H ISSN: 2231-0401 (Online)
C TrendS In ISSN: 2347—9957(;::1;
Opto-electro & Optical Volume 5 e 2202

May—August

Com m u n ication DOI (Journal): 10.37591/TOEOC

STM JOURNALS

https://journals.stmjournals.com/toeoc

Review TOEOC

Computers: Evolution, Breakthroughs, and
Future Innovations

V. Basil Hans*

Abstract

The computer, a cornerstone of modern technology, has evolved through significant inventions and
innovations that have transformed societies and industries worldwide. From the early mechanical
calculating machines, such as Charles Babbage’s Analytical Engine, to the advent of electronic
computers like the ENIAC, the journey of computing is marked by breakthroughs that have enabled
rapid advancements in data processing, communication, and automation. The introduction of
integrated circuits, microprocessors, and the development of software systems have played pivotal roles
in the miniaturization and accessibility of computers. Furthermore, innovations such as the personal
computer, internet, artificial intelligence, and quantum computing are reshaping industries, economies,
and everyday life. This study explores the history, key inventions, and ongoing innovations in computer
technology, emphasizing their profound impact on society and the potential future developments that
could revolutionize computing further. The development of the first electronic computers, such the
ENIAC, in the middle of the 20th century significantly improved the speed and precision of intricate
computations. The shift from mechanical to digital computation occurred during this time. Computing
was further advanced by the later inventions of the integrated circuit in the 1950s and the transistor in
the late 1940s, which increased processing capacity while decreasing machine size, cost, and power
consumption. With the advent of the personal computer revolution in the 1970s and 1980s, computing
technology became widely available. This era improved communication and efficiency by introducing
graphical user interfaces and user-friendly software. A new era of international information sharing
and digital cooperation was ushered in by the internet’s development in the 1990s, which linked people
and systems all over the world. Innovation in the 21st century is still fuelled by developments in areas
like cybersecurity, big data analytics, cloud computing, and artificial intelligence. In addition to being
quicker and smaller, modern computers are also becoming smarter and more flexible. Furthermore,
state-of-the-art studies in neuromorphic engineering and quantum computing point to a time when
processing capacity may rapidly exceed present constraints.
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casing of office computers de-materializes them such that the flickering black box might seem entirely
inadequate to the grand promises made on its behalf.

Unique Design

The personal computer might easily be regarded as the most influential invention of the late
20th century, all the more reason to attempt to grapple with the notoriously intractable task of
fixing the ‘meaning’ embodied by a particular computer or computer design. In many ways, the
computer has been so incredibly successful in its own terms that it remains beyond the scope of
both history and design history. It might appear as the newest and most complex form of the tools of
bureaucracy which can build such a formidable rational structure. The computer presents a series of
unique problems to design-historians; it is simultaneously finished product and highly complex, and it
is a relatively late development. The form of the computer has been static for so long that its
past identities appear to have faded into the ether. Also, the scope and impact of the computer so far
extend from the individual object that even a novel computer requires a complex technological
infrastructure in order to function [2].

Layout

This study sets out to explore the history and design of the computer triggered by a particular case
study, the Research Machines 380Z. There are a multitude of other, quite legitimate design
investigations of computers. Secondly, it problematizes the history of the computer, suggesting that it
is layered with paradoxes which have rendered the construction of a coherent history so arduous.
Finally, it examines the influence of computer design, foregrounding technological determinism in
design history whilst recognizing that this is mediated through constraints of the market, regulation, and
working practice.

HISTORICAL BACKGROUND

On the desks of offices all over the developed world, there rests a computer. It is a truly ‘universal’
design, a rare example of a global, mass-produced, multi-purpose object. Functionally, it is similar to a
multitude of earlier designs, but as with the modern bicycle, another key exemplar of a ‘universal’ type,
its fashionable colours and styling change frequently, and its technical specification represents the latest
thinking in an industry dominated by innovation. The personal computer (the object being referred to
here, and often abbreviated to PC) might easily be regarded as the most influential invention of the late
20th Century, and its impact in the 21st Century shows no sign of abating. This study suggests that the
computer presents a series of unique problems to design historians, and that the various methodologies
used to construct its history have been, at least in part, responsible for the way in which computers are
perceived today [3]. The computer revolution has been the subject of intense scrutiny by the media; this
scrutiny has created a huge amount of material discussing the very latest improvements, the possibilities
of the near future, or the long-term implications of the present direction of development. The history of
the technology leading to the computer has, however, been explored in far less detail, and what writing
there is on the subject has tended to concentrate on the development of theories or on those personalities
who have made significant intellectual contributions.

