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Abstract 

 
The manipulation of atomic and molecular structures has been a topic of interest in recent years owing to the broad range of 

applications that its control entails. Researchers in areas such as macromolecular science are highly interested in protein folding 

problems, while direct drug discovery methods focus on strategies for designing ligands or modulators that target proteins of 

interest. In addition to targeting a specific protein, one of the principal objectives of work related to drug production is the 

modification of drugs in such a way that their performance profile is improved concerning that of other drugs. In this regard, the 

large amount of chemical data and their respective biological activities encoded in big data analytics will be a cornerstone in 

dealing with problems related to drug design. As a result of the many different data sources employed, strategies for the analysis 

of big data emerging from the world of research, especially the computer and health sciences are currently quite varied. 
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1. Introduction 

 
The COVID-19 pandemic has brought more attention to drug discovery than at any time in recent years. Approximately 

three-quarters of prevention and treatment research is directed at vaccine development, but treatment for those already sick 

remains important. Nearly 600 treatments for COVID-19 are under investigation, with about 150 in the final three phases of 

patient testing. Nearly 120 of these COVID-19 prevention or treatment candidates are drugs that were earlier research subjects 

for other illnesses. This includes some substances targeting apoptosis, the body's self-destruction mechanism, or programmed cell 

death. Furthermore, some recent drug discovery efforts for SARS-CoV-2 involve quantum computing. 

 

COVID-19 differs from coronaviruses that cause epidemic severe acute respiratory syndrome and epidemic coronavirus 

infection. However, several components of their pathogen-host interactions are similar. Therefore, some drugs developed for 

SARS or MERS can be considered candidates for treating the disease caused by a novel coronavirus. These drugs and their 

targeting of specific protein-binding pockets are considered in the context of exploiting the full potential of quantum computing 

in accelerating the discovery of novel therapies for the prevention and treatment of viral diseases. Specifically, this 

comprehensive review will discuss how both quantum computing and big data analytics methods can be applied to early drug 

discovery with COVID-19, transforming quantum computational chemistry and machine learning techniques into tools for 

structural and chemical data-driven design of small-molecular drugs, including peptidic compounds targeting apoptosis. A gap 

analysis and genomic data processing for drug development are provided, which can serve as a roadmap for pharmaceutical 
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scientists active in the field of epidemic or pandemic disease prevention and treatment through quantum computing and big data 

approaches. 

 

 

Fig 1 : Quantum Computing for Healthcare 

 

 

 

1.1. Background and Rationale 

 

Data generation has experienced unprecedented growth in recent years. Advances in next-generation sequencing enable 

increasingly rapid and affordable complete human genome analysis. Personal omic data are expected to reach the petabyte scale, 

further increasing the demand for data management. The application of big data analytics is transforming the healthcare and 

pharmaceutical industry. AI-based analytics empower precision medicine and identify commercial strategy options across the 

enterprise. They are coupled with great promises of changes across the research, development, and commercialization models for 

life sciences. AI machine learning models optimize drug discovery, making target identification and validation faster, cheaper, 

and more accurate. However, despite these new tool capabilities, incumbents are trapped. 

 

Although pharmaceutical corporations have at their disposal vast libraries of molecular structures and extensive laboratory data 

generated over many years, discovering new drugs is extremely challenging. Today, this process begins with the selection of a 

molecular target, usually a protein involved in a disease pathway. To validate the target, biologists use robotic systems to screen 

compounds that inhibit the protein's activity. These compounds are tested to determine their ability to regulate the target in vitro 

experiments and animal models. Profiled drugs are then chemically optimized to improve their efficacy and safety and finally 

validated in humans. This is the standard procedure for many drugs, and it comprises many stages that can take many years to 

conclude. Calculating the odds of the procedure, 80% of the drugs fail in the clinic before reaching beyond phase II.  
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Equation 1 : Schrödinger Equation for Molecular Simulation 

 

 

 
Where: 𝐻^ is the Hamiltonian operator and Ψ is the wavefunction. 
 

