Algorithms: The Driving Power and Future of Artificial
Intelligence

BENDAOUD ROKIA™, M’hamed EL MOULOUDI?

Lgeography department; faculty dhar el mehraz ,university sidi mohamed ben abdellah fez Morocco.
2 geography department, Multidisciplinary faculty, university Sidi Mohamed ben Abdellah Morocco
Emails: roukial984fes@gmail.com; mouloudimoh@gmail.com
* Corresponding author: roukial984fes@gmail.com

Abstract

Algorithms are fundamental to artificial intelligence (Al), enabling data collection, analysis, and
interpretation, thus facilitating machine learning and system programming. They drive innovation in
various fields by simulating human thinking and decision-making. This paper explores the pivotal role
of algorithms in enhancing Al capabilities, contributing to sustainable development, and improving
system performance.

Algorithms are crucial in problem-solving and decision-making, with applications in fields of
mathematical operations and urban planning and others... As Al evolves, future algorithm
development will enhance Al's ability to handle large data environments and revolutionize sectors like
healthcare, finance, manufacturing, and transportation. However, human oversight is essential to
ensure accuracy and reliability.

Ethical considerations are vital for responsible Al deployment. Collaboration between technologists,
policymakers, and ethicists is necessary to address Al's limitations, reduce biases, and enhance
adaptability. Promoting public awareness about Al technologies can help shape policies that align
with societal values.

In conclusion, algorithms are key to Al development, enhancing data processing and decision-making
capabilities. The synergy between Al and human expertise promises significant advancements,
fostering a future where Al augments human abilities and addresses complex challenges ethically and
transparently.
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Introduction

Algorithms are considered the foundation of artificial intelligence improvement, enabling the supply
and analysis of records, facilitating machine gaining knowledge of, and aiding in the programming of
systems by developing specific mathematical fashions.

Artificial intelligence includes various algorithms that enable driving innovation in science and
technology industries, providing the ability to process, interpret and generalize data. These algorithms
enable machines to simulate human thinking and decision-making in more than one field.

In widespread, algorithms make contributions to sustainable development in artificial intelligence
packages, improving the overall performance of its systems. As highlighted by Stuart Russell and
Peter Norvig (2010), artificial intelligence and cognitive technology continue to fertilize each other.
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Problematic

This problematic aims to focus on the critical position of algorithms in driving superior capabilities in
synthetic intelligence while acknowledging present-day challenges. These challenges include
managing increasing amounts of data or complexity without performance degradation, ensuring that
Al decisions and actions can be understood by humans to foster transparency and trust, and applying
learned knowledge from one context to different, unseen contexts to perform robustly across diverse
datasets.

The research paper revolves around understanding how ongoing efforts by researchers and developers
to improve algorithms and explore new procedures will form the destiny of Al programs.

Hypothesis

Advancements in algorithmic improvement, driven by the persistent efforts of researchers and
developers, will overcome modern challenges related to managing increasing amounts of data or
complexity without performance degradation (scalability), ensuring that Al decisions and actions can
be understood by humans to foster transparency and trust (interpretability), and applying learned
knowledge from one context to different, unseen contexts to perform robustly across diverse datasets
(generalizability) in artificial intelligence (Al). As algorithms continue to adapt, the hypothesis posits
that these improvements will unleash untapped potential, enabling Al systems not only to address
current limitations but also to become a potent force for innovation. The trajectory of Al development
will be characterized by enhanced capabilities, fostering transformative applications across various
industries.

The Role of Algorithms in Al Competencies

Algorithms play a vital function in figuring out the capabilities of artificial intelligence, as they're the
spine of its performance They are used to understand patterns and enhance Al's ability to organize
information and make intelligent decisions in several fields including forecasting and designing device
study structures, as well as automatic translation.

Studying algorithms gives developers an advantage in designing highly efficient and powerful Al that
produces better results on many tasks.

With technological development, algorithms will keep conforming to enhance the capabilities of
artificial intelligence structures to a greater extent. They function as the foundation upon which the
efficiency of artificial intelligence is built, Li Deng(2018) explains that Al algorithms are a rich set of
algorithms used to perform Al tasks, notably those about perception and cognition that involve
learning from data and experiences simulating human intelligence

In turn, Algorithms direct artificial intelligence systems to process data and learn from experiences.
However, in Kevin's book (2012), he states that it is difficult to come up with a single, consistent
notation to cover the wide variety of data, models and algorithms. Furthermore, conventions differ
between machine learning and statistics, and between different books and papers, which means
algorithms range among supervised, unsupervised, and reinforcement learning, where each of them is
rooted in wonderful historical backgrounds and priorities.

