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Abstract

This chapter examines information systems through the concepts,
components, types, and functions that connect data with institutional
activity and decision-making. It distinguishes data, information, and
knowledge and presents a system as an interaction among people,
procedures, hardware, software, data, and communication. System
effectiveness is therefore related to the organization of these
elements around user and institutional needs, rather than to the
presence of computers alone.

The discussion reviews types and levels of information systems,
including transaction processing, management information, and
decision support systems. It distinguishes their functions, outputs,
and users while examining information flows, process integration,
and databases. These systems are connected to planning, control,
coordination, and performance assessment. Examples and
illustrations explain the movement from recording operational
activities to producing information that can support managerial
decisions.

System development, implementation, and operation are considered
alongside human, organizational, and technical requirements.
Challenges include data quality, security, cost, compatibility, and
organizational change. The chapter relates these requirements to
digital transformation and the expanding institutional role of
information. Its concluding discussion emphasizes alignment
between system design and work objectives, user involvement, skill
development, and control over input and output quality. The
contribution is a progressive educational account of information
systems and their relationship with management. It does not equate
successful implementation with purchasing technology or assume
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that available information automatically becomes sound institutional
decisions.

Keywords: Information systems; Data; Decision support; Institutional integration;
Digital transformation
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Abstract

This chapter introduces artificial intelligence through its concept,
historical development, and changing intellectual foundations. It
considers systems that perform tasks associated with perception,
learning, reasoning, and problem-solving. Different definitions are
organized around approaches emphasizing thought or action and
around human resemblance or rational performance. These
distinctions help explain the diversity of goals and methods brought
together within the field.

The chapter follows major stages of development, from early
guestions about machine intelligence and the Turing test to the
Dartmouth meeting, symbolic approaches, expert systems, periods
of reduced expectations, and renewed interest in machine learning.
It discusses the contributions of data, computing capacity, neural
networks, and deep learning to expanding applications, including
generative artificial intelligence. Specialized systems are
distinguished from the broader aspiration of general intelligence,
without treating practical achievements as equivalent to the full
range of human intelligence.

Technical development is connected to epistemic and ethical
difficulties involving data quality, bias, interpretability, and the
resources required for training and operation. The chapter argues
for understanding the interaction of theories, algorithms,
infrastructure, and social context rather than recounting
achievements alone. Its contribution is a conceptual and historical
foundation for subsequent examination of expert systems and
societal applications. The account highlights multiple developmental
paths and changing boundaries between capabilities and limitations.
It is an analytical review of concepts and stages, not an experiment
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evaluating a new system or evidence that artificial general
intelligence has been achieved.

Keywords: Artificial intelligence; Machine learning; Symbolic intelligence;
Historical development; Deep learning
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Abstract

This chapter reviews artificial intelligence through its foundations,
development, principal branches, methods, and applications. It
introduces information processing, learning, reasoning, and
problem-solving as central functions of intelligent systems. The
aspiration to reproduce selected human capabilities is distinguished
from the development of tools for specific tasks. Historical
discussion explains changing emphases among symbolic
approaches, expert systems, and data-driven learning.

The chapter examines knowledge representation and use alongside
machine learning, neural networks, language processing, vision, and
other areas associated with intelligent systems. Expert systems are
explained through their components and the interaction between a
knowledge base and an inference mechanism. The discussion
distinguishes systems applying explicitly formulated rules from
systems extracting patterns from data, while recognizing the
possibility of combining approaches according to task requirements.

Applications in knowledge work, society, employment, and services
are considered through automation, analysis, and decision support.
The chapter also discusses privacy, bias, responsibility, and
changes in professional roles and skill requirements. These issues
support a cautious understanding of technological capabilities and
the conditions of responsible use. The conclusion connects technical
opportunities with governance and human preparation, rather than
treating expansion of applications as an objective independent of
users’ needs. The contribution is theoretical and educational,
offering an introduction to the structure of the field and the
relationships among its branches and uses. It does not attribute
uniform capabilities or a single set of experimental results to every
system described as atrtificial intelligence.
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Chapter Introduction: Scope and Significance

Artificial intelligence (Al) is not only a science but also an
engineering discipline and social institution. Al is concerned with
understanding how computer programs can carry out processes
related to perception, cognition, learning, language, planning, and
decision making. As such, Al is a discipline which is much wider
than just a particular approach or technology. Thus, rule-based
systems, probability-based algorithms, neural networks, robotics,
and generators are all parts of Al when they exhibit goal-oriented or

cognitive behavior. (Russell & Norvig, 2021, p. 2).

The analysis of Al in this chapter will be done through three
interrelated sections. The first section covers Al's basic definition,
history, branches, as well as the difference between narrow and
general Al. The second part looks at expert systems and symbolic
Al since such approaches have introduced fundamental notions
regarding representation of knowledge and inference. Finally, the
influence of Al on knowledge production, education, research,
health, public administration, industry, work, culture, and
governance will be evaluated.

The chapter will take a critical view of the topic rather than just a
technical one. Al systems do not exist separately from data,
institutions, expertise, and values held by people. Their efficiency

depends on the quality of their representations and training
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materials, whereas their impact is based on organizational
distribution of powers and responsibilities. In this light, technical
performance will be evaluated together with reliability, fairness,

privacy, accountability, accessibility, and human oversight.

Section One: The Concept and Development of
Artificial Intelligence

1.1 Defining Artificial Intelligence

There is no one-size-fits-all definition of artificial intelligence that
everyone can agree on across all disciplines. The first definition of
Al is based on human performance, whereby a machine is said to
be intelligent if it is able to do activities that are usually performed by
humans. The second definition of Al is based on rationality whereby
intelligence is viewed as the capability to make decisions and take
actions that are bound to attain a particular goal. The third definition
of Al is based on learning and adaptation. (Russell & Norvig, 2021,
p. 2).

Sometimes operational definitions are preferable to abstract
definitions. One definition of an Al system can be that it is a
computational system that takes input, builds or utilizes some sort of
model and makes predictions, recommendations, produces content
or takes actions towards its stated or unstated goals. This definition
includes both those systems that have explicitly defined rules
developed by experts and those whose behavior is based on data
analysis. Furthermore, it does not imply that a machine has a mind

just because it is capable of making highly complex decisions.
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There is a difference between Al and regular automation.
Automation refers to a set of instructions that are executed under
unchanged circumstances, while Al refers to dealing with uncertain
situations, searching through various options, finding hidden
patterns or adjusting to new cases. Of course, the distinction is not
absolute since contemporary products usually use combinations of
regular software, statistical learning techniques, databases and

human procedures.
1.2 Intelligence, Rationality, and Agency

Intelligence of humans encompasses memory, abstraction,
language, judgment, creativity, social perception, and adaptability in
learning. Computer programs normally capture a selective few of
these capabilities. While a chess application will be able to make a
strategic analysis without being able to comprehend a dialogue, a
language application will create fluent writing without having any
consistent goals or experience. Intelligence demonstrated in one

area is not a reflection of a general level of intelligence.

The concept of a rational agent gives us a way to think about Al in
practice. An agent senses its environment through inputs and
influences it through its outputs or actions. The rationality of the
agent depends on the available information, goal setting, and
environmental restrictions. In this case, it doesn’'t need to be the
best choice but whether it makes actions which are sensible to what

it senses. Search algorithms, recommendation tools, self-driving
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cars, and software agents are some examples of such systems.

(Russell & Norvig, 2021, p. 37).

The idea of agency should not be mistaken with responsibility.
Agency arises in a system because of the objective function
determined by the designer, the prompt entered by the user, or the
workflow determined by an organization. Responsibility is dispersed
throughout the people involved, ranging from developers to
deployers to managers to users and regulators. The use of
anthropomorphic language may blur the distinction by implying that
the “Al decided,” while in reality, the choices were being made

through design and deployment.
1.3 Intellectual Foundations and the Turing Test

The origins of artificial intelligence lie in logical, mathematical,
philosophical, psychological, neuroscientific, cybernetic, and
computer engineering advances. Formal logic demonstrated that
some components of reasoning can be symbolically expressed. The
theory of computability outlined the problems that can be solved by
computing machines. Cybernetics concerned itself with feedback
and control systems, while the first neurosciences motivated
mathematical simplification of neurons. All these approaches formed
a language in which it became possible to ask whether intelligent

behavior was amenable to computational analysis.

In his paper "Computing Machinery and Intelligence," Alan Turing
posed the philosophical problem of whether machines could reason

in terms of a practical test of whether a machine can hold a
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conversation. For the imitation game, a machine would be
considered intelligent if an interrogator was unable to distinguish it
from a person through its writing (Turing, 1950, p. 433). Although
this approach did not define intelligence fully, it made behavior a

more accessible criterion.

The Turing test continues to be significant but it has its
shortcomings. Communication imitation encourages human-like
communication style rather than truth, logical thinking, and ethics. It
is possible that a machine can convince the evaluator with evasion
and wrong answers. On the other hand, a powerful science or
planning tool may fail to pass the Turing test since it does not
involve communication imitation. As such, the test should be viewed
more as an initial behavioral test rather than a standard of
intelligence. Modern testing utilizes various methods rather than one

universal test.
1.4 Dartmouth and the Formation of a Scientific Field

The term “artificial intelligence” took on a specific meaning because
of a particular research agenda outlined in a proposal for the 1956
Dartmouth Summer Research Project. According to John McCarthy,
Marvin Minsky, Nathaniel Rochester, and Claude Shannon, certain
aspects of learning and intelligence could potentially be defined well
enough to allow a machine to imitate them (McCarthy et al., 1955, p.
1). The proposed research topics included language, abstractness,

problem solving, neural nets, and machine improvement.

77



G208 denaalis aa | A juall Y gy el Jial)

Computer programs which proved theorems, solved puzzles, and
played games were promising for early researchers. The Logic
Theorist, created by Allen Newell, Herbert Simon, and CIiff Shaw,
illustrated how symbolic search could be used to reproduce certain
mathematical proofs. General Problem Solver tried to differentiate
between the general approach to problem solving and the specific

problems themselves.

The hope of that time was founded on solid advances in theory, but
first experiments were carried out in highly controlled environments.
Difficulties were encountered when the system was faced with
incomplete data, ambiguous languages, huge search space, or
common sense knowledge. However, the Dartmouth agenda
brought some unity to researchers working in this field. It also
produced a constant conflict between an effort to construct the
model of general intelligence and success in developing special-

purpose programs for limited purposes (Nilsson, 2010, p. 55).

There was some genuine innovation behind the optimism of the
time, but early demonstrations were done within controlled, well-
designed settings. Difficulties arose when the systems were faced
with incomplete data, fuzzy language, expansive searches, or
commonsense knowledge. Despite this, the Dartmouth program
defined a collective identity and vocabulary for the research
community. It also set up a perennial conflict between the goal of
representing intelligence in general and the success of specific

systems developed for limited domains (Nilsson, 2010, p. 55).
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1.5 Symbolic Al, Search, and Early Optimism

From the 1950s until the late 1970s, the dominant Al paradigm was
symbolic. Knowledge was represented using symbols denoting
objects, features, and relations. Rules operated on such
representations, while searches were used to consider various
potential sequences of thought and action. This paradigm was
summarized in the physical symbol system hypothesis by Newell
and Simon (1976, p. 116), in which intelligent action is associated

with systems that can construct and manipulate symbol structures.

The successes of symbolic programs in areas such as theorem
proving, games, planning, and restricted language comprehension
were impressive. Symbolic programs had some intuitive advantages
since their behavior could be examined by studying rules and seeing
how a result was obtained. Symbolic representation could also
directly capture the concepts of an application domain, thereby
letting experts express knowledge in ways more natural than

numeric optimization.

On the other hand, searching led to combinatorial explosion at
times. What looked like a slight increase in possible actions led to a
huge number of paths. The remedy to the situation was the use of
heuristics, which is an approach to search where one uses some
sort of knowledge to help the search find good paths and yet not
promising the optimal solution. This has been an important part of

current Al, but along with learning and optimization.

1.6 Al Winters and the Limits of Early Systems
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Expectations kept surpassing what could be achieved through the
use of the existing technology and data. Machine translators faced
challenges associated with ambiguity and context, vision systems
found it hard to cope with real-life scenes compared to simple
laboratory scenes, and general purpose reasoning systems did not
have enough common sense to deal with typical real-world
situations. Interest and funding waned during what became known

as 'Al Winters' (Nilsson, 2010, p. 213).

