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Artificial Intelligence (AI) and machine learning have emerged as transformative technologies with
a profound impact on numerous domains. Healthcare, manufacturing, retail, education, banking,
and finance are all areas that have been impacted and continue to be impacted by the rise of AIL. The
rapid advancement in the field has created opportunities for developers to tap into, whether you are
building a pet or enterprise project.

But what is AI? What about Machine Learning (ML)? How can you leverage the power of Al in your
Java applications? Can you even develop Al applications and solutions on the Java Platform? This
paper aims to answer these questions by exploring AI and ML frameworks on the Java Platform.
With its robust ecosystem and extensive libraries, Java provides a solid foundation for developing
Al and ML applications.

We start off with a brief history and definition of AI and ML, their advantages and disadvantages,
ML algorithms and what they are, and finally a look at the popular options available for AI and ML
development on the Java Platform. By the end of this paper, you will have a bird's eye view of Al,
ML, and the development options for them on the Java Platform.

A Brief History of Artificial Intelligence (AI)

The foundations of AI as we know it today, can be traced back to the seminal work of the British
polymath Alan Turing. Turing was convinced machines could be taught to make decisions, just as
humans do, with available information and reason. Unfortunately, the computers of his time were
not ready for his ideas as they could only execute, and not store commands, in addition to being
prohibitively expensive.

Not long after, in 1956 at the Dartmouth Summer Research Project on Artificial Intelligence, computer
scientists Allen Newell, Cliff Shaw, and Herbert Simon presented the Logic Theorist, a program that
mimics how humans solve problems, funded by Research and Development Corporation. It was at
this event that the term “artificial intelligence” was coined by host John McCarthy. This event ushered
in the next several decades of research into the field of Al

The period between the 1950s to the early 2000s saw a turbulent trajectory for Al research. The
single biggest bottleneck was always the speed and storage capacity of computers. However, from
the 1990s onwards, the availability of powerful computers meant the research of earlier generations
could be put to practice. The defeat of world chess champion Gary Kasparov by IBMs Deep Blue
computer marked a momentous period in the history of AL This feat, followed by others like Dragon
System's speech recognition software and Kismet ushered in the current era of Al

Today Al is all around us. From complex game logic to conversational systems like ChatGPT, AI has
become a big part of our everyday lives, directly and indirectly. The advent of “big data” means we
can collect, process, store and analyse vast amounts of data that we then feed to computers in the
form of training. Now that we set the stage with a brief history, let us define what Al is.


https://redirect.cs.umbc.edu/courses/471/papers/turing.pdf
https://history-computer.com/logic-theorist/

®
%vgra Building Intelligent Systems with Java: A Brief Look AI and ML Frameworks

AI and Machine Learning

John McCarthy, the originator of the term artificial intelligence, defines it as “the science and engi-
neering of making intelligent machines, especially intelligent computer programs. It is related to the
similar task of using computers to understand human intelligence, but AI does not have to confine
itself to methods that are biologically observable.” Al then refers to the development of machines or
systems that can perform tasks requiring human-like intelligence. It encompasses various techniques,
including machine learning, natural language processing, computer vision, expert systems, and more.

Artificial Intelligence encompasses a wide range of techniques and approaches that enable machines
to show intelligent behaviour. It involves tasks such as natural language processing, computer vision,
speech recognition, expert systems, and more. Al has seen significant advancements in recent years,
leading to breakthroughs in autonomous vehicles, virtual assistants, recommendation systems, and
medical diagnosis.

Al has two broad categories, namely weak or narrow Al and strong AI. Weak or Artificial Narrow
Intelligence is Al trained to perform very narrow, specific tasks. Its scope, though narrow, is anything
but weak. Examples of narrow Al are self-driving cars, Google Assistant and Amazon Alexa.

Strong Al is broken down into Artificial General Intelligence (AGI) and Artificial Super Intelligence
(ASI). AGI is a theoretical form of AI that aims at matching the intelligence of humans, while ASI
aims at exceeding the intelligence of humans. Strong Al is currently only theoretical, but that does
not rule out researchers exploring its development.

As with everything, AI/ML have their own unique advantages and disadvantages that you should
consider in adopting them for use in your own applications.

