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Quantum computing has emerged as a transformative computational paradigm capable of addressing 

limitations increasingly encountered by classical computing systems as Moore’s law approaches 

physical and economic constraints. By leveraging quantum mechanical principles such as 

superposition, entanglement, and interference, quantum systems offer the potential for significant 

computational advantages in solving complex problems that are currently infeasible for conventional 

architectures. This review critically synthesizes recent advances in quantum computing by examining 

foundational principles, major algorithmic breakthroughs, evolving hardware platforms, and 

interdisciplinary real-world applications. A structured narrative literature review was conducted using 

major scientific databases, including PubMed, IEEE Xplore, Nature, ScienceDirect, and arXiv, with 

emphasis on peer-reviewed studies, landmark foundational research, and major industry developments 

published between 2018 and 2026. Key findings indicate substantial progress in superconducting, 

trapped ion, photonic, and topological quantum systems, alongside innovations in algorithms such as 

Shor’s, Grover’s, variational quantum methods, and quantum machine learning. Despite these 

advancements, major challenges including decoherence, noise, scalability limitations, and fault-

tolerant error correction remain substantial barriers to commercial maturity. Future implications 

suggest quantum computing may profoundly influence artificial intelligence, cybersecurity, 

optimization, molecular simulation, and scientific discovery, particularly through hybrid classical-

quantum systems and cloud-based democratization. Although practical deployment remains 

transitional, quantum computing is positioned to become a foundational technology with broad 

scientific, industrial, and societal implications. 

Keywords: Quantum computing, Qubits, Quantum algorithms, Complex systems, Artificial 

intelligence, Cryptography, Quantum supremacy. 
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1. Introduction 

Over the last few decades, classical computers 

have made a profound impact on science, 

industry and society. The traditional 

computational systems are made from transistors 

which follow the laws of classical physics and 

are capable of carrying out immense data 

processing, communication and technological 

development(Memon et al., 2024a; The Role of 

Transistors in Modern Computing, n.d.). But the 

steady increase in the number of transistors that 

can fit on a chip, the hallmark of Moore's law as 

it's been known for years, has started to pick up 

its pace of decline thanks to physical size 

constraints, heat problems, and the increasing 

difficulty of manufacturing the chips. While 

classical computing is challenged to keep its 

exponential speed of advancement as transistor 

technology goes atomic, classical processing is 

used to solve problems of ever increasing 

complexity, such as massive optimization, 

cryptographic security, molecular simulation and 

large-scale artificial intelligence(Burg & 

Ausubel, 2021). 

However, quantum computing has become a 

revolutionary new way of computing, that 

harnesses the principles of quantum mechanics  

superposition, entanglement and quantum 

interference  in order to overcome these 

limitations. Classical bits are in a binary state of 

either 0 or 1, while quantum bits (qubits) can be 

in a state of many 0s and 1s at once, and may 

offer significantly faster processing power than 

classical computers for some types of problems. 

It's a paradigm shift that has implications in so 

many areas(Lund & Shahriar, 2025). In terms of 

AI implications, quantum computing could 

potentially speed up optimization and machine 

learning processes, in the field of cryptography, 

it could break traditional encryption methods and 

contribute to the advancement of post-quantum 

security, in drug discovery, it could enable more 

sophisticated molecular modeling, in logistics, it 

could help to optimize complex supply chains, 

and in climate change, it could improve 

predictive models of multi-faceted 

environmental systems(Kundu et al., 2025). 

This review critically analyzes the underpinning 

principles of quantum computing, the recent 

progress in technology and algorithms, existing 

and emerging applications in complex problem 

solving, key technological and ethical 

challenges, and future paths that will develop this 

area of research. This paper seeks to give an 

integrated overview of the developments of 

quantum computing, as it is becoming a new 

generation computation tool. 

