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Preface

The world as we know it is undergoing a profound transformation, a digital
metamorphosis that is driven by the immense power of data and artificial
intelligence. In the center of this revolutionary tide stands a key player - the data
architect. Tasked with the responsibility to make sense of vast data oceans and
convert it into meaningful insights, the role of a data architect is evolving at a
staggering pace. “Deep Learning for Data Architects” is an embodiment of that
evolution.

This book aims to illuminate the path for data architects and enthusiasts, guiding
them through the labyrinth of modern data structures and artificial intelligence
techniques, from the foundations of Python programming to the advanced
landscapes of deep learning models. It is a testament to the compelling narrative
of change that the industry is experiencing, catering to professionals who aspire to
stay at the forefront of this digital transformation.

“Deep Learning for Data Architects” does not simply regurgitate theoretical
concepts. Instead, it creates an engaging dialogue with the reader, providing
practical Python implementations for complex Al paradigms, creating a bridge
between theory and practice. Each chapter builds upon the last, starting with the
basics and gradually delving into the deep end of Al and machine learning.

The journey is as important as the destination, and throughout the course of this
book, you will encounter real-world data challenges, explore the depths of neural
networks, understand the intricacies of convolutional, recurrent neural networks
and unravel the mysteries of Generative Adversarial Networks and Transformers.
Each step you take will empower you with new insights and skills, enabling you
to tackle any challenge that the data landscape might throw your way.

Whether you are a seasoned data architect aiming to add deep learning to your
arsenal, or a budding enthusiast stepping into the exciting intersection of these
fields, this book is designed for you. As you turn the pages, you will find yourself
notjustlearning, but evolving with the narrative of deep learning, setting the stage
for a future-proof career in this dynamic domain.

Embrace this journey of learning and transformation, and let “Deep Learning for
Data Architects” be your guide and companion in the exciting odyssey of Al and
data science.
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Chapter 1: Python for Data Science - serves as a solid foundation, providing an
introduction to Python for data science. You will learn essential programming
concepts, data structures, and libraries such as NumPy and Pandas. This chapter
ensures that you are equipped with the necessary Python skills for the deep
learning journey ahead.

Chapter 2: Real-World Challenges for Data Professionals in Converting Data Into
Insights - dives into the challenges faced by data professionals when converting
raw data into valuable insights. You will explore data cleaning, handling missing
values, outlier detection, and feature engineering techniques. This chapter
prepares you for the data preprocessing steps crucial for successful deep learning
implementations.

Chapter 3: Build a Neural Network-Based Predictive Model - focuses on building
predictive models using neural networks. You will learn about the architecture
of a neural network, the role of activation functions, and techniques to handle
classification and regression tasks. Through Python code implementations, you
will gain hands-on experience in building and training neural networks.

Chapter 4: Convolutional Neural Networks - introduces CNNs, a powerful
class of neural networks for image analysis tasks. You will understand the key
components of CNNs, such as convolutional layers, pooling layers, and fully
connected layers. The chapter provides Python code implementations to build
CNN models for image classification tasks.

Chapter 5: Optical Character Recognition - explores the exciting field of OCR
using deep learning. You will discover techniques to extract text from images,
enabling automated text recognition. Through Python code implementations, you
will learn how to build OCR models and apply them to real-world scenarios.

Chapter 6: Object Detection - focuses on object detection, an essential task
in computer vision. You will explore popular object detection algorithms
and architectures, such as Faster R-CNN and YOLO. Through Python code
implementations, you will gain hands-on experience in training and deploying
object detection models.

Chapter 7: Image Segmentation - delves into image segmentation, a technique
used to partition images into meaningful regions. You will learn about popular
segmentation algorithms, including U-Net and Mask R-CNN. Through Python
code implementations, you will develop a deeper understanding of image
segmentation and its applications.
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Chapter 8: Recurrent Neural Networks - introduces RNNs, which are widely
used for sequential data analysis. You will understand the architecture of RNNs,
including LSTM and GRU units. Through Python code implementations, you will
learn how to build RNN models for tasks such as natural language processing and
time series forecasting.

Chapter 9: Generative Adversarial Networks - explores the fascinating world of
GANSs, which can generate new data instances based on training data. You will
learn about the adversarial training process and different GAN architectures,
including DCGAN and CycleGAN. Through Python code implementations,
you will gain hands-on experience in generating realistic images and exploring
generative modeling.

Chapter 10: Transformers - introduces Transformers, a revolutionary deep learning
architecture that has gained prominence in natural language processing tasks. You
will learn about the transformer architecture and its variants, such as BERT and
GPT. Through Python code implementations, you will gain practical experience in
applying transformers to text-related tasks.
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CHAPTER 1

Python for Data
Science

You can’t build a great building on a weak foundation. You must have a solid foundation if
you are going to have a super-strong structure.

— Gordon B. Hinkley

Data is the most important component of data science. Python libraries for data
science are built specifically to solve various peripheral issues that Data Scientists
may face, like data sourcing, cleaning, pre-processing, and working with big data. It
is important to know what these libraries have to offer and the sneaky tricks that can
be implemented in our day-to-day data wrangling. The high-level methods within
these libraries save you a lot of time performing humongous tasks, using just a few
lines of code.

