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Introduction

The role of data engineering has become increasingly crucial. Data engineering is

the foundation on which organizations build their reporting, analytics, and machine
learning capabilities. Data engineering as a discipline transforms raw data into reliable
and insightful informational resources that provide valuable insights to organizations.
However, data engineering is much more than that. It is a complex and iterative process.

If an enterprise project can be seen as constructing a multi-storied building, then
data engineering is where the execution happens—from architecting and designing
the structure of the data solution to laying the data storage foundation; installing the
data processing frameworks; developing pipelines that source, wrangle, transform,
and integrate data; and developing reports and dashboards while ensuring quality
and maintenance of the systems, pipelines, reports, and dashboards, among several
other things.

This book is designed to serve you as a desk reference. Whether you are a beginner
or a professional, this book will help you with the fundamentals and provide you with
job-ready skills to deliver high-value proposition to the business. This book is written
with an aim to bring back the knowledge gained from traditional textbook learning,
providing an organized exploration of key data engineering concepts and practices. I
encourage you to own a paper copy. This book will serve you well for the next decade in
terms of concepts, tools, and practices.

Though the content is exhaustive, the book covers around 60% of data engineering
topics. Data engineering is a complex and evolving discipline; there are so many more
topics that are not touched on. As a reader, I encourage you to contact me and share your
remarks and things you witnessed in the data space that you wish to share. I am thankful
to those who have already written to me, and I wish to see more of these efforts from the
readers and enthusiasts.
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Having said that, this book covers a wide range of topics that are practiced in
modern data engineering, with a focus on building data pipelines for machine learning
development. This book is organized into the following topics:

o Data wrangling: Techniques for cleaning, transforming, and
preparing data for analysis using Pandas, Polars, and GPU-based
CuDF library

e Datavalidation: Ensuring data quality and integrity throughout the
pipeline using Pydantic, Pandera, and Great Expectations

e Concurrency computing: Leveraging parallel processing for
improved performance using Dask and DaskML

e APIs: Designing and working with APIs for data exchange
using FastAPI

o Streaming pipelines: Designing and working with real-time data
flows efficiently using Kafka

e Workflow orchestration: Managing complex data workflows and
dependencies using cron, Airflow, and Prefect

¢ Cloud computing: Utilizing cloud services for scalable data
engineering solutions using AWS, Azure, and Google Cloud
Platform (GCP)

The book covers major cloud computing service providers. The reason is that
organizations are increasingly moving toward a multi-cloud approach. And so, being
equipped with knowledge on diverse cloud environments is crucial for your career
success. This book delivers that.

If you are a data engineer looking to expand your skillset and move up the ladder,
a data scientist who seeks to understand how things work under the hood, a software
engineer who is already doing the work, or a student who is looking to gain a position,
this book is essential for you. Even if you are in a functional domain or a founder of a
start-up, interested in setting up a team and good data engineering practice, this book
will help you from start to end. This book is a guide that will help with learning for
people at every stage (from novice to expert).
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I highly encourage you not to seek solutions from chat bots during learning. At
the time of writing this (June 2024), many bot programs either provide legacy code or
steer you into their own direction and approach. It may seem better because of the way
information is presented, but it slows down your learning and professional development.
Even to this date, I find search engines to be more effective, which take me to Q&aA sites
where one can witness how a solution has been arrived at and why other approaches
didn’t succeed. Furthermore, I find Google search to be effective in terms of locating
a certain method or a function in an API documentation that may be better than the
website itself.

At the end of this book, you will be equipped with skills, knowledge, and practices
that can be derived from a decade of experience in data engineering. Many vendors and
cloud computing service providers provide you with free credits if you register for the
first time. I encourage you to make use of these free credits, explore various tools and
services, and gain knowledge. And when you are done, please remember to clean up
your workspace, shut down any virtual machines and databases, take a backup of your
work, and delete your workspace in the cloud to prevent additional charges.



CHAPTER 1

Core Technologies in Data
Engineering

Introduction

This chapter is designed to get you started. As we begin our journey into advanced
data engineering practices, it is important to build a solid foundation in key concepts
and tools. This chapter is designed to provide a refresher on Python programming
and software version control using GitHub and a high-level review of structured query
language (SQL). While these may seem not connected and different from each other,
they play an important role in developing effective data engineering pipelines. Python’s
data ecosystem, software version controlling systems using Git, and working with
relational database systems using SQL will certainly solidify your foundations and help
you tackle data engineering challenges. These are challenging and complex topics,
especially reviewing them together; I hope you persist, learn, and practice on your own.
By the end of the chapter, you will

¢ Understand some of the key Python programming concepts relevant
to advanced software engineering practices.

e Gain an appreciation toward software version control systems and
git; create git repositories; and perform essential version control
operations like branching, forking, and submitting pull requests.

e Have enough knowledge to set up your own code repository
in GitHub.
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e Review fundamental SQL concepts for querying and manipulating
data in database systems.

o Identify advanced SQL concepts and best practices for writing
efficient and optimized SQL code.

Engineering data pipelines is not easy. There is a lot of complexity and it involves
leveraging analytical thinking. The complexity includes but is not limited to varying
data models, intricate business logic, tapping into various data sources, and so many
other tasks and projects that make up the profession. Often, data engineers do build
machine learning models to identify anomalies and build advanced imputations on the
data. I have taken some of the topics in my experience that would serve value to the data
engineer or software developer who is engineering pipelines.

