Hadoop 2.7.3
(2.x).

The following figure shows the various components of the Hadoop 2.x
architecture at a high level:
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Figure 07: High-level Hadoop 2.x conceptual architecture

The core aspects of the Hadoop 2.x architecture are very much similar to the
Hadoop 1.x architecture. As shown in the preceding figure, the main
components in the Hadoop architecture are as follows:

e Hadoop Core/Common Module: As detailed earlier, it refers to the
core modules in the form of a JAR file that all the other modules depend
on and make use of to accomplish their core functionality.

e HDFS (V2): HDFS V1 with some enhanced features constitutes HDFS
V2.

e YARN (MR V2): This stands for Yet Another Resource Negotiator



and forms one of the core components, which is a differentiator from its
predecessor.

e MapReduce (V1): The same component used in Hadoop 1.x is taken
along in Hadoop 2.x architecture as well. However, in Hadoop 2.x, it
does the job of data processing and all the rest is offloaded into the
mighty hands of YARN.

e Hadoop Ecosystem: The Hadoop ecosystem works on top of these
explained core components.

Having got an initial high-level explanation for each of the components, it's
time to delve deeply into each of the components and to arrive at the Hadoop
Architecture in detail. From now on, we will only discuss Hadoop 2.x, so we
will not explicitly mention the version; rather it will be termed as Hadoop.

For comparison purposes, the following figure lays both the Hadoop 1.x and
Hadoop 2.x architecture components side by side:
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Figure 08: Hadoop 1.x and 2.x side by side

Let's now detail each of the core components of Hadoop 2.x. At the end, we
will explain the Hadoop 2.x architecture in detail similarly to what we have
for Hadoop 1.x.



Hadoop architecture components

Let's delve into each component of Hadoop in this section.



HDFS

As detailed earlier, Hadoop follows the Master-Slave architecture pattern for
both data storage and computing. For data storage, it uses HDFS as the main
component. Two sub-components, namely NameNode and DataNode, are
present in master and slave nodes respectively. The DataNode stores the
application data and NameNode stores the filesystem metadata. The
communication between NameNode and DataNode is through TCP-based
protocols and is quite reliable and high-performant.

The following figure shows the Master-Slave architecture used in HDFS,
with the NameNode and DataNode components:
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Figure 09: Master-Slave architecture of HDFS showing NameNode and
DataNode

HDFS, in working, is a distributed filesystem similar to the Google File
System (GFS). The application data is split into multiple blocks of a fixed
size (64 MB by default, but can be configured according to requirement) and
then distributed to multiple nodes in the Hadoop cluster, making adequate
data replication according to the replication factor setup in the cluster. This
replication makes Hadoop fault-tolerant and reliable.



The HDFS filesystem allows you to write once, and random writes are
forbidden. Also, HDFS is not good for random data access inherently, but is
highly optimized for streaming reads of files.



YARN

A handy addition to Hadoop (as against Hadoop 1.x) is the resource
negotiator YARN, enabling Hadoop to utilize resources in a dynamic fashion,
allowing applications to do the job rather than figuring out their impact on the
resources. It allows Hadoop to effectively and efficiently use each of the
nodes in a cluster. YARN in Hadoop 2.x is also called MR V2 (MapReduce

V2).

The following figure shows YARN’s architecture and its components in
detail along with how it works:
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Figure 10: YARN (MR V2) architecture showing off its components



These are the important components constituting the YARN architecture:

e ResourceManager (RM): This is the main agent that manages
resources from within the cluster nodes and them allocates accordingly.
It is entrusted with managing cluster resources efficiently and is the
Master node of YARN and the real negotiator. ResourceManager has
two sub-components, namely the following:
e Application Manager
e Scheduler caters to scheduler requirements for applications,
monitors them, and then tracks them
e NodeManager (NM): Each node has one NodeManager and resources
within a node are allocated and handled. It's considered as the Slave
node of YARN. It accepts requests from Resource Manager and reports
back on the health and resources of the nodes.
e ApplicationMaster (AM): ApplicationMaster exists for each
application, and is entrusted with the application life cycle, and it's task
allocation and execution.



MapReduce

One of the important paradelvems on which the Hadoop framework
processes large datasets is using the MapReduce programming model. Again,
MapReduce also uses the master-slave concept, in which the input file is first
broken into smaller ones and then each piece is fed to worker nodes, which
process (map task) the data and then the master collects it (reduce task) and
sends it back. This is depicted in a pictorial fashion in the following figure:
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Figure 11: Working of MapReduce programming model in Hadoop

As shown in the preceding figure, Map sends the queries (code to data) to the
nodes and then reduce collects the results and collates and sends them back.
Y ARN does the parallel processing job here, and MapReduce gives a
framework by which to distribute the code (query) across multiple nodes for
execution/processing. MapReduce is a Java-based programming model
inspired from Google.



Hadoop ecosystem

Hadoop ecosystem has a section by itself as there is so much to cover under
that heading. The next main heading covers on this subject.



Hadoop architecture in detail

We have now detailed each of the components in Hadoop in detail in the
previous section. Now, it's time to discuss the Hadoop 2.x architecture in
detail, looking at each of its components and sub-components.

The next figure delves into each component and sub-component in the
Hadoop 2.x architecture in detail:
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Figure 12: Low-level Hadoop 2.x conceptual architecture

The primary challenge that Hadoop 2.x solved over the Hadoop1 framework
was around removing a single point of failure, which was the NameNode in
Hadoop 1.x.

This has been achieved by the inclusion of the YARN framework as part of
Hadoop 2.x. As seen from the preceding architecture, the ResourceManager
manages the applications and also contains a scheduler for job management.
The resource manager works in coordination with NodeManager (which is
per machine agent). NodeManager is responsible for containers, resource



monitoring, and reporting for the specific machine. This information is used
by ResourceManager to allocate and distribute resources across all the
applications. The Application Master is a per-application process that
negotiates resources with ResourceManager and works with NodeManager
to execute and monitor tasks. The scheduler is responsible for the allocation
of resources to various applications based on their resource requirements. A
scheduler does not perform any role for status tracking or monitoring of the
applications. The ApplicationManager manages job submissions and failure
recovery in coordination with Application Master.

With this architecture in place, the single point of failure is completely
eliminated with critical dependency on NameNode of job management taken
up by the YARN framework in Hadoop 2.x.



Hadoop ecosystem

Apart from the core components, Hadoop contains many tools and libraries
existing on top of the core, collectively called the Hadoop ecosystem.

The following figure just lists a few commonly-used frameworks constituting
the Hadoop ecosystem:
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Figure 13: Hadoop Ecosystem (a few important components shown)

The following section tries to categorize these frameworks on top of Hadoop
according to its core capability and briefly explains them. Getting into the
details of each one is not possible and the section is intended for a skim
knowledge so that you are well aware of Hadoop’s capabilities and choices.

The following section covers various frameworks in the Hadoop ecosystem,



categorizing each into a capability. The various capabilities are these:

Data access/processing components

Data storage components

Monitoring, management, and orchestration components
Data integration components

Apart from the components discussed, there are many components created
and managed by the open source community, but the ones discussed are the
more prominent and widely known ones.