 

2. Methodology of Literature Review 

To locate the important studies and industry 

developments on the fundamentals, 

development, applications, and potential future 

directions of quantum computing, a structured 

literature search was used in this narrative 

review. A systematic search was conducted 

across major scientific databases (PubMed, 

IEEE Xplore, Nature Portfolio, ScienceDirect, 

arXiv) for publications published between 2018 

and 2026, and a few key foundational studies 

before this period were included if they were 

historically significant. The phrase "quantum 

computing" was used in the search, as well as the 

terms “qubits,” “quantum algorithms,” 

“quantum machine learning,” “quantum 

cryptography,” “fault-tolerant quantum 

computing,” and “quantum hardware 

advancements.” 

Qualifying sources were peer-reviewed journal 

articles, high impact conference proceedings, 

authoritative reviews and industry reports by 

well-known organizations including IBM, 

Google, Microsoft and other recognized 

developers in quantum technology. The scientific 

rigour, technological relevance, interdisciplinary 

and the contribution to understanding current 

limitations and future opportunities were the 

criteria used in prioritizing the studies. The 

findings from the theoretical, experimental, and 

translational areas were synthesized and 

critically integrated using a narrative synthesis 

approach, which allowed for a comprehensive 

assessment of the scientific progress and 

ongoing challenges in the fast-changing 

landscape of quantum computing. 
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3. Literature Review 

3.1 History of quantum computing 

The idea of quantum computing arose because 

classical computational systems have limits to 

their ability to efficiently simulate quantum 

mechanical phenomena. In the 1980s, Richard 

Feynman introduced the idea that quantum 

systems could serve as the basis for a new type 

of computer that would be capable of simulating 

complex physical interactions that would be 

impossible to simulate using a classical 

computer(cern, 2025). Further developments by 

David Deutsch resulted in the formulation of the 

concept of universal quantum computation, 

laying the foundation for quantum 

algorithms(Deutsch, 1985). It has received 

significant momentum in the 1990's when Peter 

Shor developed a polynomial time quantum 

factorization algorithm and Lov Grover 

developed a quantum search algorithm that 

showed, in principle, quantum systems could 

outperform classical computers in certain 

tasks(Revythi & Koukiou, 2025). 

The area of quantum computing has moved from 

a theoretical realm to an experimental and 

translational direction, particularly in the last 20 

years. The focus on algorithmic theory has 

gradually broadened to hardware design, 

quantum communication, fault-tolerance and 

interdisciplinary applications. giants like IBM, 

Google, Microsoft, IonQ and Xanadu have been 

leading the way in this revolution with 

significant investments in creating viable 

architectures, cloud platforms and business 

models that can be applied to commercial 

quantum computing devices(Memon et al., 

2024b; Raseena, 2025). Quantum computing has 

increasingly become a strategic technology, 

evidenced by the recent demonstration of 

quantum supremacy by Google and IBM's 

roadmap to scalable processors. 

 

3.2 Existing Knowledge Gaps and Major 

Reviews in the Past 

Previous reviews of the literature have helped to 

outline and understand the various aspects of 

quantum computing, such as quantum 

algorithms, equipment systems, cryptography, 

and quantum machine learning. But they are 

especially limited in their scope in many 

previous reviews: they typically restrict 

themselves to only one particular technical field 

and don't get the cross-disciplinary view 

required(Gokhale et al., 2026; Raseena, 2025). 

For instance, algorithm based papers may focus 

on theoretical optimization, without taking into 

account hardware feasibility, and hardware 

papers may focus on engineering advances 

without considering practical 

translation(Krishnamurthy et al., 2026). 

Further, several of the previous reviews were 

written prior to recent advances in Noisy 

Intermediate-Scale Quantum (NISQ) 

technologies, fault-tolerant system development, 

and the growing commercial applications. This 

is a knowledge gap that introduces important 

challenges related to the intersection of the 

principles for foundations, hardware 

competition, translational deployment, and 

governance(Mimona et al., 2024). Moreover, 

ethical, economic and global equity issues are 

often not sufficiently featured in many technical 

reviews(Sarin et al., 2026). 

