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Experts have inferred that a parallel programming language based on the partitioned global address space (PGAS) model could

be a promising prospect for the development of large scale parallel programs that are required for hundreds of petaFLOPS class

(post petascale) computers. The purpose of this study is to evaluate the applicability of XcalableMP, which is a type of PGAS-based

language. In this study, we measured the communication performance of a benchmark coded in both Fortran 90 using Message
Passing Interface (MPI) and XcalableMP on the Earth Simulator. Based on the benchmark results, we conclude that XcalableMP

codes can achieve a better performance than original MPI codes in some cases.
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The partitioned global address space (PGAS) model [1] is
a promising parallel computational model for the forthcoming
era involving hundreds of petaFLOPS class (post petascale)
computers. In particular, XcalableMP [2], which is a PGAS-
based language, exhibits the two desirable features of code
readability and ease of rewriting from legacy Fortran/C code.
Thus, XcalableMP is promising for the development of large-
scale programs. It would be considerably useful in preparing for
the forthcoming post petascale era if the XcalableMP language
could be employed on existing computer environments. One
representative environment in the field of earth science is the
Earth Simulator. Many earth science programs are executed on
the Earth Simulator. We previously constructed an environment
on which the XcalableMP language can be employed on the
Earth Simulator, and have confirmed the applicability of
XcalableMP to the Earth Simulator [3]. However, so far we
have mainly evaluated the computational performance of the
XcalableMP code, and have not focused on the communication
performance.

The communication performance would be one of the
important performance factors in realizing large scale parallel
executions. Therefore, we aim to evaluate the communication
performance of XcalableMP codes on the Earth Simulator. We
have employed the Omni XcalableMP Compiler stable version
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1.1.0 [4] as the XcalableMP compiler on the Earth Simulator for
the following benchmarks.

First, we have measured both the shift communication code
and broadcast communication code, as basic performance
benchmarks. These are coded with Fortran 90 using Message
Passing Interface (MPI) and XcalableMP. Regarding the
XcalableMP implementation, either local-view or global-view
methods can be employed. In the global-view implementation,
multiple processes share a global array, distributed using
directive statements. In the local-view implementation, each
process owns a local array, and these processes communicate
using local-arrays, similarly to MPI programing. For the basic
benchmarks, we have implemented each benchmark in both
the global-view and local-view styles, and have compared
these with the original Fortran 90 (MPI) implementation. We
measured the elapsed time for 100 communication iterations.

Figure 1 presents the measurement results for shift
communication. The vertical axis represents the average elapsed
time per iteration, and the horizontal axis represents the message
length. The XcalableMP global-view implementation achieves a
better performance than the MPI implementation in the case of a
long message length.

We present the measurement results for broadcast

communication in Fig.2. The vertical axis represents the
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average elapsed time per communication, and the horizontal
axis represents the number of processor nodes used. In the
measurement, only one process is assigned to each node. Thus,
the number of processor nodes used is equal to the number
of processes. Figure 2 shows that the performance of the
XcalableMP code is as about the same as those achieved by the
MPI codes.

Second, as a more practical application we measured the
communication performance of NICAM-DC-mini. NICAM-
DC [5] is the dynamical core of NICAM (the Nonhydrostatic
Icosahedral Atmospheric Model). NICAM-DC-mini is
the kernel code of NICA-DC, and is included in the mini-
application collection FIBER [6]. Murai has implemented
NICAM-DC-mini in XcalableMP [7]. The XcalableMP version
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(a) Short message case

is implemented in local-view. We measured the performance
of both the original NICAM-DC-mini coded using MPI and the
XcalableMP version on the Earth Simulator. To perform the
measurement, we employed the data set named “jablonowski”
(GLevel05, RLevel00, 40 layers), and executed this using
10 processes. The communications of NICAM-DC-mini are
classified into three types: (a) peer-to-peer communication, (b)
broadcast communication, and (c) reduction communication.
The measurement results are presented in Fig.3.

As seen in Fig. 3, we have confirmed an increase in
communication times using the XcalableMP code. We infer
that the major reason for this is the overhead in the XcalableMP
implementation.

To summarize this study, we have benchmarked the
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Fig. 1 Measurement result of shift communication.
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Fig. 2 Measurement result of broadcast communication.
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Fig. 3 Measurement results of the communication part in NICAM-DC-mini.
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communication performances of XcalableMP codes on the
Earth Simulator. We have confirmed that XcalableMP codes can
sometimes achieve better performances than the original MPI
codes. However, the XcalableMP implementation still requires
improvements in its performance in certain aspects. In future
work, we plan to attempt to realize more realistic applications or

visualization codes in XcalableMP.
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