These failures did not mean that building artificial intelligence was
impossible. On the contrary, they proved that intelligence cannot be
built just through increasing the number of rules for a system
demonstrated on a small problem. Knowledge acquisition was
costly, systems were fragile when operating in unexpected
situations, computer hardware put limits on the size of search space

and evaluation techniques advanced too.

There lies a crucial methodology lesson to be learned from these
cycles. The evaluation of Al must involve specific tasks, appropriate
data, external validation, and limitations. Promises of future general
intelligence must be kept apart from the facts about present
capabilities. While today’s generative Al has rekindled the public
imagination, history suggests that we not mistake fluency for
dependability. There has been genuine progress, but its worth

depends on how well it holds up when the going gets tough.

1.7 The Statistical and Machine-Learning Turn
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The 1980s and 1990s were an era in which statistical techniques
gained more influence. Rather than describing all rules in detalil,
scientists created algorithms that could infer rules from examples.
According to Mitchell, machine learning involves training a system to
perform better at some task through experience, which is usually

described in terms of data (1997, p. 2).

Supervised learning connects inputs and corresponding outputs,
such as image classification or credit risk prediction. In unsupervised
learning, structures are discovered by a model on unlabeled data,
as, for example, in clustering of documents. In reinforcement
learning, the system receives feedback in the form of penalties and
rewards to learn how to take appropriate actions (Sutton & Barto,
2018, p. 2). However, the aforementioned categories are just
conceptual instruments; real-life algorithms tend to be more hybrid,
involving human rules and domain knowledge, along with various
goals set for self-supervision. The integration of deep neural
networks and search led to record-breaking performance in the

game of Go (Silver et al., 2016, p. 484).

The statistical approach altered the origin of the behavior of the
system. With symbolic Al, mistakes usually originate from a single
rule or an unknown fact. However, in machine learning, the behavior
is spread among parameters that have been learned from the data.
This enhances flexibility while decreasing transparency. Data-set

creation, feature selection, modeling, and evaluations all become
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forms of knowledge engineering. Learning from the data does not

remove the element of judgment but simply changes its location.
1.8 Deep Learning and Representation Learning

In deep learning, learning occurs through the use of multiple-layered
neural networks. While previous machine learning algorithms relied
on designed features, the deep network is capable of learning the
needed features from pictures, sound, or text. Improvement in
technology of graphics processing units, availability of large
databases, training techniques, and software tools led to
advancements in areas of speech recognition, computer vision, and

pattern classification (LeCun et al., 2015, p. 436).

A neural network comprises of interconnected computational units,
whose parameters are optimized to minimize error. Convolutional
networks became prominent in image analysis, recurrent networks
in sequence analysis, and attention-based networks became
prominent in language and multimodal analysis. The features that
can be learned are capable of capturing complex patterns that

cannot be written down explicitly.

It comes with its own set of drawbacks as well. The models need to
be computationally intensive, may reproduce any biases from the
training data, perform poorly when there are distributional changes,
and offer explanations that are indirect when compared with
symbolic rule traces. High average performance on benchmark tests
hides the possibility of severe performance issues when it comes to

minority groups or specific medical conditions.
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1.9 Transformers, Foundation Models, and Generative Al

This was achieved by using attention in place of recurrence in
relating sequence items to each other, enabling parallel training
(Vaswani et al., 2017, p. 599). Models trained on huge corpora of
text data can learn how to predict absent or following tokens. It is
through this approach that they can gain statistical representations
to help summarize, translate, answer questions, code, and create

content.

Foundation models are trained extensively and can be deployed for
use in different applications. The broadness of the models provides
economies of scale; however, it increases risk since an error, bias,
or security vulnerability present in the model will impact all its uses
(Bommasani et al., 2021, p. 3). The language models are known to
make false statements with confidence since they provide plausible
sentences and not facts that can be found. They also rely on
prompt, context, tools, and verification techniques. Research carried
out on large language models also highlights the dangers
associated with scale, such as increased environmental footprint

and data bias (Bender et al., 2021, p. 612).

The role of generative Al in terms of the interaction between Al and
knowledge work becomes wider since users have the opportunity to
ask for the creation of text, pictures, audio recordings, videos, or
code by means of natural language. The 2026 report of Al Index

notes that, while capabilities and adoption of Al increase, there is
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still no proper evaluation of it (Stanford Institute for Human-Centered

Artificial Intelligence [Stanford HAI], 2026, p. 2).
1.10 Types, Levels, and Major Branches of Al

Al can be categorized based on capabilities. Narrow Al executes
specified tasks such as helping with diagnoses, translations, fraud
detection, or route finding. Artificial general intelligence is described
as a theoretical system capable of learning and reasoning in
different contexts, demonstrating adaptability similar to that of a
human being. Superintelligence, another theoretical concept, is an
Al with capabilities surpassing that of human beings in most
intellectual functions. Currently deployed systems are narrow, even

if there is a single foundation model that carries out multiple tasks.

Alternatively, Al can be categorized according to their functions.
Natural language processing involves the analysis and creation of
languages. Computer vision involves the interpretation of visual
content like images and videos. Speech technologies involve
connecting speech to text and meaning. Robotics connects
perception and reasoning to physical actions. Knowledge
representation and reasoning involve the manipulation of structured
information. Planning is the selection of action sequences. Machine
learning involves developing models through data.

None of the branches functions independently. An autonomous car
uses vision, mapping, prediction, planning, control, and safety
engineering. A medical assistant may combine language

processing, information retrieval, rules, and statistical prediction.
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The most valuable classification is that which classifies the particular
task, the data, the environment, and the risk level involved in the
operation. Al should be considered as a tool kit consisting of layers

which have to be chosen on the basis of the problem faced.

Section Two: Expert Systems and Symbolic Artificial
Intelligence

2.1 Concept and Characteristics of Expert Systems

An expert system is a type of computer software that simulates the
decision-making skills of experts in a specific domain. The software
does not try to emulate universal knowledge but rather encodes only
those rules, facts, and heuristics that are pertinent to the type of
problem in question. Common applications of expert systems are
diagnostics, configuration, interpretation, monitoring, planning, and
advice-giving. The efficiency of the system depends on the quality of

knowledge encoded into it.

The main feature distinguishing an expert system from a regular
program is that domain knowledge is isolated from the inference
process. This means that one may change the set of rules without
having to rewrite the whole program. Moreover, explanations can be
provided: the system will show what rules and facts led to the
particular conclusion. Such feature of expert systems made them
especially useful in medicine, geology, engineering, business, and

industrial configuration (Buchanan & Shortliffe, 1984, p. 6).

Expertise is not merely a matter of knowledge of facts, however.

Expertise entails the use of pattern recognition, exceptions,
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causality, professional standards, and judgment under conditions of
uncertainty. The expert system is merely a representation of the
subset that can be elicited and represented. It should be thought of
as a tool to support decisions rather than a substitute for

professional judgment.
2.2 Architecture of an Expert System

Domain facts, rules, relationships and heuristics are stored in the
knowledge base. Reasoning processes are applied on these
elements by the inference engine. Facts pertaining to the particular
case and its intermediate conclusions are stored in the working
memory. Information is gathered from users via the user interface.
There are many expert systems which have an explanation facility

as well as knowledge-acquisition facilities.

This process is cyclical in nature. Information regarding the case is
entered by the user. This information is matched with the set of rules
through the inference engine. Conclusions based on these rules are
fed into the working memory and this process is repeated till a
conclusion is reached or no rule applies. The explanation facility can
be used for explaining the reasons for asking a question or

producing a conclusion.

Modularity is an important principle of design. The inference engine
needs to be independent enough from the domain knowledge in
order to allow maintenance and reuse. Absolute independence is
however impossible because of the fact that the choice of

representation determines the ease with which the inference can be
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carried out. The architecture itself is not neutral but rather reflects
certain assumptions about the domain, acceptable forms of

evidence and expertise.
2.3 Knowledge Acquisition and the Role of the Knowledge Engineer

Knowledge acquisition is the process of gaining knowledge or skills
and encoding them in a form that is acceptable to the computer.
These sources could be interviews, observation, manuals, database,
case file, rules and think-aloud problem solving. The knowledge
engineer works with experts in order to identify the concepts, criteria

for decisions, exceptions and vocabulary.

The “knowledge acquisition bottleneck” refers to the challenge
involved in such an activity. The experts might be able to carry out
tasks proficiently but cannot describe all of their thought processes.
Their knowledge could be tacit, context-bound or shared. There is
likely to be disagreement between different experts. Formalization of

the knowledge will result in precision when there is uncertainty.

Validation thus requires more than just the expert endorsement of
individual rules. The system must be subjected to tests using typical
cases, atypical cases, and failed cases. Disputes must be recorded
instead of being suppressed. Governance must ensure that there is
information about who can modify the knowledge base, version
control, and rule review. Knowledge engineering is essentially an
institutional process: it is one that determines whose expertise is

validated and whose assumptions are encoded into decisions.

2.4 Rule-Based Knowledge Representation

87



G208 denaalis aa | A juall Y gy el Jial)

Production rules have the IF-THEN format. Condition represents the
situation and the consequent is the recommendation for action or
assertion. An example is a maintenance rule which would state that
if there is a high vibration and increasing temperature, the possible
cause is bearing failure. Production rules are easily understandable,

modular and closer to procedure descriptions.

Production rules are capable of representing deterministic relations,
prioritization, exceptions and heuristic connections between
variables. The knowledge base contains hundreds or even
thousands of rules which interact with each other. If more than one
rule applies, conflict resolution is required. Different techniques can
give preference to the most specific rule, the most recently acquired

fact, the rule with the highest priority etc.

The rule-based approach has its weaknesses as well. In complex
environments, there may arise long chains of rules that can be hard
to manage. Minor discrepancies in terminology might lead to
inconsistencies in the condition specification, and exceptions can
grow exponentially. The problem of expressing spatial, temporal, or
probabilistic relations can be solved only by extending the language.
It should be noted that readability at the rule level does not mean

that the whole rule system is easy to understand.
2.5 Logic, Frames, Semantic Networks, and Ontologies

In formal logic, propositions and relations have their own semantics.
It allows for making deductions as well as making assumptions

available for verification. First order logic is capable of describing
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objects, properties, quantifiers, and relations; however, unrestricted
inference could be computationally costly. This problem can be

overcome by using restricted logics or specialized languages.

In frames, knowledge is organized in terms of structured elements
that have attributes and values. In semantic networks, concepts are
described in terms of labeled relationships between nodes.
Ontologies offer vocabularies with classes, properties, and
constraints defined formally. These approaches allow for inheritance
— subclasses can inherit some properties from a more general class

if there are no exceptions to the rule.

Davis et al. (1993, p. 17) say that knowledge representation is
involved in many activities: it serves as a surrogate of reality,
represents ontological commitments, serves as a basis for
reasoning theories, facilitates computation, and allows expression.
Thus, we see why knowledge representation is so essential and not
just a technical issue. Category choice affects the system's ability to
observe and deduce information. An ill-conceived ontology may falil
to recognize significant instances even if the inference engine works

fine.
2.6 Forward and Backward Chaining

The forward chaining technique is driven by data. In this case, the
system starts from existing facts and continues applying rules whose
conditions match. This technique is suitable for situations where

incoming data may prove different conclusions or where some
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observations have to detect any condition. An example of such an

application is a sensor-driven maintenance system.

The backward chaining technique is driven by goals. In this case,
the system starts with a certain proposed conclusion and determines
what evidence will prove it. The system traces back through rules
until it reaches either a fact or a question, which can be answered by

a user. This approach is widely used in diagnostic consultations.

Most expert systems use both methods. Efficiency is achieved
through indexing rules, avoiding repetition of tasks, and loops
management. The reasoning trace must be able to differentiate
between observed and inferred information and the assumptions
made. This is crucial where the output is examined. Forward and
backward chaining have been found to be logical processes, but
their conclusions depend on the accuracy of the rules, information,

and uncertainty involved.
2.7 Reasoning Under Uncertainty

Expertise, in its true form, does not work with certainty all the time.
The data may be unreliable, observations may be lacking, and
symptoms can fit multiple causes. The early expert systems utilized
certainty factors to capture the extent of belief in a conclusion.
Bayesian inference employs the use of probability to express
uncertainty and modify the beliefs in light of the evidence (Pearl,
1988, p. 31). The fuzzy logic captures the gradualness of a

membership, e.g., how high the temperature is.
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Every one of the approaches expresses a different form of
uncertainty. Probability expresses the belief about events, fuzzy
membership expresses vagueness of boundaries, and certainty
factors express the heuristics of confidence. All these quantities
should not be considered as being equivalent. A numeric value can

seem objective in spite of being subjective.