 

3.3 Comparative Analysis of Current 

Research Trends 

Current studies increasingly focus on going from 

“potential” to “reality”. Recent developments 

involve creating hybrid classical-quantum 

algorithms, scaling cloud-based quantum 

platforms, fine-tuning quantum machine 

learning protocols, and increasing efforts on 

quantum cybersecurity readiness(Shamsuddoha 

et al., 2025). Innovation in hardware is still very 

competitive, with superconducting, trapped ion, 

photonic, and topological systems following 

different paths toward scalability(Reddy et al., 

2026). 

Even with these developments, there are still 

significant drawbacks. Widespread use is still 

hampered by noise, decoherence, hardware costs 

and a lack of personnel. As a result, the field is 

still littered with great potential and uneven 

practical experiences. 
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This review fills important gaps in the existing 

literature by synthesizing a comprehensive and 

interdisciplinary overview of the theoretical 

foundations, technological advances, practical 

applications, major challenges, and future 

directions of quantum computing. This 

manuscript is not just a comparative analysis, but 

also a translation and policy analysis, providing 

a more comprehensive and up-to-date 

contribution than some other reviews. 

 

 

 

 

4. RESULTS 

4.1 Fundamental Principles of Quantum 

Computing 

Understanding the transformative potential of 

quantum computing requires examination of the 

foundational quantum mechanical principles that 

distinguish it from classical computational 

systems. These principles form the basis of 

quantum information processing and underpin 

the computational advantages associated with 

emerging quantum technologies(Raseena, 2025; 

Sáez-Ortuño et al., 2024). Figure 1 illustrates the 

conceptual architecture of quantum computing, 

demonstrating the progression from qubit 

formation through gate manipulation, circuit 

design, and practical applications.

 

 

 

Figure 1. Conceptual Framework of Quantum Computational Architecture. 

 

 

Overview of quantum computing architecture 

illustrating qubits, quantum gates, circuit 

processing, and major real-world applications, 

highlighting the foundational mechanisms 

driving quantum computational advantage. 
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The basic building block of quantum computing 

is the quantum bit (qubit), which is the smallest 

unit of information in quantum computation. 

Unlike classical bits, which can only be in a 

single state, 0 or 1, qubits can be a combination 

of both. This property enables multiple 

possibilities of computation to be represented by 

a single qubit, thus greatly increasing the power 

of computation. In mathematical terms, the 

qubits are written as linear combinations of the 

basis states, allowing the information contained 

in them to vary in a probabilistic manner(Chae et 

al., 2024). But the measurement reduces the 

superposition to a definite classical state and 

gives it either 0 or 1 depending on the probability 

amplitude. The quantum paradox of flexibility in 

the degree of freedom and the need for 

measurement is very important to the design of 

quantum computational devices(Columbus 

Chinnappan et al., 2025). 

Another fact that is specific to quantum 

computers is quantum entanglement  when two 

qubits get correlated in such a way that the state 

of one qubit affects the state of another qubit, 

even though they are not physically 

connected(Escolà-Gascón, 2025). Entanglement 

creates computational relations that surpass 

classical probabilistic systems, allowing for 

concerted information processing in qubit 

networks. This property is crucial for performing 

quantum teleportation, secure communication, 

and for accelerating computation when solving 

complex problems(Bluvstein et al., 2022). 

Quantum operations are performed by quantum 

gates which have many more complicated 

mathematical functions than the logic gates in 

classical systems, but which alter the state of 

qubits in a similar manner. Common gates 

include Pauli-X gate, which acts like a classical 

NOT operation by flipping qubit state; 

Hadamard gate, which causes superposition; 

Controlled-NOT (CNOT) gate which causes 

entanglement among qubits by conditionally 

modifying target states; and Toffoli gate, a multi-

qubit gate that is useful for reversible computing. 

In such gates, unitary transformations keep 

quantum coherence in the system, but allow for 

algorithmic execution(Banchi et al., 2016; 

Columbus Chinnappan et al., 2025). 