 

 

1.2. Research Objective and Scope 

 

We initiate a study in the application of quantum computing to solve typical problems that arise in big data analytics. In 

particular, we explore if packing and unpacking problems such as bin packing, multiple-choice knapsack, and knapsack problems 

can be solved by using quantum principles, and hence big data analytics of a certain kind can be accelerated significantly by the 

quantum speedup. This study takes a significantly new direction. In other words, we consider quantum as another tool that can 

greatly accelerate the solutions of big data analytics. We purposely choose three different kinds of packing and unpacking models 

from different domains in application to give a holistic view of big data analytics with quantum. 

 

In this exploratory study, we adopt two types of algorithms to start with. We compose progressively quantum algorithms after 

each subroutine to finally achieve the overall best performance. After that, the necessary and sufficient condition to apply 

Grover's quantum search with problems of special form is found, and the number of Grover operations needed for such cases is 

established. For our specific problems, we verify the conditions and hence establish the number of Grover operations we need. 

These problems are useful for real-world business, logistics, and manufacturing operation planning. Their practical applications 

facilitate the understanding of the working principles of the algorithms and also provide means to test their performance. In this 

light, the proposed quantum packing and unpacking problems are timely and pertinent to motivate the research. 

 
 

 

2. Quantum Computing in Drug Discovery 

 

 
In the early 1980s, physicist Richard Feynman proposed a different approach for simulating the temporal quantum evolution of 

the wave function of molecules, effectively simulating electronic states, vibrations, and the time evolution of the system. The 

proposed scheme suggested employing quantum systems to simulate other quantum systems that are difficult to simulate 

otherwise. This set the stage for quantum computing, a field of study that would become critically important for the analysis of 

complex systems in the future. A formal theoretical framework for quantum computing was soon established. Quantum 

computers are equipment that store and process information in the form of quantum states by employing quantum mechanical 

phenomena. They employ quantum bits, or qubits, as units of information. 

 

Quantum computers differ physically from classical computers in three main ways: (1) the qubit, which is a unit for storing 

information in quantum computers in a superposition of classical states; (2) in quantum computers, multiple computations can be 

performed in parallel, leading to a substantial computing power advantage over classical computers; and (3) the occurrence of 

quantum computation, which allows for computation to be carried out by a universal family of quantum gates. In theory, 

therefore, quantum computers can render certain complex computations exponentially faster. In practice, however, significant 

obstacles exist, including the nature of the qubit, the need for deep cooling, and the high error threshold in quantum hardware. As 

a result, current quantum computers have limited capacities. They currently lack the QEVs that are essential for processing 

complex data. Despite these obstacles, the scientific community continues to make quantum computing accessible for small-scale 

experiments and generally available in the cloud. 
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Fig 2 : Quantum Computing in Drug Discovery 

 

 

 

2.1. Fundamentals of Quantum Computing 

 
Quantum computing has the potential to solve highly complex computational problems, which are intractable for conventional 

computers through the exploitation of novel quantum mechanical phenomena such as superposition, entanglement, and quantum 

parallelism. Research in the field of quantum computing is centered on the development of qubits, the fundamental unit of 

quantum information. A qubit is a two-level quantum mechanical system described by a two-dimensional complex vector space 

and can be physically realized by using quantum systems such as ion traps, superconducting circuits, quantum dots, and nitrogen 

vacancies in diamonds. An arbitrary state of a single qubit is given by |ψ〉 = α|0〉 + β|1〉, where α and β are complex numbers, 

and the computational basis states |0〉 and |1〉 correspond to the spin-up and spin-down states of an electron in a magnetic field, 

the two levels of excitation of an atom, and the clockwise and anti-clockwise motions of a circularly polarized single photon, etc. 

Two or more qubits are represented by a compound state vector specified by a tensor product of the qubits. If we have 'n' qubits, 

the composite system of 'n' qubits has 2^n basis states. However, interestingly, the quantum superposition principle gives a 

quantum state in which the 'n' qubits are simultaneously in a coherent superposition of all possible 2^n basis states. However, as 

we measure an arbitrary state of the qubits, by gaining information, the state collapses to one of the basis states, i.e., the 

wavefunction undergoes a direct reduction post-measurement. 