The development and implementation of computer technology, from the 1930s to the present day,
have provided new possibilities for the storage and handling of vast amounts of data, with processing
speeds dramatically reduced from days to thousandths of seconds. Cheaper and smaller components
and reduced power consumption have made these processing devices affordable and portable [4].
Therefore, computers can be found in most areas of everyday life. This package includes a
stereo amplifier, tape deck, and radio tuner which communicate when required, in addition to
functioning as individual units. The designer is a consultant, employed on a freelance basis. In the
course of their work on a wide range of consumer products, they have designed, and applied computer
technology for several companies.
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Early Mechanical Computers

One of the exemplary representatives of this period was an exceptional mathematician, astronomer,
mechanical engineer, scientist, academic, artist, and one of the most original inventors of the 12th and
13th centuries. The influence in the history of technology and engineering is inestimable. A key figure
of the time wrote his most important work by following the principles and teachings of classical thinkers
and incorporated new concepts and designs on pneumatics and automata. Many of the devices outlined
in this work clearly demonstrate the legacy of earlier scientific influences. His contributions had a
profound effect on the development of science and technology. The impact was consistent and far-
reaching, inspiring thinkers, mechanics, instrument makers, and automata manufacturers across
generations. Evidence of this enduring legacy is seen in how his ideas and designs reappeared in the
works of writers from various countries centuries later [5].

A renowned Renaissance figure admired, studied, and perfected these earlier works. Despite the
centuries that separated them, shared remarkably similar interests. He studied and innovated timekeeping
devices, experimented with and improved war mechanisms, designed ammunition, created musical
instruments, and developed various automata [6]. He also elaborated on physical principles relevant in
his era and contributed to the study of devices like the manograph and the topography of water, exploring
phenomena such as the echo of bird songs and the use of water or air currents to drive clock mechanisms.

The Development of Electronic Computers

Since the emergence of the first differential engines, the most significant impacts of computing have
stemmed from the novel and extraordinary solutions made possible by mathematical machinery. The
developments discussed are centred around research projects involving experiments with magnetic tape
storage systems. This work led not only to the inception of what is now known as the computer fast
access storage system and its evolution into much larger modern systems, but also to advancements in
various aspects of computer operation. These include the development of timesharing operating systems
to optimize storage system track utilization and the fundamental changes that have occurred in storage
units. The movement toward treating computer storage projects on a comparable foundational basis
presents a logical point to consolidate and document these developments [7].

Since the foundational details of differential and analytical machines were first introduced, engineers
worldwide have successfully developed digital computing machines. Many early commercial versions
were identical or closely based on these initial designs. Significant efforts have gone into enhancing the
performance of these machines and expanding the range of peripheral storage devices. From a hardware
perspective, one of the most notable innovations was the development of electrostatic storage for
computers, which has since gained adoption. This storage system includes an additional word with an
adjacency selection stored in a unique location within each data word. Typically, it can store 2,000
words of 40 bits per unit with an average access time of 27 msec.

Key Figures in Computer History

The history of computers is a rich one. It consists of numerous key figures, events, innovations, and
stories to tell. Some are shared by all, while each community also holds its own memories to preserve.
Certain narratives are often absent from Western accounts or presented as minor, yet they are essential
parts of others’ historical heritage [8].

It is well known that the first electronic digital computer operating on general-purpose principles was
the Electronic Numerical Integrator and Computer (ENIAC) of 1945. However, questions remain
regarding the first conceptual description of such a computer and the development of the first modular
computer designed by a team of engineers, each a distinct consideration. Despite limited access to
advanced electronics, early descriptions from Hungarian contributors in 1943 fall into this category.
These accounts are often overlooked in mainstream Western histories and even in major national texts
on the history of computing [9].
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At the same time, these neglected and misrepresented narratives are being recovered and restored to
their rightful place in the broader history of computing. In its early stages, the methodology of building
such machines was largely experimental. They were often described using abstract formulas without
full understanding of their practical operations. One such logic gate-based machine was among the first
modular computers, presented alongside a comprehensive introduction [10]. The detailed technical
descriptions provided at the time surpassed earlier works and similar efforts from the same period,
offering more insight than typically available. Although this mathematical framework differed from a
practical engineering plan, it marked a significant historical milestone. Eventually, the reinterpretation
that had been anticipated came to light through further scholarly work.

MAJOR INNOVATIONS IN COMPUTER TECHNOLOGY

As computers have evolved, they have become smaller, more powerful, and more versatile. Over
time, the computer’s role has shifted and expanded to take on new tasks. Audio and video have been
integrated with computing, keyboards have been replaced or supplemented with voice or writing
recognition, and the computer has become an integral part of the workplace, the home, and the entire
economy. The complexity and versatility of computer technology today is a far cry from when
electronic computers were first built in the 1940s. In the coming decades, both the complexity and the
spread of computer technology are expected to grow at an even faster pace, radically transforming how
people live and work. A greater variety and more complex range of services will be directly accessed
by a larger portion of the population. Many of these services have yet to be invented. Technological
advances promise to be spectacular and far-reaching, driven by economic factors, developments in
integrated circuit technology, and transformative changes in the computer industry [11].

