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Abstract

The results of benchmarking communications and several popular applications
on HPCx Phase 2a are presented and compared with those results from running on
HPCx Phase 2. In terms of communications, there is little performance difference
between the platforms. In general, the majority of application types perform up to
a factor of 2 better on Phase 2a, due to the improved memory architecture. An
exception is the classical molecular dynamics class of applications, several of which
are studied in this paper. This type of code is not performing as well as expected
on Phase 2a, sometimes slightly slower than on Phase 2. This may be explained by
sensitivity to an increased latency in some part of the memory subsystem.
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1 Introduction

HPCx, the national UK academic supercomputing facility, recently upgraded from Phase
2 (IBM Powerd+ technology) to Phase 2a (IBM Power5 technology). This paper com-
pares results from communication and application benchmarks on the new system to
those results obtained before the upgrade.

Section 2 gives an overview of the architecture both before and after the upgrade.
The communication and application benchmark results are presented in Sections 3 and
4 respectively.

2 Architecture

The HPCx Phase 2 system featured 50 IBM p690+ compute nodes, each containing
32 IBM Power4 64-bit RISC processors. Each processor operated at 1.7GHz. The 32
processors in a compute node were packaged into 4 Multi-Chip Modules (MCMs), each
containing 8 processors. Each processor had a private L1 instruction cache of 64KB
and L1 data cache of 32KB. The L2 combined data and instruction cache of 1.5MB was
shared between 2 processors. Each MCM was equipped with a L3 cache of 128MB (i.e.
this was shared between 4 processors). Within a node, MCMs communicated via shared
memory. Communication between nodes was provided by an IBM High Performance
Switch (HPS). A total of 4 inter-node links were available: each node had 2 network
adapters, each with 2 links.

In November 2005 the HPCx service was upgraded to utilise IBM Powerb technology.
This new “Phase 2a” system features 96 IBM eServer 575 compute nodes, each containing
16 1.5GHz IBM Power5 64-bit RISC processors. The 16 processors in a compute node
are packaged into 2 MCMs. Each processor has a private L1 instruction cache of 64KB
and L1 data cache of 32KB. The L2 combined data and instruction cache of 1.9MB is
shared between 2 processors. The L3 cache of 36MB is shared between 2 processors,
and is closer to the processor than for Phase 2. Within a node, MCMs communicate
via shared memory and the same HPS as for Phase 2 provides communication between
nodes.

Although the clock rate of the processors has decreased, it is expected that the
improved memory architecture will result in higher memory bandwidths and hence facil-
itate a performance improvement in applications. Such improved memory bandwidths
are observed from stream benchmarks [1]. For example [2], for the scale benchmark the
main memory bandwidth has increased from just over 2 GB/s per processor on Phase 2
to just under 4 GB/s per processor on Phase 2a. Even higher increases are seen in the
bandwidths from the different cache levels.

3 MPI Benchmarks

The Intel (formerly Pallas) MPI Benchmark Suite [3] was used to study communica-
tions. Point to point communications were studied with the use of the PingPong and
Multi PingPong benchmarks. The collective communication Bcast, Allreduce and Bar-
rier benchmarks were also run.
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Figure 1: The dependence of bandwidth on message size (left), and time on message size
for the small message size region (right) for the Ping Pong benchmark. Phase 2 results
are represented by closed shapes and Phase 2a results by open shapes. Communications
within a node are represented by squares and those between nodes by triangles.
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Figure 2: The dependence of bandwidth on message size for the multi Ping Pong bench-
mark. Phase 2 results are represented by closed shapes and Phase 2a results by open
shapes.

The PingPong benchmark involves direct communication between 2 processes. Runs
were carried out with the processes within the same node, then repeated with the pro-
cesses on separate nodes. Figure 1 on the left shows the resulting bandwidths against
message size (i.e. high results indicate good performance). It is seen that on separate
nodes, i.e. communication is via the switch, there is little difference between the plat-
forms. As expected by the improved memory architecture, the bandwidth is seen to
be higher on Phase 2a for large messages. However, it is also observed that for small
messages within a node, Phase 2 is performing better. This is highlighted on the right
of Figure 1, which zooms in on the small message region and plots time against message
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Figure 3: The dependence of the time on the number of processors for the Beast (top
left), Allreduce (top right) and Barrier (bottom) benchmarks. Phase 2 and 2a results
are represented by closed and open squares respectively.

size (i.e. low results indicate good performance).