Additionally, data has to be sourced from all over the place. Hence, as someone who
is building predictive models, maybe in academia or at work, should be familiar
with different kinds of data that one can deal with and how to source them using
Python.

Plus, when you work on your personal system, you have to be really cautious
about how you utilize the available resources in terms of computing hardware and
so on. Hence, it is of utmost importance to know various tricks that can help you
with memory management. The tricks that usually go unnoticed and unexplored
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2 Deep Learning for Data Architects

within Python packages, if explored, can significantly improve your efficiency while
dealing with data.

Structure

In this chapter, we will cover the following topics:
* Setting up the development environment
e Advance Python libraries for data science
* Reading and writing data to and from various file formats

e Improving efficiency with the pandas read_csv method

Objectives

After studying this chapter, you should be able to set up your laptop with the
required tools and technologies to embark on your journey of implementing various
deep learning models that will be discussed in this book. Also, you should be able
to install various Python packages that are prerequisites for building any predictive
model. Once the development environment is set up, you will learn about various
Python libraries that are available for scientific computing, machine learning and
deep learning. Additionally, you will learn how to maximize your productivity in
a limited hardware environment, since machine learning and deep learning are
computationally expensive.

Setting up the development environment

As part of the environment setup, we will look at how to install the Anaconda tool,
which gives access to almost all the required underlying tools and technologies for
development. Further, we will understand how to get started with Jupyter Notebook,
which is the IDE for Data Scientists. Finally, we will look at how to enhance the
notebook by installing important plugins for better usability of the tool.

Installing Anaconda

The first and foremost tool that has to be installed on your machine is Anaconda.
Anacondais a distribution of packages for the Python and R programming languages.
It includes a package manager called conda that can be used to install, update, and
manage packages within the Anaconda environment.
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Tools that come along with Anaconda are as follows:

Jupyter Notebook
Orange

Spyder

PyCharm

VS Code

RStudio

IBM Watson Studio

Each of these software can be installed separately as well. However, with anaconda,
all of them can be installed in one shot.

Follow the steps to install Anaconda on your machine:

1. Go to the home page of Anaconda at https://www.anaconda.com/products/

individual.

It will look like as shown in Figure 1.1:

J ANACONDA. Products Pricing Solutions Resources Blog Company

Q

Individual Edition

Your data science
toolkit

With over 20 million users worldwide, the open-source Individual

Edition (Distribution) is the easiest way to perform Python/R data

science and machine learning on a single machine. Developed

for solo practitioners, it is the toolkit that equips you to work with

thousands of open-source packages and libraries.

Figure 1.1: Anaconda home page

2. Click on Download and download the installer of the choice of your operating

system, as shown in the following screenshot:
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Anaconda Installers

Windows 58 MacOS & Linux 8

64-Bit Graphical Installer (457 MB) 64-Bit Graphical Installer (435 MB) 64-Bit (x86) Installer (529 MB)

32-Bit Graphical Installer (403 MB) 64-Bit Command Line Installer (428 MB) 64-Bit (Power8 and Power9) Installer (279
MB)

Figure 1.2: Anaconda installers

3. Double-click on the downloaded installer and follow the installation wizard,
as shown in the following screenshot:

) ‘& Install Anaconda3 a

The installation was completed successfully.

Introduction Thank you for installing Anaconda Individual Edition.
Read M .

.ea y Here are some helpful tips and resources to get you started. We
License recommend you bookmark these links so you can refer back to
Destination Select them later.

Installation Type Quick Start Guide
Installation = - )
PyCharm IDE Anaconda Individual Edition Tutorial
® Summary Anaconda Cloud Edition
Learn More About Anaconda
{0 ANACONDA.

Figure 1.3: Anaconda installation wizard

4. Click the Close button after you complete the installation of Anaconda on
your machine.

Now, let’s get started with Jupyter Notebook.
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Getting Started with Jupyter Notebook
Once Anaconda is installed, you can proceed to launch the Jupyter Notebook on the
web browser:

1. Open the Anaconda Navigator app on your machine. The screen will look as
shown in Figure 1.4:

) ANACONDA NAVIGATOR Soredins [ sanot |
L Applications on base (ro0t) ~|  Channels Refresh
@ Envionments o o o o L

y a & o &

¥ Lo

B
Datalore 1BM Watson Studio Cloud JupyterLab Notebook

&% Community.

‘and shape data, pyter listing, and debugging.

models, sing open source data science tools
‘o visual modelina.

VS Code Glueviz Orange 3

proper 0
- -

ANACONDA
Join Now ° ©

Discover premium data

sdience content

nc
Supports HTML, 5, and SQL essentials and notebooks.

Figure 1.4: Anaconda Navigator

2. Click on the Launch button under the Jupyter Notebook icon. This will launch
the Jupyter homepage on your default browser, as shown in the following

<« c © D localhost:8888/tree no% e @
Z Jupyter it | Logout
Files  Running  Clusters
Select items to perform actions on them. Upload  New~ &
0o - m/ Name ¥ | LastModified File size

Figure 1.5: Jupyter Notebook

Further, you can navigate to the desired folder in your filesystem and go to the folder
where you want to create a notebook to start building your projects.