Software and hardware will continue to evolve together. Integrated and specialized software
environments will help technicians configure complex data networks. In the context of ‘open systems’,
designers will create projects using standardized components. Pre-defined forms will be transmitted to
manufacturing plants, often staffed by robots, via high-bandwidth digital links, directly to on-site setup
computers. The growing industry in ‘smart materials’ will offer cost-effective alternatives to
components used in display systems, computer consoles, and domestic appliances. Printed circuit
boards may give way to direct wire contact systems. As hardware tailored to specific software
architectures becomes more common, new possibilities will emerge for software developers. Software
for niche markets may appear briefly in micro-format before demand disappears. Environmental
challenges tied to computer technology may become so significant that micro-electronics could be
replaced by software embedded in expansive networks of droplet computers.

Transistors and Microprocessors

1. During the second half of the 20th century, computers became important tools in business,
industry, the media, and the home. Due to the boom in hardware and software, computers and
information technology evolved rapidly, with many of the hands-on skills used in installations
quickly becoming outdated. Despite this rapid expansion, the basic principles have remained
consistent. These fundamental concepts are the foundation of this discussion, as understanding
the basic building blocks is essential for a lifelong journey in computing [12].

2. A computer is an electronic device that can receive, store, manipulate, and output data. It can be
programmed to follow a sequence of instructions to achieve specific tasks. The first semi-
programmable computer was designed during the Second World War to decrypt coded messages.
This system was the first to combine vacuum tubes, diodes, and digital storage, surpassing
analogue systems. Although it was not a stored program machine, it was developed after the
theoretical design of such a machine had been published, and thus can be considered a proper
computer. Eventually, the stored program computer became the standard in computer
architecture, placing this early system at the beginning of modern computing. Up until the mid-
60s, computers were built using electron-tubes or vacuum tubes. These components had no solid-
state equivalents, and their working elements were heated cathodes in a vacuum. Besides
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generating heat, they were slow, bulky, and relatively unreliable. Additionally, the team that
developed an early system in 1949 later created a well-known series of machines [13]. Although
these demonstrated the potential for commercial computing, they were initially seen as somewhat
unambitious. However, a later model in the series marked a significant improvement, making a
notable impact in the field of computing.

The Advent of Personal Computers

The advent of personal computers is generally considered to have occurred in the early 1970s. Many
products, both significant and insignificant, appeared in the market as the computer became easy to
fabricate and thus became easier to purchase. All computers designed for the general public, other than
calculators or video games, use a microprocessor designed by a major technology corporation. One of
the first computers to use a microprocessor was the MITS Altair. Since then, personal computers have
become sufficiently engrossing to assume, at this juncture, a grouping that includes other office
automation devices. Most modern personal computers are all-in-one desk devices, consisting of a
microprocessor-based computer, a printer, a processor, a modem, and an audio component. They have
been heavily advertised and, in response, the public has conveyed a degree of interest that did not exist
for their precursors [14].

Despite the possibilities and actualities of the future, personal computers exist in numbers so small
so as to be largely irrelevant to the present character of “work™ in an office. What potential do they have
to allow processes that would not otherwise occur? The unexpected or fortuitous evolution of function
is also a possibility: in the manner, for example, of the telegraph and word processing. Will the office
of the future bear any recognizable resemblance to its forebears, or, as the inability of futurists to predict
the valency of hipsters or the fashion of documented historians would suggest, will it contract eras in
the manner of a Procrustean bed?

History has shown constant disregard for the ideals and intentions of its instigators, and the ‘new age’
of information concourse is unlikely to prove an exception. Certainly, there are those who see the office
of the future as a place in which the computer is for the first time indistinguishable from the architecture.
This ‘intelligent’ building will interpret its dwellers’ physiological and psychological state of being and
respond accordingly. Those in its embrace will, like the Luddites of old, provide resistance to the
tractor’s Plough. Such a vision acknowledges not only the pervasive power of the computer, working
upon the bodies and minds of the labouring class, but also a certain feedback angle that will respond to
the contemporary growth in interest toward the ‘soft” or ‘people-to-people’ facets of office life [15].

