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Project Executive Summary

The federal government and vendors have been struggling with measuring and validating the
performance of various interconnection technologies and methods for use in cluster
supercomputers in a standardized manner. The objective of this project has been to design,
develop and validate a set of standard measurement tools for evaluating cluster networking
and 1/0O technologies. During this grant, a set of MPI-level benchmarks have been designed.
These benchmarks have been evaluated on the DICE testbed: ASC cluster with two different
networking technologies: InfiniBand SDR and Quadrics; and Avetec cluster with InfiniBand
DDR. The results included in this report for both clusters demonstrate the strengths of these
benchmarks to compare performance (strengths and weaknesses) of various networking
technologies and MPI libraries for clusters. As these benchmarks are being designed,
developed and tested, they are also being made available to the community through OSU
MVAPICH project web site as open-source benchmarks. These are also included in the OSU
MVAPICH and MVAPICH2 distributions. The performance evaluation results of these
benchmarks are also being made available. During the duration of this project, these
benchmarks have had wide usage and acceptance in the HPC community. Current Open
Fabrics Enterprise Distribution (OFED), the main organization behind open-source
InfiniBand and 10GigE/IWARP development, include these benchmarks in its distribution. A
large number of InfiniBand and iWARP vendors and several Linux distributors also include
these benchmarks (known in the community as "OSU Benchmarks’) in their distributions. It
is anticipated that the benchmarks developed through this project will lead to the creation of
a complete tool set and the creation of a National facility to evaluate all current and future
cluster networking and 1/0 technologies and produce fair and unbiased reports. The project
will significantly help in reducing cost for the agencies and the vendors to evaluate next
generation clusters.

Introduction

Modern day supercomputers are built with commodity clusters of Shared Memory
Multiprocessors (SMPs) or multi-core architectures, all interconnected with high-
performance networks (such as InfiniBand, Myrinet, Quadrics or 1/10 GigE). Some of these
networks are used for both inter-processor communication and 1/0. Sometimes, different
networking technologies are also used for networking and 1/0. The cluster networking and
1/0 technologies play a crucial role in providing high-performance to end applications.
However, determining the right networking and 1/0 technology which provides optimal
performance for a given class of applications is not a trivial task since each application has
differing computation and 1/O characteristics. In order to enable accurate and fair
comparison of end application performance, experimental evaluation must be carried out on
homogenous platforms where the CPU, memory subsystems and 1/O devices are common
for each one of the networking and 1/0 technologies being considered. In addition to
hardware, there are several software layers that provide the compile and runtime support to
the application. Each of these software layers, ranging from low level device drivers to
higher level layers like MPI, address unique design challenges and provide innovative
solutions. Several key metrics on which application performance is dependent are: overlap
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of computation and communication, scalability, parallel speedup and interaction of 1/O and
computation. Usually, these metrics are enmeshed with the design of these software layers
and architecture of the networking and 1/O technology. Thus, a careful and integrated study
of the various layers involved with each technology is required for understanding the
characteristics of a cluster interconnect and the kind of benefits it can provide to end
applications in a given systems environment.

3 Project Overview/Description

The goals of the project were to design, develop and evaluate a set of MPI-level benchmarks
which can demonstrate the strengths and weaknesses of the underlying networks and MPI
libraries. The scope includes point-to-point communication (two-sided and one-sided)
operations.

The DICE sites involved in the project are: ASC cluster (with InfiniBand SDR and Quadrics)
and AVETEC cluster (InfiniBand DDR). During the period of this project, ASC cluster was
reconfigured to work with these two interconnects. For InfiniBand-SDR, MVVAPICH library
was used. For Quadrics, the proprietary library from Quadrics was used. For the AVETEC
cluster, InfiniBand DDR was used.

4 Project Goals

The focus of this project has been to study the networking aspects (such as data movement
and impact of networking protocols) in HPC clusters and how modern networking
technologies deliver different performance to the applications using the MPI standard. The
benchmarks designed as a part of the project uses the standard MPI-1 and MPI-2 semantics.
It aims to explore the impact of networking technologies and to carry out comparative
performance evaluation of different networking technologies for clusters.

5 Benchmarks and Evaluations
As part of our project and evaluation, we design and develop a variety of benchmarks
designed to target individual system components as well as the overall network. Some of
these tests have been released as the OSU Benchmarks at the PECNIT website. Other
benchmarks will be released at this address in the near future:

http://nowlab.cse.ohio-state.edu/projects/dice/

The first class of benchmarks is designed for MPI-1.2 compliant libraries. Because full MPI-
2 features are not available for all interconnects, it is necessary to make this subset as
complete as possible. Additionally, most current applications are written to MPI-1.2, making
this performance a high priority.

= Ping-Pong Latency (osu_latency): In this benchmark, the sending process issues

a message of a selected size to the receiver, who responds with a message of the same
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Figure 10. Get Bi-Directional
Bandwidth comparison

Figure 11. N-Hop Latency

Figure 12. Displaced Ring
Communication
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