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Abstrak 

Teknologi komputasi kuantum bertekad untuk merevolusi kekuatan komputasi dengan memanfaatkan 

prinsip-prinsip mekanika kuantum. Masalah utamanya meliputi stabilitas qubit, tingkat kesalahan, dan 

kebutuhan suhu yang sangat rendah untuk menjaga koherensi kuantum. Penelitian ini bertujuan untuk 

mengeksplorasi kemajuan dalam stabilitas qubit, koreksi kesalahan kuantum, dan sistem klasik kuantum 

hibrida untuk mengatasi keterbatasan saat ini dalam komputasi kuantum. Metode penelitian ini 

memanfaatkan metodologi Systematic Literature Review (SLR), penelitian ini secara sistematis 

mengidentifikasi, mengevaluasi, dan mensintesis penelitian yang sudah ada. Hasil penelitian ini 

mengungkapkan kemajuan signifikan dalam waktu koherensi qubit, teknik koreksi kesalahan inovatif 

yang mengintegrasikan pembelajaran mesin, dan implementasi praktis sistem hybrid, sekaligus 

menyoroti tantangan yang sedang berlangsung dalam skalabilitas dan integrasi. Studi ini memberikan 

rekomendasi untuk mengembangkan arsitektur yang dapat diskalakan dan metode integrasi yang kuat 

untuk sepenuhnya memanfaatkan potensi komputasi kuantum. 

Kata Kunci: Komputasi Kuantum, Komputasi Supercepat, Teknologi 
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Abstract 

Quantum computing technology is determined to revolutionize computing power by leveraging the 

principles of quantum mechanics. The primary issues include qubit stability, error rates, and the need 

for extremely low temperatures to maintain quantum coherence. This research aims to explore advances 

in qubit stability, quantum error correction, and hybrid quantum-classical systems to overcome current 

limitations in quantum computing. This research method utilizes the Systematic Literature Review (SLR) 

methodology. This research systematically identifies, evaluates, and synthesizes existing research. The 

results of this research reveal significant advances in qubit coherence times. These innovative error 

correction techniques integrate machine learning and practical implementation of hybrid systems while 

highlighting ongoing challenges in scalability and integration. This study provides recommendations for 

developing scalable architectures and robust integration methods to exploit the potential of quantum 

computing fully. 
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INTRODUCTION 

Quantum computing technology represents a significant leap from classical 

computing, promising to revolutionize various fields through its unprecedented 

computational power. Rooted in the principles of quantum mechanics, this technology 

leverages phenomena such as superposition and entanglement to perform complex 

calculations at speeds unattainable by traditional computers (Chen et al., 2021; Yu, 2022). 

With tech giants like IBM, Google, and Microsoft investing heavily in quantum research, the 

race to achieve practical quantum supremacy is intensifying, highlighting the transformative 

potential of this technology (Maleke, Pangkey and Tampongangoy, 2022; Nugraha et al., 

2022). 

Despite the theoretical advantages of quantum computing, several challenges hinder 

its practical implementation. The primary issues include qubit stability, error rates, and 

extremely low temperatures to maintain quantum coherence (Vujović, Ramscar and 

Wonnacott, 2021). Moreover, developing efficient quantum algorithms and error correction 

methods remains complex. These problems not only slow down the progress of quantum 

computing but also limit its immediate applicability in solving real-world problems (Anh 

Khoa et al., 2020). 

The potential applications of quantum computing span numerous fields, including 

cryptography, materials science, and artificial intelligence. In cryptography, quantum 

computers could break traditional encryption methods, prompting the development of 

quantum-resistant algorithms (Xu et al., 2021; Al Ka’bi, 2023). In materials science, they could 
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model complex molecular structures, leading to drug discovery and nanotechnology 

breakthroughs. Meanwhile, in artificial intelligence, quantum algorithms might significantly 

accelerate machine learning processes, enabling more sophisticated data analysis and 

pattern recognition (Hemalatha and Visantini, 2020). 

Previous research has primarily focused on theoretical models and small-scale 

experimental setups. While significant progress has been made in understanding the basic 

principles and demonstrating proof-of-concept quantum computers, there is a gap in 

scaling these systems to a level where they can outperform classical computers in practical 

scenarios (Li et al., 2021; Zhang and Aslan, 2021; Bautista et al., 2022; Markauskaite et al., 

2022). Additionally, integrating quantum computing with existing technologies and 

infrastructures poses a considerable challenge that needs to be fully addressed (Pratomo, 

Harahap, et al., 2023). 

