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ABSTRACT

1

Performance analysis has been considered as a necessary step to
bridge the widened gap between the actual and the expected performance of scientific computing applications (SCAs). Performance
analysis tools are becoming one of the most critical components in
today’s HPC systems. Performance modeling, the core technology
to identify key performance characteristics and predict potential
performance bottlenecks, is becoming an indispensable tool to
understand the performance behaviors and guide performance optimization of SCAs. Meanwhile, numerous challenges and opportunities are introduced by the complexity and enormous code legacy of
SCA’s, the diversity of HPC architectures, and the nonlinearity of interactions between SCAs and HPC systems. To address these issues,
we propose the Resource-based Alongside T ime (RAT) modeling
method to help to understand the application run-time performance
efficiently. Firstly, we use hardware counter-assisted profiling to
identify the key kernels and non-scalable kernels in the application. Secondly, we show how to apply the resource-based profiling
into performance models to understand the potential performance
issues and predict performance in the regimes of interest to developers and performance analysts. Thirdly, we propose an easy-to-use
performance modeling tool for scientists and performance analytics.
Our evaluations demonstrate that by only performing a few smallscale profilings, RAT is able to keep the average model error rate
around 15% with average performance overheads of 3% in multiple
scenarios, including NAS parallel benchmarks, dynamical core of
atmosphere model of the Community Earth System Model (CESM),
and the ice component of CESM over commodity clusters.

The ever-growing complexity of HPC applications, as well as the
computer architectures, cost more efforts than ever to learn application behaviors by massive analysis of applications’ algorithms and
implementations. To efficiently make projections of applications’
scaling run-time performance, designing performance models [1–
13] has long been an art only mastered by a small number of experts.
Nevertheless, we can still see that performance models can be used
to quantify meaningful performance characteristics across applications [2, 3] and to provide performance bottlenecks associated
with their implementations [14]; to offer a convenient mechanism
for users and developers to learn the scaling performances [8, 9],
and even to guide the optimization decisions [11].
We propose a Resource-based Alongside T ime (RAT) model
(Tab. 1) that starts with an analytical model framework and predicts the computation and communication performance separately
by using hardware counter-assisted profiling. We instrument the
PMPI interface [15] to profile communication performance and
then use the well-known Hockney model [16] to predict the communication performance. Such methods allow us to overcome the
disadvantages of manual high-efforts (analytical models [10–13])
and unwarrantable model accuracy (empirical models [1–8]).
To summary, our contributions are as follows: 1. A hardware
counter-assisted technique to identify function-level kernels. As opposed to other typical performance modeling works,
such as modeling each loop as a kernel [5, 17], we choose functionlevel kernels to model for two reasons. First, applications often have
thousands of loops and understanding the significance of each loop
can be challenging for users, even the well-known NAS Parallel
Benchmarks (NPB [18]) contain hundreds of loops. Second, functions usually naturally separate communication and computation
in parallel applications to enable us to predict them separately. We
identify and model three kinds of kernel candidates by using execution cycle counter from profiling runs with different parallelisms.
• Functions whose share of the application execution cycles are
larger than a user-defined threshold.
• Other functions whose run-time is not decreasing. Non-expensive
functions may become expensive ones when we conduct the
application run with different parallelisms or different inputs.
For example, the functions in the sequential part can turn into
hot-spots when running the application with more processes.
• The remaining functions except for the first and second set of
functions. The reason is that the aggregated kernel can reduce
the overhead of building performance models while maintaining
good accuracy. Besides, the entire run-time would be slightly
affected even if we consider those small functions individually.
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