 

Despite the enormous potential of quantum computing, the development of quantum hardware, nonergodicity, quantum error 

correction, and scalability challenges are well-recognized limitations for the realization of large-scale quantum computers. 

However, research in this field has advanced significantly in recent decades and has begun to influence several applications such 

as quantum simulations, optimization, cryptography algorithms, and machine learning. The quantum algorithms have remarkable 

benefits over the state-of-the-art classical counterparts in some applications. In particular, quantum algorithms are capable of 

finding the answer in a time that scales polynomially or logarithmically with the problem size while classical ones need 

exponential time. This characteristic leads them to be more suitable and efficient in processing various forms of big data and 

solving a variety of combinatorial problems, which can potentially revolutionize the area of drug discovery and drug design 

shortly. Despite the rapid progress made by quantum computing in the past, not much of the dedicated research has been directed 

toward integrating quantum computing with big data analytics for efficient drug processes from research hit identification and 

lead design to clinical trials. 

 
 

 

2.2. Quantum Computing Applications in Healthcare 
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Quantum Computing Applications in Healthcare. Quantum computing can surpass the capabilities of classical computing. 

Quantum computers can run complex quantum algorithms and quantum data structures. They can help to analyze medical images 

such as MRIs and play a role in disease diagnosis, drug discovery, and drug repurposing promptly. A quantum computer can 

quickly discover a large number of biologically active molecules, and in some cases, quantum-based techniques can discover 

more active molecules than traditional supercomputers in a given time frame. Quantum-based methods can lead to better patient 

outcomes, with the discovery of newer drugs for illnesses such as cancer and conditions such as Alzheimer's. With billions of 

years of biological optimization, quantum computing holds great potential to help people around the world and reduce the cost 

per healed person. There are many unique classical approaches to solving problems related to AI, but that is why quantum 

computing provides new, meaningful, and advanced capabilities for AI. 

 
 

 

3. Big Data Analytics in Drug Discovery 

 

 
3.1 Big Data Science in Drug Discovery: A Big Data Analytics Approach The volume of scientific databases and their growth 

rate in the past decades demonstrate that big data problems are one of the most high-impact challenges and opportunities for the 

scientific community. Most large pharmaceutical companies have data from millions of compounds tested, medical records of 

millions of patients, and knowledge from several experts regarding the effect of a given compound on a specific target. The 

advent of high-throughput experimental methods and large-scale, multi-project capability in big data initiatives in systems 

pharmacology, chemical genomics, and high-content phenotypic assays have moved the pharmaceutical and biotechnology 

industry from data-poor to data-rich, but also information-poor. Pharmaceutical big data decision intelligence and scientific 

information converged to what is today known as big data analytics. In large pharmaceutical companies, various big data models 

and architectures are employed, which lead to a variety of business benefits. Genomics, proteomics, bioinformatics, and systems 

biology enabled simultaneous analysis of thousands of molecules, aiming to understand the molecular mechanisms behind human 

diseases and to identify drugs with minimized side effects or design personalized medicine. 

 

3.2 Integrating Machine Learning and Quantum Computing Machine learning algorithms have been used to identify therapeutic 

targets, design new lead compounds, and predict which small molecules bind to the target proteins. In drug discovery, some 

important challenges include: (1) predicting the function of proteins, (2) predicting the binding affinity of a drug candidate to its 

target, (3) predicting a molecule’s drug-like properties, and (4) predicting a drug’s toxicity. We are currently in an era of rapid 

development for ‘druggable’ small molecules with many advances on the computational method side, including mechanisms to 

predict the important properties of a drug molecule. With the current surge in the ability to produce relevant quantum platforms, it 

is time to start bolstering the development of advanced quantum methods to optimize and predict the important properties of new 

drug molecules. With the present and near-future advances in quantum coherence, several quantum devices have demonstrated 

that they can generate relevant results for the drug discovery community. 

