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Abstract - Series of benchmarking of 210K atoms of inverse 
micelle/oil/water system have been carried out on Bulgarian 
BlueGene/P at Bulgarian Supercomputing Centre and on 
computational resources of Armenian National Grid 
Initiative (ArmGrid). The experiments show that the linear 
increase of speed of calculation with the increase of number 
of processors has been obtained. It should be noted that no 
saturation is observed and finally we received 0.121day/ns 
using 4096 processors of BlueGene/P, meanwhile the data 
within the ArmGrid infrastructures shows the breakdown 
in scaling, which is depends on communication time between 
processors. 

I. INTRODUCTION 
High Performance Computing (HPC) allows scientists 

and engineers to solve complex science, engineering and 
business problems using applications that require high 
bandwidth, low latency networking, and very high 
compute capabilities. HPC has come a long way for life 
sciences. Molecular dynamics (MD) methods [1] are an 
established mechanism for determining the equilibrium 
and transport properties of a classical many-body system. 
Today, molecular dynamics techniques are being used to 
simulate larger and more complex biological systems. 

The formation of microemulsions can be observed by 
the self-assembly of complex system consisting oil, water 
and surfactants. The mentioned complex systems have 
been intensively investigated both theoretically and 
experimentally motivated by their potential use in 
enhanced oil recovery. With the rapidly increase of 
hardware power, the MD study of mentioned complex 
systems became a unique tool for deepen understanding 
the physics of phenomena occurring at microsecond 
timescale. Namely, the MD method is rather good for the 
study of such kind systems and to the best our knowledge 
there is no published paper on mentioned systems. In this 
regards, the usage of HPC supercomputer resources 
became an important for the detailed investigations of 
mentioned complex systems.   

Since 2004, the first HPC facility, the Armcluster 
system [2] was deployed in the South Caucasus region, 
which was achieved 523.4GFlops performance. Several 
MD studied have been done on Armcluster platform 
involving the simulation of small size system.  Now 
ArmGrid [3] infrastructure consists of seven Grid sites 

located in the leading research and educational 
organizations of Armenia. Apart from computing (500 
cores) and storage resources, core Grid services that 
enable seamless access to all resources are provided to 
national users. The usage of ArmGrid resources make it 
possible to model and simulate more complicated systems 
including the microemulsion droplets, which are of 
special interest. 

ArmGrid infrastructure successfully interconnected 
with the international [4] and regional [5] Grid 
infrastructures. For this investigation, mainly the below 
mentioned two most powerful computer architectures 
presently available in the South East European region and 
in Armenia have been used: Bulgarian IBM Blue Gene/P  
[6] contains 8192 densely packed microprocessors and 
runs at 23.42 trillion operations per second and 
Armcluster.  

Recently, a number of benchmarking simulations were 
carried out both on grid infrastructures [7] and 
supercomputers [8], using the most popular software 
packages GROMACS [9] and NAMD [10].  

NAMD is a parallel molecular dynamics code 
designed for high-performance simulation of large 
biomolecular systems. NAMD scales to hundreds of 
processors on high-end parallel platforms, as well as tens 
of processors on low-cost commodity clusters, and also 
runs on individual desktop and laptop computers. NAMD 
works with AMBER and CHARMM potential functions, 
parameters, and file formats. The NAMD package was 
benchmarked on Blue Gene/L system using ~8000 
processors [11] achieved 1.2 TF of peak performance for 
cutoff simulation and ~0.99TF with PME method.  

The purpose of this research is to estimate the parallel 
performance of NAMD package BlueGene/P (IBM Blue 
Gene/P: PowerPC 450 processors, a total of 8192 cores) at 
Bulgarian Supercomputing Centre and compare to our 
previous data, which is done on the ArmGrid  
infrastructure [12]. In overall, about 100ns of simulation 
run was carried out on anionic sodium dodecylsulfate 
inverse micellar system with presence of polyampholytes 
at various pH (see Figure 1). 
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Figure 1. Anionic sodium dodecylsulfate inverse micellar system with 
presence of polyampholytes at pH=9. 

