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Preface

Productionizing the machine learning model is a complex task that requires a
comprehensive understanding of the latest technologies and CI/CD pipeline.
MLOps become increasingly popular in the field of Data Science.

This book is designed to provide a comprehensive guide to building and deploying
ML applications with MLOps. It covers a wide range of topics, including the
basics of Python programming, Git, Machine Learning life cycle, Docker, and
advanced concepts such as packaging Python code for ML models, monitoring,
model security, Kubernetes, testing using pytest and the use of CI/CD pipeline for
building and deploying robust and scalable ML applications on cloud platforms,
including Azure, GCP, and AWS.

Throughoutthebook, you willlearn about the MLOps, various tools, and techniques
to deploy ML models. You will also learn how to use them to productionize
ML models and applications that are efficient, scalable, and easy to maintain.
Additionally, you will learn about best practices and design patterns for MLOps.

This book is intended for data scientists, software developers, data engineers,
data analysts, and managers who are new to MLOps and want to learn how to
productionize ML models. It is also helpful for experienced data scientists and ML
engineers who want to expand their knowledge of these technologies and improve
their skills in deploying ML models in production.

With this book, you will gain the knowledge and skills to become proficient in the
field of MLOps. I hope you will find this book informative and helpful.

Chapter 1: Python 101 - explains the Python fundamental concepts needed
for the reader to equip with the prerequisites required for this book, including
Python installation, data structures, control statements, loops, functions, and data
manipulation using pandas. This is a quick refresher for those who have worked
with Python. If you are a beginner, this chapter will cover the most common Python
commands needed to build and deploy ML models in production. It allows the
reader to learn fundamental concepts related to the Object-Oriented Programming
paradigm using Python.

Chapter 2: Git and GitHub Fundamentals — presents a detailed overview of Git
workflow, including common Git commands with practical examples. This is
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essential content for the entire book, as this chapter covers fundamental aspects of
Git and GitHub that influence technical decisions to build the CI/CD pipelines to
deploy ML models in the production environment.

Chapter 3: Challenges in ML Model Deployment — covers the various stages of
the ML life cycle, including details on the challenges of each stage. It also covers the
common challenges in deploying models in the production environment and how
MLOps can help to overcome them. Additionally, the chapter discusses different
approaches to deploying ML models in production.

Chapter 4: Packaging ML Models — allows the reader to learn fundamental
concepts related to modular programming using the Python language, including
Python packaging, dependency management, and good practices of software
development to develop stable, readable, and extensible code for robust enterprise
applications. Furthermore, the chapter explains the virtual environment, testing
code using pytest, serializing, and deserializing ML models. It covers packaging
ML models, code, and dependencies so that the package can be installed and
consumed on another machine or server.

Chapter 5: MLflow-Platform to Manage the ML Life Cycle —gives special attention
to streamlining machine learning development, including tracking experiments,
packaging code into reproducible runs, and sharing and deploying models. It
demonstrates how to train, deploy, and reuse ML models using MLflow through
practical examples based on the use case. This chapter explains the role of MLflow
in an ML life cycle.

Chapter 6: Docker for ML — shows the basic concepts of Docker and provides
practical examples of common Docker commands with a use case for the
reader. Learning these commands allows the reader to package ML code with
its dependencies and run the application inside Docker containers. This chapter
includes practical examples of Docker objects such as Docker images and
containers.

Chapter 7: Build ML Web Apps Using API - explains in detail the most commonly
used frameworks for building web-based ML apps using the Python language,
including FastAPI, Streamlite, and Flask. It also allows the reader to learn the
basics of Gunicorn, NGINX, and APIs, including an explanation of REST APIs,
and much more.
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Chapter 8: Build Native ML Apps - is dedicated to building native ML
applications in Python to give the reader more familiarity with converting Python
apps into Windows and Android apps and ways to consume them. This chapter
covers practical examples of working with Tkinter, kivy, kivyMD, pyinstaller, and
buildozer.

Chapter 9: CI/CD for ML - allows the reader to learn and implement the different
stages of the CI/CD pipeline using GitHub and Jenkins, including committing,
building, testing, and deploying. This chapter explains the GitHub and Jenkins
integrations to build an automated CI/CD pipeline for deploying ML apps using
Python and Docker.

Chapter 10: Deploying ML Models on Heroku - will guide the reader in
configuring and building a CI/CD pipeline using GitHub Actions to deploy
a web-based ML app on the Heroku platform. This chapter also explains three
methods for deploying the web app on Heroku: Heroku Git, GitHub integration,
and Container registry. It covers practical examples for creating workflow (YAML)
files for GitHub Actions, including using tox and pytest for testing the code, and
an automated Heroku pipeline for faster deployments.

Chapter 11: Deploying ML Models on Microsoft Azure — explains the step-by-
step approach to building CI/CD pipeline using GitHub Actions to deploy web-
based ML apps to Azure web services. In the other approach, the reader will learn
to build a CI/CD pipeline and deploy web-based scalable ML apps to Azure
Container Instances (ACI) and Azure Kubernetes Service (AKS) using Azure
DevOps and Azure Machine Learning (AML) Service.