Due to the role performed with algorithms in the development of artificial intelligence performance,
they enhance its capabilities and performance and thus provide the possibility of investing in data
within the artificial intelligence infrastructure. We will present several ways in which algorithms
contribute to enhancing artificial intelligence competencies:

Problem Solving

It is crucial to have a simple knowledge of algorithms to draw a fundamental structure for the
algorithm. For example, if the problem includes mathematical operations, as Thomas Cormen et. all
(2022) explained is a sequence of computational steps that transform the input into the output.

We have an example:

Input: A sequence of n numbers <al , a2,....... an>

Output: A permutation (reordering) <a'l,a'2,.....a'n>
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Thus, given the input sequence <31,41, 59, 26, 41, 58> a correct sorting algorithm returns as output
the sequence <26, 31, 41, 41, 58,59>. Such an input sequence is referred to as an instance of the sorting
problem as explained by Thomas Cormen et. A (2022)

Decision Making

The study on decision-making is interested in multi-field, as Yingxu Wang and Guenther Ruhe(2007)
explained that there are three constituents in decision-making known as the decision situation, the
decision maker, and the decision process, thus, it relies upon a fixed of options based totally on certain
criteria or strategies.

Decision-making algorithms may be used in various applications, including urban planning. We have
a figure that presents a model that describes urban planning through the decision-making algorithm.

Decision-making in
urban planning
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Figure 1: framework of decisions in urban planning

In Figure 1; it can be seen that urban planning is used to deal with making decisions under the AHP
Algorithm in GIS, which may be referred to by Marcin Feltynowski et al.(2021), the AHP method
used in the area of spatial planning is conducted with the support of GIS. As Yingxu Wang et al;(2007)
the different decision theories provide different choice functions. And Tom Mitchell confirmed that
most algorithms that have been developed for learning decision trees are variations on a core algorithm
that employs a top-down, search through the space of possible decision trees.
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Machine learning

There is a plethora of closely related, research with machine learning, and the studies have focused on
defining machine learning as A.L. Samuel (1959), that is the programming of a digital computer to
behave in a way which, if done by human beings or animals, would be described as involving the
process of learning. And Tom Mitchell, (1997) A computer program is said to learn from experience
E for some class of tasks T and performance measure P if its performance at tasks in T, as measured
by P, improves with experience E.

overall, we note that machine learning is a subset of Al that specializes in growing algorithms and
statistical models that enable computer systems to perform tasks without explicit programming, and
It enhances their overall performance with the experience.

Algorithms play a significant role in the development of machine learning frameworks in general,
with various types of machine learning algorithms being utilized today, such as the adoption of
hierarchical learning that is over skills, options or goals Jim Martin Catacora Ocana (2023). the idea
can also be expanded by:

Supervised Learning
It is an algorithm that learns from classified training data, Mona M. Soliman et. all (2024) where the
dataset samples are labelled with the labels of their classes, the algorithms then learn the relation
between the samples and their labels using the sample features, and it is provided with rules of system
mastery that include inputs and outputs to model them for predicting unexpected data outcomes. To
implement this algorithm, we have a method for training a machine learning model to predict land use
types for effective city planning and resource allocation by using supervised learning:

First step: gather satellite imagery of the city, and GIS data including road networks, buildings, and
public amenities..., Obtain demographic information such as population density and income levels.
Second step data processing: process the data, integrating GIS data with satellite imagery, and
calculate additional features, such as distance to amenities and land-use percentages, and labelling
areas in the satellite imagery as residential, commercial, or industrial.
Third step: We choose a machine-learning model and we Train it.

Data Analysis:

Input Features: X be a matrix of input features X € R™" where m is the number of examples and
n is the number of features.

0 be a vector of parameters: 0eR™ = 1

The prediction Y' for land use types can be represented as a linear combination of input features and
parameters: Y'=X- 0

For classification tasks (e.g., residential, commercial, industrial), we apply an activation function to
convert the linear combination into probabilities: P= (X-0), Here, P is a vector representing the
probabilities of each land use type.

We train the model by adjusting parameters 6 to minimize a cost function J(0) that measures the
difference between predicted P and actual labels Y.

We calculate th

e
m
-1 c
J(0): — Z vij - log(Py;)
i i=1 7!

Here, yij is the binary indicator, and Pij is the predicted probability.

Fourth step: we conclude the machine learning model demonstrates the potential for predicting land
use types based on satellite imagery, GIS data, and demographic data after We share results with
experts in urban planning, GIS, and machine learning for validation.