The Internet Revolution

We have entered an era where the invention of the computer is systemic and changes our lives daily.
From the computer, many other inventions have come to pass; the most significant in recent years is
the internet. Since the invention of the modem in the 1970s, the internet has grown from a military
experiment to billions of websites. In the last 10 years, the invention of the web browser has made
surfing the net faster and easier. However, considering the dramatic changes computer and internet
technology have already made, it is almost scary to think about what might come next. Since 1992, the
internet has evolved from a means to share information between university and government computers
to a world-wide, total information community open to every human being. In the last year, roughly 30
million people around the world began to use the internet. Roughly 10 million of these users are new to
the net. The World Wide Web, WWW, or the Web has taken on a whole new dimension in human
culture. Built as a means to exchange hypertext documents, the WWW has grown into a guide to all
forms of electronic information. Now with graphical rich Web browser interfaces, we can share any
known fact in a single moment with everyone else. In a very real sense, education can be as broad as
the human imagination. Success for this wonderful creation is assured so long as its public openness is
maintained. It is absolutely amazing how world culture is a united front with the WWW portion being
a web site that exchanges information that might be available. Blocking access to certain web sites only
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results in the immediate posting to mirror sites on a different continent. Repression can only occur when
openness is unavailable in the first place. The Free World has become the entire world on the Web.
With new technologies and standard formats that will focus on hypertext use, a level playing field for
all comers will be birthed [16, 5, 7]. This is especially the case with schools that are opening fast, both
private and governmental. With that, the opportunity to vastly enhance scientific and technical
education is at hand. Access to virtually every scientific and technical discovery ever conceived and
documented becomes the enabling force. In less developed countries, this first-rate education and
abilities will be available at very low costs by comparison to a university education, which would be
necessary otherwise. As these new capabilities begin to fuse into working reality, curriculums at all
stages of education will have to be revised. To wit, the following revolution of high technology
education is at hand.

SOFTWARE DEVELOPMENT

Software development is one of the most complex and multifaceted engineering fields today. This
complexity arises from a wide range of different software methodologies and practices; for example,
software metrics, defect prediction, practical experiences of application maintenance, practical
experiences of code refactoring, analysis of technical debt exhausted by software artifacts, CMMI-based
processes, and compliance to trivial project-level practices according to software quality requirements.
Throughout several decades, the field has been intensely scrutinized by researchers from various
disciplines. Today, the volume of work in this area is considerable, with numerous relevant publications,
conferences, and studies on both supporting tools and development process methodologies. Over time,
software development has been analysed by experts in different fields such as engineering, information
technology, industrial management, physics, economics, and philosophy, providing valuable insights
into the components and nuances of this discipline. Many pivotal studies have shaped the field,
including early empirical investigations, analyses of software recognition and classification, discussions
on code smells, reviews of code refactoring, and studies of application maintenance [17, 4]. There has
also been significant work on methodologies and the relationships between software engineering practices
and software process/product quality. Recent research further focuses on the deployment of defect
predictors, evaluation of defect classification, assessment of internal defect costs, estimation of technical
debt, and strategies for its continuous analysis, planning, and reduction. Additionally, the relationship
between software quality and hierarchical organizational structures is considered. Within the breadth of
literature, the development process and source creation are often regarded as bureaucratic in nature.

Operating Systems

An operating system manages the resources of a computer system and supplies the abstraction that
simplifies application programming. The effectiveness of an operating system, arguably the most
important software that runs on a computer, determines the ease with which the user can access and
utilize the machine’s capabilities. However, the crucial role an operating system plays in defining the
application programming interface (API) has, until recently, largely been overlooked as a societal issue.
One consequence is that the computer revolutions, Ethernet, networked workstations, high-speed
LANSs, have not been widely adopted in computing laboratories.

Since the advent of personal workstations, the API to workstations has become standardized, thereby
making them more like a mainframe than the previous wire-bound terminals. On personal workstations
today, data are easily shared among the text processors, compilers, and debuggers that form the building
blocks of the modern laboratory. However, the workstation operating systems predate this compatibility,
let alone the issues raised by experiments with networked laboratories. These problems are glaringly
apparent with the confusion over the definition of the UNIX emulation API for personal workstations.
Only one vendor has proposed a standardized set of UNIX extensions; a vendor that uses an operating
system distinct and incompatible with a more widespread implementation. Just as important, a glance
at the old diskless systems that are proliferating in some labs shows that these machines suffer from
severe performance deficiencies. A specialized tool could address all of these shortcomings.
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An operating system is both the glue that binds the layers of the system together and also functions
as a bottleneck for inter-process communication. The UNIX emulation library, an operating system
image running alongside the workstation’s own OS, serves both functions by providing a means for the
Emulator to interact with the workstation Unix emulation and to implement those calls that cannot be
directly constructed by the workstation user program. Hence, it seems the route to a stable and relatively
good API should be the implementation of this library with an architecture like that of the Emulator
OS. The UNIX emulation library is a crucial part of emulator-based systems to solve this. This library
runs alongside the primary operating system on the workstation as a backup operating system image. It
bridges the gap between the Emulator and native Unix capability by enabling the Emulator to efficiently
interface with the host system’s Unix-like environment. More significantly, it extends the system’s
capabilities by managing system calls that user-level programs on the workstation are unable to directly
perform. The emulation library plays a crucial role in developing a reliable application programming
interface (API) because of its dual purpose of enabling communication and executing intricate system
functions. A well-organized library that follows the same architectural guidelines as the emulator OS itself
can guarantee improved compatibility, effective operation, and seamless system layer integration [18].