Chapter 12: Deploying ML Models on Google Cloud Platform — Shows how to
build an automated CI/CD pipeline to deploy ML models on Google Kubernetes
Engine (GKE), without the need to integrate any external tool, service, or platform.
This chapter allows the reader to learn and implement Kubernetes functionality to
run scalable ML apps using Google Kubernetes Engine (GKE).

Chapter 13: Deploying ML Models on Amazon Web Services — presents an
overview of various cloud compute services offered by Amazon Web Services
(AWS). This chapter allows the reader to learn and implement an automated
CI/CD pipeline with Continuous Training (CT) to deploy scalable enterprise
ML apps on Amazon Elastic Container Service (ECS). Additionally, it covers the
integration of Application Load Balancer (ALB), Amazon Virtual Private Cloud
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(Amazon VPC), and security groups into Amazon Elastic Container Service (ECS)
for building robust and secure enterprise ML apps.

Chapter 14: Monitoring and Debugging — is dedicated to monitoring ML and
operational metrics, including servers, cost of services, drifts in ML, input data,
ML models, and much more. This chapter shows the importance and fundamental
concepts of monitoring in the ML life cycle. It also covers practical examples using
whylogs and WhyLabs for ML model monitoring, and Prometheus and Grafana
for operational monitoring.

Chapter 15: Post-Productionizing ML Models — presents a detailed overview of
adversarial machine learning, including different types of adversarial attacks and
how to mitigate them. It also covers fundamental concepts of A/B testing and the
future scope of MLOps in the industry.
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Introduction

Python 101 guides you with everything from the installation of Python to data
manipulation in Pandas DataFrame. In a nutshell, this chapter is designed to equip
you with the prerequisites required for this book. It is a quick refresher for those who
have worked with Python. And if you are a beginner, this chapter is going to cover
the most common Python commands required to build and deploy machine models.

Structure

This chapter covers the following topics:
Installation of Python

Hello World!

Data structures

Control statements and loops

Functions

OOPs

NumPy

Pandas
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2 Machine Learning in Production

Objectives

After studying this chapter, you should be able to install Python on your machine,
and store and manage data using common data structures in Python. You should
be able to use Python's data processing packages for data manipulation, and you
should also know how to create classes, methods, and objects.

Install Python

Make sure the Python version you are installing is compatible with the libraries and
applications you will work on. Also, maintain the same Python version throughout
the project to avoid any errors or exceptions. Here, you will install Python version
3.6.10.

On Windows and Mac OS
Here’s the link to install Python 3.6.10:
https://www.python.org/downloads/release/python-3610/

On Linux

Ubuntu 16.10 and 17.04:
sudo apt update
sudo apt install python3.6

Ubuntu 17.10, 18.04 (Bionic) and onward:

Ubuntu 17.10 and 18.04 already come with Python 3.6 as default. Just run python3
in the terminal to invoke it.

Install Anaconda

Anaconda Individual Edition contains conda and Anaconda Navigator, as well as
Python and hundreds of scientific packages. When you install Anaconda, all of these
will also get installed.

https://docs.anaconda.com/anaconda/install/

Note: Review the system requirements listed on the site before installing
Anaconda Individual Edition.
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Install code editor

Any of the following code editors can be chosen; however, the preferred one is Visual
Studio Code:

Visual Studio Code (https://code/visualstudio.com)
Sublime Text (https://www.sublimetext.com)

Notepad++ (https://notepad-plus-plus.org/downloads/)

Hello World!

Python is an interpreted, object-oriented, high-level programming language with
dynamic semantics. Its simple, easy-to-learn syntax emphasizes readability and
therefore, reduces the cost of program maintenance. Python supports modules
and packages, which encourages modular programming and code reusability. It
is developed under an OSI-approved open-source license, making it freely usable
and distributable, even for commercial use. The Python Package Index (PyPI) hosts
thousands of third-party modules for Python.

Open the terminal and type a python to open the Python console.
Now you are in the Python console.
Example: 1.1 Hello world in Python

1. print("Hello World")
2. Hello World

To come out of the console you can use:

1. exit()

Execution of Python file
Let’s create a file named hello_world.py and add the print("Hello World") toit.
Now, run the file in the terminal:

python hello world.py

You should get the following output:
Hello World
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4 Machine Learning in Production

Data structures

Data structures are nothing but particular ways of storing and managing data in
memory so that it can be easily accessed and modified later. Python comes with a
comprehensive set of data structures, which play an important role in programming
because they are reusable, easily accessible, and manageable.

Common data structures

You will study some of the common data structures in this section.

Array

Arrays are collections of homogeneous items. One can use the same data type in a
single array.

Example: 1.2 Array data type

import array as arr

my_array = arr.array("i", (1, 2, 3, 4, 5))

array('i', [1, 2, 3, 4, 5])

ilg

2

3

4

5. print(my_array)
6

7

8. print(my_array[1])
9

2
Dictionary

Dictionaries are defined as comma separated key:value pairs enclosed in curly
braces.

Example: 1.3 Dictionary data type
1. my_dict = {'name': 'Adam', 'emp_id': 3521, ‘'dept':'Marketing'}
2. print(my_dict['name’'])
3. Adam

List

Itis a collection of heterogeneous items enclosed in square brackets. One can use the
same or different data types in a list.
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