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Abstract

State-of-the-art yet decades old architecture of high-performance
computing systems has its computation and storage separated. It has
shown limits for today's data-intensive applications, because every 1/O
needs to be transferred via the network between the computation and
storage cliques. This work aims design, implement, and evaluate a new
distributed storage systems for extreme scale data-intensive computing.
We proposed a distributed storage layer local to the compute nodes,
which is responsible for most of the 1/0 operations and saves extreme
amount of data movement between compute and storage resources. We
have designed and implemented a distributed file system FusionFS for
HPC compute nodes to support metadata-intensive and write-intensive
operations. It supports a variety of data-access semantics, from POSIX-
like interfaces for generality, to relaxed semantics for increased
scalability. FusionFS has numerous advanced features to improve
performance (e.g. caching and compression), improve reliability (e.g.
replication and erasure codes), and improve functionality (e.g.
provenance capture and query). FusionFS has been deployed and
evaluated on up to 16K compute nodes in an IBM BlueGene/P
supercomputer, showing orders of magnitude improvement in metadata
and 1/0 performance. We have compared FusionFS with other leading
distributed storage systems such as GPFS, PVFS, HDFS, S3, Casandra,
Memcached, and DynamoDB — and FusionFS has always come out
ahead in either performance, functionality, or both. We have also done
a detailed performance evaluation with various scientific applications.
An extensive evaluation of FusionFS was performed through simulations
showing near linear scalability up to two million nodes. The long term
goals of FusionFS is to scale it to exascale levels with millions of nodes,
billions of cores, petabytes per second 1/O rates, and billions of
operations per second — with real systems, accelerating real data-
intensive scientific applications at extreme scales. This work has
produced several publications [1-15].
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