Programming Languages

A computer program is a set of electronic instructions executed by the computer’s central processing
unit (CPU). The purpose of a computer program is to control the functionalities of the computer,
allowing it to perform various tasks such as mathematical calculations, digital design, and text editing.
A computer program is written by a human using a programming language, which consists of
grammatical rules and vocabulary governing the structure of a computer program. Due to the worldwide
expansion of informatics, programming languages have been developed over the decades. However,
some countries have resisted using foreign languages, particularly because many are based on English.
As a result, the evolution of programming languages has led to the creation of several non-English
programming languages aimed at attracting local audiences, especially students and people who do not
speak English.

Initially, the most popular computer programming languages were based on the English language.
Until the 1980s, a programming language called INTERCAL was created as a parody to satirize some
aspects of programming languages of the time. Since then, a wide variety of non-English programming
languages have been developed. In 1987, Sakhr Basic, an Arabized version of BASIC, was created to
help Arab learners more easily understand programming. Later, ARLOGO was introduced as an
experimental Arabic programming language for educational purposes. This was followed by
ARABLAN, another educational Arabic programming language designed to teach programming and
computer science concepts in Arabic [6, 9].

Application Software

Computer application software setup designed to operate a network of microcomputers with hard
disks is considered. The system provides users with a menu of options, many of which are useful for
listing, printing on paper or microfiche, tabulating, or filing. The software is configured so that a hard
disk drive is accessed for the desired files. It can be programmed to prompt users to load the required
disk when necessary. The system also supports and encourages the creation of backup files from the
hard disk. The static software, menu, and help text, primarily consisting of batch files, are distributed
as shareware. Menu drives are developed using electromagnetic programming, with user tables tailored
by components. These tables contain user prompts and descriptions of each subroutine. Users can edit
or expand any of the ten mnemonic tables to suit a wide variety of systems and preferences. When a
software component is used beyond a reasonable testing period, usage should cease and the developer
contacted for registration, typically at a fee of $ 150.00 per component [3.7].

The broader domain of software application is considered to be as versatile as its more established
counterparts. With the development of large-scale integrated circuits and LANs containing numerous
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microcomputers, this domain faces increased scrutiny. Unusual demands such as network topology,
data handling, hard disk organization, quadraphonic applications, standardized Unicode across
heterogeneous LANs, and peripheral usability challenges have arisen. Responses, whether appropriate
or speculative, often lack timeliness. New programs are emerging to customize application software for
specific industries. Unfortunately, many of these are designed for large mainframe environments,
leaving microcomputer users outside the scope of major database industry strategies [5—9]. In many
cases, organized development efforts rest with individuals. As a result, creating suitable software or
components may require significant individual investment of time and effort. A better understanding of
these needs by the information provider industry, along with a commitment to collaboration, could
greatly enhance the usefulness of computer power for a wide range of agricultural users.

IMPACT OF COMPUTERS ON SOCIETY

Computers and other modern information-handling equipment are being developed with the power
and versatility of the human mind and exhibit the appearance of intelligent behaviour. In anticipation
of these formidable developments, efforts have been made to examine the social and economic effects
of computerization. Computers have had a number of additional outfitting items installed. There is
strong reason to believe that the advancing computerization of society will significantly multiply and
sustain these changes, while also introducing others of a more profound nature. Communication with
computers was envisioned to occur through familiar dialogues, with computers rendering responses in
formats better suited to human understanding. However, such expectations have largely gone
unfulfilled. Computers have mainly been used for business data processing and scientific modelling.
The complexity of human expertise has often been overlooked by programmers attempting to
mechanize it. Additionally, most tasks assigned to computers have been relatively low-skill; human
involvement in data processing has been largely manual and industrial. Consequently, computers do
not yet display true intelligence [10].

Traditionally, computers have been seen as clerical tools with intellectual potential. However, a new
generation of computers and word processors is being developed that may endow machines with many
attributes of conscious thought. It is now suggested that within a decade, the word processor may largely
replace human office clerks, leading to the widespread loss of millions of jobs. As such equipment
becomes more prevalent, it is expected to result in significant unemployment, especially among less
adaptable workers, thereby further widening the gap between economic classes [12—15]. Due to their
capacity for conversation and their role as vast information repositories, able to respond across a wide
range of topics, even relatively basic word processors may appear to possess an informed and thoughtful
personality. This perception generates a degree of respect and trust in the decisions made by computers
that is often lacking in people’s attitudes toward politicians and employers. Meanwhile, office clerks
may feel intimidated by the perceived superiority of computers, leading to discomfort and increased
errors. Employers, who often overlook the computer’s own mistakes, may become critical of their
clerks’ performance and judge them as unfit for advancement.

