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Introduction

This book is about beginning to learn Azure Synapse Analytics. It is the most modern 

data analytics platform offered by Microsoft. It is always challenging to start learning 

a new IT skill, as you will have to learn new jargon, concepts, methods, tools, and 

technologies as part of the process. Azure Synapse Anlaytics is no different. I hope that 

this book will give you a solid technical foundation for starting your journey in the new 

world of Azure Synapse Analytics.

Anyone with a little IT background, particularly in Azure cloud, will be able to 

understand the content of the book very easily. The book is targeted to data analysts, 

data engineers, data scientists, data architects, solution architects, Azure developers, 

Azure administrators, and so forth who are keen to begin their Azure Synapse Analytics 

journey. This book will be a good starting point. I have concentrated on some basic 

concepts in the first two chapters so that it becomes easy for anyone to start learning 

about Azure Synapse Analytics.

The book has a total of ten chapters, and I recommend that you read them in 

sequence if you are new to data analytics. If you have a basic understanding of data 

analytics, data lake, data warehouse, data lakehouse, etc., then you can skip the first two 

chapters and jump to the third chapter directly. If anyone is interested in any specific 

components of Azure Synapse Analytics, then one can jump to that component’s specific 

chapter directly as well. Here I have given a very high-level summary of each chapter in a 

very brief manner:

Chapter 1: “Core Data and Analytics Concepts” introduces readers 

to some of the important core data and analytics concepts as a 

foundation.

Chapter 2: “Modern Data Warehouse and Data Lakehouse” 

provides conceptual understanding about traditional/legacy data 

warehouse, modern data warehouse, and finally the most modern 

data lakehouse.
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Chapter 3: “Introduction to Azure Synapse Analytics” builds 

foundational knowledge by introducing Azure Synapse Analytics, 

its main features, and its key services capabilities.

Chapter 4: “Architecture and Its Main Components” explains 

Azure Synapse Analytics’ core architecture and its main 

components, as it is very different from traditional data warehouse 

architecture and its components.

Chapter 5: “Synapse SQL” explores Synapse SQL in detail, 

including its architecture, its main features, and some how-to’s to 

make readers familiar with some important activities that can be 

carried out for Synapse SQL.

Chapter 6: “Synapse Spark” explains Synapse Spark, its main 

components, and Delta Lake, along with some how-to’s to make 

readers familiar with important tasks pertaining to Synapse Spark.

Chapter 7: “Synapse Pipelines” introduces Azure Synapse 

Pipelines and explans various types of pipeline activities with 

examples.

Chapter 8: “Synapse Workspace and Synapse Studio” familiarizes 

readers with Synapse Workspace and Synapse Studio, including 

its main features and its capabilities and how to accomplish some 

important tasks.

Chapter 9: “Synapse Link” explains the differences between 

OLTP and OLAP, why HTAP is required and its benefits, and then 

introduces Synapse Link along with its Cosmos DB integration, its 

features, and some use cases.

Chapter 10: “Azure Synapse Use Cases and Reference 

Architectures” discusses some of the industry use cases and 

reference architectures to introduce readers to real-life usage of 

Azure Synapse Analytics.

Happy reading !

InTroduCTIon
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CHAPTER 1

Core Data and Analytics 
Concepts
A few years back, oil companies used to rule the business world. That is no longer 

the case. Now data is considered the new oil, and there are multiple reasons to agree 

with this idea. Due to the explosion in social media platforms, a high volume of data 

is generated on a daily basis. Additionally, Internet of Things (IoT) devices generate a 

significant volume of data. Similarly, a variety of data is being generated and stored at 

a never-before-seen high velocity. As a result, organizations of all sizes across the globe 

have started to utilize the available data to their advantage. In today’s modern era, each 

organization strives to become a data-driven one by introducing data-driven decision- 

making processes so as to stay ahead of competition in the market.

The IT industry has adapted to the changes in the data landscape very quickly. 

Many changes have happened rapidly regarding the kind of work we do in IT, as well 

as the names of the roles. For example, data analyst, data engineer, data scientist, and 

so forth are some of the new roles that have gotten popular in recent times. We also 

started to deal with all types of data, including structured data, semi-structured data, 

and unstructured data, along with the different ways in which data is made available 

for processing, including batch and streaming data. You may be familiar with the basic 

concept of databases, but let us start with core data concepts as a refresher.

 Core Data Concepts
Before we jump into data analytics in detail, let us go through some of the core data 

concepts. If you feel that some or all of the concepts are known to you, then please feel 

free to jump to the next section or chapter. Here, we will go through some of the basic 

concepts, like data, structured data, unstructured data, semi-structured data, batch data 

processing, and streaming or real-time (RT) data processing.

https://doi.org/10.1007/978-1-4842-7061-5_1#DOI
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 What Is Data?
Let us look at the definition of “data” before we dive into other core data concepts. The 

word “data” is a plural of the word “datum.” The word “datum” is originally from Latin. It 

means a piece of information. Thus, data are multiple pieces of information put together. 