Data access/processing components

Components in Hadoop ecosystem, which allow us to access and process data
stored in HDFS by having a component on top of HDFS, fall into this
category. Let's discuss some of the very well-known components and see
how they works.



Apache Pig

Apache Pig is a platform developed by Yahoo for data access and processing,
which works on top of HDFS dealing with large datasets. Pig has two
components, namely these:

e A high-level data flow language, called Pig Latin, which has a SQL-like
command structure
e Pig runtime, where the Pig Latin language gets executed

A Pig job abstracts the MapReduce complexity, fires the MapReduce job in
the background and executes it in a sequential manner. Apart from
MapReduce, Pig’s Hadoop job can be executed with Apache Tez and
Apache Spark. Pig gives Hadoop Ecosystem a data flow capability
abstracting ETL-like functionality away from the user. It allows us to extract
a large dataset from HDFS, then allows it to do necessary functions (such as
grouping and filtering), and then either persists the results back to HDFS or
dumps the results back, as demanded by your use case. Pig’s data flow
language provides extensibility by allowing its users to write a User Defined
Function (UDF), using which the user can write the required functionality in
a variety of languages, namely Groovy, Python, Java, JavaScript, and Ruby.

The following figure shows the basic working of Apache Pig:
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Figure 14: Working of Apache Pig

One of the more common use-cases that can be performed using Apache Pig
is to search and mask confidential data in a large dataset stored in HDFS.

For more details, refer to the Apache Pig documentation at http://pig.apache.org
/docs/r0.16.0/.


http://pig.apache.org/docs/r0.16.0/

Apache Hive

Apache Hive was created by Facebook, and provides data warehouse
capability on top of Hadoop. Its main capability is data summarization and
ad-hoc query execution on Hadoop.

Hive contains two components, namely these:

e Hive Command Line: An interface used to execute HiveQL
e JDBC (Java DataBase Connectivity)/ODBC (Object DataBase
Connectivity) driver: This is to establish connectivity to the data storage

Query execution is done through uses of Hive Query Language (HQL or
HiveQL), very much similar to SQL. Query results produced are performant
and real time using various indexing capabilities. Apache Hive is capable of
batch and real-time data processing alike.

Similar to Apache Pig, Hive also allows you to write User Defined Function
(UDF), User Defined Aggregate Functions (UDAF), and User Defined
Table Functions (UDTF) to cater to your specific use-case requirements.
Again, similar to Pig, query execution can use MapReduce, Apache Spark,
and Apache Tez, as required by the user.

Apache Hive is not a suitable candidate for OnLine Transaction

Processing (OLTP), rather it is more suited for warehousing capabilities
(OLAP--OnLine Analytical Processing). It is, however, capable of handling
huge datasets of the scale of petabytes quite easily.

The main use case that Hive supports lies in ad-hoc data analysis and
reporting. It does have very good support for well-known BI tools, such as
MicroSTRategy (MSTR), Tableau and BO (Business Objects).

For more details, refer to the Apache Hive documentation at http://hive.apache.
org/.


http://hive.apache.org/

Data storage components

Components in Hadoop ecosystem that allow us to store data and to execute a
query by giving an abstraction fall into this category. Let's discuss some very
well-known components and see how they work.



Apache HBase

Apache HBase is the Data storage component on top of Hadoop using HDFS
as the storage. HBase is non-relational (NoSQL) and distributed in nature and
belongs to column family oriented database. It is good for random reads and
batch operations. HBase is capable of handling large datasets with millions of
rows and columns.

Apache HBase is modeled after Google’s Bigtable and is considered one of
the best implementations of it in the industry and internally, it is a sorted map
in implementation.

HBase has multiple APIs, the main one being the Java API. In addition to
this, it also has the REST (for HTTP access) and Thrift (for other language
programming access) APIs.

HBase is quite useful for handling use cases dealing with real-time data
analysis; also, it is very good for real-time data monitoring. In our examples,
we are using the 1.1.8 version of HBase.

For more details, refer to the Apache HBase documentation at http://hbase.apac
he.org/.


http://hbase.apache.org/

Monitoring, management and
orchestration components

Components in Hadoop ecosystem that allows us to monitor, manage, and
orchestrate many moving parts in Hadoop fall into this category. Let's discuss
some very well-known components and see how they work.



Apache ZooKeeper

Apache ZooKeeper is a popular open source Distributed Coordination
service. It can work as a centralized service capable of doing many operations
such as configuration management and other common coordination services
required for a distributed systems.

ZooKeeper works with a group of servers (an odd number ideally),
commonly known as an ensemble. When the ensemble is started, one of the
servers is elected as leader and the others automatically become followers.
The data residing in each server (so-called state) is broadcasted, because of
which each server has an up-to-date state with it. After leader election, all the
write requests are routed to the leader and all the followers get the data from
the chosen leader server. If due to any reason a leader perishes, a new leader
is elected and continues its operation. A client connects to only one server in
the ensemble. The client establishes a connection with the ZooKeeper service
and all requests are sent through this session connected via the TCP protocol.
The ZooKeeper session orders the incoming requests and follows FIFO
(First In First Out) pattern (Queue). The following figure shows the basic
working of ZooKeeper:
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Figure 15: Working of Apache ZooKeeper

Many well-known projects use ZooKeeper for the distributed coordination
service capability. Some of them are as follows:

Apache YARN
Apache HBase
Apache Kafka

Neo4j

For more details, refer to the Apache ZooKeeper documentation at https://zoo
keeper.apache.org/.


https://zookeeper.apache.org/

Apache Oozie

Apache Oozie is an open source Java-based web application used for pipeline
creation, and it is well integrated with the Hadoop stack.

Oozie can be used to schedule and run Oozie jobs in a Hadoop cluster. It can
combine small jobs into more complex ones and can do this according to the
pipeline configured to achieve the required use case. Oozie triggers the
configured workflow and leverages the Hadoop engine to execute the
individual jobs in the workflow.

Job completion of Oozie tasks is detected by two mechanisms, namely,
callback and polling. When a job is configured, a callback URL can be
configured, which is invoked when the job is completed.

This figure shows the basic working of Oozie:
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Figure 16: Basic working of Oozie

The Oozie client invokes the server that stores the workflow definitions and
job execution details in a database along with the execution details of a
triggered Oozie task. The database also holds the status and URL callbacks
for all the jobs in the workflow. The Oozie server then uses the Hadoop



engine for actual execution of the jobs and receives callback triggers when
the jobs are completed and when the whole workflow is completed.

For more details, refer to Apache Oozie documentation at http://oozie.apache.org
/.


http://oozie.apache.org/

Apache Ambari

Apache Ambari is a software project of the Apache Software Foundation.
Ambari enables system administrators to provision, manage, and monitor a
Hadoop cluster, and also to integrate Hadoop with the existing enterprise
infrastructure. Ambari was a sub-project of Hadoop, but it is now a top-level
project in its own right.