Python Programming

There are two major versions of the Python programming language, Python 2 and
Python 3. Python 2 has reached end of life for support. Python 3 is the de facto language
version for Python programming. The Python programming language (version 3.*) is still
the most preferred language for development, comes with extensive community-backed
data processing libraries, and is widely adopted. In this section, let us take some time

to look at some of the Python programming concepts that may help, in addition to your
basic programming knowledge. These are discussed at a high level. I encourage you to
perform further investigation into these classes, methods, and arguments that can be
passed into these methods.

F Strings

Python f strings allow you to easily insert variables and expressions within a print string.
When compared with traditional string formatting, f strings are a lot more readable and
easy to understand. You can create an f string by placing the character F in front of the
string, before quotes. The character is case insensitive, meaning you can either insert an
F or an f. Here is an example:

Greetings = f"Hello, it is a beautiful day here, at the park today"
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Now you can insert variables and expressions within the f string. We have shown
the preceding f string without inserts for demonstration purposes. Here is how you can
perform that:

Fruit = "berries"
Cost = 1.5

Number = 3

print(f"the {fruit} costs {cost} per piece, totals to $ {cost*number}
dollars")

will return

the oranges costs 1.5 per piece, totals to $ 4.5 dollars

Python Functions

In programming, functions are a set of instructions that can be executed together to
accomplish a specific task or operation. It may or may not accept inputs and may or may
not return output. Let us look at an example of a function:

def add(a,b):
c = atb
return c

When you call this function
print(add(2,3)

it will return

Let us look at a bit more substantial function. Here, we have a function that takes
Celsius as input and calculates Fahrenheit as output:

def f calc(celsius):
return ((9/5 * celsius) + 32)
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This is the same as the following function. Both are syntactically equal. We will
discuss this way of defining functions in another section:

def f calc(celsius: int) -> float:
return ((9/5 * celsius) + 32)

In the preceding code, we have passed a variable named celsius of type integer.
Inside the function we are calculating a value and returning that value in floating
point type. This is how functions can accept input parameters, process them, and
provide output.

Advanced Function Arguments
*args

Let us look at using the “*args” parameter in a function. The arguments parameter in
functions can be used to pass a variable number of arguments to a function. If you have
the syntax “*args” once, you can pass several numbers of variables, without having to
define each one of them. Let us look at two examples in contrast to understand this
concept better:

def add(a,b):
c = a+b
return c

When you run this
add(2,3)

it will return

What if we do not know how many input parameters we need? We can use

arguments here:

def add_args(*args):
total sum = 0
for i in args:
total sum += 1
return total sum
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So when you run this
add args(3,4,5,6,7)
it will return

25

Note You can also pass a list to the function and still obtain the functionality. But
with arguments, you can call an empty function and return none.

**kwargs

This is quite similar to arguments, and the difference is that you can have a key
associated with each item in the argument:

def add_kwargs (**kwargs):
total sum = 0
for i in kwargs.values():
total sum += 1
return total sum

Use of args and kwargs can be highly beneficial in enhancing the flexibility of a
function, complementing the decorator implementation and passing a varying number
of parameters as inputs.

Lambda Functions

In Python, lambdas are short for lambda expressions. They are inline functions that
evaluate one single expression. That single expression is evaluated when the expression
is called. Let us look at this with an illustration:

calculate_fahrenheit = lambda celsius: 9/5*%celsius + 32
So when you call this function

calculate fahrenheit(27)
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it will return

80.6

Decorators in Python

Decorators in Python are a way to add additional functionality to your existing function.
The decorator itself is a function. In the parameter column, it would take another
function, as an input parameter. In calculus terms, it is equal to the function of a
function. If math is not your cup of tea, then let’s look at a simple example.

Here is a test decorator:

def testdec(func):
def wrapper():
print("+++Beginning of Decorator Function+++")
func()
print("+++End of Decorator Function+++")
return wrapper

Let us try to use this decorator on a sample function:

@testdec
def hello():
print("Hello!")

When we run this function
hello()
it will provide us

+++Beginning of Decorator Function+++
Hello!
+++End of Decorator Function+++
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Type Hinting

Type hinting is a Python feature that lets you specify the data types of the variable
declarations, arguments in functions, and the variables that these functions return.
Type hints make it easier to understand what data types to expect and which function
returns what type of data. The idea behind type hinting is better readability, code
maintainability, and being able to debug and troubleshoot errors faster. Type hints are
not mandatory; you can still pass an argument without specifying the data type (Python
will still check them during runtime).

Here is a simple example demonstrating the type hinting functionality in Python:

def some function(a: float, b: float) -> float:
c = atb
return c

Typing Module

The typing module supports type hints for advanced data structures with various
features. Here is an example for a dictionary:

From typing import Dict
var2: Dict[int, str] = {234: "JohnDoe"}

Notice the usage of “Dict”” It serves the same purpose as “dict,” a dictionary type
offered by core Python. “Dict” does not provide additional functionality except you have
to specify the data type for both key and value aspects of a dictionary. If you are using
Python 3.9 or later, you can use either “Dict” or “dict”

Let us look at another example called the Union, where a variable could be one of
few types:

from typing import Union

var4: list[Union[int, float]] = [3, 5, 5.9, 6.2]