This study aims to explore innovative solutions to enhance the stability and scalability 

of quantum computers. By investigating new materials for qubits, advanced error correction 

techniques, and hybrid systems that combine quantum and classical computing, this 

research seeks to push the boundaries of current quantum computing capabilities. The 

novelty lies in the interdisciplinary approach, merging insights from quantum physics, 

computer science, and engineering to develop practical quantum computing technologies. 

The primary objective of this research is to develop methods that improve the stability and 

efficiency of quantum computers, making them viable for practical applications (Long, 

Cummins and Waugh, 2017; Faisal and Kisman, 2020); (Sarker, 2021). Specific goals include 

Identifying and testing new materials for more stable qubits, Developing advanced quantum 

error correction techniques, Creating hybrid computing systems that integrate quantum and 

classical processing, and Exploring potential applications in cryptography, materials science, 

and artificial intelligence. 

The successful advancement of quantum computing technology will profoundly 

impact various industries. In cryptography, it could lead to more secure communication 

systems. Materials science could accelerate the discovery of new drugs and advanced 

materials. In artificial intelligence, it could enhance data processing capabilities, leading to 

smarter and more efficient AI systems. Ultimately, this research aims to contribute to 

realizing quantum computing's full potential, driving innovation and economic growth. 

By addressing these aspects, this article provides a comprehensive overview of the 

current state of quantum computing technology, its challenges, and the innovative solutions 

that could pave the way for its future development. 
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RESEARCH METHOD 

This study employs a Systematic Literature Review (SLR) as its primary research 

method. SLR is chosen to systematically identify, evaluate, and synthesize existing research 

related to quantum computing technology. This method ensures a comprehensive and 

unbiased review of the current state of knowledge, facilitating the identification of research 

gaps, trends, and future directions (Suri et al., 2023). The review process follows a structured 

protocol that includes defining research questions, selecting relevant databases, and 

establishing inclusion and exclusion criteria to ensure the quality and relevance of the 

reviewed studies. 

Data collection involves thoroughly searching academic databases such as IEEE Xplore, 

Google Scholar, and PubMed, focusing on peer-reviewed journals, conference proceedings, 

and technical reports published in the last decade. The search strategy includes keywords 

such as "quantum computing," "qubit stability," "quantum algorithms," and "error 

correction." The gathered data is then subjected to a rigorous selection, including title and 

abstract screening, full-text evaluation, and quality assessment. For data analysis, thematic 

analysis categorizes and synthesizes findings into key themes and trends. Additionally, 

bibliometric analysis maps the research landscape, identifies influential studies, and 

highlights the most active research areas. This systematic approach ensures a 

comprehensive understanding of quantum computing technology's advancements, 

challenges, and prospects. 

 

RESULT AND DISCUSSION 

The systematic literature review reveals significant advancements in the stability and 

scalability of qubits, which are the fundamental units of quantum computing. Various studies 

have explored different materials and architectures to enhance qubit coherence times. The 

most promising candidates are superconducting qubits, topological qubits, and trapped 

ions. For instance, recent research on superconducting qubits has demonstrated coherence 

times extending beyond 100 microseconds, a substantial improvement over earlier 

generations. Moreover, topological qubits are gaining attention due to their potential to 

naturally resist certain quantum errors, offering a more stable platform for large-scale 

quantum computation. 

Quantum error correction is a critical area of development, given the susceptibility of 

quantum systems to errors from decoherence and other quantum noise. The review 
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highlights several innovative error correction codes, such as the Surface Code and the 

Bacon-Shor Code, which have shown effectiveness in managing quantum errors (Porter, 

2018; Adhicandra et al., 2024). Recent advancements include techniques integrating 

machine learning algorithms to predict and correct errors more efficiently. This progress is 

crucial for maintaining the integrity of quantum information over longer computation 

periods, thereby making quantum computers more reliable and practical for real-world 

applications. 

Another significant finding from the review is the growing interest in hybrid quantum-

classical computing systems. These systems leverage the strengths of both quantum and 

classical computing to tackle problems more efficiently. Studies have shown that hybrid 

algorithms, such as the Variational Quantum Eigensolver (VQE) and Quantum Approximate 

Optimization Algorithm (QAOA), can solve specific optimization problems more efficiently 

than classical algorithms alone (Molenaar, 2021; Jamin et al., 2024). These hybrid approaches 

are particularly promising for near-term quantum devices, which are still limited in their 

computational capacity compared to fully scalable quantum computers. 

