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Abstract 

This work aims to re-architect distributed storage systems 

towards extreme scale data-intensive computing by co-locating 

storage and compute resources, and distributing both metadata 

and storage operations to all compute nodes at scales up to 

millions of nodes and billions of cores. 

Overview 

State-of-the-art yet decades-old architecture of HPC storage 

systems has segregated compute and storage resources, bringing 

unprecedented inefficiencies and bottlenecks at petascale levels 

and beyond. This work presents FusionFS and ZHT, two new 

distributed storage systems designed from the ground up for high 

scalability (8K-nodes) while achieving significantly higher I/O 

performance (1TB/sec) and operations per second (18M/sec). 

FusionFS and ZHT will achieve these levels of scalability and 

performance through complete decentralization, and the co-

location of storage and compute resources. FusionFS currently 

supports POSIX-like interfaces important for ease of adoption and 

backwards compatibility with legacy applications. ZHT has a 

simple yet functional NoSQL key/value datastore interface to 

remove unneeded overheads and limitations inherited from 

POSIX. Both systems are made reliable through data replication 

with strong and weak consistency semantics, while FusionFS also 

supports information dispersal algorithms. FusionFS supports 

scalable data provenance capture and querying, a much needed 

feature in large scale scientific computing systems towards 

achieving reproducible and verifiable experiments. Both systems 

have been deployed on a variety of testbeds, ranging from a 32-

node (256-cores) Linux cluster, to a 96-VM virtual cluster on the 

Amazon EC2 cloud, to a 8K-node (32K-cores) IBM BlueGene/P 

supercomputer with promising results, when compared to other 

leading distributed storage systems such as GPFS, PVFS, HDFS, 

S3, Casandra, Memcached, and DynamoDB. The long term goals 

of FusionFS and ZHT are to scale them to exascale levels with 

millions of nodes, billions of cores, petabytes per second I/O 

rates, and billions of operations per second. This work has 

produced several publications [1, 2, 3, 4, 5, 6, 7, 8, 9].     
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