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Abstract:

This article introduces an innovative four-qubit GHZ state protocol for superdense quantum coding, aimed at maximizing the
capacities of quantum systems. The coding capacity was theoretically compared to the Holevo bound, which defines the limit of
extractable information from a quantum system. Simulations were performed using quantum computing software, followed by
implementation on the IBM Quantum Computer to assess both theoretical and practical outcomes. Experimental findings revealed a
slight deviation from theoretical predictions: while theory assigned a 50% probability to each state, practical results indicated
50.19531% and 49.80469%. These differences are attributed to environmental noise and qubit interactions, which pose challenges in
quantum computing. The study highlights the need for strategies to mitigate noise and enhance measurement precision. Results were
presented using bar charts, facilitating clear data analysis and revealing patterns better. Overall, this research provides a new protocol
and addresses key challenges in quantum technology, contributing significantly to the field of quantum computing and paving the
way for future advancements.
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1. Motivation of the work

The development and validation of an innovative quantum
coding protocol designed to enhance the efficiency of quantum
information processing. By focusing on maximizing the
capacities of quantum systems, the article seeks to address the
critical challenges that arise in practical quantum computing
scenarios, such as environmental noise and interaction with
qubits. The comparison with the Holevo bound emphasizes the
protocol's theoretical foundation and its capacity to push the
boundaries of what is achievable in quantum coding. The
practical implementation on the IBM Quantum Computer
provides a necessary bridge between theory and application,
highlighting the real-world viability of the proposed protocol
despite observed discrepancies due to environmental factors.
Additionally, emphasizing the use of bar charts to analyze
results illustrates a commitment to clear data presentation,
which aids researchers in understanding and interpreting
complex information. Ultimately, the article aims to contribute
valuable insights to the field of quantum computing,
encouraging  ongoing  exploration and  technological
advancements in this rapidly evolving area.

2. Contributions

Innovative Protocol: The four-qubit GHZ state protocol
significantly advances superdense quantum coding, enhancing
the efficiency and capacity of quantum information processing.
Theoretical Foundation: Comparing the protocol's coding
capacity with the Holevo bound establishes a strong theoretical
framework for understanding information extraction limits in
quantum systems. Validation Through Simulation: Simulations
using quantum computing software allow thorough testing of
the protocol, enhancing result reliability before practical
implementation. Real-World Application: The protocol's
implementation on the IBM Quantum Computer demonstrates
its feasibility in practical quantum computing, bridging theory
and application .

Insight into Discrepancies: Analyzing deviations between
theoretical and experimental results offers insights into
environmental noise and qubit interactions, crucial for
improving quantum technologies. Emphasis on Noise
Reduction: Addressing the need for noise mitigation and
improved measurement precision tackles a key challenge,
benefiting future quantum research and development .

Effective Data Presentation: Bar charts enhance the clarity of
complex results, making it easier for researchers to identify
patterns and draw conclusions.

Contribution to Quantum Research: This research advances the
understanding of quantum technologies, serving as a foundation
for future innovations and progress in quantum computing.

3. Procedures

Development of the Protocol: The study begins with designing
a four-qubit GHZ state protocol to enhance superdense quantum
coding, maximizing quantum systems' potential for information
encoding. Theoretical Analysis: Researchers compare the new
protocol’s coding capacity to the Holevo bound, establishing a
strong understanding of the maximum extractable information
and confirming the protocol’s effectiveness. Simulations:
Simulations using specialized quantum computing software
rigorously test the protocol's theoretical aspects, ensuring it
meets performance metrics before real-world application.
Practical Implementation: The protocol is implemented on the
IBM Quantum Computer, allowing observation of its operation
in real-world conditions, critical for validating simulation
results and practical viability.

VFF

Data Collection and Analysis: After experiments, researchers
collect performance data, noting slight deviations from
predicted probabilities (theoretical: 50%, experimental:
50.19531% and 49.80469%.

Investigation of Discrepancies: Discrepancies are analyzed and
attributed to environmental noise and qubit interactions, known
challenges in quantum computing. Focus on Noise Mitigation:
The study emphasizes developing strategies to reduce noise and
improve measurement precision, vital for enhancing quantum
technology reliability. Data Visualization: Results are presented
using bar charts, aiding clear analysis and helping researchers
identify  patterns, making findings more accessible.
Contributions to Quantum Computing: The study highlights its
contributions to quantum computing, showing how the protocol
and insights can foster future advancements in the field.

4. Findings

New Protocol Development: The innovative four-qubit GHZ
state protocol enhances superdense quantum coding, optimizing
the efficiency of information encoding and transmission.
Comparison with the Holevo Bound: Evaluating the protocol
against the Holevo bound establishes its effectiveness in
maximizing extractable information from quantum systems.
Simulation and Practical Implementation: Rigorous testing
involved simulations followed by implementation on the IBM
Quantum Computer, confirming the protocol's practical
viability. Experimental Results and Deviations: Slight
deviations from predicted probabilities (50.19531% and
49.80469%) reveal real-world challenges from environmental
noise and qubit interactions. Focus on Noise Mitigation:
Emphasizing strategies for noise reduction and measurement
precision is crucial for advancing reliable quantum
technologies. Data Visualization: Bar charts facilitate clear
analysis and pattern recognition in results, enhancing
understanding and accessibility.

5. Conclusion

This article presents a novel four-qubit GHZ state protocol for
superdense quantum coding that demonstrates potential for
maximizing the capabilities of quantum systems. By comparing
the protocol’s coding capacity to the Holevo bound and
validating it through simulations and practical implementation
on the IBM Quantum Computer, the study effectively bridges
theoretical expectations with real-world applications. The
observed deviations in probabilities highlight critical challenges
such as environmental noise and qubit interactions,
underscoring the necessity for improved noise mitigation
strategies and measurement precision in quantum computing.
Overall, this research not only advances the understanding of
quantum technologies but also sets the stage for future
innovations in the field.
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