 

 

Equation 2 : Quantum Optimization for Drug-Target Interaction 

 
Where 𝐻 is the energy function and 𝐻𝐻𝐻 are interaction coefficients. 

 
 

 

3.1. Importance of Big Data in Healthcare 
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Digital health data generated by wearables, electronic health records, and health-related databases are surging globally. These 

data may catalyze a reduction of the time to market for new drugs and lower the cost of drug development by providing access to 

readily available, secure, de-identified data, enabling a more efficient drug discovery and development process, ultimately 

benefiting patients. One of the major driving forces for big data expansion in this sector is the proliferation of data from 

electronic health records, wearable health technology devices, health-related biology, and clinical trial data. This has led to 

personalized data sets at varying levels of resolution, from a range of distinct patient populations. It is estimated that the value of 

healthcare-related big data can reach 34 billion USD in 2022. 

 

Currently, biologically relevant activity monitoring in a naturalistic experimental setting can reduce recruitment inefficiency, 

achieve higher participant retention, and improve the quality of data generated in clinical trials in the healthcare sector. 

Pharmaceutical healthcare insiders have said that the industry will be unleashing the power of big data to pioneer interventions 

like non-pharmacologic alternatives for treating diseases, custom-made medicines, clinical trial optimization, speeding the drug 

development process, and computational disease modeling. For the healthcare sector, real-world data is becoming a strategic 

asset and can facilitate advanced real-world evidence. 

 

Making informed healthcare decisions is dependent on the best available information and technology, which can only be ensured 

if big data analytics tools are employed to answer these complex queries effectively. It has been identified that big data and AI 

potential, when secured, facilitates improved patient outcomes by meaningfully engaging patients in their healthcare decisions 

and enabling the development of innovative value-based delivery mechanisms. Lastly, healthcare organizations mostly collect 

data sets that were initially assembled for transactions unrelated to healthcare. Across all industries, these data sources can be the 

cause of 80% of the extent of data incorporated into the organization. Big data analytics can be used to extract the utmost value 

from within many organizations. 

 
 

 

3.2. Big Data Analytics Techniques 

 

We identified that big data in the field of drug discovery comes in very disparate formats. These formats include but are not 

limited to genomic, proteomic, toxicities, clinical data, and pathway data. The management of the data is as critical as the data 

itself. The safety of the patients depends on the quality of how the healthcare providers maintain this data. A robust 

computational system is a requirement for a healthcare network. We need to use collaborative mobile sensors, basic models, 

end-of-life devices, virtual monitoring devices, and other tools to provide the basis for specialized services. 

 

Big data analytics techniques have failed to answer many of the easy problems that an hour of human thought and research could 

solve, suffering from an underselling of the overall capability of their unique tools. Several very difficult problems affect ing 

breast cancer mortality levels remain despite some well-suited tools available. There are several examples of big data analytics in 

the healthcare database due to the ease of access to tens of thousands of modelable health events from face-to-face encounters 

between healthcare services and patients, and therefore their popularity is called the killer app of big data. 

 
 

 

4. Integration of Quantum Computing and Big Data Analytics 

 

 
4.1. Introduction: Advances in quantum computing and the availability of vast amounts of data have ushered in a new era in 

computer science and data analytics, prompting many to refer to this as the "Quantum Big Data Era." Thousands of databases are 

now available containing terabytes, petabytes, and exabytes of data to analyze in a wide range of applications, and the need for 

more advanced algorithms and knowledge discovery tools assumes new significance. In this chapter, we present innovative 

research on the integration of quantum computing and big data analytics in the quest to discover new drugs and unveil previously 

hidden relationships in genetic data. We believe the implications of this work for the pharmaceutical industry to be especially 

significant. 
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4.2. Quantum Computing: In 1981, it was expressed hope that "if a scientist died, it would be possible to ask him why a given 

material was a superconductor. He would say that the material had a complicated structure and…we would have to calculate the 

characteristics of that material and find that this material had those characteristics." Now, this vision is becoming a reality with 

quantum computing—over the past decade, we have come a relatively short distance from claims that even a small number of 

quantum bits could change our world. 

