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Preface

In recent times, artificial intelligence (AI) and machine learning

(ML) techniques have been widely used in many applications, such

as monitoring environmental parameters, monitoring, and control

of industrial situations, intelligent transportation, structural health
monitoring, health care, and so on. The advancement of electronics,
embedded control, smart sensing, networking, and communication has
made it possible to develop low-cost smart systems. Although there are
smart systems, the computing capabilities are minimal, and hence they
are considered to be resource-constrained computing devices (e.g., mobile
phones, smart watches, and mini electronic gadgets).

Applying smart strategies involving complex mathematical operations
of AT and ML methods on resource-constrained computing devices and
browsers is challenging. The advancements in Internet technologies,
primarily JavaScript skills, have made it possible to execute AI/ML models
in the browsers and resource computing devices. There are many other
publications on Al, ML, and JavaScript, but this book provides beneficial
information and practical knowledge to develop intelligent methods/models
from scratch and deploy them on browsers and resource-constrained
computing devices.

The complete book is divided into six chapters:

Chapter 1 describes the fundamentals of web development. This
chapter provides a short description of designing and developing web
applications using web building blocks. For developing an AI/ML model
and running on the browser or resource-constrained computing device,
this chapter’s practical knowledge is essential. For a beginner in any field

xiii



PREFACE

of study and interested in developing web apps, this chapter provides the
necessary practical skills to better realize web applications.

Chapter 2 delivers the steps to be performed and the necessary
JavaScript libraries to be considered for processing the data at the
computer’s browser application level. The latest JavaScript libraries
(p5.js and ml5.js) that help build the AI/ML models with practical steps are
covered.

Chapter 3 introduces the human pose estimation application as an
example that enables the reader to understand how an AI/ML model
involving complex mathematical operations can be used to run in the
browser. The stepwise procedure teaches you how to implement ML
methods to estimate an individual’s poses.

Chapter 4 covers the open-source JavaScript library TensorFlow.
js, which will be useful for building and deploying AI/ML models in the
browser. The architecture of the TensorFlow.js, including its accelerators
that support massive data processing at the browser, is explained. Practical
examples of executing a neural network model for useful classification
tasks are elucidated using the TensorFlow.js library.

Chapter 5 examines how to determine gait parameters by applying
AI/ML methods along with the JavaScript libraries in the web browser
application. The chapter walks you through the basics of gait analysis and
expands on the observational method considered in determining the vital
parameters for analysis using the Al in the browser.

Chapter 6 provides a few more advanced applications to run on the
browser by applying the A[/ML methods. This chapter encourages the
reader to think about the advancements possible when running AI/ML
models in the browser.

I'hope that you enjoy reading the book. If you need any help
whatsoever with the practicals, please feel free to contact me.

Dr. S. Nagender Kumar Suryadevara

Associate Professor, School of Computer and Information Sciences,

University of Hyderabad, India.
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CHAPTER 1

Web Development

This chapter introduces you to the fundamentals of machine learning
(ML) and provides a practical primer to web design and development for
complete beginners. Topics covered in this chapter include the following:

e Hypertext Markup Language (HTML)
e Cascading Style Sheets (CSS)

e JavaScript (JS)

e Document Object Model (DOM)

« jQuery

These building blocks of web development enable you to implement
rich user functionalities into your web design.

Machine Learning Overview

Machine learning, a subset of artificial intelligence (AI), aims to enable
computers to learn without interacting with specific programs. ML enables
computers to develop programs that can access data and use it to learn for
themselves (and thus perform like a human).

© Nagender Kumar Suryadevara 2021 1
N. K. Suryadevara, Beginning Machine Learning in the Browser,
https://doi.org/10.1007/978-1-4842-6843-8_1


https://doi.org/10.1007/978-1-4842-6843-8_1#DOI

CHAPTER 1  WEB DEVELOPMENT

Arthur Samuel, who believed that computers could learn without
specific programs, popularized the term machine learning in 1959. In 1997,
Tom Mitchell further clarified the concept of ML, stating that a computer
could learn from some relative measure involving past performance while
processing some task, thus giving some experience to the computer.

