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Mr. Naphan Benchasattabuse's doctoral dissertation, titled “Resource Management in
Heterogeneous Quantum Repeater Networks,” addresses a central and significant challenge in the
advancement of quantum information science: the development of a scalable, unified architecture
for a future Quantum Internet. The work addresses the issue of hardware heterogeneity, where the
rapid but varied development of quantum technologies has led to different approaches that are not
easily compatible. The primary objective of the dissertation is to investigate whether a cohesive
network architecture can be designed to support these diverse technologies, particularly memory-
based and all-photonic quantum repeaters, and to establish the principles for managing resources
within such a complex system. This research is important, as it aims to provide the foundational
design necessary to move from isolated laboratory experiments to an interoperable, global-scale
quantum network.

Throughout his doctoral research, Mr. Benchasattabuse has demonstrated the qualities of a capable
and mature researcher. His extensive list of first-author and co-author publications in respected
journals and conferences showcases a strong grasp of the subject matter and an ability to lead
research projects. He has consistently taken the initiative in conceiving projects, developing novel
theoretical frameworks, and leading the writing of manuscripts. His work reflects a notable ability
to connect abstract architectural principles with concrete protocol design, validated through
simulation and analysis. His collaborations with prominent research groups further underscore his
standing in the quantum networking community.

The dissertation is structured logically to build a comprehensive argument for a unified quantum
network architecture.

Chapter 1 introduces the dissertation by outlining the primary motivations for the research. It
establishes the context by discussing the engineering challenges in building a practical Quantum
Internet, particularly the need for a unified architecture that can accommodate diverse and evolving
hardware technologies. The chapter formally presents the three central research questions that the
dissertation addresses and provides a clear overview of the subsequent chapters, serving as a
roadmap for the reader.

Chapters 2 and 3 establish the foundational knowledge required for the work. Chapter 2 provides
areview of essential mathematical and quantum information concepts, including key tools used to
describe quantum states and operations (the stabilizer and graph state formalisms). Chapter 3
presents a thorough overview of quantum networks, detailing their core tasks, the challenge of
information loss over distance, and the various types of “quantum repeaters” designed to overcome
it. These chapters provide the necessary background by defining the state of the art and the key
problems the dissertation aims to solve.
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Chapter 4 details a comprehensive architecture for memory-based quantum repeater networks.
This work builds upon the existing Quantum Recursive Network Architecture (QRNA), a method
for organizing networks in layers to manage complexity. It formalizes these principles through a
programmable, event-driven protocol based on “RuleSets,” which is also an existing concept. The
chapter presents the Quantum Routing Software Architecture (QRSA) as a modular software
framework for this design. Another contribution presented here is the cross-validation of the
architecture's implementation in the QulSP simulator against another leading simulator, which
substantiates the credibility of the architectural model.

Chapter 5 presents this dissertation's primary novel contributions by extending the architecture to
integrate memoryless, all-photonic repeaters. It introduces a new modular building block, the
“half-Repeater Graph State” (half-RGS), which resolves engineering challenges related to timing
synchronization and hardware requirements. It addresses a long-standing open problem by
demonstrating how entanglement quality can be improved (a process known as purification) within
all-photonic repeater schemes. This work provides a method for abstracting an all-photonic
segment as a “virtual link,” enabling its integration into the broader network architecture.

Chapter 6 connects the proposed network architecture to the practical demands of its future
applications by focusing on quantum optimization algorithms. The chapter first introduces a novel
optimization algorithm that extends the principles of Grover's search by using a “subdivided phase
oracle.” It is then shown that this algorithm can be understood as a specific instance of the more
general Quantum Approximate Optimization Algorithm (QAOA). Motivated by this connection,
the chapter's main contribution is a detailed analysis of the runtime requirements for QAOA. The
work establishes theoretical limits on the minimum runtime (measured in “rounds”) for this class
of algorithms to achieve a reliable solution. These findings provide crucial data for developing
realistic network traffic models and informing resource management strategies.

Chapter 7 concludes the dissertation by summarizing the primary contributions of the work,
revisiting the main research questions based on the presented results, and discussing the broader
implications for the development of the Quantum Internet. It also outlines promising directions for
future research and addresses remaining open challenges, providing a thoughtful perspective on
the path forward for the field.

The development of a global Quantum Internet is recognized as a critical step for realizing the full
potential of quantum information science, enabling applications from secure communication to
distributed quantum computing and enhanced sensing. However, this vision cannot be achieved
without a robust and scalable architecture capable of uniting diverse and rapidly evolving hardware
technologies. Mr. Benchasattabuse’s dissertation makes a foundational contribution to this effort.
By providing a practical and extensible framework for heterogeneous networks, this work helps
pave the way for the transition from small-scale experiments to a truly global and interoperable
quantum infrastructure.

In conclusion, the committee has thoroughly examined the arguments in this dissertation, and we
affirm that Mr. Benchasattabuse has sufficient ability as an independent researcher to discover
difficult-to-solve problems and to pursue them from multiple perspectives. Therefore, the
committee recognizes that this doctoral dissertation meets our standards and agrees to issue the
degree of Doctor of Philosophy to Naphan Benchasattabuse for this dissertation.
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