The sequences of gates are grouped together into 

structured computational paths that solve a 

specific problem these paths are referred to as 

quantum circuits. These circuits offer the 

operational framework within which quantum 

algorithms manipulate information, including 

stages for initialization, applying gates, and the 

final measurement. The complexity of the circuit 

has a direct impact on algorithmic performance, 

and on how much a particular algorithm will be 

able to be implemented on a particular hardware 

platform(Widdows et al., 2023). 

Together, these principles bring about quantum 

advantage, the possibility of quantum systems 

for superior performance in certain 

computational domains, compared to classical 

computers. Tasks like factoring, database 

searching and molecular simulation could take a 

quantum system exponential or polynomial 

times of the classical system, because of 

superposition enabled parallelism and 

entanglement driven optimization. Though the 

scalability of these computing paradigms is 

currently limited by hardware limitations, these 

principles highlight quantum computing as a 

promising approach to solving complex 

problems across the globe(Gokhale et al., 2026; 

Pirnay et al., n.d.). 

 

5. Major Quantum Algorithms and 

Computational Breakthroughs 

The advancement of quantum computing from 

theoretical possibility to practical innovation has 

been largely driven by the development of 

specialized quantum algorithms that demonstrate 

computational advantages over classical 

methods. These algorithms represent the 

operational foundation of quantum problem 

solving and provide critical insight into the 

transformative potential of quantum systems 

across multiple domains(Kundu et al., 2025; 

Raseena, 2025). Table 1 summarizes the major 

quantum algorithms, their applications, 

computational benefits, and current 

implementation challenges.
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Table 1. Comparison of Major Quantum Algorithms, Applications, and Computational Benefits 

Algorithm Primary Use Complexity 

Advantage 

Practical 

Readiness 

Limitations 

Shor’s 

Algorithm 

Integer 

factorization; 

cryptanalysis 

Exponential 

speedup over 

classical 

factoring 

methods 

Low; requires 

fault-tolerant 

large-scale 

quantum 

hardware 

High qubit requirements, 

error sensitivity, limited 

near-term 

implementation(Bagourd et 

al., 2026) 

Grover’s 

Algorithm 

Unstructured 

database 

search; 

optimization 

Quadratic 

speedup over 

classical search 

Moderate; 

feasible in 

smaller systems 

but constrained 

by scale 

Less dramatic speedup than 

Shor’s, hardware noise 

limitations(Hill, 2026) 

Variational 

Quantum 

Eigensolver 

(VQE) 

Molecular 

simulation; 

quantum 

chemistry 

Potential 

optimization 

improvements 

for specific 

problems 

High in NISQ 

systems 

Noise vulnerability, limited 

scalability, optimization 

instability(Villalba-Díez & 

Ordieres-Meré, 2025) 

Quantum 

Approximate 

Optimization 

Algorithm 

(QAOA) 

Combinatorial 

optimization 

Improved 

heuristic 

optimization for 

selected tasks 

Moderate to 

High in current 

hardware 

Performance variability, 

limited proven superiority 

over classical 

heuristics(Hosamo et al., 

2025) 

Quantum 

Machine 

Learning 

(QML) 

Pattern 

recognition; 

predictive 

analytics; AI 

Potential 

acceleration in 

feature space 

and 

optimization 

Experimental Data input bottlenecks, 

uncertain large-scale 

advantage, hardware 

limitations(Gokhale et al., 

2026) 

 

 

Shor's algorithm, which has exponentially faster 

efficiency for integer factorization than the most 

efficient classical algorithms, is one of the most 

significant advances toward quantum 

computing. This capability is very serious for 

well-known public-key cryptographic systems 

like RSA, whose security is based on the 

intractability of factoring large integers. While 

the deployment is still constrained by hardware 

limitations, Shor's algorithm played a pivotal 

role in reshaping the landscape of cybersecurity 

discussions, inspiring the research and 

development of post-quantum cryptographic 

systems(Willsch et al., 2023). 