Today, electronics of all kinds are outfitted with cutting-edge,
high-sensitivity sensors. Further, Internet connectivity allows for
communication among gadgets (things) for better environment-condition
monitoring. Accordingly, the massive amount of data generated from
these gadgets drives the Internet of Things (IoT) concept. Using Al and
ML strategies, the broad information gathered can be processed, scaled,
ordered, and used to predict events.

In conventional ML approaches, data is sent to and handled through
a central server, which experiences communication overhead, latency,
protection loss, and security issues. To overcome these difficulties,
inferences from the data collected in the IoT realm can be made by
deploying better ML techniques near the data origin using, for instance,
browser-environment capabilities. Exploiting ML strategies on resource-
constrained computing devices through a browser helps respective entities
to make better decisions in real time for enhanced functionality.

The tremendous computational demands of current Al strategies and
the development of ever-increasing numbers of Al-enhanced applications
forecast more data-processing problems. After all, computer-based
intelligence systems features are more demanding as they seek to reduce
resource utilization, to quicken resource accessibility, and to exploit
resource utilization for precision.

Software developers and engineers can now more effectively leverage
Al to conceptualize exceptionally responsive applications that respond to
user-sourced information in real time, such as voice or facial recognition.
They can also make smarter applications that can learn from user behavior.
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Computer-based intelligence enables us to automate applications to
incorporate substantive proposals, to respond to voice requests or physical
motions, to use mobile phone cameras to recognize items or places, and to
figure out how to help users with day-by-day activities.

In the past, many of the best ML and deep learning (DL) systems
required familiarity with Python and its related library system. Production
of ML models required unique reasoning equipment and programming
tools, such as NVIDIA graphical processing units (GPUs) and CUDA. Now,
however, incorporating ML into JavaScript (JS) applications often involves
deploying the ML part on remote cloud systems, such as Amazon Web
Services (AWS), and getting the model to run on the local system via
application programming interface (API) calls. This nonlocal, back-end
centered methodology has likely kept many web engineers from taking
advantage of the abundant prospects Al offers to front-end improvement.

The main advantage of running Al strategies on users’ local devices
(i.e., near the data-origin source) is that the information never leaves the
user’s device. This point is critically significant because users rightfully
worry about their data privacy, especially in the wake of well-publicized
and embarrassing information leaks and security breaches.

With the help of TensorFlow.js software tools, developers/users can
exploit Al without sending their information over a system that potentially
makes it available to an outsider. These tools make it simpler to develop
secure applications that comply with information security guidelines, such
as healthcare applications that read wearable clinical sensors. The tools
also make Al program augmentation possible, thus allowing upgrades
while shielding user conduct/information.

Integrating JS programming features with Al strategies in a simple
interface can lead to more straightforward access to rich sensor
information from IoT devices. User behavior can be modeled based on
interactivity with device information sources such as voice or webcams.

Because similar programming code can run on, for example, mobile
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phones utilizing accelerometers, gyroscopes, and Global Positioning
System (GPS), integrating AI computational capabilities into user devices
themselves can prove highly beneficial.

Web Communication

Figure 1-1 shows the big-picture web basics for Al applications that run on

user devices.

Get Information ﬁ Localhost Server
——m—— g Get/Put
[~ g h
Put Information E‘ Information

Client Server f I :
D D Applications/

Programs/
(a) Services/
(b) Clients

Figure 1-1. Web communication through the Internet and localhost

The three web development essentials are as follows:
o Client (web browsers, used to surf the web)

e Server systems (used to supply information to the
browsers)

o Computer networks (used to support browser-server

communication)

The web activity shown in Figure 1-1(a) illustrates the internetworking
principle, where communication between the client and server is done
through protocols such as the Internet Protocol (IP), Transmission
Control Protocol (TCP), Hypertext Transfer Protocol (HTTP), and the File
Transfer Protocol (FTP). Figure 1-1(b) shows that communication between
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the client (browser/services/applications) and the server (localhost)

happens locally and provides the required information to the respective

applications (client/browser/services).

The following terms relate to the communication:

o World Wide Web (WWW or web): A system of
interlinked, hypertext documents that runs over the

Internet. There are two types of software: client and

server. A system that wants to access the information

provided by servers must run client software (e.g., a

web browser), and an Internet-connected computer

that wants to provide information to others must run

server software. The client and server applications

communicate over the Internet by following a protocol
built on TCP/IP (i.e., HTTP) (Figure 1-2).

