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Introduction

Computer Science is an innovative domain which encompasses a wide range of activities that
represent the core of the current technological development. It supports design, development and
implementation of systems that define all spheres of our life, including communication, healthcare,
finance and education. In the last few decades, Computer Science has transformed into one of the
least focused academic fields to a wide and interdisciplinary field that cuts across fields like

mathematics, engineering, cognitive science, and biology [1].
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Computer Science is interested in the causes of computation, the formulation of effective
algorithms, the construction of software and hardware, and the manner in which cleverness can be
simulated by computers. It is a combination of theories and practical expertise to understand that
practitioners can identify complicated problems in the real world and transform them into
computational problems which can be solved after abstraction and create systems which can

implement the solutions to the problems efficiently and reliably [2].

This is a review paper with the title, From Algorithms to Al: a Comprehensive Review of Core
Concepts in Computer Science, which seeks to delve in the cornerstone concepts that encompass
the field. It will provide a step by step progression along the topics which serve as the foundation
of Computer Science; beginning with theoretical concepts and going all the way to the current
thrusts in the field; artificial intelligence. The mission is to provide a comprehensive and unified
perspective of the area which relates historical changes to modern technologies and growing
problems [3]. The choice to write this article was driven by the consideration of the necessity to

tie numerous subfields of Computer Science into the same story.

Most people specialize in a certain field of study in an academic or professional context including
software, machine learning, cybersecurity, or database systems. This specialisation is a necessity
in the journey towards innovation, but it is also important to have a holistic mindset in the relation
of such areas. As another example, a good machine learning model will usually as well be built on
well-tuned algorithms, good data structure and strong software architecture all of which are based
on basic Computer Science knowledge [4].

The review is organized in such a way that it could interest a wide range of readers: students who
just start their path in this field, teachers who want to have the opportunity to get a concise synthesis
of previous works, and practitioners who need an opportunity to go back to the basics. It originates
in theoretical foundations like computational theory, algorithms and data structures, which are the
foundation blocks of Computer Science [5]. Then it enters into systems-oriented subjects such as
computer architecture, computer networks, and programming paradigms. Lastly; it discusses the

current frontiers such as artificial intelligence, quantum computing, and technological ethics [6].
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The necessity to know basics of Computer Science cannot be overestimated. With the development
of technology still in motion like never before and better understanding its lexicon; i.e. the
fundamentals of the discipline in question, one will be prepared intellectually to adjust and best
adapt accordingly and make better and strategically thought out decisions. Hints about how to
design a good Al application, learn more about data compression algorithms, or create a
responsible Al application are just a few of the examples of the knowledge that is described in this

article and that are essential in such ways [7].
Foundations of Computer Science

Computer Science is based on its theoretical foundation, a collection of abstract concepts, logical
frameworks and methodologies, and tools of mathematics which characterise what is meant by
computation. Such basic areas form the basis of computer algorithm design, computer
programming language design, analysis of computational problems and the nature of the
capabilities and limitations of computers [8]. The practical applications of computing would be
shallow, ad hoc and inaccurate without the existence of such fundamental principles. Computer
Science, on basic level, is based very much on mathematics and logic of sets. A large variety of
reasoning such as correctness proofs of algorithms to artificial intelligence rely on propositional

and predicate logic. The formal means of handling set is set theory [9].

Functions, relations and more discrete structures like graphs and trees are crucial in describing and
solving computational problems. Knowledge of the abstract models enables computer scientists to
put reality in a manner that can be solved as logic. Of the most striking questions in Computer
Science is the following: What can be computed? Computability theory tackles this in setting the
bounds of solvable problems using algorithms [10]. These limits have been prepared through the
work of Alan Turing, in particular the development of the idea of the Turing Machine. Not all
problems are solvable and depending on the ability to be solved by an algorithm they are classified
as decidable and undecidable [11].
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Figure: 1 showing foundations of Computer Science