Basically, we are talking about a bunch of information when we talk about data. In 

today’s era of rapidly advancing technology, the word “data” has become very common 

in usage. “Data science” and “data engineering” have become very popular terms, which 

has increased the importance of data as well.

In the IT field, we know that any software is divided into two parts. One part is the 

code of the software, and the other part is the data on which the software code will take 

some actions. There are various types of data with which we deal regularly. Here, we are 

not talking about data types in a programing language paradigm. Generally, based on 

how the data is arranged or stored, we can divide data into the following three categories 

or types: structured data, semi-structured data, and unstructured data. Let us try to 

understand each one of them.

 Structured Data
Structured data is any data that is highly organized and conforms to a specific schema 

or format. Each data point is placed in a highly organized manner so that it becomes 

very easy to interpret for both human beings and machines like computers. Since the 

beginning of the IT era, computers have been highly efficient in understanding and 

processing structured data. Data that we store in spreadsheet programs like Excel, as 

well as any data stored in database systems like SQL Server or Azure SQL Database, are 

basically structured data stored in a tabular format.

Let us look at an example of structured data. Let us assume that you have been asked 

to create an Excel sheet containing details of all the employees of your organization 

or of a specific department within your organization. You enter column names like 

Employee ID, First Name, Last Name, Date of Joining, Date of Birth, and Salary. You also 

enter details about a few employees. We can say that the data stored in your Excel sheet 

is structured data because it is highly organized and all records conform to the schema 

(list of all those columns you defined). Similarly, if you decide to store employee details 

from that Excel sheet in a database like SQL Server by creating a new table in it, then that 

would also be considered structured data.
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 Semi-structured Data
Semi-structured data is any data that is not fully organized but still partially conforms to 

a specific schema or format. Data stored in JSON or JavaScript Object Notation (JSON) 

documents and XML or eXtensible Mark-up Language (XML) files are good examples 

of semi-structured data. Instead of field names or columns, which we use for structured 

data, here we use tags to define different data points within a record. It is not considered 

highly organized since the order of the columns as well as the number of columns for 

each record may vary based on actual requirements. It means that semi-structured data 

lacks a fixed or rigid schema or data model. Generally, data and schemas are mixed 

without separation. Key–value stores and graph databases are used to store semi- 

structured data.

Let us assume that your IT team has given you a JSON file that contains your 

employees’ details. If you open the file and read the data inside it, you will notice that 

there are tags for each data value. You may also find that for a few employees there are 

additional tags that are not available for all employees. For example, for a few employees, 

it may show you a nested structure to store previous roles or positions that they held in 

the past in your organization. This may not be present for those employees who have not 

held more than one role or position. Here, the employee data is somewhat organized and 

partially conforms to some schema or data model, so it is called semi-structured data.

 Unstructured Data
This is the most important type of data that you should know about in more detail as 

around 85 percent of corporate data in this world is unstructured data. Any data that 

is not highly organized and does not conform to a specific schema or format is called 

unstructured data. In the last few years, it has gotten increasing attention due to its 

volume and the value it brings to data-driven decision-making processes. Businesses 

face huge challenges in storing, processing, and extracting hidden information from 

unstructured data.

Documents, image files, audio files, video files, and so forth are all examples of 

unstructured data. It is very difficult to gain meaningful insights from unstructured 

data as it is not highly organized, and it does not have a specific schema either. For 

unstructured data, you may try to store some properties at the file level that allow you 

to store additional information about the data being stored inside the file containing 

unstructured data. However, these properties will not be able to give you all the details 
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about unstructured data. For example, if you have to process a lot of image files, there is 

no simple way to do so apart from using some advanced machine learning algorithms 

that can scan through each image and predict what is inside each image.

Storage of unstructured data was also a real challenge as we cannot store such data 

in a database since it does not conform to any schema. In the last few years, cloud-based 

blob storage offerings from various public cloud companies have solved this problem 

to a large extent. Azure has multiple options to store your unstructured data. Azure 

File Storage, Azure Blob Storage, Azure Data Lake Storage Gen 1, and Azure Data Lake 

Storage Gen 2 are various types of storage options available to us to store unstructured 

data in the Azure cloud. Generally, it is preferred to store it on cloud storage, which may 

provide highly secured unlimited storage capacity and greater scalability with various 

cost-effective options that you can choose based on your actual storage requirements.

We have looked at various types of data based on how it is organized and stored. 

Now, let us see different ways of processing the data.