Changes in Communication

In the second half of the last century, the computer, an invention of modern times, initiated a
technological wave that marked the end of the industrial-based society. Before its invention, people
communicated in traditional ways, but the emergence of computing brought significant changes,
transitioning from stone engravings to printed newspapers. It stands as one of the most important
inventions of the modern era, sparking a revolution in communication.

From its early adoption, the computer was seen as a technology capable of storing vast amounts of
data on individuals and enabling organizations to monitor them closely. Its true potential in this domain
was not realized until the widespread use of electronic mail. Email quickly became a vital
communication tool, making computers integral to daily life. The main function of email is to allow
users to create messages in electronic format and send them over telephone lines to other computers,
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without human intermediaries. These messages are stored in an “electronic mailbox”, where recipients
can access and read them. This system allows individuals to communicate directly, bypassing traditional
channels used by companies or governments [9].

There was a time when computers were as large as room-sized freezers. Today, they are compact and
portable, weighing around 7 kg. This marks a pivotal era in human history, where certain inventions
have drastically changed daily life. Notably, the computer has revolutionized the way people think and
access information, putting vast resources at their fingertips. It has also transformed communication
methods, replacing traditional mail and telephones with faster, more efficient digital alternatives.

Transformations in Education

23 years ago, when I started my academic studies, computers in college were not so common.
Students did not make use of computers very much, most of the notes were taken by hand and in some
cases with a typewriter. Above all, there were no web resources. Students prepared for their exams by
handwriting their notes on legajos, sometimes highlighting them with a yellow marker. Things have
changed deeply since those days. Now students hardly take any notes in the classroom, just a few brief
notes, because at home they use many web resources that make it easier to access study material. As a
result, students in class may pay more attention to explanations and participate more actively to get the
most out of the session. The learning process was radically different 23 years ago compared to now. In
the past, it was essentially passive learning, whereas today, teaching focuses on active learning
strategies like problem-based learning, simulations, role playing, and collaborative learning, in which
computers also play a very important role. Learning is no longer synonymous with just listening and
reading, but now involves creating and manipulating information, a process largely enabled by the
development and dissemination of computer resources [4—7].

Teaching has also changed considerably in this time; it has become more complex and advisory in
nature. It used to be primarily face-to-face, with limited tutoring hours in the office. In contrast, recent
years have seen a shift to collaborative learning, which requires a greater presence from the teacher and
often involves a lower tutor-student ratio. Moreover, teaching has expanded into authentic online
instruction, using the Internet not just as a resource bank but as a virtual classroom itself. Teaching is
now much more supportive, with additional resources such as videos, PowerPoint presentations, online
texts, and more. Educational innovation has emerged through new methodologies, sometimes
embedded within virtual classrooms, and through the promotion of adult learning that better utilizes
cognitive resources. Until recently, teaching was mostly face-to-face, involving student presence for
instruction and activities. Advances in ICT have enabled the interaction of virtual communities,
effectively moving educational centres online. This transition has been beneficial for many students,
who prefer interactive, personalized learning over traditional one-way instruction. Idle time has been
reduced, and student-teacher interaction has increased. Consequently, teaching has become more
comprehensive, supportive, and engaging.

Effects on Business and Industry

The first commercial RS-232 connection was specified in 1962 when the 1.0 version of RS-232 was
published. Before arriving at the x86 platform, some systems supported a very limited number of
vendors. A major factor in the early days of the IBM PC was the large number of hardware vendors. As
the IBM PC was cloned, so was its design and architecture. What remained was a computer architecture
and design that was considered high-tech, even by casual hobbyist standards. At launch, standard
components included an Intel 8088 processor, 64 kb of memory, a teletypewriter-style keyboard, a
block-addressable 160 kb, 5'4" floppy disk system, and an optional colour or monochrome monitor.
The $ 99 consumer CPU was the MOS Technology 6502 CPU [8-11].

Attempts to repurpose the machine for more serious tasks often met with scepticism or confusion.
Children who were familiar with more advanced home computers would often laugh at its limitations.
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It lacked the capability for processor-intensive software, had ineffective storage systems, and relied on
awkward software interfaces, with most tasks requiring manual input at the command prompt. Modem
connectivity was managed through a variety of data rates and baud settings rarely used outside certain
contexts, primarily for accessing local bulletin board systems. Beyond that, the machine operated
silently. Computer-generated music was not yet available on these systems; no wave synthesis
controller existed, so music had to be written on an external keyboard using a programming language
or assembler. Music event triggers were preprogrammed to be emitted a quarter of a second after typing
each note letter, making it impractical for real-time use in live performance environments.