The concepts are not abstract; they assist software engineers and designers on what systems to
build and prevent developers and system designers from wasting resources trying to solve
intractable problems, as well as in the design of programming languages and compilers.
Computability gives us the definite answers of what is computable but what the complexity theory
deals with is how efficiently, computationally, it can be solved. It classifies issues in terms of
resources needed that are often time and space [12]. The best known is the classes P (polynomial-
time solvable), NP (polynomial-time verifiable), and NP-complete (optimization problems lying
at the heart of cryptography). Getting to the bottom of the renowned P vs NP problem, which
remains to be unsolved, has tremendous implications in areas of cybersecurity, logistics, and
artificial intelligence. Knowledge about the computational complexity enables the designers and
researchers to select the best appropriate algorithms and data structures suitable to various kind of

problems [13].
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Formal languages Formal languages and automata theory can be used as models to design
compilers and interpreters. Programming languages are described using finite automata, regular
expressions and context-free grammars. The models also act as the foundations of syntax analytics,
lexical analytics, and pattern recognition systems of artificial intelligence. On the whole, the
theoretical basis of Computer Science acts as the prototype of every created system, language, or
algorithm [14]. These notions have made the study accurate, accurate and innovative in every
aspect of computation by basing computational science in areas of formal logic, maths rigor and

abstract computation.
Data Structures and Algorithms

Computer Science consists of algorithms and data structures. Jointly they characterize the extent
of efficiency in solving the problems and data management. It may be an algorithm which searches
through a file, sorts user records, analyses social networks or trains a machine learning system, but
performance, scalability and reliability are all determined by algorithms and data structures. The
simplest algorithmic operations in the center of algorithmic thinking are sorting and searching [15].
Readily available classic algorithms such as Quicksort, Merge Sort and Heap Sort provide various
trade-offs between speed and memory consumption. On the same note, the search algorithms like
Breadth-First Search (BFS) and Depth-First Search (DFS) or Binary Search are extremely crucial
in many applications including databases and path finding in Al [16].

Learning Algorithms is not just remembering algorithms, it is understanding its efficiency in terms
of Big-O notation where one can explain the performance of an algorithm with a change in its
input size: that method will introduce the term Big-O and give a mathematical form to describe
the efficiency of algorithms. This analysis assists developers to select the correct strategy towards
a given problem. Data structures define means and manner in which data is organized and stored
enabling accessibility and modification of the data in an efficient manner [17]. Simple List Besides
arrays, linked lists, stacks, and queues are used in the majority of software systems. Even more
sophisticated structures e.g. trees, heaps, hash tables, graphs will enable us to manipulate data and

solve problems in even more complicated ways [18].
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As an example, the trees allow hierarchical organization of data, which is necessary in databases
and file systems. Hash tables enable quick search, with which caching of data and big data
manipulation are highly important. Networks can be modeled by graphs: a set of social ties,
transportation, wires or dependencies. Graphs are instrumental in the solution of numerous real
problems. To construct fast, responsive and scalable software, excellent data structures and
algorithms are crucial [19]. The strength are the power of search engines, real-time systems, mobile
applications and Al engines. These concepts are not simply learned, but are practically required in

developing systems that are strong.
Paradigms and Languages Programming

There are paradigms and languages of programming; these are the focuses of a software
conception, design and implementation. They offer a developer the techniques and means of
stating solutions of computational problems. Effective software structure, performance,
maintainability and scalability tends to depend on the paradigm and the programming language
chosen. A paradigm of programming is a form or pattern of programming [20]. The various
paradigms provide different methods of coding and thinking of a code. The greatest paradigms are:

Procedural Programming: It is extended on the basis of a sequence of instructions that act on
data, and focuses on routine, loop, and conditional. C and Pascal languages are grounded on this
approach. It is simple and is extensively used on a system-level programming [21].

Object-oriented programming (OOP): In this paradigm, objects are used to describe the real
world entities and contain both data and actions or behavior. Such central terms are classes,
inheritance, polymorphism and encapsulation. Using OOP, one enables code reusability and
module development. Well known OOP languages are Java, C++, and Python [22].

Functional Programming: based on mathematical functions, this paradigm does not modify state
and mutable data. It focuses on pure functions, immutability and recursions. Other languages such
as Haskell, Lisp or functional features of the Scala or JavaScript language encourage cleaner and

more predictable programming, particularly in concurrent and parallel processing [23].
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Logic Programming: This is the paradigm that is founded on formal logic and declaratives.
Programs are composed of a group of logical relations and rules. The most well-known language
out of the category is Prolog that frequently appears in the tasks of Al and symbolic reasoning
[24].

