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Abstract

Single sided communications allow for data transfer without the need for matching send and re-
ceived operations between processes. This can improve the performance of various types of scientific
codes. This report compares the performance of LAPI and MPI-2 single sided communication func-
tions on HPCx. Only the basic Put and Get functions are benchmarked. These functions are tested
using a simple ping-pong benchmark, timing the communication, and recording the amount of data
sent. In general LAPT has a better performance for small messages, and MPI-2 outperforms LAPI for
large messages.

1 Introduction

The single sided communication model allows one process (the source process) to access data on a
remote process (the target process). This enables communications and data transfer, between remote
processes, without the need for matching send and r ecei ve operations. Such Remote Memory Access
(RMA) functionality is especially useful for codes that involve processing distributed data [2].

There are two main RMA functions that are generally provided by single sided communication
libraries, Put and Get. Put is used to copy data from the address space of the the source process to
the address space of the target process; Cet is used to copy data from the target process to the source
process.

HPCx is a cluster system, currently composed of a large number of 8-processor shared-memory
logical PARtitions (LPARs), connected via an interconnect and associated switch hierarchy. It has two
communication libraries, LAPI and MP]I, both of which contain single sided communication routines.
This report compares the performance, and functionality, of the different methods for single sided
communication on HPCx. Sections 1 and 2 describe the main features and implementation details
of the communication libraries. Section 3 details the benchmarking tests performed, and the results
obtained from them.

2 LAPI

The Communications Low-Level Application Programmers Interface (LAPI) [3] is an IBM library de-
signed to give optimal communication performance on IBM hardware. It provides two communication
mechanisms:

e Data Transfer



o Active Message

The data transfer functions implement the RMA Put (LAPI _Put ) and Get (LAPI _Get ) operations, as
well as providing global synchronisation and completion checking functionality. As the Put and Cet
operations are inherently unilateral (i.e. the operation initiated by one process does not require the
other process to take some complementary action), completion of a RMA function is signalled using
predefined counters. These counters are incremented when the operation has completed, and can be
checked using CGet cntr (non-blocking) or Wi t cnt r (blocking) functions.

The active message function (LAPI _Amsend) relies on user defined handlers, which are invoked and
executed in the address space of the target process. As with the data transfer functions, active mes-
sages are non-blocking calls which require no complementary action by the target process. When
an active message arrives at a target process the user defined header _handl er is executed. This de-
fines where the data associated with the active message should be copied to, and the address of the
conpl eti on_handl er. This second handler is called after the whole active message has been received,
and can be used to perform additional processing on the received data.

All LAPI communication relies upon processes publishing the addresses of memory that can be
accessed remotely. This is done using the LAPI _Addr ess_i ni t operation (a collective operation) which
allows each process to maintain different memory address maps, but still access portions of each other
memory (the alternative would be for each process to have the same memory address map, which is
restrictive).

Whilst the active message functionality is beyond the scope of this report and its performance will
not be directly evaluated, it is the underlying infrastructure for LAPI, upon which the data transfer
functions are constructed.

3 MPI-2

MPI-2 is the extension to the MPI standard that allows, amongst other things, single sided communi-
cation [1]. Three communication calls are available:

o MPI _Put
o MPI_Get
o MPI_Accumulate

Put and Get implement the generic RMA functions needed for single sided communication. Accu-
mulate is a Put operation that does not overwrite the data in the target area, but is combined with that
data using a specified operation (i.e. +). As with LAPI, MPI uses a collective call to publish the areas
of memory that are available for remote access. This call, VPl W n_cr eat e, provides a handle that can
be used in the communication functions for each process, specifying the start address and size of the
memory available for RMA use. These windows may be of different sizes, and in differing locations,
for each process, providing that the memory access performed by the communication functions fits
within the target window used (i.e. the data transfered must not be large than the window).

To complement these communication operations, there is a range of synchronisation functions pro-
vided, supporting different synchronisation styles. MPI W n_fence is a collective call that supports
simple, global, synchronisation. The functions; MPI W n_start, MPl W n_conpl ete, MPl W n_post, and
MPI "W n_wai t, can be used to synchronised two processes (the minimal form of synchronisation). Fi-
nally, VPl "W n_l ock and MPI "W n_unl ock are available to provide passive synchronisation (i.e. emulat-
ing a shared memory model).
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Figure 1: Put Bandwidth

4 Results

The basic RMA functions Put and Get were benchmarked for this report. Whilst all the libraries have
specialised RMA functions, the functionality is not consistent across libraries so comparing these fea-
tures would have been problematic. Put and Get were tested using a range of data sizes, from one to
one million integers, using two processors. The performance was benchmarked both within an LPAR,
and across LPARs, allowing both the shared-memory' and message? performance of the libraries to be
explored. As HPCx is a cluster system, both methods of communication are important to performance,
although as the LPARs are restricted to 8 processors the majority of communication performed by an
average program will be using some form of message-passing.