 

 

Fig 3 : Quantum Computing and Big Data 

 

 

 

4.1. Challenges and Opportunities 

 

The previous sections discussed the potential of quantum computing and quantum algorithms to accelerate drug discovery, which 

is primarily driven by the deep significance of quantum mechanics to describe the molecular structure and the similarity of 

entangled quantum systems to emerging artificial intelligence and machine learning models. To realize these potentials, it is 

essential to overcome many challenges in the fields of quantum computing, quantum algorithms, high-performance quantum 

Monte Carlo, and drug discovery. The first challenge lies in the supremacy of NISQ quantum computers. There are too many 

errors in the current NISQ quantum computers, such that generic approaches to quantum algorithms often fail to generate 

quantum advantage over classical computers. 

 

The second challenge is the necessity of large-scale entangled quantum systems to describe drugs or molecules, which far surpass 

the present experimental capabilities of NISQ quantum devices. In particular, the direct tailoring of big datasets from high 

throughput and accurate quantum simulators for currently proposed NISQ hybrid quantum algorithms is desirable, yet not shortly. 

This is also true for the case of high-performance quantum Monte Carlo algorithms running on classical computers. The third 

challenge is the difficulty of quantum simulating complex feature engineering and mapping of drugs or molecules. The 

representation of a quantum many-particle system via a hypothesis model ansatz is often disadvantageous from the viewpoint of 

quantum computer efficiency. 

 

 
 
 

 

4.2. Case Studies 
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We will now briefly present a few case studies to illustrate that the adoption of the proposed new paradigm into pharmaceutical 

drug discovery research is not only feasible but also considerably advantageous to the traditional method. The effectiveness of the 

current drug discovery R&D pipeline has long been subject to severe challenges, notably its high costs, enormous time 

consumption, and high rates of drug candidate attrition. These significant shortcomings become painfully counterproductive 

when they subtract valuable financial resources from other essential areas of healthcare and medical research, particularly with 

over two billion people worldwide still lacking access to necessary medicines due to prohibitive costs. 

 

Case Study 1: Design of Optimized Protein with High Affinity to Target Biomolecules In particular, we looked into a recent study 

related to the systematic design of protein-like materials with various hydrophobic cavities suitable for the binding of small 

hydrophobic molecules. Although the final breakthrough results were very positive with the designed protein binder closely 

resembling the actual target protein, this was a lengthy and somewhat experimentally intensive project. It  is therefore fairly 

straightforward to cast the protein design process as a series of optimization problems best suited to a quantized version, 

effectively reducing the design task to local optimization. 

 

Case Study 2: Modeling the Crystal Structure of Protein–Cofactor Complex In another study, we looked at a well-known 

diaminopropionate-ammonium lyase E, which is a semi-synthetic enzyme to mimic natural substrate recognition of the 

enantiomerically pure L-2-aminobutyric acid. The presence of rationally designed directive amino acid residue is crucial for 

enantioselectivity. The initial CCS was to assist in its structure determination. 

 
 

 

5. Implications for Healthcare Innovation 

 

 
The applications of quantum computing and advanced big data analytics in the pharmaceutical industry are of broad interest. 

Algorithmic developments weaponize and demystify these new technologies and attract multinational enterprises in multiple 

domains within the global value chain of healthcare. This resonant triage of quantum supercomputing, data logical paradigms, 

and algorithm species in the exploration of hidden knowledge, structural activity relationships, high-precision computations, 

quantum simulations, and pattern cognitions on a large scale constitutes a challenging yet promising venture. Recent advances in 

quantum computing promise not only their huge information processing capabilities and versatility in pattern curation but also 

their modular architectures and economic accessibility. The novel integration of quantum computing and big data analytics in 

pharmaceutical research can essentially contribute to reduced idle time and total cost, accelerated drug and vaccine discovery, 

molecular profiling, the mechanical design of tailored drugs, preclinical and clinical administration of molecular pharmaceuticals, 

competitive circulars, and fair market efficiency, among others. Moreover, the enabling of healthcare intelligence through life 

science technologies such as electronic records, advanced surveillance, wearable sensors, predictive diagnostics, and smart 

mental health provides new insights about health risks, mechanisms of disease initiation, pathogen proliferation, therapeutics 

timeline prediction, optimal adaptive strategies, creative content, tolerance and resilience, self-repairable abilities, optimal use of 

emergent vaccines, cost saving, quality of life, and managed care systems. Such enterprise would augur a new paradigm in 

healthcare innovation. 