Declarative Programming: Declarative programming contrasts with the procedural programming
in which they are interested, it is what to be performed, rather than how to be performed. A well-
used example is SQL, a language used to query databases; concentrating on the result desired
rather than the process to get it [25].

Programming Languages & Hardware

Machine Language — = E_
Assembly Language lT

Compiler-Based High-Level Languages

Interpreted & Virtual Machine Languages

Embedded Systems Languages

Figure: 2 showing foundations of programming languages and hardware

The art of programming has progressed tremendously, with its early beginnings of low-level
assembly language to state-of-the-art high level programming languages, with strong abstractions.
The first languages to be developed such as FORTRAN and COBOL defined business and
scientific purposes. Languages such as C that later provided control of memory and resulted in
development of operating systems and embedded systems [26]. New programming languages like
Python, JavaScript, and Go focus on simple readability, fast code, and the popularity of the

language. They also promote various paradigms, which provide versatility to the developers. The
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languages are either compiled (translated and then executed, e.g. C++ ) or interpreted (executed
line-by-line e.g. Python). Another option is a hybrid approach, which uses a just-in-time (JIT)
compilation (e.g. Java, JavaScript) [27]. These mechanisms are useful with debugging,
performance tuning and cross-platform development. The programming paradigms and languages
determine the form in which we really pose and solve problems. This will allow developers to
acquire the best techniques in performing any task because they will have mastered the various

paradigms and learnt how language is designed [28].
Operating Systems and Computer Architecture

Computer Architecture and Operating systems (OS) have been major building blocks that makes
the connection between hardware and software. They decide how computers can perform
instructions, handle resources, and to add to user and application requirements. This knowledge of
these systems is crucial in designing effective software, resolving performance-related problems,
and resource maximization [29]. Computer Architecture means the structure and layout of
computer systems. It describes the processing, storing and transferring of data in a machine. There
are three major parts of architecture:

Central Processing Unit (CPU): This is commonly referred to as the brain of the computer and
it undertakes the arithmetic and logic functions. It is composed of parts such as the Arithmetic
Logic Unit (ALU), control unit and register [30].

Memory Hierarchy: The computer memory system is a tiered application divided into registers,
cache, main memory (RAM), and secondary storage in order to achieve the balance between
performance and price. To access data stored in caches L1, L2, and L3, high speed access is
obtained [31].

Instruction Set Architecture (ISA): The ISA describes what the set of operations of the processor
consists of load instruction, store instruction, add instruction, jump instruction etc. Various
performance, power, and cost trade-offs are supported by different architectures (e.g., x86, ARM
and RISC-V). The architectural design affects the low-level programming, compilers, the

performance of mobile devices and energy efficiency of data centers. System software is called an
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Operating System (OS), which controls a computer as regards hardware and software resources
[31]. It serves as a translator between the users and the hardware allowing the applications to

perform safely and effectively.
An operating system has some key functions, which involve:

Process Management: The OS takes care of creation and termination of processes as well as their
scheduling. It assigns CPU time using scheduling algorithms Round Robin or Priority Scheduling
[32].

Memory Management: The OS controls the task of using RAM and assigns memory to each
process, and this involves the concept of virtual memory so that it may appear to have more

memory than physically recorded [33].

File Systems: Operating systems allow logical methods of storing, retrieving and arranging data
on the storage devices through file systems such as NTFS, FAT32 and ext4 [34].

Device Management: Device drivers are used by the OS to manage the input/output devices (e.g.

keyboards printer’s spring disk drives etc.) [35].

Access Control and Security: It uses controls to define permissions, authenticate users as well as
isolating processes to ensure system integrity. Embedded systems to cloud infrastructure is an
architecture and operating system that is imperative to comprehend. High performance systems
are based on proper hardware software interrelation design, and expertise in this field will enable
the developer to create speedier, more stable, and safer programs [36].

