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Problem Statement

e Large-scale scientific applications’ usage patterns lead
to resource contention and load imbalance.

* Integration of BPIO, a method to resolve contention,
with ADIOS provides a way to balance resource usage
In a transparent way.

Introduction
Balanced Placement I/O (BPIO) Library

 Topology-aware and balanced data placement [1]

* Resolves application level I/0O contention

* Large-scale or wide-striped I/O improves substantially
the application performance

 Computes placement cost for each I/O client
Placement Cost=w_*R +w *R +w *R +w, *R,

R : resource component

/

Adaptable 1/0O System (ADIOS)

 ADIOS [2] provides portable, fast,
scalable, easy-to-use, metadata rich output

. Change I/O method on-the-ﬂy ADl&S

w.: weight factor

Overall ADIOS/BPIO Architecture —

. - . _ Metadata
Scientific Applications (XML file)
Scheduling
POSIX HoFs [ . ]

BPIO Library

Parallel & Distributed File System

Interface layer

Kernel layer

Transfer methods
on top of BPIO

Research Objectives
* Integrate BPIO with ADIOS transparently

* Evaluate the performance and OST distribution for
ADIOS with BPIO with a synthetic benchmark (IOR)
— POSIX and MPI-IO APIs

* Evaluate with large-scale application (XGC1) on Titan

Improving Large-scale Application
Performance with ADIOS and BPIO

Methodology

IOR benchmark

F Ik o e R o SR S N T ST I s -
. .4 0 wond 7 ¥ (AP \'L W )'i‘;' W s I” kﬁ
0 A ey YRS (S (ot e il 3 i \
- 20 i r LS i - o 3
| b s 487 L\ 22 y !
‘ | | ) | G 5t J"-.' Y4 ¥
L B I b 2 / : _,
v R B (G 2 Uy : A
\ A Y 5 TN 2 L4 i ‘.’ ’
\
K . J
f" 1 . ‘

TN

IOR synthetic benchmark

— Measures parallel file system I/O performance
— POSIX and MPI-10 API available

* Large-scale application (e.g. XGC1 or S3D)

Metrics of Interest
 Object Storage Target (OST) distribution

 Performance improvement with BPIO and average
bandwidth per second (GB/s)

IOR_BPIO _ _ 1

Bandwidth

IOR_default

Bandwidth
Performance Improvement = 100 *
[1]

Test Cases and Setup
* |OR POSIX: (1) default, (I1) BP1O, (ll1) ADIOS/BPIO
e |OR MPI-IO: (1) default, (11) BPIO, (11I) ADIOS/BPIO

* Run tests on Chester (up to 64 nodes) and Titan with
up to 4096 nodes and 1 MPI process per node

* 10 scaled runs per test case, 3 repetitions per run

Results — OST Distribution

IOR Default
|IOR Balanced

\ M[M n fikeld i s T i
200 400 600 800 1000
OST index
* Run with 2048 nodes, 1 MPI process per node

Frequency

* |OR with BPIO improves load balance over OSTs
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Results — Performance
IOR with BPIO

|IOR benchmark performance with BP1O

POSIX with 4096 node allocation

Performance improvement (%)

Bandwidth (GB/s)

IOR POSIX BPIO —=—
IOR MPI-10 Default
IOR MPI-I0 BPIO —=—

0 500 1000 1500 2000 2500 3000 3500 4000
Number of nodes

 POSIX: improved by up to 47%
e MPI-IO: improved by up to 20%

MPIIO with 4096 node allocation

/ 1 2 3 4 5 6 7 8 9 10
_ |IOR POSIX Default Different runs

Performance improvement (%)

1 2 3 4 5 6 7 8 9 10
Different runs

IOR benchmark performance with ADIOS/BPIO

IOR with ADIOS/BPIO

* POSIXis improved
by up to 18%
MPI-10 (MPl_AMR)
needs some more
Investigation

Bandwidth (GB/s)

| fOR POSIX ADIOS
IOR POSIXADIOS/BPIO —=—
IOR MPI-10 ADIOS
IOR MPI-10 ADIOS/BPIO —=—

400 600 800 1000
Number of nodes

Conclusions

Performance improvements for IOR with BPIO
Transparent integration of BPIO in ADIOS

Ongoing work:
— XGC1 ADIOS/BPIO performance evaluation

References

[1] F. Wang, S. Oral, S. Gupta, D. Tiwari, and S. Vazhkudai, Improving Large-scale

Storage System Performance via Topology-aware and Balanced Data Placement,
In ICPADS ’14 (pp. 656-663).

[2] J. Lofstead, S. Klasky, K. Schwan, N. Podhorszki, and J. Chen, Flexible 10 and
Integration for Scientific Codes through the Adaptable 10 System (ADIOS), In
CLADE ‘08 (pp.15-24).

Acknowledgement

This research used resources of the Oak Ridge Leadership Computing Facility, which is
a DOE Office of Science User Facility supported under Contract DE-AC05-000R22725.

ORAU

Further. Together.



