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Abstract:

High performance computing (HPC) is undergoing many changes at the system level. While scientific
applications can reach petaflops or more in computing performance, potentially resulting in larger data
generation rates and more frequent checkpointing, the data movement to the parallel file system remains
costly due to constraints imposed by HPC centers on the IO bandwidth. In other words, the bandwidth to
file systems is outpaced by the rate of data generation; the associated IO contention increases job runtime
and delays execution. This situation is aggravated by the fact that when users submit their jobs to a HPC
system, they rely on resource managers and job schedulers to monitor and manage the computing
resources (i.e., nodes). Both resource managers and job schedulers remain blind to the impact of IO
contention on the overall simulation performance.

In this talk we discuss how Artificial Intelligence (Al) can augment HPC systems to prevent and mitigate
IO contention while dealing with 10 bandwidth constraints. Our solution, called Analytics for 10
(AI410), consists of a suite of Al-based tools that enable [0-awareness on HPC systems. Specifically,
we present two AI4IO tools: PRIONN and CanarlO. PRIONN automates predictions about user-
submitted job resource usage, including per-job IO bandwidth; CanarlO detects, in real-time, the presence
of 10 contention on HPC systems and predicts which jobs are affected by that contention (e.g., because of
their frequent checkpointing). By working in concert, PRIONN and CanarlO predict the a priori
knowledge necessary to prevent and mitigate IO contention with I0-aware scheduling. We integrate
AI410 in the Flux scheduler and show how A4lO produce improvements in simulation performance: we
observe up to 6.2% improvement in makespan of HPC job workloads, which amounts to more than
18,000 node-hours saved per week on a production-size cluster. Our work is the first step to
implementing [O-aware scheduling on production HPC systems.
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