The above PingPong communications do not saturate the inter-node switch and a
more rigorous and realistic test is provided by the Multi PingPong benchmark which
utilises all available processors. The code has been modified to ensure that all com-
munications utilise the switch. On Phase 2, communications between 64 processors (32
groups of 2) on 2 nodes were benchmarked. On Phase 2a, there are only 16 processors
per node, so results were obtained for both 2 nodes (32 processors - 16 groups of 2) and
4 nodes (64 processors - 32 groups of 2). No noticeable difference between the platforms
was observed (Figure 2), indicating that the switch is performing equally well after the
upgrade. Note that Phase 2 the result at 128KB is noticeably low due to it falling in the
region between the eager limit and the bulk transfer minimum message size [4].

The collective communications were compared with use of the MPI Bcast, Allreduce,
and Barrier benchmarks. Resulting plots of the benchmark time against the number
of processors (i.e. low results indicate good performance) are given in Figure 3. The
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Figure 4: The dependence the total processor time on the number of processors for

the CASTEP Al;O3 benchmark (left) and the time on the number of processors for

the H2MOL benchmark (right). Closed and open shapes denote Phase 2 and Phase 2a
results respectively.

discontinuities in the curves are explained by the sizes of the nodes, remembering that
the Phase 2 and Phase 2a nodes have 32 and 16 processors respectively.

Bceast and Allreduce results are given for 2 different message sizes: 16B and 128KB.
It is seen that for these that there is not much difference between the platforms. For both
Bceast and Allreduce, within a node at 16B Phase 2a performs slightly better, perhaps
due to less contention within the smaller Phase2a node. It is seen that on Phase 2a for
32 processors, i.e. 2 nodes, the performance is worse than expected from the results for
other processor counts. For the Barrier benchmark Phase 2 has a slight advantage at all
numbers of processors.

4 Application Benchmarks

This section presents benchmarking results for a number of popular applications, com-
paring Phase 2 to Phase 2a. Plots will usually show the time multiplied by the number
of processors (i.e. the cost of the job) against the number of processors: ideal scaling
would be seen as a straight horizontal line. The applications studied were CASTEP,
H2MOL, PCHAN, AIMPRO, MDCASK, LAMMPS, NAMD and DL_POLY.

4.1 CASTEP

The CASTEP software package can be used to perform molecular dynamics simulations
and provide an atomic-level description (including information regarding energies, forces,
and stresses, and calculations of optimum geometries, structures and spectra) of a wide
range of materials and molecules [5]. Here results are given for an Al,O3 system: a 270
atom slab cell of aluminium oxide sampled with 2 k-points.

Benchmark results from Phase 2 are compared with those from Phase 2a in the left
of Figure 4. It is seen from the squares that Phase 2a has a clear advantage over Phase
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Figure 5: The dependence the total processor time on the number of processors for the
PCHAN T3 (left) and AIMPRO DS-4 (right) benchmarks. Closed and open shapes
denote Phase 2 and Phase 2a results respectively.

2 with the improvement roughly a factor of 1.3. Also shown are Phase 2a results from
using a new version of CASTEP (3.2.1 as opposed to 3.1) which has been optimised for
HPCx, and this version is seen to further improve the performance and scaling (where
the flatter the curve, the better the scaling) such that the performance improvement at
256 processors is up to a factor of 1.9 on the Phase 2 results.

It therefore seems that CASTEP is significantly benefiting from the improved memory
bandwidth of Phase 2a.

4.2 H2MOL

H2MOL calculates the redistribution of energy between electrons and nuclei when hy-
drogen molecules are heated by short intense laser pulses [7]. Such calculations can
be compared with experiment to help to develop the understanding of such molecular
behaviour in general.

Note that, unlike the other applications studied, the number of grid points is directly
proportional to the number of processors therefore ideal scaling would result in a constant
simulation time for different numbers of processors. Hence the right of Figure 4 plots
the time against the number of processors. It is seen that H2MOL is showing a almost
factor of 2 improvement on Phase 2a, and is therefore thought to be greatly benefiting
from the improved memory structure.

4.3 PCHAN

The PCHAN code is designed to simulate the flowing of fluids to study turbulence [8].
This is achieved by solving the governing equations of motion from first principles.

The negative gradients of the curves in the left of Figure 5 demonstrate that PCHAN
has better that ideal scaling. This can be explained by the fact that the problem size per
processor is becoming more suited to the cache structure as the number of processors
increases.
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Figure 6: The dependence the total processor time on the number of processors for the
MDCASK Ti (left) and LAMMPS Rhodopsin (right) benchmarks. Closed and open
shapes denote Phase 2 and Phase 2a results respectively.