Another significant contribution was Grover's 

algorithm, which gave quantum computers a 

quadratic speedup for searching unsorted 

database. Although not as fast as exponential, 

this acceleration has many uses in optimization 

and retrieval problems for better search 

efficiency. It has many applications beyond 

machine learning, such as in decision-making 
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systems and machine combinatorial 

optimization, where the complexity of search can 

limit performance(Hill, 2026). 

Variational Quantum Algorithms (VQAs) are 

hybrid classical-quantum algorithms that have 

become popular in the current Noisy 

Intermediate-Scale Quantum (NISQ) era 

because of their promise of applying to current 

imperfect quantum hardware. VQAs can be of 

great use in optimization problems, simulations 

in chemistry, and material science, among others. 

They are one of the most practically relevant 

near-term quantum approaches due to their 

adaptability(Xie et al., 2025). 

In addition to algorithmic innovation, quantum 

machine learning (QML) brings the power of 

quantum computing to classical machine 

learning algorithms. The idea behind hybrid 

quantum-classical systems is to improve feature 

mapping, optimization speed and data 

processing efficiency. While still being an 

experimental area, QML has shown some 

interesting use cases for pattern recognition, 

predictive analytics, and complex classification 

problems(Murugaiyan et al., 2022). 

In spite of these advances, the current state of 

hardware instability, limited qubit supply, noise 

and error correction limits, and other factors 

impedes practical readiness. While quantum 

systems offer significant potential for future 

advancements, classical systems still maintain 

the lead in most commercial applications, where 

the systems are more stable, scalable, and have 

better matured infrastructure. As a result, though 

quantum algorithms have theoretical and 

domain-specific benefits, the implementation is 

still in its transitional phase. Whether these are 

computational breakthroughs that will bring the 

promised revolution in usage will depend on 

ongoing advances in fault-tolerant computing, 

hardware scalability, and algorithm 

efficiency(AbuGhanem, 2025). 

 

6. Recent Advances in Quantum Hardware 

and Systems 

To make quantum computing a reality, 

significant progress needs to be made in the 

design of hardware systems that can store qubits, 

achieve low error rates, and scale up the number 

of computations. In recent years, there has been 

a flurry of activity and competition from major 

technology companies and specialized quantum 

developer groups to drive innovation in a variety 

of hardware platforms that offer unique benefits 

and challenges(Memon et al., 2024b). 

Superconducting qubits are among the more 

advanced and widely-adopted quantum 

hardware methods today. IBM and Google have 

been pioneers in making significant strides in 

superconducting circuits, with more qubits and 

increasingly stable processors. The promise of 

this platform is evident, as demonstrated by 

Google's quantum supremacy and IBM's plan for 

larger fault-tolerant systems. Superconducting 

systems are extremely sensitive to decoherence, 

however, and need very cold temperature 

surroundings, making them technically 

complex(AbuGhanem, 2025). 

Advanced trapped ion systems, developed by 

companies like IonQ and Honeywell, provide 

higher stability of the qubits and longer 

coherence times, leveraging the use of ions as the 

computing devices. They are also more likely to 

attain the higher gate fidelity that is desired for 

precision applications, compared to 

superconducting platforms. However, the 

challenges of scalability persist because of 

slower gate speeds, and engineering limitations 

of larger ion arrays(Srinivas et al., 2021). 

Photonic quantum computing is a new type of 

quantum computing that relies on photons as 

qubits, which has the potential to operate at room 

temperature and be compatible with all forms of 

communication. One example of photonic 

quantum computing is the project Xanadu, which 

uses photons as qubits, and could work at room 

temperature and be compatible with all modes of 

communication. This platform is an especially 

promising one for quantum networking and 

distributed systems. But the generation of 

reliable photons and the control of entanglement 

and error correction are major challenges(Zhu et 

al., 2026). 

Heavy efforts are underway toward topological 

quantum computing, largely by Microsoft, which 
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seeks to make use of exotic quasiparticles to 

make qubits inherently fault-tolerant. This has a 

great theoretical potential to be scalable over the 

long term, but there is still much experimenting 

going on in the lab. 