Advantages of AI/ML

Automation and Efficiency

Al and ML enable automation of repetitive and time-consuming tasks, leading to increased efficiency
and productivity. Machines can process and analyse large volumes of data at a speed and scale that
surpass human capabilities, resulting in faster and more exact decision-making. For example, AI/ML
can be used to optimise supply chains by analysing historical records and real-time data to improve
demand forecasting, leading to streamlined operations and savings.


https://www-formal.stanford.edu/jmc/whatisai.pdf
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Pattern Recognition and Insight Generation

AI and ML algorithms excel at recognizing patterns and extracting valuable insights from complex
data. They can uncover hidden patterns, correlations, and trends that we humans may overlook,
enabling organisations to make data-driven decisions and gain a competitive edge. For example,
Stripe uses ML to help detect and prevent fraud in its payment system

Personalization and Recommendation Systems

AI and ML algorithms power recommendation systems that personalise user experiences by ana-
lysing user preferences and behaviour. This enables businesses to deliver tailored product recom-
mendations, content, and services, enhancing customer satisfaction and engagement. For example,
Amazon and AliExpress both use ML algorithms to decide what product to recommend to you based
on your past purchase, search and viewing history on their platforms.

Handling Complex and Unstructured Data

Al and ML techniques are capable of handling unstructured data types, such as text, images, and
audio. They can extract meaning, sentiment, and context from unstructured data sources, enabling
organisations to derive actionable insights from diverse data sets. For example, OpenAl’s ChatGPT
and Dall-e apps allow for almost human-like interaction with computers.

Disadvantages of AI and ML:

Data Dependency and Quality

I and ML models heavily rely on large and high-quality training data. Insufficient or biased data can
lead to inaccurate or biased predictions, making it crucial to ensure the quality, diversity, and rep-
resentativeness of the training data.

Interpretability and Explainability

Some Al and ML models, such as deep neural networks, are often considered as black boxes, mean-
ing it can be challenging to interpret their decision-making process. This lack of interpretability
can raise ethical concerns, especially in high-stakes domains such as healthcare or finance, where
understanding the reasoning behind a decision is crucial.


https://www.ibm.com/uk-en#how-is-machine-learning-used-in-fraud-prevention-and-%20detection
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Limited Contextual Understanding

Al and ML models are typically designed to run within specific domains or tasks. They lack the broader
contextual understanding and common-sense reasoning abilities that humans have. Even though
models such as OpenAI’s ChatGPT is said to be “almost sentient,” Al still has a long way to go to get
to the level of human understanding and processing. This can lead to limitations in handling novel
or ambiguous situations that fall outside the scope of their training data.

Job Displacement and Ethical Considerations

The automation potential of Al and ML raises concerns about job displacement and socioeconomic
impacts. Certain job roles may become obsolete or transformed, requiring individuals to adapt and
acquire new skills. For example, according to CNN, Goldman Sachs predicts about 300 million job
losses because of AL Additionally, ethical considerations arise about AI biases, privacy concerns,
and the responsible use of Al technology.

Machine Learning

Machine learning is a subset of AI that focuses on developing algorithms that enable computers to
learn from data and improve performance on specific tasks without being explicitly programmed.
It involves the training of models using data, allowing them to make predictions, classify informa-
tion, or uncover patterns and relationships. Data forms the foundation of machine learning as it is
the building block through which computer models are “taught” about given subjects. You may be
wondering what a model is.

Models

In machine learning, a model is a program that analyses a large corpus of data to derive patterns
and be able to make predictions based on those patterns. So, for example, a finance model will
be fed massive finance data for it to derive patterns and be able to “answer questions” based on
those patterns. There are several types of models such as deep neural networks, linear regression,
K-nearest neighbours, and linear discriminant analysis.

Types of ML Algorithms

As defined, machine learning includes algorithms that enable computers to learn from vast collections
of data. There are three broad categories of machine learning algorithms, each suited for a specific
task. These are supervised learning, unsupervised learning, and reinforcement learning.


https://edition.cnn.com/2023/03/29/tech/chatgpt-ai-automation-jobs-impact-intl-hnk/index.html
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Supervised Learning

In supervised learning, models are trained using labelled data, where the input data and correspond-
ing output labels are provided. The algorithm learns from the input-output pairs and generalises to
make predictions or classify new, unseen instances. You can think of supervised learning as teaching
a kid how to draw a given pattern by holding and tracing their hand over the pattern. In supervised
learning, you “tutor” the computer by helping it find patterns in each dataset. Examples of super-
vised learning algorithms include linear regression, decision trees, support vector machines, and
neural networks.

Unsupervised Learning

Unsupervised learning involves training models on unlabelled data, looking to discover patterns,
structures, or relationships within the data. Clustering and dimensionality reduction are common
tasks in unsupervised learning. Unlike supervised learning, unsupervised learning entails leaving
the computer model to find patterns in each dataset on its own, without any labels or clues from its
human “tutors.” Examples of unsupervised learning algorithms include k-means clustering, hierar-
chical clustering, and principal part analysis (PCA).