- Wikipedia

The following figure shows the basic working of Apache Ambari:

Ambari Web

Ambari Server

[

[ Agent ‘ Agent ’
00O

Host Server Host Server Host Server

Figure 17: Apache Ambari architecture

It operates on the client-server model in which the Ambari server exposes
various RESTful endpoints that are consumed and used for various pages in
the Ambari web application. Users interact with Ambari using this Web UI.
Each node in the Hadoop cluster is installed with Ambari Agent, which sends
and stores data in the Ambari server. Monitoring in Ambari leverages two
open source technologies, namely Ganglia and Nagios.

For more details, refer to Apache Ambari documentation at https://ambari.apach


https://ambari.apache.org/

e.org/.



Data integration components

Components in Hadoop ecosystem that allow us to integrate Hadoop
with other data stores in other technologies (legacy) fall into this category.
Let's discuss some very well-known components and see how they work.



Apache Sqoop

We have already covered Apache Sqoop in detail in Chapter 5, Data
Acquisition of Batch Data with Apache Sqoop, so we don't want to repeat
ourselves here in any manner.

For more details, you can also refer to Apache Sqoop documentation at http://s
qoop.apache.org/.


http://sqoop.apache.org/

Apache Flume

Again, Apache Flume has already been covered quite extensively in Chapter 6,
Data Acquisition of Stream Data with Apache Flume. Again, we really don't
want any sort of repetition.

For more details, refer to the Apache Flume documentation at http://flume.apach
e.org/.


http://flume.apache.org/

Hadoop distributions

One of the first technologies in the open source world to deal with big data
for use cases apart from the mining and searching was Hadoop. Hadoop put
big data into the hands of enterprises to deal with the so called data existing
within the organization.

Being open source, there is a huge community base and backing from big
enterprises. The same is the case with Apache Hadoop and earlier, Hadoop
distribution was released by Cloudera in 2008. Every distributor adds on
many features and also enriches or enhances existing features, making it
more attractive for people to adopt and use.

Cloudera is still the most widely used distribution of Hadoop. MapR soon
followed by releasing its Hadoop distribution in 2009 and in 2011,
Hortonworks released its own distribution. These three players control by far
the largest part of the market share at this time.

These distributions not only enhance the existing features; they also try to
and integrate many open source products to produce a whole bundle ideal for
any enterprise to purchase and use along with enterprise-grade support. Also,
these distributions hide the complexities of various versions and upgrade the
process, making it easy for implementation.

Some of the features for enterprises from these distributions are as listed:

Easy upgrade of versions

Ensuring that each of the distinct projects works well in tandem
Various operating system-compliant distributions

Enterprise-grade support contract

Good abstraction avoiding complexities in the form of additional scripts
for execution and various Hadoop commands

On-time critical bug fix and application

e Rich enhancements often needed by enterprises

e Deployment and other infrastructure consultancy and support



As discussed earlier, here are some of the main Hadoop distributions and
their details:

¢ Cloudera Distribution for Hadoop (CDH)
e Leader in industry
e Popular Hadoop distribution
e The first to enrich and enhance Hadoop features in the industry
e Offers support for enterprises under Cloudera Enterprise
subscription service
e Two options, free and premium (based on cluster size), available
Hortonworks Data Platform (HDP)
e Completely open source
e Amazon and IBM offer this distribution as a service
e [ooks for standardization and, because of this, will be the most
supported distribution over a period of time
MapR Distribution
Similar to Cloudera and Hortonworks
e Integrates its own database system--MapR DB
e High speed and quite powerful
e Own filesystem as against HDFS, supported
e Two versions, free and premium, available
Altiscale
e Hadoop-as-a-Service
e Acquired by SAP
Amazon Elastic MapReduce
e Hadoop on cloud (on-demand Hadoop)
e Amazon’s slightly different varient of Apache Hadoop as well as
MapR distribution available

In this section, you would have clearly understood the various Hadoop
distribution options available in the market. According to your organization
and its requirements, choose wisely or you can very well choose the
community maintained Hadoop.



HDFS and formats

Hadoop stores data in blocks of 64/128/256 MB. Hadoop also detects many
of the common file formats and deals accordingly when stored. It supports
compression, but the compression methodology can support splitting and
random seeks, but in a non-splittable format. Hadoop has a number of default
codecs for compression. They are as follows:

e File-based: It is similar to how you compress various files on your
desktop. Some formats support splitting while some don't, but most of
these be persisted in Hadoop. This codec compresses the whole file as
is, that too, any file format coming its way.

e Block-based: As we know, data in Hadoop is stored in blocks, and this
codec compresses each block.

However, compression increases CPU utilization and also degrades
performance. Hadoop supports a variety of traditional file formats to be
stored. However, Hadoop does very specific filesystem for data, as shown:

o Text storage (CSV--Comma Separated Values, TSV--Tab Separated
Values, JSON--JavaScript Object Notation, and so on): Text files
where data is stored in a line with some delimiter at the end to demarcate
each record. You can also use well-defined JSON as a record and store it
in Hadoop. When using this, it's common to use compression as these
formats inherently support this.

e Avro: It's a file format with some built-in serialization and
deserialization capability. It allows storing simple and complex objects
and abstracts many of the complexities away from you and also has
many tools at your disposal to be used for easy management of this data.
It also supports block-level compression and is one of the favorite
Hadoop file formats.

e Sequence File: It is designed by MapReduce, so the support by Hadoop
is quite extensive. Each record is an encoded key and value that supports
block-level compression.

e Columnar File format: As the name suggests, it partitions data in



horizontal (row) and vertical (column) fashion in the Hadoop system for
easy access of subsets of data (data stored for all records in a column,
for example). If you plan to query data and want to do slide and dice,
this format can be quite handy as against row-only kind of data:
e Parquet: It is most widely used in columnar file format
e RCFile (Record Columnar File): It is the first columnar file format
in Hadoop created by Doug Cutting (founder of Hadoop), and has
good compression and performance.
e ORC File (Optimized RC File): This is a compressed and
optimized RCFile; it compresses and performs better than RCFile

Choose the right format suiting your use case and its requirements. Ensure
that when selection is made, some important aspects, such as how you want
to read the data and how fast you want it (performance), are to be considered.



Hadoop for near real-time
applications

Hadoop has been popular for its capability for fast and performant batch
processing of large amounts of varied data with considerable variance and
high velocity. However, there was always an inherent need for handling data
for near real-time applications as well.

While Flume did provide some level of stream based processing in the
Hadoop ecosystem, it required considerable amount of implementation for
custom processing. Most of the source and sink implementations of flume are
performing data ETL roles. For any flume processing requirement, it required
implementation of custom sinks.

A more mature implementation for near real-time processing of data came
with Spark Streaming, which works with HDFS, based on micro-batches as
discussed earlier, and provided greater capabilities compared to flume, as
pipeline-based processing in near real time.

However, even if the data was processed in near real time and stored in the
Hadoop File System, there was an even greater challenge of how to access
data randomly from HDFS, it being primarily a sequential filesystem.