The use of decision-supporting technologies must also take into
account the consequences. The identification of a certain disease
that has a moderate probability of occurring can justify the need for
a response when the consequence of not identifying it is too high,
whereas a more probable disease does not necessitate an
aggressive treatment. Expert systems need to consider the
relationship between the evidence, probability, cost, and threshold

levels.
2.8 Classical Systems: DENDRAL, MYCIN, and XCON

DENDRAL helped the chemist in determining the molecular
structure through the mass-spectrometry analysis. The significance
of this example is that the utility did not depend on performance
alone, but rather on the idea that large amounts of domain-specific
knowledge were far more important than a generic problem-solving
technique. MYCIN relied on the rule base and the certainty factors in
order to give recommendations on treatment of bacterial infection
cases. It posed structured questions and provided explanations;
hence it was shown that an expert system could make good

recommendations in a limited domain. However, this expert system
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was not used extensively in practical medicine due to certain
procedural, legal, and integration reasons. (Buchanan & Shortliffe,

1984, p. 575).

XCON was used to configure computers on behalf of Digital
Equipment Corporation, emerging as a great commercial success.
Through its ability to decrease the number of configuration mistakes,
it showed economic benefits within an industrially stable
environment. In both cases, the circumstances that make expert
systems most successful can be seen clearly, including bounded
tasks, availability of experts, clear terminology, repetitive decision-

making, and measurable results.
2.9 Strengths of Symbolic Al

Symbolic systems have explicit representation that can be
examined, argued about, and revised. The rules can include
regulations and professional limitations even when the data is not
available. Reasoning trail can illustrate what facts contributed to the
result. These attributes are useful in the area where decision-making
needs justification from professionals, auditors, or the affected

parties.

The symbolic system also allows for compositional reasoning. The
concepts can be joined to form propositions, and logical relations
can provide results that were never programmed. The planning
system can reason about preconditions and effects, while ontologies

can link information stored in databases. The symbolic
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representation is particularly useful in the domain where there are

stable definitions and causal/legitimate relations.

Enforcing boundaries is another advantage. The statistical approach
could discover a very powerful pattern which does not obey the
safety rule, while the symbolic rule would forbid the process. This is
why modern-day systems rely on rules to verify the results obtained
from the model, manage workflows, and establish policies. Symbolic
Al continues to be important not as an outdated solution to learning,

but as a toolkit.
2.10 Limitations and the Move Toward Hybrid Al

The symbolic approach is fragile when faced with non-conformant
categories. It needs intensive knowledge acquisition and becomes
hard to maintain when many rules need to be implemented.
Moreover, the symbolic system fails to work effectively on raw data,
including images and voice data, where the patterns are impossible
to define manually. Commonsense knowledge is complicated since

there are numerous hidden assumptions in real life scenarios.

While machine learning can help to solve the mentioned problems
through example-based learning, it suffers from the issue of opacity,
data dependency and statistics errors. In this way, both paradigms
have advantages, which can be applied in a mixed application. For
instance, a hybrid medical application can use neural networks for
an analysis of the picture, a knowledge graph for connection of the
findings to the clinical concept, and rules for contraindications

enforcement.
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A greater level of integration between representation learning and
logical reasoning is aimed at in neuro-symbolic Al. This approach
tries to merge flexibility with compositional and interpretable
properties. Just putting different pieces together does not guarantee
success, since each module may introduce mistakes to the other
ones, and the explanation layer could be a justification for a flawed

model.

Section Three: Applications of Artificial Intelligence in
Knowledge and Society

3.1 Al in Knowledge Production

Al modifies the process of gathering, organizing, analyzing, and
communicating knowledge. Search engines rank sources of
information; recommendation systems guide users' searches;
language models condense and interpret documents; and analysis
models reveal patterns in large volumes of data. On the one hand,
such technologies decrease the time required for familiarization with
the topic, while, on the other, they shape what will be considered

relevant and credible.

Knowledge production includes more than creation of texts. Reliable
knowledge needs evidence, methods, references, criticism, and
even corrections. Al systems can assist in generating ideas and
texts, but these texts can contain false citations or statements that
have no evidential basis at all. There is a difference between

linguistic and epistemic validity.
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The idea of “human-in-the-loop” should be about real judgment, not
just formal endorsement. The reviewers must have enough time,
competence, and power to question the outputs. Companies ought
to maintain connections to sources, keep records of model
deployment, and declare significant Al support where applicable. Al
may help increase accessibility to analytical tools, but it must
enhance rather than undermine processes of knowledge-building

within communities.
3.2 Knowledge Management and Organizational Memory

Firms amass reports, communications, policies, databases, and
real-world experience. Al can organize documents, perform entity
extraction, find duplicates, suggest similar content, and assist in
natural language queries. Knowledge graphs link individuals,
initiatives, ideas, and evidence, allowing clearer identification of
connections. Conversational agents can assist staff in finding

processes without knowing file names or database structure.

Efficiencies will vary based on information management practices. If
the Al is trained on old policies, out-of-date advice may be provided.
Access needs to be controlled to avoid leakage of confidential
information due to easy searching. Information retrieval will need to
show where information came from so that users can judge authority

and time period.

An organization might also suffer from organizational forgetting
through the use of Al. Where employees depend on the summary

provided, there will always be loss of nuance and repetition of
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mistakes. An organization might be locked into proprietary solutions
where the knowledge will be dependent on the vendor or unknown
behavior of the model used. The best way to utilize the technology is

to use it as an interface for controlled records.
3.3 Education and Personalized Learning

Educational applications of artificial intelligence (Al) include adaptive
practice, automatic feedback, tutoring, translation, assistive
technology, learning analytics, and administrative tasks. Good
design allows a tutor to adapt its explanation and examples based
on the learner's progress. Speech and text generation technology
could help students with learning disabilities and those who learn in
their second language. Teachers might use Al to suggest topics for

lessons, compare explanations, and develop materials for practice.

This list of advantages does not eliminate the need for teachers.
Education teaches judgment, motivation, teamwork, and discipline,
which cannot be boiled down to generating answers. The generative
technology could generate wrong explanations and makes it
impossible to understand what a student knows. Assessment could
then rely more on oral examination, drafts, and problem-solving
skills.

According to UNESCO (2023, p. 21), the recommendations include
human-centric approach that provides for privacy protection,
capacity building, and age-appropriate governance. There is also
the issue of access, since better-off students who have more

powerful computers, better Internet connections, more appropriate
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language skills, or premium services would benefit from the use of
Al more. Institutions are expected to promote Al literacy, which
includes prompt, verification, awareness of bias, citation, and

disclosure.
3.4 Scientific Research and Discovery

Al is used by researchers in tasks including literature review, image
analysis, simulations, hypothesis formation, experimentation, and
data analysis. Machine learning allows for finding patterns on
different scales which surpass the wunaided human analysis
capabilities. The importance of the science of protein structure
prediction via deep learning was shown by AlphaFold, making
advancements in biology possible while remaining to be confirmed

experimentally and theoretically (Jumper et al., 2021, p. 583).

Generating models can be used to produce code, methodology
descriptions, or molecular candidates. Fast generation may lead to
broadening the scope of analysis; however, believable outputs may
hide mistakes in methodology. Replication should include
documentation of the version of the model, prompt or configuration,
dataset, preprocessing, and human intervention. Confidential

research data and unpublished ideas should be protected as well.

Authorship and accountability still lie in human hands. A machine
cannot give consent to become an author, justify its methods of
work, or take responsibility for mistakes. The use of Al on a

significant level needs to be declared by researchers following
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institutional and journal requirements. The most optimal way of

using Al is to extend the existing workflow of research.
3.5 Health Care and Clinical Decision Support

Examples of Al applications in medicine include diagnostic imaging,
risk estimation, triaging, pharmaceutical development, record
keeping, and patient communication. The image classifiers could be
used to identify suspicious areas, while the language algorithms
could summarize the notes or create administrative documents.
Such Al applications may lead to more efficiency and support from

specialists who are in short supply.

The clinical effectiveness should be proven on the target population
and the workflow. The algorithm trained on one hospital will not work
in another due to differences in the equipment, disease prevalence,
record keeping, and patients' characteristics. The costs of a false
negative error and false positive error are not equal, and an average

accuracy is misleading.

Health Al must have autonomy, safety, transparency, accountability,
inclusiveness, and sustainability, according to the World Health
Organization (2021, p. 41). It is necessary for patients to be aware
when health care is affected by Al in any significant way. The
security of sensitive information must also be assured. The use of
automation must not interfere with the doctor-patient relationship or
create ambiguity. Health Al must be supported by qualified medical
practitioners. The uncertainty of the situation needs to be visible.

Also, there must be evidence to prove the usefulness of health Al.
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One such example of this is the use of deep networks in diagnosing

skin lesions (Esteva et al., 2017, p. 115).
3.6 Public Services and Administration

Governments apply Al in document management, fraud detection,
resource allocation, chatbots for customer services, translation,
infrastructure management, and contingency planning. Such uses of
Al might help cut down waiting times and improve access to
government services. Natural language interfaces might assist
citizens in dealing with complex procedures, while predictive
maintenance might help to enhance public transportation and
utilities.

Extra care should be taken in cases of governmental decisions since
people will not have an option to turn elsewhere for assistance.
Mistakes made in eligibility determination, law enforcement,
migration control, and benefit provision might result in violations of
people’s fundamental rights. Administrative data of past years might
contain discriminatory information, while automatic decision-making

might lead to the normalization of discrimination.

Procurement is a critical issue from a governance perspective. The
contract must specify issues such as data ownership, security,
reporting of performance, auditing, and responsibilities in case of
system changes. Agencies should have the relevant internal
capacity instead of being wholly dependent on the vendors.

Government legitimacy presupposes transparency with respect to
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the use of Al and mechanisms for challenging decisions. Efficiency

Is important, but it cannot substitute legality and justice.
3.7 Business, Finance, and Customer Operations

The business applications of Al include forecasting, fraud detection,
marketing, credit scoring, logistics, document analysis, and
customer service. Predictive models can find patterns among
transactions, and generative systems can create communications or
help workers access their corporate knowledge. Successful projects
start from a specific problem and expected outcome rather than from

a general intention to use Al (Davenport & Ronanki, 2018, p. 110).

Business benefits and risks must be considered together.
Recommendation systems can boost sales but limit the customers'
options. Credit scoring systems can become more accurate but
discriminatory because of the proxy variables. Automated customer
service can speed up the process of communication but disappoint
customers due to the difficulty of getting a human on the line. Error
rates, fairness, complaints, security, and long-term trust should be

included into the metrics.

Governance implies model inventory, owner assignment, pre-
deployment validation, and post-deployment monitoring. Security
measures are required for generative systems regarding the
confidentiality issues, fake claims, and unauthorized commitments.
Al technologies have to be embedded into the accountable process
with proper approval gates. Companies that see the purchase of Al

systems as isolated actions cannot adapt to changes they generate.

100



G208 denaalis aa | A juall Y gy el Jial)

3.8 Industry, Robotics, and the Physical World

Industries use Al to facilitate predictive maintenance, computer
vision inspection, process optimization, warehouse automation,
energy management, and collaborative robotics. The sensors collect
data constantly, anomalies are spotted by models, and intervention
takes place before any failure occurs. The computer vision can
quickly detect defects, while robots perform repetitive and

dangerous actions.

The physical implementation increases safety concerns beyond
those of informational tools. While an error in the text can easily be
fixed, an error of the robot may lead to instant harm. Systems
require redundancy, fail-safes, cybersecurity, and testing under
extreme environmental circumstances. Employees must know the
boundaries of work and have easy access to control measures in

emergencies.

Automation also impacts job design. It helps decrease physical
workload and enhance consistency, but it may increase surveillance
and deprive workers of chances for gaining experience. The
participatory design makes it possible for operators to share
information not considered by engineers. Industrial Al works well
when technical optimization is combined with safety -culture,

education, and responsibility redistribution.
3.9 Employment, Skills, and the Labor Market

Automation, augmentation, and creation by Al is possible. The

impact of the use of Al technology will depend on the combination of
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tasks within an occupation but not the occupation itself. The most
important impact of generative Al is on administrative and cognitive
occupations, including tasks with texts, classifications, and routine

communications (Gmyrek et al., 2025, p. 18).