Conclusion: This example study illustrates the application of the scientific method to predict land use
types in a city using supervised Learning techniques, additionally the steps involve data processing,
model training, evaluation, and validation.

function:

Unsupervised learning:

Unsupervised learning entails the organization of data into clusters without explicit guidance, allowing
algorithms to independently recognize and categorize patterns. This consists of the application of
clustering algorithms, which categorize similar records based on features. Three methods of clustering
are notable in this context:
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K-means clustering: an algorithm aiming to partition data points into groups where each point belongs
k cluster with the closest centre, as Sayan Bandyapadhyay(2023) the classical k-means clustering
algorithm leads to more complicated clusters while the threshold tree leads to an easy explanation.
The advantage of the explainable approach becomes even more evident in higher dimensions when
many feature values in k-means contribute to the formation of the clusters.

Hierarchical clustering: seeks to establish hierarchical relationships within the data.

DBSCAN (Density-Based Spatial Clustering of Applications with Noise), to organization nearby facts
factors to perceive values within the dataset.

Dimensionality Reduction: refers to strategies that lessen the number of entered variables in a dataset,
It additionally allows the dataset to be remapped into three dimensions.

Association Rule Learning: It is a rule-based learning method to highlight the relationship between
variables in a large number of data, and one of the most important of these is algorithms:

Apriori Algorithm: as Rakesh Agrawal et al.(1994) provide The Apriori algorithm has the additional
property that the database is not used at all, Is also a classic algorithm in data mining and association
rule learning used to discover interesting relationships, associations, and patterns within large datasets,
especially in the context of transactional data.

Reinforcement learning

The exploration of sequential decision-making and the enhancement of those decisions is the focus of
reinforcement learning, as added by Richard S.Sutton et al.(2015) that It is distinguished from other
computational approaches by its emphasis on learning by an agent from direct interaction with its
environment, without relying on exemplary supervision or complete models of the environment.
Rodrigo Toro Icarte et al.(2023) is a machine learning paradigm wherein an artificial agent interacts
with an environment to learn behaviour that maximizes the expected cumulative reward it receives
from the environment.

A Markov decision process (MDP), as Francisco S. Melo et.al (2011) ((page 1759) provide is a
strategy that describes a sequential decision problem in which a single agent must choose an action at
every time step to maximize some reward-based optimization criterion. We will start with discussing
a reinforcement learning problem by using the framework of Markov Decision Processes (MDP) to
create a robot navigating in a grid world, the robot is in numerous states, and in every country, it can
take different movements because the goal is to educate the robot to maximize a cumulative reward
over time

Components of the MDP:

States (S): S={S1, 5>, S3; ... sn}

grid cells in the robot's environment.

Actions (A): A={a; ay;as ... ay}

Possible actions the robot can take, such as moving in different directions.

Transition Probabilities (P): P(s,a,s")

The probability of transitioning from state s to state s’ after taking action a.

Rewards (R): R (s, a, s')

The immediate reward received when transitioning from state s to state s’ after taking action a.
A strategy (n): m(s)—a

A strategy that maps states to actions, guiding the agent's decision-making.

The goal is to find an optimal strategy m* that maximizes the expected cumulative reward over time

0
' = arg maxn 20 R (s, w(ST), ST+ 1)
Here, St represents the state at time t, ©(St )= is the action chosen by the strategy at state
St, St +1 isthe next state, R(St,m(St), ST + 1) is the immediate reward, and vy is the discount
factor.

This formulation provides a way mathematical representation of the reinforcement learning problem
using a Markov decision process where an RL algorithm iteratively learns and optimizes the strategy
to optimize the cumulative reward, as Nick Bostrom(2014) showed that insofar as a reinforcement-
learning agent can be described as having a final goal, but that goal remains constant: to maximize
future reward, Jiawei Xu et.al (2023)Consequently, agents have little chance to obtain informative
feedback for decision-making.

Doi : https://doi.org/10.21608/JAIEP.2024.289776.1000
Received: June 17,2024  Accepted: August 10, 2024



https://doi.org/10.54216/IJNS.xxxxxx

The future path of Artificial Intelligence development

It is expected that algorithms will play a position in shaping the future of artificial intelligence by
overcoming demanding situations and growing the Al's capacity to deal with big information
environments and improve its applications.

Algorithms permit the enhancement of artificial intelligence and result in a revolution in the digital
global. However, they'll be vulnerable to mistakes, Therefore, human monitoring and supervision are
essential to make algorithms greater accurate and reliable in information dissemination and data
processing.