3. Click on the New dropdown and click on the Python 3 option, as shown in
the following screenshot:
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90 Deep Neural % e @ vy in@o A
Z Jupyter aur | [[Logont
Files Running Clusters

Select items to perform actions on them. Upload [New~]| &
Notebook

0 -~ B8/ Deep Neural Networks / notebooks Name % ®
Python 3

=1 — Create a new notebook with Python 3

The notebook list is empty. Text File
Folder

Terminal

Figure 1.6: Notebook IDE

4. This will create a new notebook with the name Untitled, which can be
renamed as shown in the following screenshot:

0D Deep Neural Networ Untitled.ipynb?kernel_name=python3 10% - O R\
A Logout

Tusted & |Python3 O

: Jupyter Untitled Last Checkpoint: a few seconds ago  (unsaved changes)

File Edit View Insert Cell Kernel Widgets Help

B+ % @B 4+ ¢ HRn B C B Code o=

| In[ ]:

Figure 1.7: Notebook cell

5. You can start writing Python code in the cells, as shown in Figure 1.6, and run
them right there using the respective buttons provided at the top of the IDE:

“” Jupyter pandas_advanced Last Checkpoint: 03/28/2021 (unsaved changes)

File Edit View Insert Cell Kernel Langs Navigate Widgets Help Snippets
+ % @ B A ¥ MHRn B C W Makdown | @ 8 B ® © & snppetsy| = = O S B € A A =
A

In [1]: print("Hellow World")

Hellow World

Figure 1.8: Notebook Hello World

Enhancing Jupyter Notebook usability

Many seasoned data scientists usually work on the vanilla setup of Jupyter notebook.
However, it is important to know that there are many more amazing features of the
Jupyter Notebook that are usually not explored by most users. Once you explore
them and start using them, you will realize how important they are to further
enhance your usability and productivity with building models and applications
using Jupyter Notebook.
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These features are the ability to incorporate latex in the markdown cells of the
notebook, code prettify for making the code look neater to promote best practices
and preserve its integrity, the ability to automatically create a table of contents of
your exploratory data analysis steps, code auto-completion with notebook, the
ability to save code snippets for reusability, and many more.

Installing the required Python packages

Python, as we know, is a multi-utility programming language. It is also the most
preferred programming language for data science due to the amazing scientific
computing, visualization and algorithm implementation libraries.

In this section, we will install the most important Python packages that are required
to build any machine learning and deep learning model in Python.

Those are as follows:

e Pandas

e NumPy

e Matplotlib
e Seaborn

e Scikit Learn

¢ TensorFlow

e Keras

* Scikit-image

¢ OpenCV
Use Code 1.1 snippet and run them on the notebook cell for installing the Python
packages on your machine. These are simple pip install commands that can be run
on the command line too. In order to run them through the notebook cell, add an

“1I” before the command. That will make the notebook know that the code has to be
interpreted and executed as a shell command:

1. import sys

I{sys.executable} -m pip install -U pandas
I{sys.executable} -m pip install -U numpy
1{sys.executable} -m pip install -U matplotlib
I{sys.executable} -m pip install -U seaborn

I{sys.executable} -m pip install -U scikit-learn

N o U e N

!{sys.executable} -m pip install -U tensorflow
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8. !{sys.executable} -m pip install -U keras
9. !{sys.executable} -m pip install -U scikit-image
10. ! {sys.executable} -m pip install -U opencv-python

Code 1.1: pip install commands

Note that these are some basic Python libraries required for building any machine
learning or deep learning model. However, additional libraries required at specific
stages of the model building process will be introduced and discussed in their
respective chapters.

Advance Python libraries for data science

Python has become the most preferred language for data science, owing to the
amazing and easy-to-use scientific computing and model building libraries.
Libraries like Pandas and Numpy provide various high-level methods for data
processing. Libraries like matplotlib and seaborn make data visualization a piece of
cake. Libraries like scikit-learn provide high-level methods to implement almost all
machine learning algorithms. Libraries like Keras and PyTorch provide high-level
methods to implement almost all deep learning algorithms.

Also, Python for data science has a very active online community, which constantly
contributes to building various high-level Python packages for easy and holistic
implementation of almost all stages of the data science life cycle. This makes data
sourcing, data cleaning, data pre-processing, data visualization, and model building
possible with just a couple of lines of code implementation.

Numpy

Numpy is a Python library that is written for scientific computing and data analysis.
It stands for Numerical Python.

When it comes to data science, the data is usually big data. Even when we work
on sample data for building and evaluating a predictive model, the data is huge
enough to give your machine a hard time to process. Now, Python as we know it
may not be that efficient in terms of computational speed and efficiency. Hence, the
power of vectorization that is inherently present in the advanced Python libraries,
like Numpy, comes to the rescue for faster computations.

In standard Python ways, when you need to deal with data in an iterative fashion,
“for” loops are the best premise. In a loop, records are treated one row at a time,
which is time-consuming and not very efficient.
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