Augmentation will increase efficiency and enable less qualified
workers to do certain tasks. Augmentation can increase intensity of
work and control of workers through surveillance. Workers will
depend on a system which they cannot control (OECD, 2023, p.
102). Both positive effects in the workplace and negative aspects
related to privacy, bias, and quality of employment have been
identified. Distribution is important because the increase in
productivity does not automatically imply increases in wages and

opportunities.

Responses to policies include lifelong learning, social dialogue,
worker consultation, portability, and transitional assistance.
Awareness about Al should not be limited only to the experts but
should include the management, professionals, and workers who
get assessed by algorithms. The key issue in such circumstances is
not whether technology will dictate the future of work, but how

institutions will influence its adoption.
3.10 Media, Culture, and Creative Practice

Generative Al can be used to create images, music, video,
storytelling, and designs alternatives. Artists may employ it in
ideation, editing, restoration, translation, and experimentation. Such

technologies will reduce the technical barriers to some extent and
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enable small groups to explore a variety of options. They could even
assist in preservation through improved search and access of

cultural collections.

On the other hand, training datasets might contain artistic pieces
created without adequate consent and remuneration. The synthetic
content makes it harder to determine authorship and provenance
and weakens the position of artists in the economy. Models have a
tendency to replicate features present in the data, which means that
they tend to overrepresent mainstream languages and aesthetics

and underrepresent others.

There are also implications related to deepfakes and scalable
synthetic media for public trust. Provenance standards, labelling,
platform policies, and media literacy practices may be useful tools,
but none of them are sufficient alone. Audience members need to be
able to judge sources and contexts as well as cross-reference
information. We should seek to maintain a space for humans to
express themselves and give informed consent, while allowing for

valid use cases.
3.11 Bias, Inequality, and the Digital Divide

These algorithms are trained using societies where there are
inequalities in representation and opportunities. There could be a
reproduction of stereotypes, discrimination over history, and even
measurement errors. For example, Buolamwini and Gebru (2018, p.
87) found considerable demographic disparities in commercial

gender classification systems, showing why an aggregate measure
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of accuracy would be insufficient. Bias can creep into problem
formulation, labeling, sampling, model formulation, thresholds, and

deployment.

The issue of fairness is not resolved by simply stripping out
protected characteristics. Another set of variables could end up
functioning as proxies, and multiple types of fairness requirements
might be at odds with each other. It could be that a machine-learning
system has equal error rates but ends up reinforcing inequalities in
resource distribution. The analysis needs to consider which groups
benefit, who suffers from the mistakes made, and whether the
impacted populations have recourse (Gebru et al.,, 2021, p. 87;

Mitchell et al., 2019, p. 223).

Infrastructure, language, disability, price, and institutional capacity
all factor into the discussion of the digital divide. Digital outputs
lower in some communities might lead to a lack of service. Countries
that do not have access to computing devices would need foreign
platforms. Inclusion in Al means designing for accessibility,
multilingual testing, expert knowledge, and funding for public digital

infrastructure.
3.12 Privacy, Security, and Information Integrity

Al increases the ability to derive personal information from large
datasets even when direct identifiers have been stripped. The
combination of behavior, location, and preferences might be enough
for re-identification. Facial recognition technology along with

predictive analytics allows conducting surveillance at a scale that is
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hard to accomplish manually. Hence, data minimization and purpose

limitation become important design principles.

The potential threats are the poisoning of the training data set,
adversarial input, model theft, prompt injection, and confidential
information exposure. The generative models will decrease costs
associated with phishing, impersonation, and misleading
information. The required defenses will include secure development,
access control, red team testing, incident response, and monitoring.
Users must not submit sensitive data to applications that have no

permission and contracts for its use.

Integrity of the information requires the verification of the
provenance of the information. Synthetic information can be legal,
but the hidden manipulation undermines the credibility of the
content. The technical labeling can be stripped off, which means that
other means of verification will be needed: authentic
communications, independent sources, and correction processes.
Privacy and security considerations must be incorporated into all

stages of Al development, not only post-deployment.
3.13 Ethical Principles and Responsible Al

Common principles of responsible Al include fairness, transparency,
accountability, privacy, safety, human oversight, and social good.
UNESCO Recommendation on the Ethics of Artificial Intelligence
embeds those principles in the human-rights-based approach and

was endorsed by member states in 2021 (UNESCO, 2021, p. 18).
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Principles provide guidance, but they need to be operationalized in

terms of responsibility, evidence, and processes.

There are many definitions of transparency. Technical transparency
refers to the operation of a model, procedural transparency to its
selection and evaluation, and decision transparency to the reasons
provided for an affected individual. Source code is rarely helpful in
explaining a complex model, while the explanation of its purpose,
evidence, limitations, and procedure of appeal may be more

effective.

Responsibility means an organization or individual that can take
some action in an identified capacity. The ethical assessment needs
to start from the beginning of a project, which includes data
collection and go on until the end of the process, including
retirement. Impact assessments, stakeholder consultations,
documentation, testing, monitoring, and incident reporting are the
processes of transforming values into actions. Human oversight has
sense only if reviewers are capable, informed, and able to make the

system stop or change it.
3.14 Risk Management and Evaluation

The risk associated with Al technologies is dependent on context.
The same technology may be classified as less risky when
recommending content for entertainment purposes but becomes
very risky when involved in influencing healthcare decisions and

hiring decisions. An assessment of such risks requires a mapping of
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the targeted users, impacted individuals, risks of misuse, information

flows, and impacts.

The NIST Al Risk Management Framework categorizes the
practices as being guided by four activities — Govern, Map,
Measure, and Manage (National Institute of Standards and
Technology [NIST], 2023, p. 21). Governing involves setting up
governance structures and policies; mapping refers to
understanding the context and risk; measuring involves assessing
the performance and impact; and managing involves prioritizing

actions.

The additional challenges posed by generative Al include
confabulation, inappropriate content generation, intellectual property
issues, and reliance on black-box upstream models. The NIST
Generative Al Profile offers guidance on dealing with these
particular challenges (Autio et al., 2024, p. 12). It is necessary to
establish guidelines for appropriate use, run realistic tests, monitor

for incidents, and be prepared to stop using the system.
3.15 Legal Regulation and the European Union Al Act

Al is regulated by existing laws on data protection, consumer
protection, discrimination, safety, intellectual property, employment,
and administrative process. Such laws continue to apply even if they
were enacted independently of Al. Specific new regulations fill in the

gaps due to scale, opacity, and general-purpose models.

The European Union's Artificial Intelligence Act provides a risk-

based approach. It bans selected actions that are unacceptable,
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mandates certain conditions for high-risk systems, creates
transparency duties for specific applications, and includes
obligations regarding general-purpose Al models (European
Parliament & Council of the European Union, 2024, p. 56). Gradual
implementation of the law implies that entities have to abide by

current official guidance and not simplified explanations.

There is a relationship between legal compliance and ethics.
However, there are instances where a practice is legal but is harmful
from the perspective of society, while ethical expectations without
any rights might provide inadequate protection. The regulation has
to be proportionate, technically savvy, adaptable, and allow
remediation in case individuals are affected. It is vital to coordinate
the efforts of nations globally due to global reach of the models and
services but local entities are responsible for specific languages and

cultures.
3.16 Human-Centered Al and Future Directions

Human-centric Al assesses systems by the extent to which they
facilitate human capabilities, rights, and group aims. Human-
centered Al does not endorse technological determinism but also
not the view that human participation inherently ensures safety.
What really matters is how authority, information, and accountability

are distributed among humans and machines.

Future systems are expected to integrate foundation models,
retrieval, tools, structured knowledge, and increasingly autonomous

workflow designs. In the case of retrieval-augmented generation, it
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links model generation with external knowledge and improves task
performance in knowledge-intensive activities (Lewis et al., 2020, p.
9459). Capability may be unevenly developed: the model may do
well on difficult benchmarks but poorly on easy tasks beyond its
accustomed patterns. According to the 2026 Al Index, this
constitutes a persistent gap between fast capability development
and institutional capacity to measure and regulate it (Stanford HAI,

2026, p. 2).

Among research priorities are improved reasoning, uncertainty
communication, efficient modeling, multilingual resources, privacy
preserving machine learning, explainability, and neuro-symbolic
computing. Among social priorities are education, general capability,
accessibility, worker protection, and democratic control. The future
of Al cannot be decided solely in laboratories. It will be decided
through procurement, professional standards, education in the
classroom, legislation, infrastructural considerations, and societal

decisions on which problems need to be automated.
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Abstract

This chapter examines expert systems and symbolic artificial
intelligence through the representation of knowledge as symbols,
rules, and logical relationships. It introduces the symbolic tradition
within the development of artificial intelligence and defines expert
systems as tools that combine specialized knowledge with inference
procedures to address problems in a particular domain. Storing
information is distinguished from representing it in a form that
supports interpretation and conclusions.

The chapter explains the main components of expert systems: the
knowledge base, inference engine, user interface, explanation
facility, and mechanisms for acquiring and updating knowledge.
Production rules, forward and backward reasoning, and handling
incomplete or uncertain knowledge are discussed. Historical
examples, including DENDRAL, MYCIN, and XCON, illustrate
differences in application areas and forms of expertise. Domain-
specific expertise is not assumed to transfer automatically to
unrelated problems.

The discussion balances the clarity and traceability of symbolic rules
against difficulties in eliciting, maintaining, and adapting expert
knowledge. It considers relationships with machine learning and the
possibilities of hybrid and neuro-symbolic approaches that connect
learning with logical representation. The concluding analysis relates
methodological choice to the nature of knowledge, the task, and the
need for explanation. The contribution is an educational account of
expert system architecture, reasoning mechanisms, advantages,
and limitations. It highlights the continuing importance of human
accountability and validation of knowledge when these systems are
used in practical settings.
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Abstract

This chapter reviews applications of artificial intelligence in
knowledge and society, focusing on changes in the production,
organization, retrieval, and use of information. Artificial intelligence is
presented as a range of tools and systems whose capabilities vary
with tasks, data, and context, rather than as a single homogeneous
technology. The discussion connects their characteristics with
opportunities for analysis, automation, and user interaction.

Applications in education, learning, research, libraries, and
information services are considered through content organization,
search, recommendation, and selected forms of service
personalization. The chapter also discusses work, management,
transport, health, and other social settings, examining how data
processing and prediction may support decisions and resource
organization. Applications are situated within different sectoral and
user requirements; proposed possibilities are not treated as
outcomes already achieved in every institution.

Social and ethical challenges include privacy, data security, bias,
transparency, responsibility, and the effects of automation on skills
and employment. These issues lead to discussion of training, digital
awareness, and governance that defines the boundaries of use and
the role of human review and accountability. The chapter concludes
that value depends on meeting specific knowledge and societal
needs while managing risks, not simply on increasing adoption. Its
contribution is a conceptual review of applications and implications,
distinguishing technical possibilities from the organizational and
social conditions needed to benefit from them. It does not claim
comprehensive experimental measurement of these effects.

Keywords: Atrtificial intelligence; Knowledge; Societal applications; Privacy;
Digital governance
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Abstract

This project has been done to develop a GUI for differential
equations in MATLAB. Differential equations are used to build
fundamental models for real-world systems in physics, engineering,
biology, and economics. Although MATLAB is equipped with very
powerful tools to solve such equations, it is often problematic for
users without knowledge of the programming language to take
advantage of these tools.

To address this, we present an interactive, user-friendly GUI. Users
simply enter the differential equation, provide initial or boundary
conditions, and select the desired numerical or analytical solutions.
The graphical user interface (GUI) displays the solutions in real-time
over dynamic plots making it easy for users with no advanced
MATLAB knowledge to interpret results.

We provide a tool that not only makes the underlying mathematics of
solving differential equations accessible to users, but also closes the
gap between the mathematics and end-provider usability to facilitate
the process of obtaining and interpreting solutions in an efficient,
intuitive manner for both commercial and academic applications.

Keywords: Differential equations; MATLAB; Graphical user interface; Numerical
solution; Visualization

1. Introduction

1.1 Background of the Project

Differential equations are fundamental in representing and
analyzing physical systems, and they appear in various areas,
including physics, engineering, biology, and economics. Differential
equations are formulas that describe the relationship between a

function and its derivatives — these are mathematics, they
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represent the rate of changes and make it possible to predict how a
dynamic system will behave over time. Common examples are
population growth, fluid dynamics, heat transfer, and electrical
circuits[1].

Historically, differential equations were solved using manual
analytic methods, which necessitate high-level knowledge of math.
Tools such as MODERN computational methods (e.g., MATLAB)
enabled an easier process for solving such equations. MATLAB
offers built-in functions and numerical solvers that will worry as
much complex system of equations which reduces analysis time and

effort[2].

