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1 INTRODUCTION

Computational performance in HPC systems has dramatically in-
creased during the recent years. However, the performance of par-
allel file systems (PFS) in the HPC centers have stagnated, resulting
in relative compromising of scientific data-intensive applications.
Burst buffer systems have been widely deployed in many supercom-
puter systems to fill such performance gap [1]. Burst buffer systems
are designed to have larger bandwidth and lower latency but lower
capacity, which is suitable for buffering intermediate I/O. Previous
research and practice have proven that burst buffer systems are
effective for alleviating the contentions on PFS and accelerating
I/O performance [1].

However, while burst buffers offer a solution to improve per-
formance of PFS, system users and HPC centers today struggle in
understanding what burst buffer configurations are suitable for
their systems and workloads. As with caches found in general-
purpose processors, burst buffer parameters include capacity and
bandwidth can be crucial to govern performance of these systems.

We investigate such challenges by estimating the I/O perfor-
mance by our simulator for burst buffer systems based on I/O traces
from real-world applications. Our contributions are: (i) we model
burst buffers and implement a simulator to estimate I/O perfor-
mance of applications; (ii) we show that burst buffer configura-
tions have a significant impact on I/O performance of applications;
(iii) we find that, even with burst buffer whose size is half of access
space! (i.e., 0.5 x Aspace), applications can still achieve comparable
I/O performance to ones with Aspgce-

1We define access space (Aspace) as a total size of files accessed by an application, i.e.,
required buffer size to buffer all of files accessed by an application.
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Figure 1: An Overview of Our Target Burst Buffer
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Figure 2: Read/Write Operations on Limited Burst Buffers

2 THE BURST BUFFER MODEL AND THE
SIMULATOR

First, we explain our burst buffer model (Figure 1). Our burst buffer
model consists of two-level storage: burst buffer (level-1) and PFS (level-
2). Burst buffer is temporal space for buffering and caching files
from applications running on compute nodes. Burst buffer nodes are
independent nodes from compute nodes. PFS is used as persistent
data store. When compute nodes need to access to files on the PFS,
these I/O requests (i.e., read/write) are handled via burst buffers.
If there is no available space in burst buffer, or when reading files
from PFS for the first time, our model moves data between burst
buffer and PFS (i.e., swap-in/out) based on a particular caching al-
gorithm (LRU in the evaluation). Detailed state transition diagrams
are shown in Figure 2. Our model also support asynchronous write-
back, which means that dirty data is written back to the PFS while
concurrently servicing other application I/O requests. Under asyn-
chronous write-back enabled, swap-out overhead is not incurred if
the data is already consistent with PFS.

We implement a simulator that estimates I/O performance of
applications under a given burst buffer configuration. Our simulator



Table 1: Reedbush system @ University of Tokyo

Name Reedbush

CPU Intel Xeon E5-2695v4
Memory 256 GB
Network InfiniBand EDR 4x (100 Gbps)

Burst Buffer DDN IME 14K x6 (Capacity: 209 TB)
(Latency: 20 usec, bandwidth: 436.2 GB/s)
Lustre Filesystem

PFS DDN SFA14KE x3 (Capacity: 5.04 PB)

(Latency: 500 usec, bandwidth: 145.2 GB/s)
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Figure 3: Relative I/O throughput to the ideal case (Bsjze >
Aspace) under different buffer size

Table 2: Applications details

Application | Input size | Access space (Aspace) | Total I/O
(MB) (MB) (MB)
Montage 1,200 7,500 27,000
Povray 14 25 760
Supernovae 6,600 23,000 55,000

uses I/O traces (which include read/write details including sizes and
offsets, with time stamps) from an application as input, simulates
the I/O behavior based on our burst buffer model, and then outputs
I/O performance numbers (e.g., time to complete all I/O requests,
overall average I/O throughput achieved and etc.).

3 SIMULATION WITH REAL APPLICATIONS

To estimate I/O performance of applications under different burst
buffer configurations, we first collect I/O traces from three selected

workflow applications by using a FUSE-based I/O tracer (MUSE [3]).

The I/O traces are collected in each compute node, and we aggregate

these I/O traces into a single I/O trace file based on time stamps.

Table 2 shows the access space (Aspace) and the I/O volumes. In
our evaluation, performance parameters of a burst buffer and PFS
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(e.g., bandwidth and latency) are based on a real-world production
system: Reedbush [2] at the University of Tokyo (Table 1).

We evaluate I/O performance of applications by overall average
1/0 throughput (i.e., total I/O size divided by time to complete all /O
requests) under different burst buffer sizes (Bsjze). Figure 3 shows
the relative I/O throughput to an ideal case where burst buffer has
enough buffer space to cache all of the files (i.e., Bsize = Aspace)-
We found that varying the buffer size impacted the performance

of the I/O throughput. Moreover, one of our key findings is that
executions with burst buffers whose size is even 50 % of Aspace

can still achieve comparable I/O throughput to the ideal case for
Supernovae and Povray. However, even with 1 % of Aspace, 1/0
thoughput of Povray can still keep up half of the ideal case. In
workflow applications, intermediate files written by a task is imme-
diately read by the next multiple tasks (i.e., high temporal/spatial
/0 locality). Such I/O workload allows smaller buffer size to keep
up the I/O performance. Although the temporal and spatial I/O
locality of applications differ, our simulator provides the means
to determine if and by how much an application can benefit from
using a certain burst buffer configuration.

4 CONCLUSION

To investigate the impacts on I/O performance of scientific appli-
cations under different burst buffer configurations, we have im-
plemented an I/O simulator. In the evaluation of three selected
workflow applications, we have found that applications can still
keep up high I/O throughput even with 50 % of Aspgce if access
data is properly swapped in and out based on our burst buffer
model (LRU in the evaluation). Although current burst buffer sys-
tems provide APIs for moving files between burst buffers and PFS,
potential of the APIs has not been comprehensively studied. Our
finding will also motivate to implement a caching algorithm with
the burst buffer APIs.
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