Databases and Information Systems

The information system and databases form the core of the modern computing resource making
available to the various users the possible chilling of information in large volumes as well as
execution of storage, retrieval and management functions. Due to the predominance of data in
almost all sectors, including healthcare and financial, education, and e-commerce, the scope of
databases in these areas has grown colossally. To develop scalable, secure, and smart applications,
it is essential to get acquainted with the principles of creation and technologies of these systems
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[37]. Data modeling is central to any database and is the act of defining the data structure and
relationships. The relational model which is the most popular one was demonstrated by E.F. Codd
in the 1970s. Data in this model is stored in tables (relations) composed of rows (tuples) and
columns (attributes), whereby each table contains information about a definite entity or concept.
The diagrams of relation between the different entities (e.g. customers, products, or transaction)
often applied at the stage of designing a database are called the Entity-relationship (ER) diagrams.
These models are then converted into relational models with the help of which actual databases

are implemented [38].

USAGE OF DATABASES ACROSS
KEY SECTORS 3o
kL
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Figure: 3 showing usage of databases across key sectors

The common language to discuss relational databases is called SQL (Structured Query Language).
It enables one to create tables, insert data, and make complex inquiries, e.qg., filter, sort, as well as

join documents and several tables. Examples: To serve a multi-user scenario where the integrity
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and consistency of the data has to be guaranteed by databases. This is realized under transactions;

series of activities that are carried out as one [39]. Transactions obey the ACID features:

e Atomicity: All the operations either succeed to the end or not at all.
e Consistency: The database is in a good state.
e Isolation: There are no other interferences of transactions.

¢ Durability: Even when the system fails some changes are persistent.

Locking-based, timestamp-ordering based and multisession based concurrency control (MVCC)
are implemented to avoid conflicts and sustain the performance of the system in its heavy traffic.
Although the relational databases continue to dominate, other categories of databases, denoted
together as NoSQL, have emerged to solve the problem of scalability and flexibility of modern
applications. These models are found in the NoSQL databases and they are particularly adaptable
in dealing with unstructured or semi-structured kinds of data, and also in distributed architectures
as well as real time web applications [40]. Information systems cover more than databases to
involve the software, the individuals and activities that exist to handle information. Enterprise
resource planning (ERP) systems, customer relationship management (CRM) systems and decision
support systems are all dependent on sound database infrastructures. To create smart data-oriented
applications and make business decisions, knowledge of working with databases and information
systems is required. They underlie everything ranging up to big cloud-based platforms and simple
websites [41].

Internet and Computer Networks

The Internet is the main frame through which the world communicates and shares information.
They facilitate all forms of web surfing, emailing, online banking, online video conferences and
cloud computing among others. Knowledge of data transmission, routing, and security on
interconnected systems is a necessity in anyone pursing computing career either at software
development, cybersecurity, or even systems engineering. A computer network is simply the group
of devices that are joined together sharing any resources and information [42]. These devices

interact in terms of protocols, that is, set rules of data transmission. OSI (Open Systems
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Interconnection) model can be conceptualized as a model which subdivides the communication of

networks into 7 layers:

e Physical Layer: Sends out its raw bits through the physical media (e.g. cables, fiber optic).

e Data Link Layer: Wide spread coverage of error detection and frame synchronization
(e.g., Ethernet).

e Network Layer: Pats data amongst networks with logical addressing (i.e., IP).

e Transport Layer: Secures unreliable data transfer (For e.g. TCP, UDP.)

e Session Layer: This session layer controls application sessions.

e Presentation Layer: Converts data formats (such as encryption, and compression).

e Application Layer: Accesses user programs (e.g. http, ftp, domain, name server).

Despite being theoretical, the OSI model assists in describing how the protocols in TCP/IP stack
are implemented and how they interact in real life. The Internet is a huge uncentralized system of

systems [43]. It is based on TCP/IP protocol suite, in which:

e Addressing and routing is dealt with by IP (Internet Protocol).
e TP serves reliably and orderly transmission of data.

e The higher level protocols are:

e Web communication via HTTP / HTTPS.

e Email SMTP.

¢ Domain name resolution using DNS (Domain Name Server).