MATLAB’s command-line environment, however, is quite powerful
but can also be daunting for beginners or those with limited
programming background. This makes it challenging to work from
here, and a graphical user interface (GUI) approach is quite user-
friendly to work on. The software is user friendly, using a MATLAB-
based GUI to implement some simple visual components such as
buttons, sliders and text boxes rather than requiring extensive
coding knowledge. With a GUI to solve differential equations
integrated to the package, users can spend less time dealing with
syntax and programming code (writing actual code) and spend more
time satisfying themselves in understanding the problem and

interpreting the result[2,3].

It is expected that those who do not use a MATLAB simulator will

find it easier to solve differential equations move forward. The aim
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IS to create an interactive interface with which users only enter
equations, choose from the possible ways to solve the equations,
and receive visualized results with no prior configuration effort
required, which serves an educational as well as practical

purpose[1,4].

1.2 Definition and Classification of Differential
Equations

1.2.1 Definition of Differential Equations

Differential equation: A mathematical equation that relates some
function with its derivatives. For instance, in these equations, the
function is usually a physical quantity (such as position, velocity, or
temperature) and the derivatives represent the time rate of change
of that quantity. Real-world processes evolve over time or
throughout space which is where differential equations come in,
they are used to model these time and space dependent changes,
and therefore underpinning many areas of physics, engineering,
biology and economics. Normally, a differential equation can be
written as[5,2]:

FOGY, Y, Y ,y™) =0
. y=f(x) is the unknown function.

. y',y" , y®™ are the first, second, and n-th derivatives of y with
respect to x.

. Fis a given function involving x, y and its derivatives.
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1.2.2 Classification of Differential Equations:

Differential equations can be classified into several categories based

on their characteristics[6]:

1. Ordinary Differential Equations (ODEs) vs. Partial
Differential Equations (PDESs):

. Ordinary Differential Equations (ODEs): Involve derivatives

with respect to a single independent variable.

. dy X
Example: —ty=e
. Partial Differential Equations (PDESs): Involve derivatives with
respect to two or more independent variables.

o?u | 0*u _

Example: —— 372

0 (Laplace's equation)

2. Linear vs. Non-linear Differential Equations:

. Linear Differential Equations: The dependent variable and its
derivatives appear linearly (i.e., raised to the power of 1 and not

multiplied together).

. Non-linear Differential Equations: The dependent variable or
its derivatives appear non-linearly (e.g., raised to a power, multiplied
together, or appearing inside a function like sine or exponential).

3. Homogeneous vs. Non-homogeneous Differential Equations:

. Homogeneous Differential Equations: The equation equals
zero when all terms involving the dependent variable and its

derivatives are moved to one side.
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. Non-homogeneous Differential Equations: The equation
includes a non-zero function of the independent variable on one

side.

4, Order of Differential Equations: The order of a differential

equation is determined by the highest derivative present .

5. Initial Value Problems (IVPs) vs. Boundary Value Problems
(BVPs):
. Initial Value Problems (IVPs): Specify the value of the solution

and possibly its derivatives at a single point.

. Boundary Value Problems (BVPs): Specify the value of the

solution at two or more points.

1.3 Solution Methods

Differential equations can be solved using a variety of methods,

broadly divided into analytical and numerical techniques[7].

1.3.1 Analytical Methods

Analytical methods aim to find exact solutions expressed in terms of
standard mathematical functions. These methods require the
equation to have a specific structure that allows manipulation and
direct solving. Some key analytical techniques include[8,7]:

. Separation of Variables:

. Used when the equation can be separated into two
independent parts: one involving only the dependent variable and

the other involving only the independent variable.

. The solution involves integrating each part to find the function.
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. Integrating Factor Method:

. Used for linear equations, this method involves multiplying
through by a specially chosen factor that simplifies the equation,

making it easier to solve.
. Exact Equations:

. In this method, the equation is checked for a property that
allows it to be expressed as the derivative of a single function. If the
equation satisfies this property, the solution is found by determining

that function.
. Homogeneous and Non-Homogeneous Solutions:

. Homogeneous equations have solutions that depend only on

the system's structure, without external inputs.

. Non-homogeneous equations account for external inputs or
forces, and the solution is typically a combination of the

homogeneous solution and a particular solution.
. Laplace Transform:

. A powerful method for converting a differential equation into an
algebraic equation in a different domain (Laplace domain), which

can then be solved more easily.
. Power Series Expansion:

. This method expresses the solution as a sum of terms in a
series, often useful for equations that cannot be solved using basic

techniques.

. Fourier Transform:
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. Used for solving equations that involve periodic or wave-like

behavior, particularly in engineering and physics.

1.3. 2. Numerical Methods:

Numerical methods are used when analytical solutions are not
feasible or the equation is too complex to solve explicitly. These
methods approximate the solution by breaking the problem into
smaller, manageable steps and solving iteratively. Some commonly

used numerical methods include[9]:
. Euler's Method:

. This is a simple approach where the solution is approximated
step by step, starting from an initial condition and using the slope of

the function at each step.
. Improved Euler (Heun’s) Method:

. An enhancement of Euler’'s method that improves accuracy by

using an average slope over each step.
. Runge-Kutta Methods:

. These are more sophisticated iterative methods that use
multiple slopes within each step to improve the approximation. The
fourth-order Runge-Kutta method is particularly popular for its

accuracy and reliability.
. Finite Difference Method:

. Used for partial differential equations, this method
approximates derivatives by using differences between function

values at discrete points.
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. Finite Element Method:

. Common in engineering, this method divides the problem into
small, simpler regions (elements) and solves them individually to

build an overall solution.
. Adams-Bashforth and Adams-Moulton Methods:

. These are multi-step methods that use information from

previous steps to improve the accuracy of the solution.
. Method of Lines:

. Converts a partial differential equation into a system of
ordinary differential equations by discretizing all variables except

one.

1.3.3. Graphical Solutions:

Graphical solving methods are sometimes employed to estimate the
solution of the differential equation. Solvers in MATLAB also offer
built-in  plotting tools for solution plots, phase diagrams and

trajectory diagrams[3,4].

1.3. 4. Hybrid Methods:

In reality, one may employ both analytical and numerical
approaches. As an example, one might use analytical techniques to
reduce the challenge followed by numerical techniques to

approximate the solution in more complex cases[9].

1.3.5 MATLAB-Specific Capabilities:
These methods have several built-in solvers provided by MATLAB:
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. ODEs: Functions such as ode45, ode23, and odel5s in

MATLAB are for solving particular ODEs.

. For PDEs: MATLAB includes the pdepe function for one-

dimensional PDEs, and more general tools in its PDE toolbox.

. Visualization: MATLAB's built-in plotting functions make it easy
to visualize and interpret solutions to ordinary differential equations,

giving insights into the system's behavior.

The GUI facilities of MATLAB allow users to implement these
methods without diving into the programming or numerical details of

the algorithms[10].

1.5 Problem Statement

Clearly state the challenges faced in solving differential equations
manually or using command-line methods in MATLAB. Emphasize

the need for an interactive tool that:

. Reduces the learning curve for beginners.
. Provides accurate and efficient solutions.
. Allows easy visualization and interpretation of results.

1.6 Objectives of the Project

List the key objectives of the project, such as:

1. To develop a MATLAB-based GUI for solving and visualizing

differential equations.

2. To implement various solution methods (analytical and

numerical) within the GUI.

161



Adla Giea s aa | A el Y sads ) il

3. To provide an intuitive, user-friendly interface suitable for

students and professionals.

4, To enable easy visualization of results through plots and

graphical representations.

5. To enhance learning and accessibility for users with limited

programming knowledge.

2. Literature Review

2.1 Overview of Existing Methods for Solving
Differential Equations

Differential equations play a crucial role in mathematical modeling,
enabling the description of phenomena in various fields, including
engineering, physics, biology, and economics. Solving these
equations is essential for understanding and predicting system
behavior. Depending on the nature and complexity of the equations,
various methods have been developed to find solutions. These
methods are broadly classified into analytical, numerical, and hybrid

approaches.

2.1.1 Analytical Methods

Analytical methods aim to find an exact solution in the form of a
mathematical expression. They are highly desirable because they
provide precise and closed-form solutions. However, they are often
limited to linear and simple equations. Some key analytical methods

include[10,11]:
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1. Separation of Variables

This method is applicable when a differential equation can be
expressed as a product of functions, each depending on a single
variable. For example, the equation can be solved by separating

variables and integrating both sides[12].

2. Integrating Factors

This technique is used to solve first-order linear differential
equations of the form. An integrating factor is computed to simplify

the equation into an exact form.

3. Homogeneous and Non-Homogeneous Equations

Solutions to homogeneous equations rely on characteristic
equations, while non-homogeneous equations are addressed using

methods like undetermined coefficients or variation of parameters.

4. Series Solutions

For equations with no straightforward solutions, power series
methods or Frobenius methods are used to approximate the solution

near a point.

5. Laplace Transform
This is a powerful tool for solving linear differential equations,

particularly with initial conditions, by transforming the equation into

an algebraic problem in the Laplace domain.
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2.1.2 Numerical Methods

Numerical methods approximate solutions by discretizing the
problem, making them suitable for complex or non-linear equations
where analytical methods fail. These methods are implemented
using computational algorithms. Common numerical methods

include[12,13]:

1. Euler's Method

A simple yet effective method that uses iterative steps to
approximate the solution. While easy to implement, it may lack

accuracy for stiff or complex equations.

2. Runge-Kutta Methods

Higher-order methods, such as the fourth-order Runge-Kutta
method (RK4), provide better accuracy and stability than Euler's

method. These methods are widely used for initial-value problems.

3. Finite Difference Methods (FDM)

FDM replaces derivatives with finite differences and then the PDE

turns to a system of algebraic equations used to solve it.

4. Finite Element Methods (FEM)

FEM is a convenient way to numerically approximate solutions: a
problem domain is divided into smaller overlapping regions where
piecewise functions are used to approximate the solution. It is
especially helpful for engineering problems related to either

structural analysis or fluid dynamics.
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5. Multistep Methods

Incredible methods such as Adams-Bashforth and Adams-Moulton
take advantage of these previous points of the solution to compute
the next value rather than re-evaluating the integrand Improving

time efficiency of the computation

2.1.3 Symbolic Computation

Symbolic computation is another method that sits between
analytical and numerical methods, using software tools to
symbolically solve and manipulate equations, providing numerical
approximations where required. Dsolve in MATLAB, SymPy in

Python, and Mathematica are great at this[14].

2.1.4 Hybrid Methods

In reality, a lot of problems entails a mixture of analytical and
numerical methods. E.g. an equation could be analytically solved

until that it is then solved numerically. Examples include[15]:
. Semi-Analytical methods: Adomian decomposition method

(ADM) and Homotopy Perturbation Method (HPM).

Use of Laplace transforms with numerical inversion methods for

solving time-dependent problems.

2.1.5 Specialized Methods

. Stochastic Methods: In the case of constant differential
equations with randomness (for example, stochastic differential

equations), Monte Carlo simulations, Wiener processes, etc.
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. Optimization-Based Methods: The application of optimization
techniques for finding the maxima or minima of certain objective
functions to solve differential equations can be implemented

particularly in control systems.

2.1.6 Applications of These Methods

Depending on the nature of the problem, each method has its own
specific applications:
. Analytical methods are ideal for theoretical studies and

simpler systems.

. Scientific computing, where numerical methods rule most
applications -- in fluid dynamics, structural mechanics, climate

modeling, etc.

. Symbolic and hybrid approaches theoretical strength *
balance between theory and computation applied in research and

advanced engineering problems.

The broad spectrum of techniques reflects the intricacy of differential
equations and the requirement for flexible strategies to tackle both

theoretical and real-world problems[14,15].

2.2 Existing Software and Tools
The rapid development of computational technology has led to the

creation of numerous software tools that aid in solving differential
equations. These tools provide both symbolic and numerical

solutions, often incorporating visualization and user-friendly
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interfaces to make them accessible to a broad audience. Below is a

detailed exploration of widely used software and tools[15,16].
2.2.1 MATLAB

MATLAB is widely used for solving differential equations due to its

powerful computational capabilities and portability. It provides:

. The point states that you are built-in functions for ODEs such
as Runge-Kutta method (ode45), stiff solvers (ode23, odel5s) built-

in functions etc.

. Visualization tools: MATLAB provides lure tools for phase
portraits, time-series graphs, and 3D representation of the

solutions.

