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Thesis Summary (approx.800 English Words )

Large-scale clusters have been utilized to advance scientific discoveries for decades with their
state-of-the-art computational performance. By running in large-scale, the run time of
applications that handle big-data can be reduced from days and years to hours. The
computational performance has been growing dramatically fast, which help to handle such large-
scale applications more efficiently. However, the performance of the storage system can hardly
catch up with the performance increment of the computation, which makes the storage system a
bottleneck in the large-scale clusters. Moreover, with the increasing amount of data being
produced every day to be analyzed, the performance gap between the computational and the
storage system exacerbated.

In this thesis, we conduct three works to address such challenges in two major kinds of clusters
for running large-scale data-intensive applications, the HPC centers and Clouds. Although by
providing high performance instances, such as the HPC instance on Amazon AWS, the Cloud
matches the computational performance with the HPC centers, the performance of the storage
systems is still far behind the performance of the parallel file system in HPC centers. The major
Cloud storage systems are built on object storage technologies, for better load-balancing,
scalability and availability. However, the object storage introduces additional limitations to the
workload, such as the N-1 write and consistency issues, which limits the performance of
applications, especially for the large-scale data-intensive processing. Such limitations make the
storage the bottleneck of the system while executing large-scale data-intensive applications,
degrades the performance of the applications, and costs users more due to the Cloud pricing
policy. To help to improve the performance of the storage on the Cloud, we propose a software-
level burst buffer system, called CloudBB. CloudBB utilizes instances as a temporary buffer
space to buffer the I/O data from other instances. By buffering the intermediate data within a
high-performance network, CloudBB accelerates both the read and write operations from the
applications. Moreover, we propose a Master-Worker and Key-Value architecture to achieve both
scalability while maintaining the high metadata performance. We implemented CloudBB on top
of FUSE so that the applications need no code modification to use CloudBB. We evaluated our
CloudBB on Amazon AWS Cloud environment with both micro-benchmarks and real

applications. We observed significant performance improvement against the Amazon S3 storage.




Even though the HPC centers equipment with much higher performance parallel file systems
compared to the Cloud, with the dramatic increment of the computational performance in HPC,
the performance of the parallel file systems can hardly catch up, with multiple users sharing the
same file system, the parallel file systems become the bottleneck in the HPC centers for executing
large-scale data-intensive applications. Burst buffer systems have been deployed in the latest
cutting-edge HPC centers to buffer the bursty I/O and improve the I/O performance. However,
having burst buffer systems involves additional procedures including procurement, deployment
and maintenance. Therefore, it is not economically nor logistically feasible to have a burst buffer
system in every HPC center. Moreover, physically deployed burst buffer has its designed capacity
and performance, which can hardly adapt to any demand changes. In order to solve such
problems, we extend our CloudBB to the HPC environments with high performance network
supports and propose a software- and user-level on-demand burst buffer system, HuronFS.
Similar to the CloudBB, HuronF'S is designed as a software burst buffer utilizing compute nodes
with high performance network to buffer the I/O data, hence HuronF'S can be easily deployed on
any HPC centers. Furthermore, thanks to the Master-Worker and Key-Value architecture, the
capacity and the performance of HuronFS can be adapted to the workload. We evaluated our
HuronF'S on two supercomputer systems and demonstrated that using HuronF'S can achieve the
performance of state-of-the-art parallel file systems and help users to improve the I/O
performance in the HPC centers.

Utilizing the burst buffer systems has been proven to accelerate the I/0 performance. To use a
burst buffer, the users need to specify the configurations of burst buffer in the job scripts, i.e.
buffer size. However, the configurations must be carefully determined to avoid experiencing poor
performance or causing the low job throughput due to under-utilization.

To understand the performance impacts from different burst buffer configurations, we conduct a
performance analysis with a trace-driven simulator. We collect I/O trace from real applications
and simulate their performance under different configurations. We explore three different
configurations aspects, the swap-in/out granularity; different buffer size; and different data
replacement algorithms. The simulation results show that different applications have different
requirements for burst buffer configurations and help to further optimize the performance using
burst buffer.

Our studies of design optimization and evaluation of burst buffer in both HPC centers and Cloud
helps to alleviate the performance gap between the computation and storage systems, helps to

further understand and optimize the burst buffer performance to support the future large-scale

data-intensive applications.
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