Every device on the Internet has its own IP address and domains names (e.g. google.com) are
resolved to IP addresses through DNS. Wireless technologies have been added to the modern types
of networks (e.g., Wi-Fi, Bluetooth, 5G), which makes them mobile and remote-accessible. Cloud
networking Cloud networking enables scalable sharing of computing resources on the Internet,
where Amazon Web Services (AWS), Google Cloud, and Microsoft Azure services are built [44].
As online activities increase, there arises a need of network security. To prevent intrusion of data
and attacks on the data by any hacker, they are safeguarded through encryption (e.g., SSL/TLS),

firewalls, intrusion detection systems, and VPNs. Common risks are phishing, denial of service
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(DoS) attacks and man-in-the-middle attack. Charles has changed the interaction of people and
systems with the advent of Computer networks and the Internet. The establishment of applications
that are efficient, secure and scalable in a richly networked environment requires sound knowledge

of networking concepts [45].
Software Principles Engineering

Software engineering can be defined as the systematic approach of engineering parameters into the
creation, running, and maintenance of the software systems. It links the theoretical computer
science with practical software development involving both the concept of structure, quality,
scalability and collaboration. With increasing complexity of software and integration into daily
living conditions, the need to employ good engineering principles when developing software to
create reliable, maintainable, and efficient systems becomes very important [46]. Software
Development Life Cycle (SDLC) is a regulated paradigm of software development. It normally

comprises the following stages:

e Requirement Analysis: Subconscious knowledge of what software has to do.

e Design: Definition of the software large-scale structure, architecture and components.

e Implementation (Coding): A code is written, according to the design.

e Testing: Making sure the software acts according to how it should and eliminating bugs.
e Deployment: The Act of software release to users.

e Maintenance: Enhancement through time and revision of the software.

All the phases are very vital in enhancing reduction of errors, quality and the ability to have the
final product that meets the needs of the user. Old development methodologies such as water fall
are linear and inflexible, and current ones such as Agile are cyclical and responsive. Design
patterns are solutions to recurrent design problems that are common to software design [47]. Some
such examples are the Singleton, Factory, Observer and Model-View-Controller (MVC) patterns.
These patterns would help in providing consistency, maintainability, and readability of code.

Proper software engineering design principles result in software that is functional, maintainable,
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and scalable as well as user focused. These are the main principles of the success of modern

software projects both in the academic and industrial environment [48].
Artificial intelligence and machine learning

Artificial Intelligence (Al) and Machine Learning (ML) can be defined as two of several most
influential areas of the modern Computer Science. They are concerned with developing systems
capable of learning, adaptation and decision making and thus behave intelligently but their
behavior required a mind previously found only in a human brain. Since voice agents and
recommender systems to diagnostic machines and self-driving cars, Al and ML are making a
difference in almost every sector [49]. Artificial intelligence is a science whose origins date back
to the 1950s when such scientific pioneers as Alan Turing and John McCarthy established the
theoretical basis of this science. Initial ones were concerned with symbolic representation and rule-
based systems, with the encoded knowledge created manually. Such good old-fashioned Al
worked well with complex but structured, logic-based tasks but faltered when uncertainty was
involved [50].

A subfield of Al related to machine learning concerns algorithms that allow computers to learn
based on data as opposed to programming them. ML systems can recognize patterns and can
predict the future and make decisions using past data [51]. The important paradigms of learning

are:

Supervised Learning: These models are trained with labeled exploratory information that teaches

the models. Typical uses are spam classification and image classification [52].

Unsupervised Learning: This kind of network discovers hidden patterns in data which are not
labeled. Such methods as clustering and dimension reduction as applied to anomaly detection and

customer segmentation are common techniques [53].

Reinforcement Learning: The agent adapts through trial and error, through its environment
through rewards or punishment. It is applied to robotics, gaming (e.g., AlphaGo) and autonomous
systems [54].
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Figure: 4 showing Role of Al in machine learning

Some of the popular algorithms are linear regression, decision tree, support vector machines
(SVMs), k-means clustering and neural networks. Artificial Intelligence and Machine Learning
are hastily defining the future. To master such technologies, one really needs to understand
algorithms, data, and the real world, as well as be limber in the fundamentals of Computer Science
[55].

Newfield’s within Computer Science

With technology growing, Computer Science gets smarter, and the realm has come up with a
number of up-and-coming fields, which have stretched the limits of computer capabilities. Not just
changing the industry, these fast-growing industries are also changing the industry, influencing the
society, economy and the research, in many ways. Quantum computing is a type of computing that
takes advantages of the quantum mechanics to compute functionalities that cannot be performed
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by classical computers [56]. Quantum systems can be used to represent several states in parallel
by using quits rather than binary bits. Quantum algorithms, such as Shor and Grover, although still
early in development, can potentially transform cryptography, optimization and drug discovery
[57].