 Data Processing Methods
The data that you receive from source systems will be in raw and unprocessed form. To 

derive meaningful insights from raw data, it needs to be processed first. This process of 

converting and transforming raw data into a usable and desired form is known as data 

processing. There are different methods of data processing based on how and when you 

process the data.

 Batch Data Processing
This is the most common and traditional way of data processing. When you collect the 

newly ingested data into a group before processing it all together, it is known as batch 

data processing. Data ingestion may happen multiple times before you process it as 

part of a single batch at a future time. There are multiple pros and cons for batch data 

processing. Based on your requirements, you can decide if batch data processing will be 

suitable or not.

It allows you to process the data during non-business hours. It also provides 

flexibility to process a large volume of data at once. Many large data processing jobs 

are executed during night hours, when it will have the least impact on the business. 

Generally, data collected from various on-line transaction processing (OLTP) systems 
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during business hours will be processed when business hours are over as part of 

overnight batch data processing jobs. Based on business requirements, you may also 

decide to run batch data processing jobs more than once during the day. For example, 

instead of processing all data together during overnight hours, you may decide to 

process data every four or eight hours.

By now, you will have noticed that batch data processing delays the availability of 

processed data, as the ingested data is not processed immediately but rather later, in a 

batch. There are many business scenarios in which this is not an acceptable approach for 

data processing. Another limitation of batch data processing that you need to consider 

is that all the required data should be available at the time of batch data processing, 

without any errors in it. Erroneous data or incomplete data will result in a delay in the 

batch data processing schedule, which may impact the business outcomes.

Let us assume that you download sales data for all salespersons at the end of each 

day from your sales transaction system. Based on that, you run a job to update the 

consolidated sales report containing the sales details of each salesperson for each day. 

This is an example of batch data processing in which you collect and group the ingested 

data for a day in a batch and then process it to update the consolidated sales report for 

that day.

 Streaming or Real-Time Data Processing
If each new piece of data being ingested is also immediately being processed, then it is 

called streaming data processing. It is also known as real-time (RT) data processing, as 

it processes the data in real time without any major delay. Unlike batch data processing, 

there is no waiting after the data is ingested, as the data processing takes place in real 

time with a delay of only a few seconds or milliseconds. There are business scenarios in 

which new and dynamic data is generated continuously. These scenarios are the most 

appropriate in which to use real-time data processing or streaming data processing. 

Time-critical business applications will require streaming data processing, as any delay 

of a few seconds or in certain situations a few milliseconds will result in an adverse 

impact on business outcomes.

While batch data processing has all the data in a batch to be processed later, 

streaming data processing has only the most recent data or data generated within a 

rolling time window of less than one minute or so. Batch data processing can handle a 

very large volume of data in a batch, while streaming data processing processes only a 
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few records at a time, as it must process the data in real time. These differences imply 

that you should use batch data processing for large and complex analytics workloads, 

while streaming data processing should be used for simple calculations or aggregations 

due to its very limited time window for data processing.

An automated teller machine (ATM) is a good example of the use of streaming data 

processing. The data processing happens in real time without much delay. It debits 

your account in real time, and the ATM dispatches the money instantaneously. Many 

financial institutions will track the stock market price movements in real time and 

update their risks immediately to avoid any losses. With streaming data processing, 

they can also provide real-time stock advice to their valuable customers. A lot of sensor 

data being used by autonomous vehicles (self-driving cars, etc.) requires streaming 

data processing, as any delay in processing may prove fatal. Industrial IoT devices and 

wearable smart devices like health bands, smart watches, and so forth use streaming 

data processing.

Let us assume that you are responsible for updating a sales report that includes the 

details of each sale made by each salesperson in real time. Here, it will become necessary 

for you to stream the data and process it in real time as and when a sale is registered in 

your sales transaction system. This will allow you to see the real-time sales numbers on 

your dashboard.

 Relational Data and Its Characteristics
In bygone days, each application used to store data in its own unique data structure, 

which made it very difficult to make changes to it. This data structure was hard to design, 

code, and maintain. To solve this problem, relational database management systems 

(RDBMS) were introduced. Relational databases made life easy for developers as they 

followed the specific pattern of a relational data model, which was easy to replicate 

across many applications. It was also very easy to design, code, and maintain such 

relational database management systems.

There are some important characteristics of relational data that we will go through 

one by one here:

• Table: A real-life object can be considered an entity for which we 

want to store information or data. This can be directly mapped 

to a table. Thus, a table is very basic but is the most important 

characteristic of relational data.
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• Rows and columns: A table consists of one or multiple rows, which 

allow us to store multiple records or information about multiple 

similar objects or entities in a single table. Each row will have one or 

more columns to store different types of information about the real- 

life object or entity. Each column can store only one type of value for 

each row. Each row will have the same number and types of columns 

and in the same order as well.