In order to solve the problem of random access of data, HBase was
implemented based on Google’s Bigtable architecture. Though it

allows random access of data, it is key value oriented. The data can be
directly looked up only if the key of the data is available. For any partial
match scenarios, this is not appropriate as it can potentially cause file scans
within HDFS.



Hadoop deployment modes

Hadoop supports three deployment modes, which are briefly (don't want to
deviate too far from the crux of this chapter) detailed here:

e Standalone (Local) Mode

Default mode

Single Java (JVM) process

Non-distributed or non-clustered architecture

The easiest setup of the three

Mostly used for learning and running examples and for
development

Very useful for debugging purposes

e Pseudo Distributed Mode (single node cluster)

Single-node installation

Each daemon runs in its own Java (JVM) process

Can be used for simulating multi-node installation/support issues in
a single node itself (mini cluster setup on single node)

Much easier to setup than fully distributed Hadoop installation
Similar to the first mode, it is non-distributed installation

e Fully Distributed Mode (multi-node cluster)

Fully distributed clustered architecture

Mostly used for production deployment

Can be set using a few to thousands of nodes, as the requirement
demands

On each node, Hadoop installation and then clustering
configuration has to be done

Uses YARN and its capabilities bring in true distribution and
clustering capabilities internally

Highly configurable and supports high availability and security
Good support for monitoring and manageability (does offer various
web UI for visual depiction of Hadoop components)

Choose the deployment you want to go with wisely. The code done remains
the same for any of these deployment modes and can be changed from one to



another, as required at any point.



Hadoop working examples

This section covers the full working example using Apache Hadoop as the
data storage in conjunction with our SCV use case.



Installation

We have already covered the pseudo-distributed deployment of Hadoop in
the earlier chapters. We will continue with the same setup for understanding
the examples in this chapter.



Data preparation

For Hadoop examples, we will expand the data generation utility of customer
profile even further. For batch processes it is generally expected that the
volume of data is quite substantial.

Hence we will try and generate about 2 million customer records and their
related information for batch processing.

We shall use the same data generation utility as before for populating the data
in the database, the only difference being that we will be generating 2 million
customer records in the DB. Generating these many rows in relational
database may take some time depending on the machine configuration.

If you would like to cleanup the PostgreSQL database before running the data
generation utilities, please run the following queries, in the order specified.

DELETE from address;
DELETE from customer;

Execute the following command from the directory containing data
generation libraries as covered in Chapter 8, Data Processing using Apache
Flink.

java -jar client-generator-1.0-SNAPSHOT.jar config/db.properties 2000000

Now that we have created 2 million records in our database, let us generate 2
million records for customer contact information as well, the only difference
being that, we will be creating this information as a text file, with comma
delimited data. Execute the following command from the directory containing
data generation libraries as covered in Chapter 8, Data Processing using
Apache Flink:

| java -jar web-generator-1.0-SNAPSHOT.jar contacts.log 2000000 contact

A rough schema of the text file generated executing the previous command is
as:



cust_id:int [ cell_number:string | work_phone:string | email_address:string

In these examples we would also want to visualize data as Hive tables, hence
we would also need to install and configure Hive service. As part of Hadoop
ecosystem we have covered Apache Hive in high-level which can be referred.



Hive installation

1. Download the latest stable release of Hive from the following location,
using the command:

| wget http://www-us.apache.org/dist/hive/hive-2.1.1/apache-hive-2.1.1-k

2. Change to a user directory and extract the contents of the tar using
the following command:

| tar -xzvf ${DOWNLOAD_DIR}/apache-hive-2.1.1-bin.tar.gz

3. Configure and export the environment variable s{H1ve_roMe} pointing to
the extracted directory and append its binaries to the path. Append the
same to ~/.bashrc file

export HIVE_HOME=<Hive directory>
export PATH=$PATH:$HIVE_HOME/bin

4. Install latest sasL (simple Authentication and Security Layer) packages for
your operating system as Hive has dependency on this. For CentOS,
these can be installed with following command:

| sudo yum install *sasl*

5. Hive provides services which needs a metadata store for managing
metadata information. Let us configure postgresqL server as the metadata
server using the following commands using psq1 (interactive terminal for
working with postgresqL) client in shell/Command Prompt.:

e Create postgresql user as hiveuser and the database as metastore with
the following commands:

sudo -u postgres psql

The previous command initializes and starts the psql client
(the shell would show postgres=#) for running queries. Now
let us create the user and database for Hive metastore with

following queries:



postgres=# CREATE USER hiveuser WITH PASSWORD 'mypassword';
postgres=# CREATE DATABASE metastore;

e Configure permissions on the metastore for hiveuser with the
following commands:

postgres=# \c metastore

metastore=# \pset tuples_only on

metastore=# \o /tmp/grant-privs

metastore=# SELECT 'GRANT SELECT, INSERT, UPDATE,DELETE ON "'
metastore-# FROM pg_tables

metastore-# WHERE tableowner = CURRENT_USER and schemaname =
metastore=# \o

metastore=# \pset tuples_only off

metastore=# \i /tmp/grant-privs

e Copy the ${HIVE_HOME}/conf/hive-default.xml.template tO
${HIVE_HOME}/conf/hive-site.xml file with following command:

cp ${HIVE_HOME}/conf/hive-default.xml.template ${HIVE_HOME}/co

e Configure the following properties in ${HIVE_HOME}/conf/hive-

site.xml:
HIVE Property Suggested Value
hive.exec.scratchdir /tmp/hive

/tmp/hive/centos

hive.exec.local. hd :
ive.exec.local.scratchdir Here, centos is the user account under

the hive queries will be executed

hive.downloaded.resources.dir /tmp/hive/${hive.session.id}_resources

hivepass
javax.jdo.option.ConnectionPassword

The password created in PSQL client.

jdbc:postgresql://<POSTGRESQL_SERVER_IP

javax.jdo.option.ConnectionURL



metastore

javax.jdo.option.ConnectionDriverName

org.postgresql.Driver

javax.jdo.option.ConnectionUserName

hiveuser

hive.server2.enable.doAs

false

e Copy the postgresqL driver JAR in Hive lib directory, i.e. in
${HIVE_HOME}/1ib, in the same way as was done for Sqoop setup. The
PostgresqL driver can be downloaded from the following location
with the command. As part of Sqoop setup this should be already
existing in the download folder.

| wget https://jdbc.postgresql.org/download/postgresql-9.4.1212.