INNOVATIONS IN COMPUTER HARDWARE

Overview of the Computer and the Data and Computer
Communication (DCC) Technologies

Development of computing hardware;

Generations of computers: from 1st to 5th and the next 20 years;
Innovations in computer hardware;

Impact of computing on modern society;

Personal computers (PC): concentrated power;

The demise of mainframe computing.

The five technological essentials to a computer system are: a programmable command processor, a
programmer-accessible memory unit, an automatic input/output mechanism, a processing unit that
manipulates data following commands, and a storage unit for temporary data and commands.

Development in hardware technology began to meet these needs in the late 1940s. The electronic
numerical integrator and computer (ENIAC) has long been recognized as the first electronic computer,
and the timeline for hardware development has often been referenced relative to the completion of the
ENIAC in 1946. Very large-scale integration (VLSI) techniques were developed through collaborative
advancements. In the early 1950s, vacuum filters were still the primary technology used for
implementing complex circuits, but by 1990, the first LSI Integrated Circuit appeared. Though it
contained only 32 components, it marked a significant step in hardware development. By 1995, it
became possible to place 10 million SSI devices within the same chip area, and by 1999,
microprocessors containing 800 million components had become available [2-5].

Advancements in Storage Technology

With the ongoing significant increase in real-time usage of high-resolution, digitized graphical and
video images, it is becoming increasingly important to develop a new generation of super-compact,
super-cost-effective, and super-high-performance recording devices for massive online computer data
storage applications of the future. Digital magnetic recording techniques currently provide storage at
about 400 to 700 Mb of data per square inch of recording surface. Although there has been considerable
interest in the recent commercial introduction of digital tape formats, their commercial impact is
expected to result in only incremental progress.

Magnetic, optical, and magneto-optical recording are the three most common methods of digital
information storage on recording media. Magnetic recording involves storing information in a
ferromagnetic material. Today, the hard disk industry uses thin film heads, with media consisting of a
very thin magnetic layer deposited on a mechanically damped dielectric, which is sputtered onto a
rotating aluminium-magnesium alloy disk. In some systems, a 1 in diameter disk is coated with a 3.5 um
thick layer of controlled magnetic film. Other forms of magnetic storage, such as tapes, floppy disks,
and high-density tapes, also employ similar magnetic recording methods. While various materials and
fabrication methods will be discussed, the following section focuses on micro actuator structures within
the context of hard disk drive systems. These actuators represent recent technological advancements in
disk drive technology. Although improvements in discs, heads, and media have enabled higher-density
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drives, it is the innovative micro actuators that have become the focal point. These actuators are
primarily used to position magnetic read/write heads quickly and accurately to the desired track location
on compact magnetic storage media [17].

Graphics Processing Units (GPUs)

The rising demand for more powerful digital engine controllers, a virtual computer platform has been
developed that utilizes commercially available graphics hardware as an inertia emulator, leveraging
mature technology originally designed for video games. Graphics Processing Units (GPUs) have become
the standard for generating computer graphics and have undergone substantial advancements. As they
are increasingly applied to general-purpose computations, GPUs offer the potential to significantly
reduce the reliance on more expensive and physically larger computing clusters. The computational
cost associated with implementing Gaussian Process (GP) models can be greatly reduced by using a
CPU+GPU heterogeneous computing system compared to traditional systems lacking GPU acceleration.

TRENDS IN COMPUTER SCIENCE RESEARCH
Artificial Intelligence and Machine Learning

When it comes to computers, the most buzzing topic recently is Artificial Intelligence, which has re-
entered public attention as a rising force and, as a mainstream field of computer science, has rapidly
prototyped numerous products and services enabled by machine learning. In terms of research, the
integration of Al with other domains has sparked a dynamic intersection, fuelling further interest and
raising expectations. The field of machine learning, where techniques like deep neural networks have
emerged, forms the foundation for the growth of Al. Machine learning is no longer seen as a taboo or
mysterious technique, largely due to industrial advancements and the widespread use of high-
performance computing in academic settings. With these two strong pillars of support, the potential of
this technology is vast, allowing for solutions to numerous problems, including those beyond the current
scope of human knowledge. Furthermore, applying existing models with slight modifications to new
tasks may give the impression that the technology is saturated or redundant. While there are many
mature and widely used machine learning models and algorithms, such as logistic regression and
ensemble methods like random forests, machine learning is not simply about coding and running
algorithms in a Jupyter environment with pre-built packages and datasets. There remains a significant
gap between building a new and functional model and effectively applying it to meet real-world demands
[5, 9, 14]. Developing models and algorithms involves managing data, noise, and errors, ultimately
aiming to provide predictions or classifications. However, the value of these models is constrained
without supporting evidence and clear explanations. Their output, such as probabilities or scores, may
not be reliable, especially when the distance from test points to the decision boundary is negative.