HCI revolves around design and use ability of computer systems and is more concerned on
enhancing user experience (UX). With computing gadgets penetrating human life, in the form of
smartphones, wearable gadgets, and AR/VR systems and more, it is even more crucial that their
input/output interfaces are simple and friendly to use. It unites the aspects of psychology, design,
and software engineering [58]. The way software and infrastructure are provided has changed with
cloud computing currently providing extensive on-demand and scalable resources through
platforms such as AWS, Azure, and Google Cloud. At the same time, edge computing locates the
processing closer to the data source (i.e., 10T devices) and cuts down response time and enhances
real-time processing of applications like self-driving cars and industrial automation [59].

Technology is so deeply rooted in the society that the ethical issues are increased. Algorithmic
bias, data privacy, ethical Al, and environmental sustainability are now the focus of a socially
responsible tech development. Sustainable computing is also about the reduction in the carbon
footprint of data centers and devices [60]. The branches of emerging finders can define the
pandemic experience in the world of Computer Science and reflect on a world where an
interdisciplinary apprehension, moral obligation as well as innovation will exist more than ever

before.
Conclusion

Computer Science is a very huge, dynamic and continuously growing industry that defines the
digital era. The practical to the theoretical, the fundamentals influence the technologies we live by,
industries we operate in and communities we form. In this review, the authors have seen the range
of topics in Computer Science and how each of these sub disciplines is linked together and each
contributes in its own way to solving hard real-world problems. We started by reading the

underpinnings of Computer Science that give one a theoretical grasp of computation itself. The
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discipline has intellectual pillars like logic, theory of sets and computability. The complexity
theory and formal machines such as Turing Machines assist in defining what can, and cannot be

computationally achieved.

In addition to it, data structures and algorithms allow to solve problems and operate data
economically. They form the core of any software because, besides desktop applications, they are
also used in large-scale cloud systems. The algorithm and data structure that will be used also
affects the system performance, scalability, and user-friendliness directly. Alongside this,
paradigms and languages of programming offer the philosophy and tools of adequately expressing
a solution. Starting with procedural and object-oriented all the way through to functional and
declarative paradigms, these styles help developers think and code. The knowledge on the
interpretation or compilation mechanism of a programming language makes the developer more

capable of creating what is enabled to be optimized and be portable.

It proceeded to computer architecture and operating systems, those that control the physical and
logical substrates of computing environments. They are vital in the allocation of resources,
memory managements, multitasking and serving as the interface between hardware and software.
Databases and information systems are the vehicle of information in this era of information where
there are many organizations and companies requiring storage, retrieval, and management of
information efficiently. In one way or another, data management is a key task in virtually any field,
whether it is a legacy relational database system, or a new and exciting NoSQL system. Computer
networks and the Internet that makes us have a connection over the globe were also discussed.
Livelihood in the distributed and dependable systems development, necessitates the importance of
knowing network protocols, communication layers as well as the security apparatus in our hyper-

connected world.

Doctrine in software engineering introduces order and regulations on software engineering. Best
practices in design, testing and deployment enables developers to assure robust, scalable and
maintainable software. Agile and DevOps methodology have changed the collaboration and
software delivery of teams. An insight overview into artificial intelligence and machine learning

emphasized how machines have become capable of learning information, deciding and evolving
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with time. It is transforming the areas of healthcare, finance, and transportation and, at the same
time, prompting critical ethical questions. We discussed new fields of quantum computing, human-
computer interaction, cloud, and edge computing, and renewable technology development. These
fields are the playground of Computer Science and suggest the future with lots of promising
opportunities and pivotal challenges.

Computer Science is fundamental as well as progressive. Its values give us the power to grasp the
inner mechanics of systems, create the latest technologies, and morally control the future of the
digital world. Understanding of fundamental ideas, such as algorithms or Al is a key aspect both
to the practitioners and to all individuals who are interested in moving around and contributing to

our work-driven society, which is becoming more and more technologically equipped.
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