6. Configure the ${HADOOP_HOME}/etc/hadoop/core-site.xml with the fOHOWiIlg
entries. Change hadoop.proxyuser.centos to your user account, instead
of centos, in the following sample configurations:

<property>

<value>*</value>
</property>
<property>

<value>*</value>
</property>

<name>hadoop.proxyuser.centos.hosts</name>

<name>hadoop.proxyuser.centos.groups</name>

7. Restart the DFS service using the following commands:

stop-dfs.sh
start-dfs.sh

8. Configure ${HUE_HOME}/desktop/conf/hue.ini to make Hue work with the
Hive service with following properties. Search for this property in
hue.ini and change the CentOS to your user account name:

| hive_conf_dir=/home/centos/apache-hive-2.1.1-bin/conf

9. Restart the hue service by gracefully stopping (find the supervisor
process and then Kkill it) and starting it with following command:

| ${HUE_HOME}/build/env/bin/supervisor -d



10. Use the schematool to generate schema with the following command:

${HIVE_HOME}/bin/schematool -dbType postgres -initSchema --verbose

Go to pgAdmin and you should see a new database namely
metastore containing the various tables generated by the schematool

11. Verify the install by following steps:
1. Check for hive shell by running the given command:

| ${HIVE_HOME}/bin/hive

If things go well you should see the hive shell. You can run
various Hive queries using this shell if needed.

2. Launch the hiveserver2 service with the following command.
Hiveserver?2 is the remoting process which enables Hue integration
with Hive and enable Hue to run queries in Hue UlL.:

| ${HIVE_HOME}/bin/hive --service hiveserver2 -hiveconf hive.roo

3. After successful start of hiveserver2, open Hue and navigate to
Query Editor|HIVE, which should open without any errors being
reported.

Now that we have all the required components installed and working, we will
look at a few examples. The initial example would cover loading aspect of
the data and as we proceed through these examples we will also see the
processing aspects of Hadoop layer.



Example - Bulk Data Load

Now, let us look at how we can load data in bulk into the Hadoop layer and
see the support provided by Hadoop ecosystem in achieving this.



File Data Load

1. Files from a linux machine can be easily copied into HDFS cluster by
using fs put command. This command is part of Hadoop client which
can be installed on any Linux machine. In our case, Hadoop client is
available as part of Hadoop pseudo-distributed setup.

A general syntax of this command is as given:

hdfs dfs -put /local/path/test.file
hdfs://namenode :9000/user/stage

2. For this example, let us create a raw area of data in HDFS (a folder in
HDFS). This area would contain the data in its most natural form as
acquired from the source using the command:

| hdfs dfs -mkdir -p /<any-path>/raw/txt

Once the previous command is executed, it will create the folder
structure (<any-path>/raw/txt) in HDFS which can be viewed using the
NameNode UL

3. Now change the directory into where the generated file of contacts exists
and run the following command:

| hdfs dfs -put contacts.log hdfs://<hadoop-namenode-ip-address>:9000/<

4. The content of this file can now be viewed in Hue as shown in the
following screenshot:



due A QueryEditors v Notebooks  Data Browsers v Workflows v Search  Security v

B File Browser

ACTIONS
# Home / centos / raw / txt / contact.log Page 1 to 50 of318441 K« B M
{1l View as binary
< Download 101, 1-10-510-3221,817,719,4041 x45308, werner., thompsonehotmail. con
102,162-730-8127,(416) 018-7718 x695,noble,bailey@hotmail,com
Bj View file location 103,448.173.6086,737.510.3787 x308,ernestine.bayeryahoo. com
104,877.814.5979,(722) 158-0568 x21484,santina, wilkinson@yahoo,com
£ Refresh 105,1-321-717-3508, (61) 912-8165 x8388, evie. connBhotmail. con
106,164.473.0817,119-198-6921 x4421,mabel .abshire@gmail.com
INFO 107,922-824-2486, 1-877-052-6950, reymundo. rodriguez@yahoo. com

108,941,916.1713,(946) 659-4047 x171,eryn,hand€hotmail.com
109,1-997-195-8625, (794) 504-2262,arvid.millsehotmail.com

Last modified 110,268.506.1540, (426) 986-9882,alene. hintzeyahoo. con
March 19, 2017 2:53 111,238-798-9160, 1-872-569-5331 x7782, carrol L. streichéhotmail , con
p.m. 112,246-921-9649,905-543-7674 x009, eda. schanbergerégmail. com
User 113,1-505-656-0169,1-600-764-3561, name . kleinghotmai 1 con
centos 114,(998) 924-3055,(277) 577-9333,cade. coleBhotmail.com
Group 115,(974) 801-6906, (584) 711-8818, amara. danoreBhotmail, con
supergroup 116, (178) 865-4978,(300) 787-3176 x12997,hassan. stehrégnatil, con
Size 117,650. 3448117, 1-514-407-2521. x18942,1gnacio. shieldségnail.con
1268 118,1-140-469-6819, 824-807-0932 x84196, erwin, gusikowskiByahoo. con
Mode 119,447.,696.,9961,592-546-4418 x74415, chandler. huelsBgnail, con
100644 120,089.469.4346, 1-088-299-8265 x14668, anne. kutchéyahoo. con

121,1-527-707-0149,653.901,4973 x806,myriam.lakinégmail.com
122,(159) 249-4986,1-131-120-8798,geovanny.abbottByahoo. com
173 G20 7277 4752 287 708 2471 mavia LoalinnBhntmail cnm

Figure 18: Text file loaded in HDFS via dfs put



RDBMS Data L.oad

As discussed earlier in Chapter 5, Data Acquisition of Batch Data using
Apache Sqoop the bulk load from RDBMS can be done by using Sqoop. The
same command that we discussed in Sqoop chapter can be used to achieve
this.



Example - MapReduce processing

Now let us load this data using a MapReduce process from the same file,
contacts.log. A very simple MapReduce program can be used for doing this,
which is shown in the following code snippet. The source code for all the
code in this chapter can be found in chaptereo folder on GitHub repository
which we have cloned earlier. The following code block can be found in
chaptere9/contacts-loader-mr prcﬂect:

import org.apache.hadoop.conf.Configuration;

import org.apache.hadoop.fs.Path;

import org.apache.hadoop.io.LongWritable;

import org.apache.hadoop.io.Text;

import org.apache.hadoop.mapreduce.Job;

import org.apache.hadoop.mapreduce.Mapper;

import org.apache.hadoop.mapreduce.lib.input.FileInputFormat;
import org.apache.hadoop.mapreduce.lib.output.FileOutputFormat;
import java.io.IOException;

import java.util.Random;

public class ContactsLoader {
public static void main(String[] args) throws Exception {
//Define Job Configurations
Configuration conf = new Configuration();
Job job = Job.getInstance(conf, "Contacts Loader - Simple Mapper");
job.setJarByClass(ContactsLoader.class);
job.setMapperClass(LoadMapper.class);
//Included support for file:// and hdfs:// file schemes
conf.set("fs.hdfs.impl",
org.apache.hadoop.hdfs.DistributedFileSystem.class.getName()
);
conf.set("fs.file.impl",
org.apache.hadoop.fs.LocalFileSystem.class.getName()
)
//Set Input and Output Paths
FileInputFormat.addInputPath(job, new Path(args[0]));
FileOutputFormat.setOutputPath(job, new Path(args[1]));

System.exit(job.waitForCompletion(true) ? 0 : 1);
}
private static class LoadMapper extends Mapper<Object, Text,
LongWritable, Text> {
@Override
protected void setup(Context context) throws IOException,
InterruptedException {
super.setup(context);
}
@Ooverride
protected void map(Object key, Text value, Context context) throws




IOException, InterruptedException {
String line = value.toString();
try {
context.write(new LongWritable(Long.parseLong(line.substring(0,
line.index0f(",")))), value);
} catch (Exception e) {
e.printStackTrace();
}

}
}

Code 01: Simple Mapper Code for loading contacts from external file

In order to compile this code, go to the folder chaptereg/contacts-1oader-mr and
run the following command:

| mvn install

Once compiled, it creates a self executable JAR with all the dependencies
included such that MapReduce job can be launched. This is achieved by
using the following maven powm file configuration, including shaded plugin
(used to create self-executable JAR). In this pom file, we have included few
Hadoop dependencies and shaded plugin configuration (in build section) with
ManifestResourceTransformer for main class declaration and
serviceResourceTransformer t0 omit unwanted files from dependent JARs.