One of the main requirements in all the hardware 

systems is Quantum error correction. The 

remedy for instability in surface codes and fault-

tolerant architectures is the distribution of logical 

information among multiple physical qubits, 

thereby minimizing exposure to noise. Although 

progress has been made, the significant qubit 

overhead that is currently a major hurdle for 

strong error correction remains(Zhu et al., 2026). 

Today, the quantum hardware field is 

characterized by a fierce scalability competition 

between different architectures that aim to reach 

a compromise between coherence, operational 

fidelity, manufacturability and 

commercialization. The growth of practical 

quantum computing deployment will come down 

to ongoing innovation in hardware design and 

fault-tolerance—with no single platform yet 

having come to a decisive advantage(Lateef & 

Awwal, 2025b). 

 

7. Real-World Applications in Complex 

Problem Solving 

The implications of quantum computing are 

most promising in the field of applications that 

demand high computing power in various 

industries. While there are still many 

implementations in the early phases of 

development, several industries are already 

looking into solutions that would benefit from 

increased quantum capabilities to solve complex 

problems that demand a lot of data(Raseena, 

2025). 

Quantum systems can potentially help improve 

optimization algorithms, train machine learning 

models faster, and improve pattern recognition 

by creating quantum-enhanced feature spaces. 

The hybrid quantum-classical algorithms are 

especially promising for tasks in AI that involve 

many optimizer operations but are not yet widely 

adopted due to hardware 

limitations(Bukkarayasamudram et al., 2025). 

Quantum computing poses a threat and an 

opportunity in the fields of cryptography and 

cyber security. Shor's algorithm poses a 

significant threat to the current public-key 

cryptographic methods, prompting the need for 

the creation of post-quantum cryptographic 

methods. At the same time, quantum 

communication techniques like quantum key 

distribution provide novel concepts in how 

information can be transmitted securely(Adere et 

al., 2026). 

Near term applications include drug discovery 

and molecular simulation. Classical approaches 

would struggle to simulate the interactions 

between molecules to the same level of precision 

as quantum systems, thereby speeding up the 

development of pharmaceuticals, the analysis of 

protein structures and the innovation of 

materials(Dekkaki et al., 2024). 

Quantum computing in finance could 

revolutionize portfolio optimization, risk 

assessment, fraud detection, and market 

simulation, where multiple variables exist within 

dimensions, making it difficult for classical 

computers. 

Logistics and operations research can also find 

benefits from improved optimization of the 

supply chain, traffic routing, manufacturing 

process, etc., combinatorial scheduling 

problems(Murugaiyan et al., 2022). 

Even with these opportunities, there are still 

numerous applications that fall short of 

development because of the immaturity of the 

hardware. While broader AI transformation and 

universal cryptographic disruption might 

necessitate more sophisticated fault-tolerant 

systems, near-term practical applications are 

most likely to be seen in hybrid optimizations, 

molecular modeling and specific industrial 

simulations. Thus, the potential for 

interdisciplinary applications is huge, but full-

scale disruption is not likely to happen in a single 
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day with the advent of quantum 

computers(Shamshad et al., 2022). 

 

8. DISCUSSION 

8.1. Challenges, Limitations, and Ethical 

Considerations 

While quantum computing has made significant 

theoretical progress and its technology is rapidly 

advancing, there are still significant challenges 

that need to be addressed before this exciting 

field becomes a reality in terms of widespread 

practical use: technical, economic, and ethical. 

The most obvious obstacle is technical in nature, 

including noise and decoherence and high error 

rates, which affect the computational reliability. 

They are extremely fragile and sensitive to 

disturbances and require highly sophisticated 

isolation mechanisms and energy-consuming 

cooling systems. These constraints make the 

operation of the system more complex and make 

scaling-up more difficult, especially in very large 

fault-tolerant applications(Acampora et al., 

2026). 

The economic barriers also hamper progress. 