Cybersecurity Developments

Computers and information systems are now central in daily business operations. E-commerce, E-
governance, and E-Justice have gained international attention as substitutes for the human-riddled snail
pace management systems. The advantages in this digitally driven era include expeditious transactions
masked cursorily as cyber transactions, less-queueing syndrome, and, importantly, affordability and/or
waiver of the uniform fees. However, computers and Information Communication Technologies (ICTs)
do not only replace human inefficiencies; they also inherit vulnerabilities to cyber-attacks and computer
crimes. There have been countless publications and reports on the frequency and gravity of this global
pandemic. This menace that once underlined the mighty countries of the western hemisphere, Europe, and
Asia has now perforated the African continent, particularly its west coast. The goal of making Ghana a
cyber-haven remains encumbered, especially when formal statistics are periodically underreported [12].

It is, however, vividly discernible that cyber/information security has been a universal concern over
many decades. The heads of governments, chief information officers, security analysts, and others
globally have widely acknowledged that IT infrastructures and networks are vulnerable to attacks. It is
also a truism that these attacks have caused and continue to cause extraordinary damage to economies,
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industries, and societies globally. Generally, owing to the complexity of attacks that undermine different
sectors of the economy, attacks could originate from individuals with or without economic intentions,
small groups, and even nations.

Big Data and Analytics

Big data is generated daily from various computer systems and is useful for business decisions. Data
managers face challenges related to the storage, processing, visualization, capture, search, sharing,
updating, and transferring of data. In the future, cloud technology is expected to provide solutions to
these big data challenges through advanced storage models. Complex and large-scale data can be
analysed to extract meaningful insights. Big data analytics is designed to uncover hidden patterns that
support strategic decision-making and offer competitive advantages. This approach can also be applied
to various government initiatives aimed at reducing waste and minimizing environmental pollution.
Additionally, big data projects could be developed to transform waste into knowledge or usable
products. The development of big data analytics, particularly in the area of natural language processing,
remains focused on modelling and continues to evolve [10].

FUTURE OF COMPUTING

Change continues to accelerate in computing and information across all areas of life. To reflect upon
changing times, one can say that artificial intelligence, an emerging area in computing technology, has
now begun to be embraced in a multifarious range. Various types of communication devices populated
with advanced algorithms and systems with artificial intelligence are coming into our lives. Emerging
technologies radically transform operational conditions and needs of everyday life. Concomitantly, we
are experiencing the entrance into an era in which this technology becomes user friendly. Many different
researches and special topics such as nano computing or quantum computing have been developed over
time. It is believed that a new era is waiting for us only a few years ahead. Moore’s Law is expected to
remain influential in computing development only for another 10—15 years [15—18]. Processing power
is expected to progress either through a revolution in the use of new materials or by means of quantum
computers. The future of computing will see a transition from electronic to photonic interconnections.
Electronic buses, lines or grids, the traditional pathways connecting computing devices, are generally
performed through electrical connections. The bandwidth of such electrical connections is intrinsically
limited. It is rather difficult to provide current buses or physical devices that go far beyond the limits of
today. The physical attributes of a signal limit the speed, not only for current technologies but even
more so for the kind of materials hitherto known. However, there are already photonic interconnections
available today that can fill in the size of a hair’s breadth and provide 32x10 Gb/s lanes. In comparison,
a copper line of similar size is incapable of even a mere single lane. Considering that traditional lines
are on the order of millimetres, one can envision a huge capacity gap between the current technology
(electrical interconnections) and photonic interconnections.

CONCLUSION

In this analysis, a new perspective on the history of the computer is presented. The rapid pace of
change in computing technology has led to a widely held assumption that the computer is a very recent
invention. It is shown that computers as we now know them were in widespread use during the boom
years of the 1920s, with some companies standardizing the use of early electric computers by the early
1950s. Rather than simply disputing the commonly accepted view of the origins of computers, several
points are raised about the manufacture of many everyday soft goods, including confectionery bars,
suggesting that the prefiguring of computers in the ‘dawn of the new office age’ can be considered
plausible. The broader implications of this argument for our understanding of the history and social
impact of computers are also examined. The perspective begins with a discussion on the role of the
computer in current technological development cycles and the ways in which such fields have constructed
their own histories. Since the early 1980s, the start of the home computer boom, and an earlier period
in the late 1960s and early 1970s when computer applications began to take hold in large companies,
there have been repeated claims and counterclaims regarding the first computer. It has long been
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considered safe to assert that the origins of the computer lie in the 1940s and 1950s. The 1940s are often
recognized as the beginnings of the “first generation” of digital computers, followed by a sequence of
developments that eventually led to the modern computer. Even though obituaries and popular histories
of the computer industry often omit mention of a thriving computer sector in the 1920s, the experience
of an industrial research scientist, who managed early mainframe models for calculating and distributing
dividend payments at a major UK chemical company, challenges this widely accepted narrative.
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