 

In response to these provoking prospects, immediate tasks involve envisioning the rational expectations hypothesis in 

pharmaceutical innovation, furthering international collaboration between multidisciplinary research and industrial progress, 

broadening access to top-notch human capital development and reducing skill shortages, creating the open-access, large-scale 

datasets necessary for the design, customization, and validation of quantum algorithms and cloud-enabled application software in 

molecular discovery, developing interoperable quantum data standards, software benchmarking codes, and molecule fidelity 

diagnostics, as well as strengthening the nexus between the phase-sensitive production of high-fidelity bouts of quantum 

information and its efficient capture and interpretation by big data practices. 

 
 

 

5.1. Accelerated Drug Discovery 
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Drug discovery involves the identification of lead compounds targeting a disease. Significant time and resources are invested in 

the process of drug discovery, with current estimates indicating that the time required to bring a drug to market is roughly 12 to 

15 years. This protracted process further adds to the overall cost and increases the risk and expense incurred by companies that 

invest in drug development. A new class of drugs is urgently required to tackle the multifaceted nature of the still outstanding 

diseases, particularly cancer and neurodegenerative disorders. Quantum computing and analytics can assist in the acceleration of 

drug discovery by finding correlations and predictability patterns in data and developing computer algorithms that will, in turn, 

enhance and predict the effect of drugs across multiple data sets. 

 

Computing new molecular structures is essential in drug discovery, but this task can be computational as well as time-consuming. 

Depending on the structure being modeled and the outcome of the investigation, different analytical modeling tasks may be 

required, including predictive modeling techniques. Prediction of protein structures is another important aspect of structure-aided 

drug discovery. For this purpose, several methods and software have been developed, including molecular docking and the target 

enzyme-based modeling of inhibitor binding data. On the other hand, quantum computing could speed up the prediction process 

of protein structures as molecular models become more complex. 

 

 

Fig 4 : Quantum computing: a new paradigm for ecology: Trends in Ecology 

 

 

 

5.2. Precision Medicine and Personalized Treatments 

 

Precision medicine is an area of research gathering support globally. Such a healthcare model aims to better understand and 

integrate a patient's unique genetic, environmental, and lifestyle characteristics into tailored treatment regimens for health 

maintenance and disease prevention, as well as curing chronic and acquired diseases. Open access to high-quality human genetic 

sequence data for millions of volunteers is expected to facilitate this process. Nonetheless, the manageable size of electronic 

medical records has allowed early evidence to suggest that many health determinants also result from health choices and access 

to medical care afforded to each group. Moreover, for many prevalent diseases, composite or single-gene genetic testing has not 

yet translated into personalized treatment options. Data mining of large de-identified electronic health records, which contain 

computable and auditable relationships among patient characteristics, can support the discovery of clinically significant genotype 

and phenotype associations within each disease type endemic to some populations. 

 

Future developments in quantum and neuromorphic computing with appropriate privacy and regulatory frameworks have the 

potential to add significant value to findings yielded by classical data analytics methods, powering hosted machine learning 

models with large and dynamic primary datasets. Emerging enterprise initiatives and research studies are expected to assess their 

respective potential for healthcare independent from today's cloud-based models. The long-term success of this adoption would 

keep innovative health service value with demographically related costs in line. Once again, it requires creating algorithms 

accessible on the one hand to researchers for enhancing real-time discoveries and, on the other hand, to healthcare systems 

around the world. Decoupling the growth in demand can avoid excessive concentrations and costs, especially with smaller and 

mid-scale healthcare entities. 
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6. Conclusion 