. Simulink: MATLAB tool to model and simulate dynamic
systems (systems which can be represented by differential

equations)[16].

2.2.2 Mathematica

Wolfram Mathematica is a popular tool for symbolic calculation and

differential equations. Its features include:

. Symbolic Solutions: The DSolve function from Mathematica
gives exact solutions whenever they exist.

. Numeric Solutions: The NDSolve function can compute high-
precision numerical approximations for equations that lack closed-

form solutions.
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. Interactive Notebooks: Users can generate real-time
visualizations, manipulate parameters, and examine results
graphically.

. Specialized Packages: In Mathematica, there are similar tools

for solving stochastic differential equations and delays.

2.2.3 Python

Python has rapidly become a popular open-source alternative to

proprietary software. It offers:

. SciPy and NumPy: Libraries such as scipy. provide integrate

functions like odeint and solve_ivp for numerically solving ODEs.

. SymPy — This symbolic library is capable of solving analytical

solutions for ordinary and partial differential equations.

. (Visualization Libraries: Matplotlib & Plotly for visualization of

the solution of differential equations.)

. Jupyter Notebooks: Python’s Jupyter environment enables you

to conduct interactive problem solving and documentation.

2.2.4 Maple

Maple — General purpose computational software with strong

support for differential equation solving.

. Exact Solutions: Maple's dsolve can solve a wide class of

ODEs and PDEs symbolically.

. NUMERICAL CAPABILITIES -- It provides numerical solvers

for stiff and non-stiff equations.
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. User-Friendly Features: Maple’s GUI has features for entering

equations and visualizing results.

2.2.5 COMSOL Multiphysics

Is another powerful tool for simulation, especially in engineering

type problems to solve partial differential equations.

. Complicated Models: It incorporates several physical
processes — fluid flow, heat transfer, and structural mechanics, as

described by PDEs.

. Graphical Interface: Users, without much programming, can

define equations, set boundary conditions, and visualize solutions.

. Finite Element Solver: COMSOL uses finite element methods

to solve PDEs, which makes it suitable for complex geometries.

2.2.6 Octave

GNU Octave is an open-source MATLAB-compatible software used

for numerical computations.

. ODE Solvers: Educational functions such as Isode and ode45

are used for solving ODEs.

. Return on Investment: It iIs a free tool, which makes it

available for users with limited budget.

. Visualization: 2D and 3D plotting tools are available for

visualizing the solution.

169



Adla Giea s aa | A el Y sads ) il

2.3 GUI for Solving Differential Equations

Graphic User Interfaces (GUIs) allow for interaction with software
through a visual interface so that problems may be solved without
requiring a ton of coding experience to solve problems. When it

comes to differential equations, GUIs can:

. Improvements on the User Experience: GUIs abstract the
underlying technicalities, allowing for users with little to no

programming experience to solve differential equations.

. Graphical User Interfaces (GUIs) provide capabilities for
visualizing solutions, including plots and phase portraits, which help

in interpreting the results.

. Efficient Workflow: The GUI development environment
enables developers to use App Designer or GUIDE to create custom
interface within MATLAB. These interfaces allow end users to

manually feed in equations, select parameters, and pick solvers.

. MATLAB's Pre-Built Differential Equations GUIs: MATLAB
provides predefined applications, including Simulink for dynamic
systems modeling, and apps like "ODE Solver GUI" for solving

ordinary differential equations (ODE).

GUI-based differential equation solvers have become increasingly
popular in recent years due to their capability of bridging the gap
between the computational tools and the stock-and-trade of real-
world applications. These user interfaces democratize advanced

techniques across domains[17].
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3. Materials and Methods

3.1 Introduction to MATLAB

MATLAB (short for Matrix Laboratory) is a multi-paradigm numerical
computing environment and proprietary programming language
developed by MathWorks. The language has become a de facto
standard for numerical computing and is popular in engineering,
scientific computing, and data analysis, with a variety of libraries and
toolboxes available to extend its capabilities. It has a large library of
built-in  function for robust computation (particularly for wider

numerical computation as it can easy handle matrix operations).

3.1.1 Key Features of MATLAB:

1-  MATLAB is matrix-based, which makes it extremely intuitive

for doing math and simulation work over data.

2-  Interactive Command-line: MATLAB offers flexible command-
line environment with high-power script language. Enabling users to
prototype, test, and implement solutions quickly.

3- Rich & Comprehensive Toolboxes: MATLAB has add-on
toolboxes specifically designed for various applications, including
but not limited to: Optimization, Signal Processing, Machine
Learning, Control Systems, and Differential Equations.

4-  Visualization Abilities: MATLAB offers powerful tools for
plotting and visualizing data in both 2D and 3D, enabling users to

understand the results better.
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It is a programming system that has data analysis tools. Because

of this, it is well-suited to multidisciplinary projects.

3.1.2 Applications of MATLAB in Solving Differential
Equations

MATLAB can perform well in solving the ordinary and the patrtial

differential equations, thanks to the numerical solvers such as:

. ODE Solvers: These functions include the ever-present
ode45, ode23, and odel5s, which solve initial value problems

arising from the ordinary differential equations of the system.

. PDE Solvers: MATLAB has dedicated toolboxes that deal with

partial differential equations.

If you are using the built-in numerical solvers in MATLAB, they are
geared towards efficiently solving a range of scenarios, both stiff and
non-stiff systems. Also, MATLAB's symbolic toolbox allows finding

analytical solutions of differential equations, when possible.

3.1.3 Use MATLAB for GUI-Based Differential Equation
Solvers

. Thus, your work becomes much simpler: You can use App
Designer in MATLAB to create an easy-to-use GUI that even non-
programmers can use to access your complex solutions through a

graphical interface.

. Customizable: You can customize the MATLAB environment

to easily create a classifier for solving differential equations.
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. MATLAB provides a high level of accuracy and performance

for solving differential equations numerically.

. Educational Usage: MATLAB is heavily used in many
academic courses, making it a great software for learning differential

equations.

A GUI-based system for ordinary differential equations is discussed
in the following chapter where we will utilize several features of
MATLAB in order to build such a system. This project encompasses
the development of a MATLAB-based ode45 solver as well as a
simple graphical interface to enable a user-friendly implementation

of the solver.

3.2 MATLAB Tools for Solving Differential Equations

To solve ordinary differential equations (ODE) and partial differential
equations (PDE), MATLAB provides a set of tools and built-in
functions. These tools consist of numerical solvers, symbolic
methods and GUI features. Therefore, here is a complete overview
of the available tools within MATLAB for solving differential

equations.

3.2.1 Numerical Solvers for ODEs

MATLAB has various numerical solvers to solve the initial value
problems (IVPs) of ODEs. These solvers apply different algorithms

optimized for different kinds of equations:
1-  ode45 (Non-Stiff Problems):

. Employs the Runge-Kutta (4,5) method.

173



Adla Giea s aa | A el Y sads ) il

. Good for medium accuracy and general use ODE solving.
2. ode23 (Non-Stiff Problems, Low Accuracy):

- Based on the Runge-Kutta (2,3) method.

- Faster but less accurate than ode45.

- Suitable for simpler problems or real-time systems.

3. odel5s (Stiff Problems):

- Designed for stiff systems using a variable-order solver.

- Particularly useful for chemical kinetics, biological models, or

control systems.

4. ode23s (Stiff Problems, Low Accuracy):

- A Rosenbrock solver designed for moderately stiff problems.
5. odel113 (Variable-Step, Non-Stiff):

- Uses an Adams-Bashforth-Moulton method.

- Suitable for problems requiring high accuracy.

6. ode23t (Stiff with Trapezoidal Rule):

- Useful for differential-algebraic equations.

3.2.2. Symbolic Solutions with MATLAB
MATLAB's Symbolic Math Toolbox allows users to solve ODEs

analytically when possible. Symbolic solutions provide exact

answers rather than approximations.

This approach is particularly useful for verifying the accuracy of

numerical solutions.

174



Adla Giea s aa | A el Y sads ) il

3.2.3. Solving Partial Differential Equations (PDES)
For PDEs, MATLAB provides the Partial Differential Equation

Toolbox. This toolbox supports:
-Solving time-dependent and steady-state PDESs.
-Specifying boundary conditions, initial conditions, and geometry.

-Visualizing results in 2D and 3D.

3.2.5. Graphical User Interfaces for Differential
Equations

MATLAB provides tools for building custom GUIs to solve and

visualize ODEs interactively:
-App Designer: A drag-and-drop environment for designing custom
GUIs. It integrates seamlessly with MATLAB’s ODE solvers.

-Live Scripts: Allows users to create interactive documents with

embedded code, equations, and visualizations.

3.2.6. Tools for Visualization

MATLAB’s powerful plotting functions make it easy to visualize

solutions of differential equations:

-2D Plotting:

Example:
plot(t, y, 'LinewWidth', 2);
xlabel('Time (t)"');
vylabel('Solution (y) '),

title('Solution of the
Differential Equation');

-3D Plotting for Systems of ODEs:
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Example:

plot3(t, y(:, 1), y(:, 2));
xlabel('Time
ylabel('y1');
zlabel('y2"')

-
- e

-

3.3 A. Source Code
3.3.1 The code used to develop the system.

function solve ode gui
% Create the figure
f = figure(’Position', [30@, 300, 408, 308], 'Name’, "ODE Sclver GUI');

* Input field for the differential equation
vicontrol('Style', 'text', 'Position’, [20, 258, 160, 28], 'String', 'dy/dx =');
egn_input = uicontrol('Style', 'edit', 'Position’, [130, 258, 200, 20], 'String', 'x-v');

% Input field for initial condition
uicontrol('Style’, 'text', 'Position’, [20, 218, 100, 20], 'Strirk’, 'Initial Condition:');
init cond_imput = uicontrel(’Style', 'edit®, 'Position', [138, 210, 208, 28], 'String', ‘[0, 1]°);

% Input field for the interval
uicontrol{ 'Style’, 'text’, "Position’, [20, 178, 180, 28], 'String', 'Interval:');
interval_input = wicontrol('Style’, ‘edit’, 'Position’, [130, 170, 200, 28], 'String', '[e, 1B]1');

% Solve button
uicontrol('Style', 'pushbutton’, 'Positien’, [150, 128, 180, 30], 'String', 'Solve’, ...
"Callback’, @solve button_callback);

% Axes for plotting the sclution
axes('Units', ‘pixels’, 'Pesition', [5@, 20, 360, 109]);

function solve button callback{~, ~)

% Get user input

eqn_str = get{egn_input, 'String");

init cond = str2num(get(init cond input, 'String')};
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————— e T e A = = g e = e ap—_ _————

interval = str2num{get(interval input, 'String')};

% Convert the string to a function handle
ode_fun = @(x, y) eval(egn_str);

% Solve the ODE

[*, v] = oded5(ode_fun, interval, init_cond(2)});
% Plot the solution

plot(x, y);

xlabel('x");

ylabel('yv");

title('Sclution of the ODE');

end
end

3.3.2 User Manual
1- Launch the GUI:

-Download the above source code and save as a. m file (e.qg.,
ODE_GUIL. m).

-Run the file in MATLAB. The GUI window will appear.

2- Input Parameters:

-Input the differential equation as dy/dx = f(x, y) (for instance: y +
t"2)
Learn on data up to October 2023-Specify first condition y0 (1 for
example)

-Choose a time interval [tO, tf] (e.g., [0, 10]).

3- Solve: Click on Solve ODE. The resulting solution will be printed
onto the plot.

4-Interpret the Results: The plot shows the ODE solutions from the
previous step in the time range. Modify parameters to test different

scenarios.
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4. Results and Discussion

4.1 Project Results

The results of the creation and examination of the GUI-SDEsolver in

MATLAB are illustrated in this section.

1-  GUI Functionality: A user is able to input differential equations,

initial conditions and time intervals.
A solver numeric solution ode45 and the results of it are presented
graphically.

2-  Output: Program if run will show screen as shown below

4. Figure 1: ODE Solver GUI — O pd
File Edit View Insert Tools Desktop Window Help b
o '] i
Jdde @0 K (E
dy/dx = Xy
Initial Condition: [0, 1]
Interval: [0, 10]
Solve
Jl _
0.5
D i
0 0.2 0.4 0.6 0.8 1
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3- Interactive Explorations: Users were able to adjust parameters
and immediately see the results of various scenarios, increasing the

tool's value both in terms of learning and analysis.