The requirement to invest vast amounts of 

infrastructure, specialized facilities and highly 

trained staff to develop quantum hardware, while 

focusing technological leadership within a few 

corporations and high-income countries. This 

imbalance raises issues about access to 

innovation for the globe, especially regarding 

technological monopolies and international 

innovation gaps(Boretti, 2024). 

Ethical issues are also important. While trying to 

maintain secure systems after the arrival of 

quantum-resistant cryptographic solutions is still 

a long way off, the technology could disrupt 

existing cybersecurity infrastructures before they 

arrive, potentially undermining sensitive 

governmental, financial and personal data 

systems. Also, governance is not well developed 

and there is a lack of international policy 

coordination for responsible innovation, 

equitable access, security monitoring. 

Lack of research also impedes progress. 

Benchmarks for assessing the quantum 

advantage are not uniform, making comparisons 

between platforms or applications difficult. In 

addition, there are labour shortages in quantum 

engineering, computational science, and in the 

interdisciplinary field of policy development that 

restricts the development of quantum 

engineering. 

This demands coordinated progress in technical 

innovation, regulatory governance, workforce 

development and equity policy design to create a 

quantum computing that does not further widen 

existing inequalities in society, but advances 

responsibly and inclusively. 

 

9. Future Directions 

Advancements in the scalable and fault-tolerant 

nature of quantum computers to provide 

reproducible computational benefits across a 

range of applications will be the key to future 

success in Quantum Computing. One of the key 

goals is to create scalable and reliable quantum 

computing systems with advanced error 

correction codes that ensure reliable operation on 

a larger scale. This is crucial to the realization of 

the potential of algorithms like Shor's and 

complex molecular simulations(Lateef & 

Awwal, 2025a). 

The next few years are likely to be dominated by 

hybrid classical-quantum systems, such as those 

that integrate the power of quantum processing 

with existing classical computing systems. These 

integrated models can make quantum 

technologies more readily available by offering 

the industries access to quantum benefits in a 

step-by-step fashion and reducing the current 

limitations of hardware(McCollum et al., 2026). 

Additionally, cloud-based quantum platforms are 

also making quantum resources accessible to 

everyone, allowing researchers, startups, and 

educational institutions to explore quantum 

resources without owning any hardware. This 

increased accessibility can drive innovation, 

work skills and interdisciplinary efforts. 

A quantum internet, which relies on 

entanglement for secure communication 

networks, is a new concept that may have 
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transformative applications for cybersecurity 

and distributed computing. At the same time, the 

emergence and fusion of quantum technologies 

with other fields, such as AI, materials science, 

and biotechnology, will most probably continue 

to broaden the scope of quantum 

applications(AbuGhanem, 2026). 

Eventually the field is moving from proof-of-

concept experimentation to commercialization. 

Achieving success will rely on a mix of 

technological advances, strategic governance, 

infrastructure scalability and global 

collaboration with all stakeholders. 

 

10. Conclusion 

Quantum computing is one of the most 

promising technological advances of the 21st 

century, with the potential to address problems 

that are currently intractable with classical 

computers, particularly those requiring a vast 

number of calculations. Using concepts like 

superposition and entanglement, as well as fast 

progress in hardware and algorithm 

development, quantum computing has already 

shown great promise in fields like artificial 

intelligence, cryptography, molecular science, 

finance and logistics. 

The field is still in a transitional stage as 

however. Current large-scale implementation is 

still hindered by a number of challenging factors 

such as fast decoherence, limitations in error 

correction, economic inequality and governance 

problems. Despite the theoretical benefits, 

significant innovation is needed in hardware 

scalable, regulatory and interdisciplinary 

translation for the practical deployment of such 

systems. 

To realize the full potential of quantum 

computing, in addition to the scientific and 

engineering breakthroughs, there is a need for 

ethical governance, equitable accessibility, and 

concerted international cooperation. With the 

evolution of quantum technologies, it will be 

crucial that they are developed in a responsible 

manner, to make sure that they are not an 

exclusive or destabilizing force, but a globally 

beneficial computational paradigm. 
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