<?xml version="1.0" encoding="UTF-8"?>

<project xmlns="http://maven.apache.org/POM/4.0.0"
xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xsi:schemaLocation="http://maven.apache.org/POM/4.0.0 http://maven.s

<modelVersion>4.0.0</modelVersion>

<parent>
<groupId>com.laketravels</groupId>
<artifactId>chapter09</artifactId>
<version>1.0-SNAPSHOT</version>
</parent>

<groupId>com.laketravels.batch</groupId>
<artifactId>contacts-loader-mr</artifactId>
<packaging>jar</packaging>

<dependencies>

<dependency>
<groupId>org.apache.hadoop</groupId>
<artifactId>hadoop-client</artifactId>
<version>2.7.3</version>

</dependency>




<dependency>

<groupId>org.apache.hadoop</groupId>

<artifactId>hadoop-hdfs</artifactId>

<version>2.7.3</version>

</dependency>

</dependencies>

<build>

<plugins>

<plugin>

<groupId>org.apache.maven.plugins</groupId>

<artifactId>maven-shade-plugin</artifactId>

<version>3.0.0</version>

<executions>

<execution>

<phase>package</phase>

<goals>

<goal>shade</goal>

</goals>

<configuration>

<transformers>

<transformer
implementation="org.apache.maven.plugins.shac

<mainClass>com.laketravels.ch@9.batch.mr.loader.ContactsLoader</mainClass>

</transformer>

<transformer implementation="org.apache.maven.plugins.shade.resource.Services

</transformers>

</configuration>

</execution>

</executions>

</plugin>

</plugins>

</build>

</project>

Code 02: POM Configuration for MapReduce

Navigate to contacts-loader-mr project where the JAR is generated and run it
by using the following command:

|java -jar target/contacts-loader-mr-1.0-SNAPSHOT.jar file:///<any-path>/conta

For visualizing and querying capabilities, we can also create Hive tables on
the underlying data. Hive has a concept of EXTERNAL table which helps
linking files to the Hive tables. This is extremely helpful in a Data Lake
implementation as we can keep writing files and the the Hive tables keeps
reflecting the newly added/updated data. We will see examples of Hive
support for Avro data and Parquet storage using in-built Serializer-
Deserializer(SerDe) provided by Hive in later examples in this book.



Text Data as Hive Tables

In this section we will visualize the output from bulk data upload and
MapReduce examples explained in previous sections in Hive tables. In order

to achieve this, let us follow given steps:

1. Open Hue and navigate to Query Editor | HIVE.
2. In the Query box, lets run a DDL command to create a Hive table over

the contacts file uploaded earlier:

Text File Visualization with Hive Table

MapReduce Output with

CREATE EXTERNAL TABLE IF NOT EXISTS
ContactsText(

id STRING,

cell STRING,

phone STRING,

email STRING)
ROW FORMAT DELIMITED
FIELDS TERMINATED BY ',
STORED AS TEXTFILE

location '<hdfs-path-to-txt-file>"';

CREATE EXTERNAL TABLE IF NOT
ContactsMR(

id STRING,

cell STRING,

phone STRING,

email STRING)
ROW FORMAT DELIMITED
FIELDS TERMINATED BY ','
STORED AS TEXTFILE

location '<hdfs-path-to-m




3. Once Hive returns with a success message, run a select query to verify
the data as shown the following command:

@)U A QueryEditorsv  Notebooks DataBrowsers v  Workflows v Search  Security v B B &v 0 &
o Hive 9 Addaname.. Addadescription.. 8 0w @
< Edefault
v ?
Tables Q8 1 & ?
1 SELECT * FROM ContactsMR
i contactsmr

i contactstext

Query History ¢ Saved Queries Query Builder ~ Results
id cell phone contactsmr.email

1101101 1-796-079-4366 1-596-679-6710 x481 elna.nienow(@yahoo.com
2102102 (498) 365-7610 (108) 025-0182 x578 kareem.howe@gmail.com
3 103103 1-259-501-0110 751.237.0503 kennedi.bernhard@gmail.com
4 104104 (263) 081-4280 656.289.6323 x233 opal.skiles@hotmail.com
5 105105 1-523-070-4218 1-849-033-9057 x8803 heather.ullrich@yahoo.com
6 106106 378-179-8457 627.833.6490 grayce.ratke@yahoo.com
7 107107 442.803.0709 612-850-8345 x0536 valentina kuhn@hotmail.com
8 108108 1-642-757-0267 1-594-586-4119 marcia.abshire@gmail.com
9 109109 854.339.3937 445.516.2203 x969 hailey.towne@hotmail.com
10 110110 1-263-225-7407 506-567-1413 x94595 mertie.howe@gmail.com
n 1mm 725.544.6500 326-842-7628 lora.johns@hotmail.com

Figure 19: Hive External Table view of text file

As observed from the previous result set, the data has been correctly
represented in the Hive table. The following figure shows the
uploaded content from MapReduce process from contactsMR table
as visible in Hive UTI:



U A  QueryEditorsv  Notebooks DataBrowsersv  Workflows v Search  Security v B @ &v 0 @

w Hive 9 Addaname.. Adda description.. 0w o

£ Sdefault

Tables Qe
1 SELECT * FROM ContactsText

f contactstext
id (string)
cell (string)
phone (string)
email (string)

Query History Q f* Saved Queries Query Builder = Results Q .
contactstext.id cell phone contactstext.email

1 10 1-796-079-4366 1-596-679-6710 x481 elna.nienow(@yahoo.com
2102 (498) 3657610 (108) 0250182 x578 kareem.howe@gmail.com
3 103 1-259-501-0110 751.237.0503 kennedi.bernhard@gmail.com
4 104 (263) 081-4280 656.289.6323 x233 opal.skiles@hotmail.com
5 105 1-523-070-4218 1-849-033-9057 x8803 heather.ullrich@yahoo.com
6 106 378-179-8457 627.833.6490 grayce.ratke@yahoo.com
7 107 442.803.0709 612-850-8345 x0536 valentina kuhn@hotmail.com
8 108 1-642-757-0267 1-594-586-4119 marcia.abshire@gmail.com
9 109 854.339.3937 445.516.2203 x969 hailey.towne@hotmail.com
10 110 1-263-225-7407 506-567-1413 x94595 mertie.howe@gmail.com

Figure 20: Text file loaded in HDFS via MapReduce

As we see here, the id column of contacts does not look right, since the
Hadoop file is a sequential file written with tuples of keys and values. The
ID is seen twice because it is for the tuple (example record is: 101 101, 1-796-
079-4366, 1-596-679-6710 x481, elna.nienow@yahoo.com) containing the complete
contact record as value which contains the id as well.



