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1 Introduction

NVMe SSDs offer unprecedented throughput and latency per-
formance for various data-intensive, scientific application
domains such as earth observation, radio astronomy, and
weather forecasting. Unfortunately, even though data analysis
pipelines from these domains often operate on large data sets
on the order of several TBs, most of them fail to take advan-
tage of the parallelism and bandwidth offered by NVMe SSDs
due to their single-threaded I/O implementations. Moreover,
when scientists do parallelize their pipelines, they typically
focus on optimizing the computation instead of IO. To make
things worse, the growing heterogeneity of available storage
devices with respect to their latency and throughput character-
istics makes I/O parameter tuning (e.g. degree of parallelism,
block size) a challenging task for non-experts [3, 5, 6, 9].

As such, we see an opportunity for improvement. In this
work, we propose an automated I/O parameter tuning system
for black-box scientific applications, which finds and reports
the optimal I/O parameter configuration for a given applica-
tion and storage device combination.

Normally, I/O parameter tuning requires access to the
source code of the data analysis pipeline to modify the I/O pa-
rameters. In cluster infrastructures, however, containerization
makes such a white-box approach infeasible since the source
code is not available. To overcome this problem, we propose
a different I/O parameter tuning approach that operates in two
phases: (1) capturing the I/O traces of an application, and (2)
replaying the traces with different I/O parameters to identify
the optimal configuration.

Our approach differs from the existing I/O trace replay
tools (e.g., blkreplay, btreplay, hfplayer), as they focus
on replaying in different system environments [2, 4, 7] while
our approach is about replaying with different parameters. To
achieve that, we resort to synthetic I/O workload generators
(e.g. FIO, FILEBENCH), through which I/O operations can be
easily simulated with varying parameters on the underlying
storage devices [1, 8].

2 Proposed idea

We use fine-grained I/O tracing, generate a parametrizable
I/O workload replay using a synthetic I/O workload generator,
and run multiple parametrized workload replays on the tar-
get storage hardware to determine the optimal I/O parameter
combination. In the context of this work, we focus on two fun-
damental application I/O parameters, namely the level of I/O
parallelism and the data block size. For an optimal parameter
tuning, we consider a balance between both parameters, i.e.,
larger block sizes could result in a lower degree of parallelism
while smaller block sizes demand a larger degree of paral-
lelism. In contrast to other I/O workload replay tools, which
focus on replaying workloads on different hardware setups,
our focus is on replaying the workload always on the same
storage setup, but with different application I/O parameter
configurations. Our approach consists of three phases: (1) I/O
trace collection, (2) I/O workload replay creation, and (3) ap-
plication I/O parameter tuning using parametrizable I/O work-
load replays. To trace the I/O workload we use blktrace,
which collects detailed information about every single I/O op-
eration and also captures times spent on computations. Specif-
ically, we collect the following I/O characteristics: the size of
reads & writes, distribution between random and sequential
operations, distribution of request size, and delays between
I/O requests. In order to create a parametrizable I/O workload
replay, we use fio and create an (oftentimes complex) fio
job file, which precisely mimics the I/O workload of the appli-
cation. The advantage of fio is that through the generic job
description, application parameters can be directly adjusted
in the job file, which allows rerunning the same I/O workload
under different I/O parameter configurations.

Summary and Future Work: We propose parametrizable
I/O workload replays, which enable optimal I/O parameter
tuning of black-box scientific applications running on modern
NVMe SSDs. For future work we plan to improve the accu-
racy of the I/O workload replay for complex, parallelized I/O
workloads with interleaved computations.
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