4. Figure 1: ODE Solver GUI — O pd

File Edit View Insert Tools Desktop Window Help L

Ddde @ 08 K[E

dyldx =

Xy
Initial Condition: [0, 1]
Interval: [0, 10]
< Solve =
10
> 5
D o i
1] 2 4 6 8 10
4.2 Results Analysis
. Accuracy: The numerical results obtained are in close

agreement with analytical solutions that were derived using

MATLAB's dsolve function, thus verifying the accuracy of the solver.

. Efficiency: For non-stiff problems, the ode45 solver was
efficient. However, for stiff equations, using odel5s improved

performance.
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. User-friendliness: Users reported that the GUI was intuitively

designed, with inputs clearly labeled and outputs organized.

. Limitations: Symbolic solutions are not executable in the GUI.

5.Conclusions and Recommendations

5.1 Conclusions

In the end, we had a satisfactorily working piece of work i.e. a GUI
implemented in MATLAB environment for solving and visualizing

ordinary differential equations. Key outcomes include:

1- A simple and intuitive interface for single ODEs and system
ODEs.

2-  MATLABs built-in solvers yield reliable numerical solutions
that can be compared to analytical results.

3-  This will allow visualization of the results — its analysis and
solution interpretation.

MATLAB is challenging to respond to certain cases; however,

MATLAB is an advanced programming language for solving almost

all differential equations in various fields.

5.2 Recommendations
1- Improvement of the Solver: Add a GUI for full support of PDEs

with MATLABs PDE toolbox. Add odel5s and ode23t for

specialized problems.

2-  Symbolic Integration — Integrate symbolic solvers to offer

analytical and numerical solutions within the GUI.
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3- Custom Plot Features: A user should be able to customize the

plots by changing life styles, colors, and axis labels.

4-  Educational Features: Add detailed explanations or
animations to guide users through solving processes, turning your

GUI into an educational tool.

5-  Distributing the GUI as a standalone application using
MATLAB Compiler—this allows the users to run the software

without MATLAB installation.
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Abstract

Breast cancer is a deal and finding it early is really important to save
lives and make treatment better. The old way of using machines to
learn about cancer often treats all tumors the same, which is not
good because each patient is different. This study is trying to do
things by using two steps to diagnose breast cancer. First we used
two kinds of classification to tell if a tumor is bad or not bad using
something called the Breast Cancer Wisconsin Diagnostic dataset.
We used Ridge and Lasso to do this. Then we used something
called the Ordering Points to Identify the Clustering Structure or
OPTICS for short to look at the tumors and find out if there are
different kinds based on what the cells look like. The results were
good Lasso was a little better at telling if a tumor is bad or not it got
97 percent right while Ridge got 96 percent right. Then when we
used OPTICS we found out that the bad tumors could be divided
into three groups let us call them Cluster A, Cluster B and Cluster C.
Cluster A had 95 cases Cluster B had 72 cases. Cluster C had 31
cases and there were 14 cases that did not fit into any of the
OPTICS groups. When we took a look, at these OPTICS groups we
found that the OPTICS Cluster C had the really aggressive tumors
while the OPTICS Cluster A had tumors that were not as
aggressive. This way of doing things using both classification and
clustering is really helpful for doctors to make decisions about how
to treat breast cancer and it helps us understand that not all bad
tumors are the same, which is really important, for breast cancer
treatment. Breast cancer diagnosis is better when we use this two-
step approach.

Keywords: Breast cancer; Classification; Lasso regularization; OPTICS
clustering; Machine learning

184



B3an mseCug o | Ayl Y gady el Jial)

1. Introduction

Breast cancer is one of the types of cancer and a main reason why
many women die from breast cancer around the world. If a woman
gets a diagnosis of breast cancer on it can make a big difference in
how well the woman with breast cancer does and how long the
woman, with breast cancer lives(World Health Organization, 2024).
Because of this computer systems and learning machines have
been used a lot in tools to help doctors make faster and better
decisions. These tools help find patterns in cells, Make the process
quicker(Guler et al., 2025). Standard ways of diagnosing use models
that sort samples into two groups: not cancer or cancer. Models like
Ridge and Lasso have worked well with data by dealing with
overlapping information and finding the best settings. There is a big
problem with this way of working. It treats all cancer cases as the
same even though they can be very different. This ignores
differences like how fast the cancer grows how the cells look and
how aggressive the cancer is(Alsaffaf & Serttas, 2023). To solve this
a method called clustering has been used. Specifically the OPTICS
algorithm helps find groups without needing to know how many
groups there are in advance. This paper introduces a way of working
that uses Lasso with OPTICS. This new system not helps with telling
if something is cancer or not but also splits cancer cases into
different groups based on how the cells look. This gives doctors
information to plan treatments that are right, for each patient(Ankerst

et al., 1999).
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2. Related Work

Machine learning applications for breast cancer screening have
evolved rapidly, utilizing both image-based and tabular clinical
features. Giler et al. (Guler et al., 2025) evaluated 11 deep learning
configurations on mammographic data, with DenseNet201 obtaining
an overall accuracy of 89.4% and an AUC of 95.8%. Similarly,
Alsaffaf and Serttas (Alsaffaf & Serttas, 2023) analyzed multiple
standard classifiers on diagnostic datasets, establishing that Support
Vector Machines (SVM) and K-Nearest Neighbors (KNN) could
attain diagnostic accuracies ranging between 96.5% and 97.7%.To
extract clinical risk predictors, Dianati-Nasab et al. (Dianati-Nasab et
al., 2024) applied tree-based models including Random Forest (RF)
and XGBoost, achieving an 83.9% accuracy rate. In image-based
approaches, Ahmadi et al. (Ahmadi et al., 2024) constructed a
lightweight pipeline joining MobileNet with DRDA-Net to balance
computational cost and predictive precision. Wang et al. (Wang et
al., 2024) integrated transfer learning via DenseNet architectures for
histopathological imagery, reporting baseline classification
accuracies above 84.0%. Systemic literature analyses by Nasser
and Yusof (Nasser & Yusof, 2023) underscored Convolutional
Neural Networks (CNNs) as the dominant architecture for
processing radiological imagery.Advanced transformer-based
ensembles have also shown promising predictive capabilities.
Alotaibi et al. (Alotaibi et al., 2023) introduced a ViT-DeiT hybrid

architecture capable of classifying histopathological tissues into
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eight categories with an accuracy of 98.17%. Han and Yin (Han &
Yin, 2022) introduced a hybrid meta-learning framework that
achieved a classification accuracy of 98.74%. Furthermore,
optimization frameworks have been explored; Khan et al. (Khan et
al., 2022) and Thirumalaisamy et al. (Thirumalaisamy et al., 2023)
incorporated evolutionary algorithms (such as EACO) with deep
CNN backbones (VGGNet and ResNetl0l) to automate
hyperparameter tuning, thereby improving feature
representation.While these prior studies achieved high diagnostic
accuracy, they focused almost exclusively on the binary separation
of benign and malignant classes. Hybrid approaches combining
classification with density-based structural sub-clustering remain
underexplored in medical diagnostics. This research bridges this
gap by deploying OPTICS clustering directly on classified malignant

samples to map internal tumor heterogeneity.
3. Problem Statement and Research Gap

We have machine learning systems that can tell things most of the
time but there is still a big problem that needs to be solved. This
problem is that we do not really know what is going on inside tumor
samples. Usually we just look at all the tumor samples as one group
without trying to find out if there are different types inside this group.
From a clinical standpoint, tumors assigned to the same general
category often display distinct cellular behaviors and aggressiveness
levels .This study is trying to solve this problem by coming up with a

way of doing things. We are using a two-part approach. First we use
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a kind of classification to look at the tumor samples. Then we use a
kind of clustering called OPTICS to group the samples based on
how close they are, to each other. By doing this we can move from
saying if something is bad or not to really understanding what is
going on inside the bad tumor samples. This will help doctors make

informed decisions.
4. Methodological Framework

The pipeline designed for this study consists of sequential data
preprocessing, model training, evaluation, and density-based sub-
clustering. Figure 1 below illustrates the stages of the model from
beginning to end.

Figure 1: Methodology for Model Development
4.1 Dataset Description

The study evaluated the Breast Cancer Wisconsin Diagnostic
dataset, obtained via Scikit-learn / UCI repository. The dataset has
569 examples that include 30 features measured from fine needle
aspirate images. The outcome variable has 357 cases that're benign
and 212 cases that are malignant. The percentage of cases is 62.7
percent and the percentage of malignant cases is 37.3 percent. This
balance of classes gives a look at how often each type occurs. It
does not need tricks to make the numbers match. Things, like

SMOTE are not needed here(Street et al., 1993).

4.2 Data Preprocessing
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To get the dataset ready for the algorithm to look at we did some
steps to clean it up. We did a things to the dataset. Figure 2 below
illustrates the stages of preprocessing the dataset.

Figure 2: stages of the data preprocessing

Exploratory Data Analysis (EDA). we checked how the
features were spread out if they were uneven and how the different

features were related to each other(Tukey, 1977).

Missing Value Management: we checked to see if there were
any empty spaces and we filled them in with the average value for
that feature where it was necessary, for the dataset(Acock, 2005).

Feature Scaling: Applied standard variance scaling (Z-score
normalization) via StandardScaler to ensure scale uniformity across
dimensional inputs(Pedregosa et al., 2011).

4.3 Classification Algorithms

The dataset was split into a 70% training subset (n = 455). A 30%
testing subset (n = 114) using a fixed random seed initialization
(seed = 42).

4.3.1 Ridge Classifier

The Ridge Classifier converts binary classification into a regularized

linear regression problem by applying an L2 norm penalty to the

objective function(Dorugade, 2014).
4.3.2 Lasso Classifier

The Lasso model that stands for Least Absolute Shrinkage and

Selection Operator adds an L1 norm penalty that makes unimportant
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feature weights go to zero and this helps in doing feature selection

at the time as the model is being built(Kwon et al., 2013).
4.4 OPTICS Clustering

The OPTICS algorithm is really good at helping with clustering. It
takes the things from other methods like DBSCAN and makes them
better. The problem with these methods is that they do not work well
when the data points are not evenly spread out. The OPTICS
algorithm solves this problem. It looks at the data points. Orders
them based on how close they are to each other. The OPTICS
algorithm uses a different ways to measure how close things are.
These include the Euclidean Distance Metric and the Core Distance
and the Reachability Distance. The OPTICS algorithm is very good
at clustering data points that're close, to each other in the OPTICS

algorithm(Ankerst et al., 1999).
5. Experimental Results and Discussion
5.1 Supervised Classification Performance

The Lasso classifier and the Ridge classifier both did well on the
test. The Lasso classifier did the best with an accuracy of 97
percent. The Ridge classifier was behind with an accuracy of 96

percent.

Lasso Performance Metrics: The Lasso classifier was precise
about 97 percent of the time it remembered about 97 percent of the
cases and its F1 score was 97 percent. (Figure 3( shows the Lasso

confusion matrix.
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Figure 3: Confusion matrix, for Lasso classifier metrics

. Ridge Performance Metrics: The Ridge classifier was precise
about 96 percent of the time it remembered about 96 percent of the
cases and its F1 score was about 96 percent. )Figure 4( shows the
Ridge confusion matrix.

Figure 4: Confusion matrix for Lasso classifier metrics

. The Lasso model made mistakes when it came to false
negatives it only got one wrong. This is very important for tests
because if a bad case is classified as good it can cause big
problems. The Lasso model got these results because it got rid of
the extra cellular parameters that were not needed. This helped the
Lasso model to be more accurate. The Lasso classifier and the
Ridge classifier are both tools for supervised classification. The

Lasso classifier is especially good, at finding the results.
. 5.2 Density-Based Tumor Sub-Clustering

. Following binary classification, the OPTICS algorithm was
applied to the total set of 212 confirmed malignant samples. The
algorithm identified three structural density clusters alongside a
small subset of boundary noise points.

Figure 5: Proportional pie chart of OPTICS clustering partitions

. Table 1 represents the expected results from applying the OPTICS
algorithm:

Table 1: The results from the OPTICS algorithm

Morphological
Sub-Phenotype Sample Count Class Ratio (%)  Profile Summary

Cluster A 95 44 .8% Smallest cellular
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Morphological
Sub-Phenotype Sample Count Class Ratio (%)  Profile Summary

dimensions; lower
architectural
complexity.

Moderate cellular
enlargement;
intermediate
irregularity.

Cluster B 72 34.0%

Marked cellular
distortion; largest
surface
dimensions.

Cluster C 31 14.6%

Atypical
Noise Points 14 6.6% morphological
outliers.