Makes HTTP requests on behalf of the user

— Reformat the URL entered as a valid HTTP request

— Use DNS to convert server’'s host name to appropriate
IP address

—  Establish a TCP connection using the |P address

= Send HTTP over the and wait for
server's response

= Displaythe d nt ined in the r

If the document is not a plain-text document but instead is

written in HTML, this involves rendering the document

(positioning text, graphics, creating table borders, using

appropriate fonts, etc.)

/ -Server waits for connect requests

-When a connection request is received, the server creates |
a new process to handle this connection

-The new process establishes the TCP connection and

waits for HTTP requests

-The new process invokes software that maps the

requested URL to a resource on the server

If the resource is a file, creates an HTTP response that
contains the file in the body of the response message
If the isa runs the progi and

| retums the output

Figure 1-2. The communication between the web client (browser)

and the web server

e Hypertext: An information format that enables one to

move from one part of a document to another or from

one document to another through hyperlinks.
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e Uniform Resource Locator (URL): Unique identifiers
used to locate a particular resource on the network.

e Markup language: Defines the structure and content of
hypertext documents.

Organizing the Web with HTML

To design and develop web pages, you want to be thoroughly familiar with
Hypertext Markup Language (HTML). HTML enables you to define a web
page’s structure, including sections, lists, headings, connection points,
pictures, mixed-media players, and more.

HTML is not a programming language. It is a markup language that
tells Internet browsers how to structure web pages that a user visits. HTML
consists of various components that you use to manipulate substantive
page elements to show in a specific way. Encasing labels, for instance, can
turn content into a hyperlink that associates with another page or can be
used to emphasize words/terms.

Web Development Using IDEs/Editors

The difference between an integrated development environment (IDE)
and an editor (text) for web development is that an IDE does everything
from fundamental content management to advanced development that
cannot be done with a text editor.

For example, editors such as Sublime, Notepad++, and Atom can be
used with HTML and Cascading Style Sheets (CSS) when writing the code for
web page design. These editors include many good features (e.g., language
structures that include adaptable interfaces and comprehensive navigation
tools for web developers who want enhanced application capabilities).


https://www.sublimetext.com/
https://notepad-plus-plus.org/downloads/
https://atom.io/

CHAPTER 1  WEB DEVELOPMENT

For instance, a web developer may require a debugger and a compiler to
develop web applications effectively. Figure 1-3 shows the programming
environments of these three editors.

Figure 1-3. Notepad++, Sublime, and Atom editor environments

With the best IDEs, however, you have less to worry about. They
often include comprehensive development tools in one application,
including for automation, testing, and forecasting. Mainly, they provide
web developers the necessary support to transform code into a working
application. Here are some of the more popular IDEs:

o Visual Studio Code: Visual Studio Code is perhaps
the best JavaScript IDE for Windows, Mac, and Linux
platforms. In addition to supporting JS functionality,


https://code.visualstudio.com/
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it also supports Node.js and TypeScript features,

and it includes a system of extensions for different
programming dialects, including C++, C#, Python,

and PHP. Visual Studio Code makes for programmer-
friendly operations with excellent syntax features and
autocomplete with IntelliSense that responds to myriad
factors, word definitions, and imported modules.

NetBeans: NetBeans is one of the best web
development IDEs because it enables you to create

a neat and versatile work area and develop web
applications quickly. It also works well with JS,

HTMLS5, PHP, and C/C++. Itis a free JS IDE and a great
HTMLS5 IDE for everyday use. This IDE allows you to
review code for errors and lets you automatically fix
syntax if necessary (including for Java 8 features such as
lambda expressions).

PyCharm: PyCharm is not the best free JS

IDE. However, the paid Professional Edition is
worth considering if you are looking for a solid web
development IDE for Python.

Intelli] IDEA: Intelli] IDEA is an excellent web
development IDE. A free version is available, but if
you want all the JS features it offers, consider the paid
Ultimate Edition. Intelli] IDEA can save you time and
energy in web development, and it is an excellent CSS
IDE. Note, as well, that it supports a wide range of
programming dialects.


https://netbeans.org/