4.1 Put

A simple ping-pong program was used to benchmark Put, with one process putting data into the
address space of the second process, and the second process putting the data back when the first
operation has completed. The time to complete one full ping-pong is recorded, and averaged over 100
ping-pongs, for each data size. As well as the time to complete the ping-pong, the bandwidth of the
put operation is also calculated.

Figure 1 shows the bandwidth for LAPI and MPI-2 for both within, and between, LPAR communi-
cations. Figure 2 shows the times for the communications with the same benchmarks.

These results show that for messages up to 100 Kb, LAPI significantly outperforms MPI-2. In fact,
for messages below 8-10 Kb, LAPI can be as much as 100 times quicker than MPI-2. However, this
figure only applies to a LAPl _Put performed within an LPAR. A LAPI _Put operation between LPARs
(i.e. using the switch network) is approximately 5 times slower than one within an LPAR (i.e. using
shared memory). MPI-2, on the other hand, exhibits no discernible performance difference between
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Figure 2: Put Time

the intra- and inter-LPAR Put operations until the message size reaches 2Kb (i.e. for small messages).
After this point, the intra-LPAR performance is significantly better than the inter-LPAR performance.

For large messages (>100Kb) the performance of MPI-2 converges with LAPI, although there is
still a large difference between on-LPAR and off-LPAR performance. In fact, for very large messages
MPI-2 has slightly better performance than LAPI, although the difference is small. LAPI experiences
a reduction of on-LPAR performance at ~ 10Kb. This effect is likely to be due to the size of the shared
memory buffer that is used by LAPI to perform the on-LPAR data transfer.

The peak bandwidth of LAPI is 2000 MB/s (on-LPAR), and 230 MB/s (off-LPAR). This compares
with 1200 MB/s (on-LPAR), and 300 MB/s (off-LPAR) for MPI-2. The peak performance of on-LPAR
communication for HPCx is approximately 2000 MB/s, with a corresponding off-LPAR performance of
300 MB/s. Therefore, LAPI exhibits near-peak bandwidth for on-node Puts, but only 75% of maximum
off-LPAR bandwidth. On the other hand, MPI-2 only manages 60% of peak bandwidth on-LPAR, but
uses near-peak bandwidth off-LPAR. However, whilst MPI-2 reaches a higher peak bandwidth than
LAPI (off-LPAR), this is only true for very large data transfers (i.e. > 200Kb). Whilst 200Kb does not
seem like a large amount of data, the average data transfer for parallel programs is a lot smaller than
this.

The latency off LAPI is 1.4e-% seconds (on-LPAR), and 5.4¢”% seconds (off-LPAR). MPI-2 has
latencies of 3.9e"% seconds (on-LPAR), and 4.0e % seconds (off-LPAR). This suggests that LAPI is
optimised to make the best use of shared-memory communications on IBM systems, such as HPCx.

4.2 Get

MPI-2 Get was tested with the same ping-pong method used for the Put benchmarks. However, due
the completion methods used by LAPI the same test could not be used for LAPI Get. Therefore, the
LAPI _Get function was tested using a one-sided benchmark (i.e. the origin process getting data from
the target process). Aside from this difference, the Get benchmarking tests where conducted following
the same procedure used for the Put benchmarks.
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Figure 3: Get Bandwidth

Figures 3, and 4, show the bandwidth and communication times for LAPI and MPI-2 Gets. The
bandwidth and time graphs are almost identical to the Put ones.

However, the latency times do differ, with LAPI _Get having a latency of 2.24e7% geconds on-LPAR
and 9.79e~% seconds off-LPAR. This is twice the latency of LAP| _Put. However, the latency of MPI-2
Get is the same as the latency of MPI-2 Put.

5 Summary

This benchmarks performed show that LAPI has a much lower latency, both on- and off-LPAR, for
all but the largest messages, when compared with MPI-2 single sided functions. However, MPI-2
does have a better peak bandwidth for off-LPAR communications, and as each LPAR only contains 8
processors, this constitutes the majority of communication on HPCx. Therefore, if a program needs to
perform single sided communications using large amounts of data (i.e. larger than 100Kb), the MPI-2
functions will give slightly better performance. However, if the data being transfered is smaller than
100 Kb, LAPI functions give significantly better performance.

The results also showed that if LAPI is being used to perform single sided communications, LAPI _Put
should be the preferred operation, as it has approximately half the latency of LAPI _Get

6 Future Work

All the communication libraries have extended functionality which could improve single sided perfor-
mance. It would be interesting to benchmark the performance of these additional functions. It would
also be interesting to extend benchmarks performed for this report to cover more than two processes.
This would allow for a more detailed profiling of the differences in the communication characteristics
of the various libraries.
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