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As computer performance has been increased, scientific and technical computing has become
indispensable across various research fields, leading to an increase in both data volume and the
scale of computational problems. One system used to execute large-scale computational tasks ig
Volunteer Computing (VC). VC is a large-scale distributed computing paradigm, which utilizes the]
idle computational resources of personal computers (PCs) connected to the internet. Because VC
allows for the construction of high-performance distributed environments at a low cost, it hag
gained significant attention as a platform for large-scale computation.

In VC, since computing nodes (workers) is owned by general users serve, the system is not]
configured for direct communication between workers. Furthermore, workers may leave the
computation at any time due to shutdowns or network failures. Consequently, existing VC systems
have primarily focused on distributed computing where individual tasks (jobs) are independent,
excluding parallel computing that requires communication between workers. This limitation has
narrowed the scope of VC applications. In other words, if parallel computing could be executed in a
IVC environment, it would significantly broaden VC's contribution to diverse fields.

To realize Parallel Volunteer Computing (Parallel VC), three key requirements must be met: 1).
The communication between workers must be possible over the internet while ensuring security. 2).
The system must be easy to join, minimizing the burden of participation. 3). Computation must be
efficient even in environments where workers frequently leave. Regarding 1), while Parallel VC|
requires communication between workers, VC nodes are typically general users PCs that do not]
accept unsolicited external communications like servers. Furthermore, unlike Peer-to-Peer (P2P)
models, workers should not be required to configure their systems to accept such communications.
Regarding 2), if users must download and install additional software to participate, the]
environment becomes cluttered, raising the barrier to entry. Regarding 3), a characteristic of VC i
that users may shut down their PCs, causing them to drop out mid-computation. If a dropout occurs,
communication is severed, and the parallel calculation cannot be completed. Currently, no research|

satisfies all these requirements to realize parallel VC.
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Therefore, this study proposes a parallel VC system, a parallel VC client, and a checkpointing function
to satisfy these three requirements. Regarding 1), we enable inter-worker communication by replacing
direct communication with communication mediated through a management server. Regarding 2), we
utilize WebAssembly (Wasm), which allows programs to run in a web browser, enabling participation
using only a browser. Regarding 3), we implement a checkpointing function that allows other workers
to resume a calculation from an intermediate point if a worker leaves.

This paper is organized as follows.

Chapter 1 serves as the introduction, describing the background and objectives of this research.
Chapter 2 discusses the types of VC and existing methods. It outlines the computational models and
practical examples of existing VC, explains the requirements for parallel VC, and identifies the
drawbacks of current methods.

Chapter 3 proposes a parallel VC system based on server assisted communication. This system
consists of two subsystems: a server-assisted communication system to facilitate communication
between workers, and a job distribution system for task management. This chapter also describes a
tool for converting existing parallel programs into a format compatible with this system. To evaluate
this approach, we assess the basic performance of each subsystem and the execution time using
parallel computing benchmarks.

Chapter 4 proposes a parallel VC client using WebAssembly. This chapter provides an overview of the
method and details the implementation of communication functions that allow the browser to interact
with the server-assisted system described in Chapter 3. The performance evaluation compares this
method with a C-based client to assess execution time overhead.

Chapter 5 proposes a source-code-level checkpointing function. We explain the overview of the
proposed function and the implementation of functions for saving and restoring checkpoints.
Additionally, we describe the mechanism for resuming from specific checkpointed locations. The
performance evaluation measures the time required for saving/restoring and the impact on overall
execution time.

Chapter 6 concludes the study by summarizing parallel VC based on server assisted communication

and discusses future research directions.
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