It is seen that PCHAN is showing a factor of 2 improvement on Phase 2a, and is
therefore again thought to be greatly benefiting from the improved memory bandwidth
of the new system.

4.4 AIMPRO

AIMPRO (Ab Initio Modelling PROgram) determines the structure of atoms using the
Born and Oppenheimer approximation: the nuclei are treated classically and the elec-
trons quantum mechanically [12]. Here the DS-4 benchmark, which incorporates 433
atoms, 12124 basis functions and 4 k-points, is used.

From the right of Figure 5 it is seen that Phase 2a is outperforming Phase 2 by around
a factor of 1.2: AIMPRO is also benefiting from the improved memory bandwidth of the
new architecture.

4.5 MDCASK

MDCASK is a molecular dynamics code which was originally developed to study radia-
tion damage in metals [9]. It operates by calculating the energies of and forces on, and
determining the motions of, the atoms in the system which is characterised by specific
interatomic potentials and boundary conditions.

Unlike the previous results, from the left of Figure 6 it is seen that MDCASK is
performing worse on Phase 2a, with the degradation factor higher than the ratio of
processor clock frequencies. By the increased performance degradation at 512 processors,
the code is seen to scale worse on Phase 2a than Phase 2, but this can probably be
explained by the smaller node size (and hence larger number of switch hops) on Phase
2a.

Such classical molecular dynamics codes as MDCASK are characterised by many
strided memory accesses. These results could be explained by sensitivity to an increased



NAMD ApoA1 Benchmark DLPOLY 3 Gramicidin Benchmark
10

HPCx Phase2 ——
14000 | HPCx Phase2a —B—
st - 12000 |
z HPCx Phase2 —— & L0000 F
=1 6} HPCx Phase2a —H— bre
é 8 el
<3 8
. g
g 2
7 af g eo0f
£ =
4000 |
2 -
2000
0 . . . 0 .
1 10 100 1000 100
processors processors

Figure 7: The dependence the total processor time on the number of processors for the
NAMD ApoAl (left) and DL_POLY Gramicidin (right) benchmarks. Closed and open
shapes denote Phase 2 and Phase 2a results respectively.

latency in some part of the memory subsystem on Phase 2a. This is currently being
investigated [10].

4.6 LAMMPS

LAMMPS is a molecular dynamics package which solves classical physics equations and
is able to simulate a wide range of materials including atomic, molecular, metallic and
hybrid systems [11]. Here a rhodopsin system, with 2048000 atoms, is benchmarked
using LAMMPS 2001.

From the right of Figure 6 it is seen that Phase 2 is outperforming Phase 2a by a factor
of the clock frequency ratio at the lower processor counts, and the scaling on Phase 2a is
poorer leading to a higher performance difference at 1024 processors. It is thought that
similarly to MDCASK the performance degradation of this classical molecular dynamics
code may be due to a sensitivity to memory latency.

4.7 NAMD

The NAMD molecular dynamics code is designed to simulate biomolecular systems such
as proteins [13].

Results are given for the ApoAl benchmark, which involves 92000 atoms. It is seen
from the left of Figure 7, that for this classical molecular dynamics code, that Phase
2a is performing slightly worse than Phase 2. The expected reasons for this are those
already discussed for MDCASK and LAMMPS.

4.8 DL_POLY

DL_POLY is a classical molecular dynamics code which can be used to simulate systems
with very large numbers of atoms [6]. Here, DL_POLY3, which is parallelised by domain
decomposition and is suitable for large numbers of processors (as opposed to DL _POLY2



which uses a Replicated Data strategy and is suitable for of order 100 processors), was
run a system of gramicidin molecules in water with a total of 792,960 atoms.

It is seen from the right of Figure 7 that DL_POLY is performing significantly bet-
ter on Phase 2a. Compared to the other classical molecular dynamics codes studied,
DL_POLY appears to not be so sensitive to the apparent memory latency issue on Phase
2a, and is benefiting from the improved memory bandwidth.

5 Conclusions

The performance of HPCx Phase 2a has been compared to that of Phase 2 via the
results of communications and applications benchmarks. Little difference is observed
between the two platforms for the Beast and Allreduce benchmarks, although the Barrier
benchmark is performing slightly worse after the upgrade. Most classes of applications
studied are benefiting from the improved memory bandwidth on Phase 2a to perform
significantly better, compared to Phase 2, that what is naively expected from the clock
frequency difference. In some cases up to a factor of 2 improvement over Phase 2 is
observed, even with the slower clocks! Classical molecular dynamics applications are,
however, performing worse than expected, and this may be due to a sensitivity to a
latency increase in some part of the memory substructure on Phase 2a.
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