Improved algorithms contribute not only to the efficiency and accuracy of Al systems but also hold
the key to unlocking innovative solutions across various sectors

Artificial intelligence enables machines to reason and make decisions based on their algorithms so
they can create advanced capabilities in the future, transform industries, increase productivity and
solve complex problems once considered difficult in traditional computing methods.

This transformative capability of Al extends throughout diverse domain names, from healthcare as
Thomas Davenport and Ravi Kalakota(2019) pointed out that Surgical robots, initially approved in the
USA in 2000, provide ‘superpowers’ to surgeons, improving their ability to see, create precise and
minimally invasive incisions, and stitch wounds and so forth.

In the finance field Salman Bahoo et al(2024) have confirmed through the deep neural network model
that it leads to predicting three global exchange rates (EUR/USD, GBP/USD, and JPY/USD ) , thus
showing that artificial intelligence-based models achieve better predictive performance than statistical
models, furthermore, It optimizes trading strategies and hazard management.

In the manufacturing field, Siby Jose Plathottam et.al (2023), explained that maintenance Predictive
involves analyzing sensor data from equipment to anticipate potential equipment failures and
scheduling maintenance routines to prevent unnecessary downtime. It is one of the most common uses
for Al in manufacturing industries, as the ability to anticipate equipment failure can avoid significant
financial losses by avoiding unscheduled disruptions and downtimes in manufacturing operations.

as well, Transportation structures gain from Al via the development of self-reliant motors, optimizing
traffic, and improving common safety.

As Al continues to adapt, its effect on society promises now not only elevated performance but also
the capability to deal with a number of the arena’s most pressing and demanding situations. However,
moral concerns and accountable deployment are to harness Al's energy for the benefit of humanity.
On another level, Terry Winograd (2006) there have long been debates, about whether Al should be
a primary metaphor in the human interface to computers,

Despite the tremendous advancements, the mixing of Al into diverse aspects of society necessitates a
thoughtful and moral method, which is ethical references need to evolve along Al capabilities to
safeguard against opposition to misuse and ensure decision-making procedures, as Roel Dobbe (2021)
every Al system requires a consensus definition of what it would mean for it to be safe. However
present proposals for the technical safety and governance of Al systems tend to focus on safety either
as a criterion of technical design, operational conditions, or the experience of end users.

Moreover, ongoing research and development are crucial to deal with the restrictions of contemporary
Al structures. Enhancing the interpretability of Al fashions, reducing biases, and refining their
adaptability to dynamic and unexpected situations are regions that call for non-stop attention.
Collaboration among technologists, policymakers, and ethicists is crucial to setting up tips that foster
transparency, duty, and the moral deployment of Al technologies, Lee Spector (2006) because it has
become a matter of modelling not only the products of natural evolution but also its processes.

As artificial intelligence (Al) continues to permeate various facets of society, fostering public
education and awareness is imperative. Equipping individuals with a deeper understanding of Al
technologies, their capabilities, and ethical implications cultivate an informed populace capable of
actively shaping policies that uphold societal values. This proactive engagement ensures that Al serves
as a transformative force for positive societal change rather than inadvertently causing harm.
Moreover, integrating Al into diverse sectors promises enhanced operational efficiencies and
increased profitability. However, achieving these benefits requires responsible development practices,
vigilant oversight to address ethical concerns such as privacy breaches and potential job displacement,
and ongoing collaboration across disciplines. The ongoing evolution of algorithms is poised to
significantly impact Al and society by revolutionizing industries toward more sustainable practices.
Yet, these advancements also necessitate careful consideration of their broader implications,
prompting researchers to advance Al capabilities while striving to mitigate associated risks and foster
global sustainability.
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Conclusion

Algorithms can propel the improvement of artificial intelligence, enhancing its capability to research
enormous sets of facts in an extra nuanced way. By using predictive analytics and choice-making
abilities, algorithms play an essential role in revolutionizing the trajectory of Al improvement. The
collaboration between synthetic intelligence and human experience similarly enriches insights, paving
the manner for a virtual destiny marked by ethical considerations and obvious data usage practices.
This partnership recognizes the complementary strengths of Al and human intelligence, fostering a
synergy that results in greater knowledgeable, accountable, and ethically grounded choice-making
tactics. As algorithms hold to adapt, the emphasis on ethical Al development becomes more and more
paramount, making sure that these technologies are not only effective but also aligned with societal
values, appreciate privateness, and prioritize fairness. In this dynamic interaction between algorithms
and human knowledge, the potential for wonderful advancements in a generation is enormous,
promising a future wherein Al serves as a device for augmenting human skills and addressing
complicated demanding situations.
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