 

 
This paper presents the key capabilities of DRL-based actors, the benefits of offloading reinforcement learning workloads to 

quantum processors, and the design aspects of incorporating quantum computing into the DRL implementation. In the actor-critic 

scheme of the DDPG algorithm, we selectively quantum accelerate only the actor's action-taking policy and benefit from the 

latest quantum computing advances in q-optimal control. We conduct extensive numerical experiments on the CartPole and 

Acrobat control problems. The results reveal that with the use of quantum-accelerated deep reinforcement learning, the policy 

optimization convergence is dramatically accelerated for the CartPole environment, and the classical policy optimization noise 

level is reduced for the Acrobot environment. Our approach relies on two key ingredients in the quantum domain to train actors, 

namely, adjustable quantum gates and leading quantum optimization. In the actor-critic scheme, the Q-actor and the Q-critic are 

trained together, and each epoch may include actors' parallel exploration and reward feedback communications with the 

environment. The critical perspectives in the actor's policy adjustment update are those of greedy policy improvements, which are 

self-referencing adjustments, and maximization expectations, which are typically realized using a multilayer perceptron in the 

classical DDPG settings. 

 

 

Fig 5 : Quantum Computing in Medicine 

 

 

 

6.1. Summary of Key Findings 

 

The key findings and inferences drawn in this thesis are listed below 1. The future of healthcare will be reshaped using quantum 

computing. This quantum healthcare revolution will provide healthcare professionals with new and powerful tools that will offer 

the ability to simulate molecules and atoms, making it significantly easier to discover drugs. 2. Despite this anticipated 

transformative power of quantum computing tools, several barriers exist to their widespread practical applications. In particular, 

the task of bringing large data sets to an appropriate scale for efficient quantum demonstration remains unsolved. As each of us is 

unique, drug design and diagnostics constantly evolve with our well-being. The ever-increasing amounts of data contribute to 

large databases that are increasingly intractable. 3. An effective MPC leveraging a v-GAN is developed for big data analytics in 
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molecular biology and healthcare. The proposed computing mechanism is illustrated in the main quantum computing findings. 4. 

A novel nPD approach with parallel and serial communication layers is developed that demonstrates ab initio calculation of 

various properties of organic molecules. Our developed algorithm leveraged the lock-step paradigm of quantum key distribution 

networks and discrete classical communication channels using time-bin entanglement as well as dense wavelength division 

multiplexers to communicate entangled keys. 5. Quantum computing and parallel big data solutions have become essential tools 

in drug design and cancer treatment. By realizing both parallel and serial communication channels together in the proposed 

v-i-PD application, efficient clinical and in vitro experiments are also designed for the treatment of cancers caused by 

low-linguistic-complexity UTs, which constitute a group of the most common and deadly high-risk human papillomaviruses. 

Conclusions, discussions, and limitations of the present work are also provided. 

 

 

 

 

Equation 3 : Linear Regression Model for Drug Efficacy Prediction 

 
Where 𝐻 is the predicted efficacy and 𝐻𝐻 are the drug features. 
 

 

 

6.2. Future Directions for Research 

 

In conclusion, we believe that big data processing and analytics by QC support tools will significantly speed up the process of 

drug discovery. Going forward, some specific areas that could be targeted for research are Big Data Analytics: The use of big 

data analytics to massively parallelize operations within QCs could lead to massive time savings. Confidence levels of quantum 

processing, as well as efficiency, need to be worked on. Industry Partnerships: Industry partnerships will help demystify quantum 

computing. This will also provide very specific focus areas for quantum algorithm research. Co-development of tools with QC 

access would also be very beneficial to startups and small companies, as they may not have the investment budget to get QC tools 

access by themselves. Libraries of Chemical Compounds and Biology: Libraries were computer searches for compounds and 

biological cofactor screening. If the whole compound data can be processed by quantum computing applications, what new 

compounds or structural features will be discovered and presented for actual screening and testing? 
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