Reinforcement Learning

Reinforcement learning focuses on training agents to make sequential decisions through interactions
with an environment. The agent receives rewards or penalties based on its actions, allowing it to
learn best strategies to maximise cumulative rewards. Reinforcement learning is much like training
a dog to perform a trick by either giving it some reward or penalising it in some way. Reinforcement
learning algorithms have been used successfully in applications such as game playing, robotics, and
autonomous systems.

Java AI/ML Frameworks

The Java Programming Language has been a top choice for the development of all kinds of software
over the last two decades. Its versatility, readability (through its verbosity), rich ecosystem of tools
(e.g., Maven), frameworks (e.g., Jakarta EE) and libraries (e.g., JUnit) has ensured it has always been
among the top languages for developing software applications.

As the Java Platform is more the language, the Java Virtual Machine, or JVM (Java Virtual Machine),
is awhole platform that allows the running of completely different languages from Java (e.g., Scala).
This combo of the Java Language and its versatile JVM has made it a first choice for developing smart,
Al powered applications. In this section, we look at the diverse options available for developing AI/
ML applications on the Java Platform. For simplicity, we are going to focus on four primary focus
areas in classifying the frameworks/libraries. These are Machine Learning, Neural Networks, Expert
Systems, and Natural Language Processing.
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Machine Learning

Weka

Named after the flightless bird found on the islands of New Zealand, Weka, short for Waikato
Environment for Knowledge Analysis, is a collection of machine learning algorithms for data mining
tasks. It has tools for data preparation, classification, regression, clustering, association rules mining,
and visualisation. It is a general-purpose ML library that comes with some datasets to get you started.

Deep Java Library

Deep Java Library (DJL) is an AWS Lab led community project that provides a Java API for training
and testing machine learning models. It boasts of being engine agnostic, pure Java API, and easy
model deployment. DJIL also has good documentation that helps you get started with the library,
along with helpful video tutorials.

Neural Networks

A neural network is acomputer model that is built to function like the biological neurons in the human
brain. It is a type of deep learning that is itself a subset of machine learning.

Deeplearningdj

Deeplearning4jis an Eclipse umbrella project that is a suite of tools for developing and running deep
learning on the Java Virtual Machine. It has CPython bindings that allow for Java-Python interoper-
ability, bringing together the power of both platforms. Deeplearning4j can either be a complement
to your existing machine learning workflows in Python and C++ or a standalone library for you to
build and deploy models.

Expert Systems

Expert systems are computer models that emulate human ability in a specific domain.

OptaPlanner

OptaPlanner is a framework for constraint optimization. It optimises plans and schedules with dif-
ferent constraints. OptaPlanner can be used to plan and schedule constraints such as school time-
tabling, maintenance scheduling, conference scheduling, vehicle routing, among others. It has a
simple and easy to use API and works with other JVM languages like Kotlin and Scala. It can be
embedded directly in your Java applications written in Jakarta EE for instance.


https://www.cs.waikato.ac.nz/ml/index.html
https://djl.ai/
https://deeplearning4j.konduit.ai/
https://www.optaplanner.org/
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Natural Language Processing

Natural Language Processing or NLP is the parsing, processing, and understanding of human lan-
guage by a computer model .

CoreNLP

Stanford CoreNLP is a Stanford University project that enables you to derive linguistic annotations
for text, including token and sentence boundaries, parts of speech, named entities, numeric and
time values, dependency, and constituency parser, coreference, sentiment, quote attributions, and
relations. Essentially CoreNLP can help you make meaning of text by for example detecting the
sentiment conveyed in each body of text.

Apache OpenNLP

Apache OpenNLP is a Java library that supports the most common NLP tasks, such as tokenization,
sentence segmentation, part-of-speech tagging, named entity extraction, chunking, parsing, language
detection and coreference resolution. It can be used both programmatically through its Java API or
from a terminal through its CLI. OpenNLP aims to be a simple and easy to use ML based toolkit for
the processing of natural language text based on which other services can be built.

Conclusion

The above list of AI/ML libraries on the Java Platform is not an exhaustive list. There are many other
options out there as listed on the Machine Learning Open-Source Software aggregation website. The
above listed ones are the more popular ones.

AI/ML have seen significant advancement over the last few years and will continue to do so into
the future. As Java developers, the options to tap into this rapidly advancing field is made possible
through the various frameworks and libraries available in the Java ecosystem. In this paper, we have
looked at AI/ML, a brief history of the field, advantages and disadvantages and took an overview
of the popular Java frameworks and libraries for developing smart applications on the Java Platfor
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