Avro Data as HIVE Table

In order to create Avro data from the contacts text file, we will make use of
INTERNAL Hive table. They come with in-built mechanisms to convert text
data to Avro data. However, having an EXTERNAL table for Avro data
would be more practical as discussed before from integration perspective
with Sqoop, Flume and Flink.

In order to see this in action we will need to execute the following steps:

1. Avro schema for contacts namely contact.ascv (schema file) could be
represented as shown the following command:

{
"namespace": "example.avro",
"type": "record",
"name": "Contact",
"fields": [
{llnamell: llidll, thpell: llstringll},
{"name": "cell", "type": "string"},
{"name": "phone", "type": "string"},
{"name": "email", "type": "string"}
]
}

All Avro objects are dependent on schema definition and at the
storage layer these Avro objects are serialized into Avro data files.
The Avro serializers need to have reference to this schema to perform
serialization. Avro serializations should be incremental in nature so
that external tables can be created over Avro data files. When a Sqoop
job is run to load the data as Avro data files, a default schema is
generated by Ssqoop to serialize data into Avro data files.

As seen previously, Avro schema definition is similar to JSON
schema draft specification. But, there are differences in data type
support and the structure of the Avro schema declaration.

2. In the Hive editor run the following command to create another Hive
table, but this time with Avro data format with inline schema definition



");

"name" :
"fields":
{"name":
{"name":
{"name":
{"name":

}

[

llidll ,
"cell", "type": "string"},
"phone", "type": "string"},
"email", "type": "string"}

CREATE TABLE contactsAvro

ROW FORMAT SERDE 'org.apache.hadoop.hive.serde2.avro.AvroSerDe'

STORED AS INPUTFORMAT 'org.apache.hadoop.hive.ql.io.avro.AvroContainer

OUTPUTFORMAT 'org.apache.hadoop.hive.ql.io.avro.AvroContainerOutputFor

TBLPROPERTIES (
'avro.schema.literal'='{"namespace":
"type": "record",

"Contact",

"example.avro",

"type": "string"},

3. Now let us load the data into this Hive table using 1inNseErT ovERWRITE query
in the Hive Query Builder. This may take some time as internally it

triggers MapReduce jobs for this data load:

| INSERT OVERWRITE TABLE contactsAvro SELECT id, cell, phone, email FRON

Querying from the newly created table (contactsAvro) gives us the same

output as we saw before, but if we look into the Hive warehouse we see
Avro data files created from the data load operation as shown the
following command:

1 select * from contacts6;

contactsé.id

101
102
103
104
105
106
107

108

olow|lvy|lo|la|ls|w|mw| =

109

contacts6.cell
1-100-510-3221
162-730-8127
448.173.6086
877.814.5979
1-321-717-3508
164.473.0817
922-824-2486
941.916.1713

1-997-195-8625

Results

contacts6.phone
817.719.4041 x45908
(416) 018-7718 x695
737.510.3787 x308
(722) 158-0568 x21484
(619) 912-8165 x8388
119-198-6921 x4421
1-877-052-6950

(946) 659-4047 x171
(794) 504-2262

contacts6.email
werner.thompson@hotmail.com
noble.bailey@hotmail.com
ernestine.bayer@yahoo.com
santina.wilkinson@yahoo.com
evie.conn@hotmail.com
mabel.abshire@gmail.com
reymundo.rodriguez@yahoo.com
eryn.hand@hotmail.com

arvid.mills@hotmail.com

Figure 21: Avro Data Backed HIVE Table - Data Loaded with INSERT



OVERWRITE

The following figure shows Avro data files shown in the Hive warehouse
folder:

U A  QueryEditors v Notebooks DataBrowsers v  Workflows v Search  Security v B 2 &y 0 B @

B File Browser

Juser/hive 0 ¥ Actions v XMovetotrash v ®Upload v ©New v
# Home / user/ hive / warehouse / contactsavro vHistory @ Trash
Name A Size User Group Permissions Date
! tjohn supergroup drwxr-xr-x May 19,2017 02:09 AM
] tjohn supergroup drwxr-xr-x May 19,2017 02:11 AM
B hive-staging_hive_2017-05-19_13-11-48_929_5382627024290437836-1 tjohn supergroup drwxr-xr-x May 19,2017 02:11 AM
[ 000000.0 122.5M8B tjohn supergroup “TWXT-XT-X May 19,2017 02:11 AM

Figure 22: Generated Avro Data Files

The following screenshot shows the content of one of the Avro data files :



dUE A& QueryEditors v

B File Browser

ACTIONS
1l View as binary
& Download

B3 View file location

Notebooks  DataBrowsers v Workflows v Search  Security v

# Home / user / hive / warehouse / contactsavro / 000000_0 Page 1 fo 50 of3138 KW H B W

Warning: some binary data has been masked out with ‘&#xfffd'

Objavro. schemal{"type":"record", "name" :"Contact", "namespace” : "example.avro", "fields": [{"name": "id", "type":"string"},{"name":

cell”, "type":"str

Z Refresh ing"},{"name": "phone”, “type": "string"},{"name": "email”, "type": "string"}]}AqbbBEnBO0e ; 66661011-796-079-436641-596-679-6710 x481*1na.nienonbya
hoo.com182(498) 365-76108(108) 025-0182 x578*kareem.howeBgmail.com1@31-259-501-8110751.237.05034kenned . bernhard@gmail. coml04(263) 081-4280"65
INFO 6.289.6323 x233. 0pal.. ki lesBhotnail. conl051-523-070-4218(1-849-033-0057 x8803zheather ,ullrichByahoo. conl06378-179-8457627 . 833.6490  grayce. ratk
efyahoo, com107442, 803,07095612-850-8345 x05364valentina. kuhnBhotmail.com1081-642-757-02671-594-586-41199marcia, abshireéigmail, com109854,339.393
7"445,516.2203 x9690hailey, townehotmail, com1101-263-225-74074506-567-1413 x94595*mert e, howeBigmail. com111725,544,6500326-842-7628, 1ora, johns@
Last modified

May 19,2017 211 am.

hotmail.com112691.051.6561948-195-70628carolanne . pfannerstil1@gmail.com1131-204-767-4683390.400 . 41972katrina. ferryBhotmail. com114736.714.2181*
1-869-838-9098 x32840:kaylah, bartoletti®hotmail.con115(381) 221-9828*(157) 729-6837 x523122kieran.hickleBhotmail.com116(695) 441-4890&(364) 81