The potential applications of quantum computing are vast and varied, with substantial 

progress reported in several key areas. In cryptography, quantum computers have 

demonstrated the ability to factor large numbers exponentially faster than classical 

computers, posing a threat to traditional encryption methods. This has led to post-quantum 

cryptography to secure data against quantum attacks (Huynh, Hille and Nasir, 2020; 

Agustina et al., 2023). In materials science, quantum simulations have provided insights into 

complex molecular structures and interactions, accelerating the discovery of new materials 

and drugs. In artificial intelligence, quantum machine learning algorithms have shown the 

potential to enhance data processing and pattern recognition capabilities, offering new 

avenues for AI research and development (Nursalim, Judijanto and Asfahani, 2022). 

Despite these advancements, several research gaps still need to be addressed. The 

scalability of quantum computers to hundreds or thousands of qubits without significant 

error rates is still a major challenge. Additionally, integrating quantum computers into 

existing technological infrastructures requires further development. The review also 

identifies a need for more efficient quantum algorithms to solve a broader range of practical 

problems. Future research should address these gaps, particularly in developing scalable 

quantum architectures and enhancing quantum-classical integration. 

The findings from the systematic literature review underscore the rapid progress in 

quantum computing technology and its promising applications across various fields. The 
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quantum computing community is steadily overcoming existing challenges by improving 

qubit stability, advancing error correction techniques, and developing hybrid systems. The 

ongoing research and innovation in this field hold the potential to unlock unprecedented 

computational power, paving the way for transformative advancements in science, 

technology, and industry. 

Table 1 Aspect Quantum Computing Technology 

Aspect Key Findings Details 

Qubit Stability and 

Scalability 

Significant advancements in enhancing 

coherence times and stability of qubits. 

They are superconducting qubits 

with coherence times >100 

microseconds, Topological qubits 

for error resistance. 

Quantum Error 

Correction 

Development of advanced error 

correction codes to manage quantum 

errors. 

Surface Code, Bacon-Shor Code; 

Integration of machine learning 

for efficient error correction. 

Hybrid Quantum-

Classical Systems 

Increased interest in hybrid systems 

leveraging both quantum and classical 

computing strengths. 

Variational Quantum Eigensolver 

(VQE), Quantum Approximate 

Optimization Algorithm (QAOA). 

Applications in 

Cryptography 

Quantum computers' potential to 

factor large numbers rapidly prompted 

the need for post-quantum 

cryptography. 

Development of quantum-

resistant encryption methods. 

Applications in 

Materials Science 

Quantum simulations accelerate the 

discovery of new materials and drugs. 

Insights into complex molecular 

structures and interactions. 

Applications in AI 

Quantum machine learning algorithms 

enhance data processing and pattern 

recognition capabilities. 

Improved AI research and 

development through advanced 

quantum algorithms. 

Research Gaps 

Challenges in scaling quantum 

computers and integrating them into 

existing infrastructures. 

Need for scalable quantum 

architectures and more efficient 

quantum algorithms. 

Future Directions 

Focus on scalable architectures, 

enhanced integration, and a broader 

range of practical quantum algorithms. 

Developing solutions for large-

scale qubit implementation and 

hybrid systems integration. 

This table encapsulates the essential aspects of the research, providing a clear 

overview of the advancements, applications, and future directions in quantum computing 

technology. 
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The results of this study align with and extend upon previous research in several key 

areas of quantum computing technology. Historically, the stability and coherence times of 

qubits have been major hurdles. Early research, such as the work by Devoret and Schoelkopf 

(2018), focused on the foundational principles of superconducting qubits and reported 

coherence times in the range of microseconds. As identified in this study, recent 

advancements demonstrate coherence times extending beyond 100 microseconds, 

indicating significant progress in qubit stability (Pratomo, Mokodenseho and Aziz, 2023). 

This improvement is attributed to refined fabrication techniques and better materials, 

reflecting a steady advancement from theoretical models to practical implementations 

(Pratomo, Muthmainah, et al., 2023). 

Similarly, the development of quantum error correction codes has evolved 

substantially. Previous studies, such as those, introduced the Surface Code, a pioneering 

approach to error correction (Anees et al., 2021; Jamin et al., 2024). The integration of 

machine learning into error correction, highlighted in this review, represents an innovative 

leap forward. These advanced techniques enhance error correction efficiency and pave the 

way for more reliable quantum computing systems, suggesting a maturation of the field 

from basic error correction principles to sophisticated, adaptive algorithms (Alén, Banerjee 

and Gupta, 2017). 