• Primary key: To maintain uniqueness within a table or to identify 

each record within a table uniquely, at least one column across 

all rows must have different and unique values. That column is 

known as the primary key of the table. There may be a scenario 

in which you will have to combine more than one column to have 

uniqueness within the table. These columns are collectively called 

the composite key.

• Relationship: This is a very important characteristic from which 

the relational database derives its name, as it allows you to 

establish relationships among tables within the database. We can 

define a relationship between two tables by setting the primary key 

from one table to be a foreign key in another table. This gives us the 

ability to implement real-life objects’ relationships very easily in 

relational data.

• Foreign Key: To create relationships between two tables, it is 

necessary that the first table’s primary key is present in the second 

table, and that column in the second table must be defined as 

the foreign key. This way, a foreign key is the column, or the 

combination of columns, present in the second table, and the same 

column or combination of columns is defined as the primary key 

in the first table. This plays a crucial role in defining relationships 

between two tables.

• Structured Query Language (SQL): It is necessary to have the 

ability to easily query the stored data from relational tables. Apart 

from querying data, SQL also supports various other operations, 

like creating a table, inserting records into a table, updating records 

into a table, and deleting records from a table. It also allows you to 
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filter rows based on where conditions, which you can specify in your 

queries. It also makes it possible to combine or join two or more 

tables together, allowing you to retrieve data from two or more tables 

at the same time using a single query statement.

• ACID Properties: ACID stands for atomicity, consistency, isolation, 

and durability. Any changes to the database are done via a 

transaction, which is a single logical unit of work to be carried out on 

the database. ACID properties are followed in most of the relational 

databases to maintain consistency before and after the transaction. 

Atomicity ensures that either the full transaction succeeds, or it 

fails. There is no partial success or failure allowed. Consistency 

ensures that the correctness of the database is maintained before 

and after each transaction. It enforces integrity constraints in the 

database. Isolation ensures that multiple transactions can occur 

simultaneously without compromising consistency in the database. 

The changes being carried out by one transaction will not be visible 

to the other transaction until the first transaction is committed 

successfully. Durability ensures that once the transactions are 

committed to the database, they are permanently stored in persistent 

storage, which can retrieved easily in the case of any system failure.

Azure provides multiple options for storing relational data in various RDBMSs. 

Azure SQL Database, Azure Database for PostgreSQL, Azure Database for MySQL, and 

Azure Database for MariaDB are various RDBMS options available on Azure for storing 

relational data. Each option has its own pros and cons, so it is necessary to explore each 

in detail to check which one meets most of your business and technical requirements.

 Non-Relational Data and Its Characteristics
There are many real-life scenarios that will not have a relational data structure. For 

example, you cannot store video, audio, images, text data, and so forth in a relational 

database, as these are not relational data, but you still need to deal with these types of 

data. These are non-relational data, and you will have to store them in non-relational 

databases or repositories. These data will not have a relational structure, so they cannot 

be stored in a table in a relational database.
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Generally, non-relational data is bigger in volume than relational data, and it 

also comes in a variety of data formats. It is necessary to understand the important 

characteristics of non-relational data. So, let us check a few of them out here:

• Containers: As we know, tables are used to store relational data. 

Here, we can use containers to store non-relational data. This allows 

us to store many entities or objects with different schema or different 

fields. Thus, containers support varied schema, which is not possible 

for a table in a relational database.

• Storage Flexibility: Non-relational data will not have a fixed schema. 

It is necessary to have storage flexibility to store data with varied 

formats, like audio, video, image, text, and so on. Non-relational data 

is stored in its native format, which is an important characteristic as it 

will allow you to deal with non-relational data in its raw format.

• Data Retrieval: For non-relational data, generally a unique key–

value pair is used to identify an entity or object. Many non-relational 

databases support key–value pairs, which helps in retrieving non- 

relational data easily. It is recommended you use key–value pairs 

only to iterate through or filter the entities or objects stored in 

containers. Non-relational databases will provide their own SQL-like 

data-retrieval mechanisms or may have their own procedures for 

data retrieval.

• Indexing: This is not supported by all non-relational databases. This 

characteristic is similar to relational databases to a great extent. If the 

non-relational database you are using supports indexing, then your 

queries should be able to use the benefits of indexing to identify and 

fetch data for fields other than key–value pairs.

When you plan to use non-relational databases, it is very important to understand 

the preceding characteristics and check which of these are supported by your choice 

of non-relational database. Azure provides multiple options for storing various types of 

non-relational data. Azure Cosmos DB, Azure Blob Storage, Azure File Storage, and so 

forth are some of the non-relational data storage options provided by Azure.
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