II. BENCHMARKS AND RESULTS 
The NAMD package using CHARM++ 

communication library is a C++ based parallel program, 
the parallelization of which is done via hybrid 
force/spatial decomposition. The system of about 210K 
atoms is used as a benchmarking system (inverse micelle 
in oil). As a timestep 1fs is used and the PME 
electrostatics and van der Waals forces truncated at 
1.2nm. 

The Molecular Dynamics study of mentioned system 
makes it possible to deepen understand the mechanism of 
interaction of anionic sodium dodecylsulfate and 
cationic/anionic/noncharged polymer and to receive 
features of systems receiving an significant impact in the 
oil industry. 

 
The benchmarking data was shown in Figure 2. As a 

comparison, we have provided also our previous data, 
which have been done using the computational resources 
of the ArmGrid infrastructure. The benchmark ploting 
shows that we obtain almost linear increase of calculation 
speed with the increase of number of processors in case of 
BlueGene/P. One can see that there no saturation points 

and for 4096 processors we get about ~0.12 days/ns 
results. In case of Grid infrastructure, we see the 
breakdown in scaling, dealing with interconnection 
between processors, i.e. it is naturally to suppose, that the 
software spends more time on interconnection between 
processors. For this purpose, series of micro 
benchmarking on MPI implementations [12] for Myrinet 
and Gigabit networks have been done.  

The data implies that the scaling on clusters with high 
performance of Myrinet and Infiniband networks is rather 
better than the clusters using Gigabit Ethernet network 
that is to say, we see the breakpoint in scaling followed by 
disappearing of such kind of “critical points” when the 
system size exceed the so called “critical amount” of 
atoms [12]. 

 
Figure 3. The NAMD performance and the estimation of days/ 
accordingly for 1000K, 330K, 210K 92K and 54K atoms. 

 

In Figure 3 the benchmarking data of 54K, 92K, 210K, 
330K and 1000K systems using computational resources 
(48 cores, Gigabit Ethernet) of the Grid site located in the 
State Engineering University of Armenia are shown. It is 
clearly seen that when the system reaches up to 330K 
atoms, the breakdown in scaling disappears and we track 
almost continuously decrease of calculated parameter. It is 
important to mention that optimal number of processors is 
16 (see Figure 3).  

III. CONCLUSION 
Thus, the benchmarking results provided below, 

implies that for complex systems consisting more than 
200K atoms the usage of supercomputers is rather 
efficient than the computational facilities of the ArmGrid 
infrastructure. For relatively small systems up to 200-
300K atoms, with the increase of processors we track that 
the computation spend more time on communications 
between processors, as in case of Grid sites of the 
ArmGrid infrastructure, whereas the benchmarking on 
BlueGene/P shows almost gradually increase of speed of 
calculation with the increase of processors. Note that for 
relatively small amount of processors (up to 64 
processors) the speed of calculation is surely better on 

 

Figure 2. The NAMD performance and the estimation of ns per day 
against the number of processors for BlueGene/P, ArmCluster and 

AM-03-YSU sites. 
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ArmGrid sites due to the type of processors (BlueGene/P 
with PowerPC 450 - 850MHz vs worker nodes with Intel 
2.0GHz to 3.06GHz frequency). Finally, the presented 
results should be very important to choose the appropriate 
amount of processors in case of computational resources; 
meanwhile, the supercomputers show almost ideally 
behavior with the increase of processors.  

It is further expected to start the benchmarking on 
GROMACS software package to testify the sensitivity on 
system sizes using BlueGene/P resources at Bulgarian 
Supercomputing Centre, as well as on Grid sites using 
graphics processing units (GPU), because high degree of 
parallelism and floating point arithmetic capability of 
GPUs can attain performance levels twenty times that of a 
single CPU core. 
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