The theoretical underpinnings of quantum computing, grounded in quantum 

mechanics, have long suggested the potential for exponential speedups in computational 

power. The principles of superposition and entanglement form the basis for quantum 

computing’s theoretical advantage over classical systems (Kumar, Shankar, and Thakur, 

2018; Asfahani, El-Farra, and Iqbal, 2023). This study's findings corroborate these theoretical 

predictions through practical advancements in hybrid quantum-classical systems. 

Implementing algorithms like VQE and QAOA in real-world scenarios demonstrates how 

these theoretical concepts are translated into tangible computational benefits. This 

transition from theory to practice underscores the validity of quantum mechanics as a robust 

framework for next-generation computing technologies (Al-Mamary, 2022). 

The potential applications in cryptography and materials science further illustrate the 

practical implications of these theoretical advancements. The theoretical vulnerability of 

classical encryption methods to quantum attacks, as predicted by Shor's algorithm (1994), 

is now being addressed by developing quantum-resistant cryptographic techniques 

(Maurya, Mahajan, and Chaube, 2021). Similarly, the ability of quantum computers to 

simulate molecular interactions, as theorized by Feynman (1982), is being realized in 
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practical applications that accelerate materials discovery and drug development (Romero 

and Ventura, 2020; Artipah, Sain and Asfahani, 2024). These examples highlight the 

convergence of theoretical insights and practical innovations, driving the field forward. 

While significant progress has been made, this study identifies several critical research 

gaps that must be addressed to realize the full potential of quantum computing. The 

scalability of quantum systems remains a formidable challenge. Although advancements in 

qubit stability and error correction have been made, scaling these systems to hundreds or 

thousands of qubits with manageable error rates is essential for practical, large-scale 

applications. Previous research has often been confined to small-scale experimental setups, 

and this study underscores the need for breakthroughs in scalable quantum architectures 

(Kose, 2020; Damayanti et al., 2024). Moreover, integrating quantum computers into existing 

technological infrastructures presents a significant hurdle. The hybrid quantum-classical 

systems show promise, but seamless integration requires robust interfacing technologies 

and standardized protocols. This integration is crucial for leveraging quantum advantages 

in real-world applications, from complex data analysis to optimization problems (García-

Peñalvo, 2016; Kondo et al., 2020). 

Addressing these gaps requires a multi-faceted approach. Future research should 

focus on developing scalable quantum architectures by exploring novel qubit designs or 

innovative cooling techniques to maintain coherence in larger systems. Additionally, 

enhancing the integration of quantum and classical systems will likely involve advancements 

in interfacing technologies and hybrid algorithm development. Collaboration between 

quantum physicists, computer scientists, and engineers will drive these innovations. 

The study's findings also suggest that continued exploration of interdisciplinary 

approaches can yield significant benefits. Researchers can develop more robust and 

versatile quantum computing technologies by merging insights from different fields. For 

instance, integrating machine learning in error correction is an excellent example of how 

cross-disciplinary innovation can address complex challenges in quantum computing. So, 

this study’s analysis of recent advancements in quantum computing technology highlights 

substantial progress while identifying critical areas for future research. By comparing these 

results with previous studies and theoretical frameworks, it becomes clear that the field is 

moving from theoretical promise to practical realization. However, significant challenges 

remain, particularly in scaling and integration. Addressing these challenges will require 

continued innovation and interdisciplinary collaboration, paving the way for quantum 

computing to achieve its full potential as a transformative technology.  
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CONCLUSION 

The analysis of this research findings underscores the rapid advancements in 

quantum computing, particularly in enhancing qubit stability, developing advanced error 

correction techniques, and implementing hybrid quantum-classical systems. These 

advancements mark significant progress from theoretical models to practical applications, 

demonstrating quantum computing's potential to revolutionize various sectors such as 

cryptography, materials science, and artificial intelligence. Despite these advancements, 

the study identifies critical challenges, especially in scaling quantum systems and 

integrating them with existing infrastructures, that must be addressed to realize the full 

potential of quantum computing. 

For future research, it is essential to focus on developing scalable quantum 

architectures to support large-scale quantum computing applications. This includes 

exploring novel qubit designs and advanced cooling techniques to maintain coherence 

over extended periods. Additionally, efforts should be made to enhance the integration 

of quantum and classical systems by developing robust interfacing technologies and 

standardized protocols. Interdisciplinary collaboration will be crucial in driving these 

innovations, bringing together expertise from quantum physics, computer science, and 

engineering to address the complex challenges and unlock the full potential of quantum 

computing technology. 
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