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A set of hardware resources within the сloud infrastructure of the Laboratory of Information Technologies (LIT) of the Joint Institute for Nuclear Research (JINR)

was dedicated for parallel computing. It is expected that will improve significantly the efficiency of numerical calculations and expedite the receipt of new

physically meaningful results. To optimize a scheme of parallel computations in a cloud environment it is necessary to test it for various combinations of

hardware parameters (number of CPU cores, network throughput etc). The parallel MPI algorithm for the long Josephson junctions (LJJ) [1] calculations was

chosen as a test. Problems of evaluating the impact of abovementioned factors on the task calculation time are solved by simulation with the SyMSim [2]

program developed at LIT.
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The simulation of the LJJ calculations in the cloud environment enables users without

a series of test to find an optimal number of CPUs with a certain type of network run

the calculations in a real computing environment. This can save significant

computational time in countable resources. The series of experiments were done to

obtain input parameters of simulation.

The JINR cloud infrastructure [3] allowed to test a transfer of LJJ parallel algorithm [4]

calculation to the cloud-base environment. A cloud testbed for MPI tasks had 10 VMs

(single CPU core and 2 GB of RAM each) with 10 Gb/s ethernet network connection.

The application implementing algorithm of the LJJ calculations was executed 10 times

with the fixed parameters and the different number of nodes from 1 to 10.

Computational experiments showed that the pure computation time decreases in

inverse proportion to the number of processors (i.e. CPU cores) as it is shown in fig.1.

Such computational experiments allowed to get main parameters for the MPI-task

simulation.

Simulation simplifications:

1. The sum of the operation numbers carried out for the full

calculation is constant and does not depend on the number of

CPU cores.

2. Throughput does not depend on the number of CPU cores.

3. Buffer size is a constant and does not depend on the number

of CPU cores.

4. A number of iterations is a constant and does not depend on

the number of CPU cores.

5. A virtualization overhead can be ignored because it gives very

low impact on modern CPUs with hardware virtualization support.
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Under these assumptions, the simulation results allow also to

invent an empirical analytical formula expressing the dependence

of calculation time by the number of processors for the fixed

system configuration.

where n > 1, n – number of processors, Tv – the CPU time per

one iteration without exchange time, t – buffer transfer time

between CPU, I - iterations number.
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Fig.1.The dependence of the program execution time from the number of processor worker nodes

Experiment on a cloud-based testbed 

The results obtained empirically have a good correlations with ones gained during simulation. That confirms a correctness of simulation model and its software

implementation based on MPI technology [5]. It was shown to reduce a calculation time for such class of tasks one needs to increase both the number of CPU

cores and network throughput at the same time.

Obtained formula express the dependence of the calculation time on the number of CPU cores with a fixed configuration of the system and is in good

agreement with the simulation and test results (see fig.2) The formula can be applied to other similar studies, but requires additional tests to determine the

values of variables.

The simulation program SyMSim can be successfully used to estimate the execution time of MPI algorithms in the cloud environment, taking into account

interprocessor connections. This will allow to determine the expediency of using the available cloud structure without a series of test launches in a real

computer environment, the optimal number of processors with a known type of network characterized by bandwidth and latency.

The coincidence of the experiment results, simulation and analytical modeling show the promise of the proposed approach.

Fig.2. Comparison of simulation and analytical models with test results

Simulation results

,t I+
n

IT
 =T v 