. To investigate the clinical characteristics of these groups,

mean parameter values were calculated for each cluster:

Table 2: The results of mean parameter values

Clinical

Feature Cluster A Cluster B Cluster C Significance

Parameter (n=95) (n=72) (n=31)

Proportional
expansion
from Cluster A
to C.

Mean Radius 14.8 18.2 215

Increasing
structural
Mean Texture 19.5 22.4 25.1 roughness
towards
Cluster C.

Marked

Mean 0.12 0.18 0.28 o
elevation in

192



B3an mseCug o | Ayl Y gady el Jial)

| | | Clinical

Feature Cluster A Cluster B Cluster C Significance

Parameter (n=95) (n=72) (n=31)

Concavity severe cell
boundary
indentation.
Distinct
dimensional

Mean Area 750.2 1150.5 1620.8 progression
across
groups.

. These findings indicate that Cluster C represents a more

advanced malignant phenotype characterized by larger area profiles
and greater concavity. Conversely, Cluster A captures less
aggressive, early-stage malignant traits. This multi-tiered grouping
demonstrates that combining classification with density-based
clustering vyields deeper morphological insights than binary

classification alone.

. 5.2 Compared to previous research studies

. Table 3 compares this work with previous research using the same
dataset (Breast Cancer Wisconsin Diagnostic dataset) .

Table 3: Comparison of the proposed work against previous research studies

Study/Reference  Algorithms Accuracy Study advantages
(Alsaffaf & Support Vector Only binary
Serttas, 2023) Machines (SVM), classification
Alsaffaf & Serttag K-Nearest 96.5% — 97.7% (benign or

(2023) Neighbors (KNN) malignant)
(Dianati-Nasab et Extracting risk

al., 2024) Dianati- Random Forest 83.9% factors without
Nasab et al. (RF), XGBoost =0 clustering

(2024) algorithms
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A deep learning

(Ahmadi et al., Lightweight )
2024) Ahmadi et  DRDA-Net + ~96.0% g?sle'tied'cated
al. (2024) MobileNet y

classification.

A hybrid
Lgsso C|aSS.If.Ier * Lasso = 97% frameyvork that
Proposed Study  Ridge Classifier + i G combines
OPTICS Clusterin '09€ = 0 classification and
clustring

6. Conclusion

This study is about using machines to help learn more about
breast cancer. It looks at how to tell if someone has breast cancer or
not. The study used two kinds of classifiers which're like tools that
help make decisions. One is called the Lasso classifier and the other
is called the Ridge classifier. The Lasso classifier was a little better
at figuring out if someone had breast cancer it got it right 97 percent
of the time. The Ridge classifier got it right 96 percent of the
time.The study also used something called the OPTICS algorithm to
look at 212 cases of breast cancer that were bad. It found three
groups of breast cancer that were a little dgifferent from each other.
One group had 95 cases another had 72 cases and The last one
had 31 cases. The people doing this study want to use what they
learned to help doctors make decisions about how to treat breast
cancer. They want to look at cases of breast cancer to make sure
their method works. They also want to add information about the
genes of the people with breast cancer to help make even better

decisions. Breast cancer research is what this is, about.

194



B3an mseCug o | Ayl Y gady el Jial)

References

1. Acock, A. C. (2005). Working with missing values. Journal of Marriage and
Family, 67(4), 1012-1028.
2. Ahmadi, M., Karimi, N., & Samavi, S. (2024). A lightweight deep learning
pipeline with DRDA-Net and MobileNet for breast cancer classification. arXiv
preprint arXiv:2403.11135.

3. Alotaibi, A., et al. (2023). ViT-DeiT: An ensemble model for breast cancer
histopathological images classification. In 1st International Conference on
Advanced Innovations in Smart Cities (ICAISC) (pp. 1-6). IEEE.

4. Alsaffaf, G., & Serttas, S. (2023). Performance of machine learning methods
on breast cancer prediction. Journal of Scientific Reports-B, (12), 1-9.

5. Ankerst, M., Breunig, M. M., Kriegel, H.-P., & Sander, J. (1999). OPTICS:
Ordering points to identify the clustering structure. ACM SIGMOD Record,
28(2), 49-60.

6. Dianati-Nasab, M., et al. (2024). Machine learning algorithms to uncover risk
factors of breast cancer: Insights from a large case-control study. Frontiers in
Oncology, 13, 1276232.

7. Dorugade, A. V. (2014). New ridge parameters for ridge regression. Journal
of the Association of Arab Universities for Basic and Applied Sciences, 15, 94—
99.

8. Giuler, M., Sart, G., Algorabi, O., Adigiizel Tlyli, A. N., & Tirkan, Y. S.
(2025). Breast cancer classification with various optimized deep learning
methods. Diagnostics, 15(14), 1751.

9. Han, L., & Yin, Z. (2022). A hybrid breast cancer classification algorithm
based on meta-learning and artificial neural networks. Frontiers in Oncology,
12, 1042964.

10. Khan, A., et al. (2022). A computational classification method of breast
cancer images using the VGGNet model. Frontiers in Computational
Neuroscience, 16, 1001803.

11. Kwon, S., Han, S., & Lee, S. (2013). A small review and further studies on
the LASSO. Journal of the Korean Data and Information Science Society, 24(5),
1077-1088.

12. Nasser, M., & Yusof, U. K. (2023). Deep learning based methods for breast
cancer diagnosis: A systematic review and future direction. Diagnostics, 13(1),
161.

13. Pedregosa, F., Varoquaux, G., Gramfort, A., Michel, V., Thirion, B., Grisel,
0., ... Duchesnay, E. (2011). Scikit-learn: Machine learning in Python. Journal
of Machine Learning Research, 12, 2825-2830.

195



B3an mseCug o | Ayl Y gady el Jial)

14. Street, W. N., Wolberg, W. H., & Mangasarian, O. L. (1993). Nuclear feature
extraction for breast tumor diagnosis. In Biomedical image processing and
biomedical visualization (Vol. 1905, pp. 861-870). International Society for
Optics and Photonics (SPIE).

15. Thirumalaisamy, S., et al. (2023). Breast cancer classification using
synthesized deep learning model with metaheuristic optimization algorithm.
Diagnostics, 13(18), 2925.

16. Tukey, J. W. (1977). Exploratory data analysis. Addison-Wesley.

17. Wang, W., Li, Y., Yan, X., Xiao, M., & Gao, M. (2024). Breast cancer image
classification method based on deep transfer learning. In Proceedings of the
International Conference on Image Processing, Machine Learning and Pattern
Recognition (pp. 190-197).

18. World Health Organization. (2024). Breast cancer fact sheet. World Health
Organization.

196



BRPSPUSRPSIN SUTAINN I FYRA JEINJRC YO SRR

el Jadl)

183 el el s gall 5 il Y gy e lidacal] oS3

Artificial Intelligence and Transformations of International
Power: China as a Case Study

oale ) e o S gl s
B om)) - Faaad) el i - el glally 80 S - S S Al

aaldll
A5l 5l Aale b elilal) oS ghanl il ¥ padll Gl 8 Aol o3 i
& Jall helis Slle Jiay gy &l @0l glaill ) ladlee daia )8 (e B Lo jabaa
Gl e DS i Lay ¢ L33 5 580 paliial) i o€l aa) sl i ¢ i L g8 s aa
asgie (o oall JEy) & elihaal) oA agul Cun o Jdall dUasll Jala bl
¢ SIS Aalia®Y ¢ 4y Seenll Cl Haall g dalad) o)) sell e Al 3 geay 5SS g 3 gall
e Bl i)y duall b paally Ll g A peall 48 JANNE LS 5 S 6 sede gad
)l Aelica s g laall 5 U] b cilaa 3 )3 Ciuki g3
S Cala i ) L D) LB ¢ Jsatll 138 Qs Lad gl el e A yal) 38 LS
Al pall Jslatig ¢ ALl g8 8 pualic 3 jady (bl 3 seiall Lo g jde o elilaaY)
33l 3a3a3 Ao s e Dl ¢ ¥y plaall g La@Y) & clilaal) o1SA) cala o sl
b i LS ¢ A 5a¥1 Banial) il ) Aald (5, (s il dgal ge b duiaall Al
S Jnd RSl (s2a5 e dsall sl 2 e snlly ol S s G A8
Aaband) 5 4 Sl alaidy) 5 8l Caclizan ) 5l 3 68l Joiia jaae ) elilaaY
sl as sale) b5 isall Jalsall aa) iy elilacal) oS o ) Al 3l caald
Liale o) Laliat) Ladlis aay ol A0l afii g 60 ) g g a5liss Il Jga el () 5 ¢ 43 5al)
¢ sl pllaill (8 Leadsa o 5 Sl s 8l g ea (b ool jind amy () das i ¢ s
Radiall A ey sad e oladl e CRESS Anall Aadl o G Al ) i
Aolal 55 3 e (g JEEYI o pal) 558 3 3m L ¢ il 50 yalic Calie
iy ¢ 3Soms 530 3 1) Qe 8 o3 g ¢ 15008 5381 sy 2085 8 sl

197



BRPSPUSRPSIN SUTAINN I FYRA JEINJRC YO SRR

&‘)M JJ}AUAAJ;:};.\} a‘)..gﬁj Gchkm‘).” << éJ)Cm\Q:. d}ﬂ\ rPRLT) B.AJ\‘)':LAAAJJ.:
ool Al Al ) A 85 e i i 5,08 )

S il ¢ gall il ¢yl €2 sl 3 il ¢ e lilaia¥) oISH) :dualiball cilall)

Abstract

This study specializes in demonstrating the transformations brought
about by artificial intelligence in the nature of international power
and its sources, based on the premise that technical development is
no longer an aid to countries in exercising their power only, but has
become one of the growing components of power itself, reshaping
the standards of superiority and competition within the international
system, where artificial intelligence contributed to the gradual
transition from a concept of power based mainly on material
resources and classical military and economic capabilities, to a more
Composite concept in which knowledge, data, technical ability,
innovation and the ability to employ algorithms in production,
defense and decision-making .

The study also takes China as a model for analyzing this
transformation, given its quest to employ artificial intelligence as part
of its project for national rise and strengthening the elements of its
overall strength, the study deals with the dimensions of employing
artificial intelligence in the economy, defense and security, as well
as its role in enhancing Chinese competitiveness in the face of
major powers, especially the United States of America. it also
examines the relationship between technological superiority and the
ability to produce international influence, and the extent to which
artificial intelligence can become an independent source of power or
a multiplier of economic, military and political power.

The study concluded that artificial intelligence is one of the factors
influencing the redistribution of international power, and that the
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competition over the possession of its technologies, resources and
infrastructure is no longer a limited economic or scientific
competition, but has turned into a strategic dimension in the struggle
of major powers over their position in the international system, and
the study also indicates that the Chinese experience reveals a
growing trend towards integrating advanced technology with various
elements of national power, thereby enhancing China's ability to
move from just a rising economic power to a more influential
technical and political power, and therefore the future of international
balances will be increasingly linked to the ability of countries to
possess artificial intelligence development and transformation of A
knowledge resource to a strategic capacity influential in the
infrastructure of the international system .

Keywords: Artificial intelligence; International power; China; International
competition; Technological change
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innovation/ , Date of visit : 9/7/2026 .
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internet-conference/ , Date of visit : 9/7/2026
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9. Mercy A. Kuo, The Military Dimension of the China-US Al Race, the diplomat, 29
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10. Patrick M. Cronin and Pinshan La, How the US Can Counter China’s Emerging
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Date of visit: 9/8/2026.
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11. Ho Ting (Bosco) Hung and Moritz von Knebel , Building the Pipeline: Why China
Exports Al Infrastructure, Not Semiconductors , the diplomat , 1 September 2025 ,
Available at the link: https://thediplomat.com/2025/09/building-the-pipeline-why-china-
exports-ai-infrastructure-not-semiconductors/ , Date of visit : 10/8/2026 .
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12. Mathieu Duchatel , Semiconductors: China’s Industrial Policy Steamroller in Motion
, Not Semiconductors , the diplomat , 19 November 2025 , Available at the link:
https://thediplomat.com/2025/11/semiconductors-chinas-industrial-policy-steamroller-
in-motion/ , Date of visit : 10/8/2026 .

13. Dingding Chen and Runyu Huang , Is It Too Late for the US to Change Its Chip
Strategy Toward China? , the diplomat, 27 August 2025, Available at the link:
https://thediplomat.com/2025/08/is-it-too-late-for-the-us-to-change-its-chip-strategy-
toward-china/ , Date of visit: 8/8/2026.
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