User 5-1053 x7656noenie. bal istreriByahoo. conl17557-595-4921*1-238-713-5520 x23744, shaun . jacobsByahoo . conl181-678-562-2591041-815-1141 . kiera. dickieh
tjohn otmail, com1191-683-534-3197047-540-0911: joaguin.mcdermottehotmail , con120918.042,33554(812) 803-1101 x588,mayra, koss@hotmail,com1211-579-635-85

Group 604749-790-8681 x700690wava. gerholdBhotmail.con122(841) 798-66131-494-022-3315, 1uz.hickle@hotnail. conl231-640-509-92048(027) 156-8267 x8530let
supergroup itia, legroségnail. com1241-244-966-5230"779-054-0116 x552*nable. yundt@gnail.con125392.667.1898"284-152-1494 X657, noble. kossBhotmail.con126725.8

Size 26.41968(218) 881-3121 x8618columbus. jonesBgnail, conl271-703-136-99701-046-650-9381, bai ley. webergyahoo. con1281-246-369-5211118-477-7658, kenned
122.5M8 y.rathégnail, conl29810.228.13411-301-016-3634. else. durganéhotnail . con130482-611-8786(398) 900-22010arvid.parisianéyahoo.con131(522) 897-1531(1

Mode -697-363-6507 x13264magnus . wildermanggnatil. con132586.934.8988((227) 814-8896 x30200flossie. bednar@yahoo. com1331-348-506-70194863-314-4536 x401
100755

27:winston. cunmerataBhotmail. con134(910) 147-7141"708.054.9171 x3356krystina. prohaskaBgmail.con135202-031-51874(124) 543-9279 x3578mellie.gree
nfelder@yahoo.con136763.533.27124429-694-6920 x40564melany.windler@hotmail, com137(822) 707-4668(875) 573-85124adrienne.krajcikégmail.com1381-2

Figure 23: View of Avro Data file

Similarly, even for Parquet storage Hive tables can be defined and the data
would be stored in Parquet format. The only difference would be in the way
table is created, with a different seroe.



Hadoop in purview of SCV use case

From the perspective of SCV use case, we can load the data from DB as well
as generated contact file to provide complete view of customer and enable
query execution across all these tables. Let us now see how we can build this
step by step.

As discussed earlier, we had loaded 2 million records in database and
generated 2 million contacts in text file format. We consider this as raw data
existing in the source system, let us define the RAW storage area for our
Data Lake.



Initial directory setup

Create the following directories in HDFS by running the following
command:

hdfs dfs -mkdir -p /datalake/raw/customer
hdfs dfs -mkdir -p /datalake/raw/address
hdfs dfs -mkdir -p /datalake/raw/contacts




Data loads

Now, let's load data from our database, one table at a time, so that we can
store it in different RAW areas:

1. Loading of Customer Data:
1. Run a Sqoop Job for importing customer profile from DB with the
following command:

| ${SQO0P_HOME}/bin/sqoop import --connect jdbc:postgresql://<DB

2. Once the Sqoop MapReduce jobs are complete, the customer
directory can be seen populated with a number of Avro data files as
shown in the following figure:

@)U @ QueryEditorsv  Notebooks DataBrowsers v Workflows v Search  Security v E B %+ © =

B File Browser

% Actions % Move to trash v ® Upload v © New v
# Home datalake / raw / customer ~ History [ Trash
Name 4+ Size User Group Permissions Date
-1 centos supergroup drwxr-xr-x March 20, 2017 06:14 AM
. . centos supergroup drwxr-xr-x March 20, 2017 06:28 AM
[ part-m-00000.avro 51.8 MB centos supergroup AW-=[—- March 20, 2017 06:25 AM
[ part-m-00001.avro 52.9 MB centos supergroup AW March 20, 2017 06:25 AM
3 part-m-00002.avro 52.9 MB centos supergroup AW~ March 20, 2017 06:26 AM
[ part-m-00003.avro 52.9MB centos supergroup ATWer=== March 20, 2017 06:26 AM
[3  part-m-00004.avro 52.9 MB centos supergroup Wt March 20, 2017 06:26 AM
[® part-m-00005.avro 52.9 MB centos supergroup AW March 20, 2017 06:27 AM
[ part-m-00006.avro 52.9 MB centos supergroup AW March 20, 2017 06:27 AM
() part-m-00007.avro 52.8 MB centos supergroup AW~ March 20, 2017 06:27 AM
[ part-m-00008.avro 52.9 MB centos supergroup W1 March 20, 2017 06:28 AM
[ part-m-00009.avro 52.9 MB centos supergroup TW-T=T March 20, 2017 06:28 AM

Figure 24: Avro Data loaded in RAW Storage via Sqoop for Customer
Profile

2. Loading of Customer Address Data:
1. Run a Sqoop Job for importing customer address with following
command:



| ${SQO0P_HOME}/bin/sqoop import --connect jdbc:postgresql://<DB

2. Once the Sqoop MapReduce jobs are complete, the address
directory can be seen populated with a number of Avro data files as
shown the following command:

@)U A QueryEditors~  Notebooks DataBrowsersv  Workflows v Search  Security v B 2 €£v 0 B ®»

B File Browser

@ Actions v x Movetotrash v ®Upload v O New v
# Home / datalake / raw / address ~ History i Trash
Name 4 Size User Group Permissions Date

1 centos supergroup drwxr-xr-x March 20,2017 08:11 AM
centos supergroup drwxr-xr-x March 20,2017 07:45 AM
part-m-00000.avro 463.7MB centos supergroup WA=~ March 20, 2017 07:40 AM
part-m-00001.avro 4658 MB centos supergroup TWr== March 20, 2017 07:41 AM

part-m-00002.avro 465.8MB centos supergroup TWA-r- March 20,2017 07:43 AM

0O R R

part-m-00003.avro 465.7 MB centos supergroup WA= March 20,2017 07:45 AM

Figure 25: Avro data loaded in RAW Storage via Sqoop for customer address
3. Loading of Contacts Data from Log File:

1. Let us consider running a more complete MapReduce program (as
against the sample that we ran earlier in this chapter) to load data
from the log file stored in an external file system into the Hadoop
directory with YARN job monitoring capability.

2. The following code which can be found in chaptereg/contacts-
loader-mr-avro project is a MapReduce code that will help us load
the data into Hadoop. Change the configurations fs.defaultFs,
mapreduce.jobtracker.address an(lyarn.resourcemanager.address das
needed in the code before compiling and running it:

package com.laketravels.ch@9.batch.mr.loader;

import org.apache.avro.Schema;
import org.apache.avro.generic.GenericData;



import org.apache.avro.generic.GenericRecord;

import org.apache.avro.mapred.AvroKey;

import org.apache.avro.mapreduce.AvroJob;

import org.apache.avro.mapreduce.AvroKeyOutputFormat;

import org.apache.hadoop.conf.Configuration;

import org.apache.hadoop.conf.Configured;

import org.apache.hadoop.fs.Path;

import org.apache.hadoop.io.LongWritable;

import org.apache.hadoop.io.NullWritable;

import org.apache.hadoop.io.Text;

import org.apache.hadoop.mapreduce.Job;

i