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Nowadays the nuclear power becomes the main source of energy. To make 
its usage more efficient, the scientists created complicated simulation models, 
which require powerful computers. The grid computing is the answer to powerful 
and accessible computing resources. The article observes, and estimates the 
optimal configuration of the grid environment in the fields of the complicated 
nuclear fusion computing tasks.

1. Introduction

Nowadays the nuclear power becomes the main source of energy. To study its 
complicated nature, scientists require powerful computers to execute heavy 
computational simulation models. The importance of computer modeling and 
simulation to future nuclear fusion development should not be overlooked [1]. For 
example UK Atomic Energy Authority (UKAEA) at Culham now largely regards 
computing as an essential tool for studying specific problems in physics [1]. The 
need of super computers power increases and most of the science organizations 
have super computers with different power. To make their usage more efficient 
they should be collected in one place. Thus every scientist among the 
organizations could use enormous computing power. The computational grid is the 
key to answer the problem of collecting, and efficient usage of the computing 
power [5].

The Grid approach is an important development in the discipline of computer 
science and engineering [4]. Since the grid system is collection of many 
organizations, and every organization has its own network, the grid system 
becomes a complicated connection of many networks. Optimizing the use of Grid 
resources is crucial, and to evaluate potential optimization strategies it is important 
to simulate them as realistically as possible before they are used on real Grids [2]. 
The article aims to represent and estimate (through simulation) the optimal usage 
of the grid system, regarding the network topology, task scheduling and data 
replication algorithms. Since every combination of algorithms and network 
topologies, could increase or decrease the system performance, it is essential to 
know which combination of algorithms is the most appropriate for the used 
network topology. The complexity of the executed nuclear fusion computational 
task is also considered in the estimation.
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2. Simulation Environment

To be able to simulate different: network topologies; task scheduling 
algorithms; data replication algorithms, the grid simulator OptorSim is used.

2.1. Choosing Network Topologies

The network topologies used in the simulation model, are the most common 
ones used in the organization networks (see figure 1). For simulation purposes in 
every network the number of connected computers is one and the same.

2.2 Choosing Task Scheduling Algorithms

The selected task scheduling algorithms are as follows:
® random -  the grid resource broker schedules the task on random grid 

node
• shortest queue -  the grid resource broker schedules the task on the 

grid node with the shortest job queue
• access cost -  the grid resource broker schedules the task on the grid 

node with the minimal file access cost
• queue access cost -  the grid resource broker schedules the task on 

the grid node where the file access cost for the job and for the selected 
grid node queue jobs is minimal

2.3. Choosing Data Replication Algorithms

The selected data replication algorithms are as follows:
• always replicate -  always replicate files and delete the oldest
• delete least accessed -  always replicate and delete the least accessed 

file

2.4. Evaluation Metrics
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The environment of OptorSim grid simulator defines the following evaluation 
metrics, which are later on used to evaluate the output of the simulation.

• mean job execution time -  the total time to execute all jobs in the grid, 
divided by the number of completed jobs

• effective network usage -  the higher value means higher network 
traffic

• CE (computing element) usage -  the total computation power usage in 
the grid

2.5. Nuclear Fusion Computing Tasks Complexity

The graphic below (see figure 2) illustrates nuclear fusion simulation 
performance projections in the context of past accomplishments. Storage and 
networking needs for the future simulation activities can be deduced from the 
increasing memory requirements necessary for the simulations [3].
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Figure-2: Computational requirements for nuclear fusion simulations

Figure-2 shows that the nuclear fusion simulation (“Burning Plasma Integrated 
Simulation”) have almost linear graphic in the usage of memory and processor 
resources. Thus the grid jobs in the simulation model will use equal memory 
(bytes) and processor (FLOPS) resources.
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3. Simulation Setup

Regarding the requirements of the nuclear fusion simulation task complexity, 
the setup of the grid nodes is as follows. The nuclear fusion simulation task is split 
into 106 subtasks with equal requirements of: storage space Ю10 bytes; 
computational speed Ю10 FLOPS. In every simulated topology, there is a data 
node which contains the whole simulation data (the master files) 1016 bytes. The 
other nodes has one and the same configuration: storage space 1014 bytes; 
computational speed 1013 FLOPS. The network connection between all nodes in 
the network is set to 10Gbit. The number of nodes in a network configuration is 
100.

4. Results

The simulation setup was created and executed through OptorSim grid 
simulator. The aim is to achieve minimum mean job execution time for the task 
executed in the grid environment. The simulation results represent star network 
topology as the most appropriate for the nuclear fusion simulation. This topology 
gives the best performance for all algorithms (see figure-3).

Figure-3: Mean job times for nuclear fusion simulation.

The star network topology with shortest queue -  task scheduling algorithm, 
makes best usage of CE (see figure-4).
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Figure-4: СЕ (Computing Elements) usage for nuclear fusion simulation.
The network usage in this combination is around 90% this leaves 10% unused 

network traffic (see figure-5), however the final aim is the minimal mean job time.
The worst performance is represented by the tree network topology, for all 

types of task scheduling algorithms it gives almost constant mean job time values, 
around 10 Msec. On the other side the tree network topology could be the most 
appropriate for grid environment in which the executed computing tasks are with 
high heterogeneity.

Figure-5: Effective network usage for nuclear fusion simulation.

As a whole the worst performance for the nuclear fusion simulation (mean job 
time: 10994868 sec) gives the following simulation configuration:

« network topology -  tree
• task scheduling algorithm -  random
• data replication algorithm -  always replicate

And the best performance for the nuclear fusion simulation (mean job time: 
8138238 sec) gives the following simulation configuration:

• network topology -  star
• task scheduling algorithm -  shortest queue
• data replication algorithm -  always replicate

The difference between the best and the worst configuration for the nuclear 
fusion simulation is around 25%.
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5. Conclusion

The simulation models in the fields of nuclear fusion are essential for its 
effective usage. The complicated nature of the nuclear fusion makes the 
simulation models hard to execute on a single computer, even on a super 
computer. Uniting the power of many computers, gives the opportunity for better 
quality of the simulation models (more data, more processing speed). However 
uniting the power of many computers, distributed among different organizations is 
a hard task as well. The usage of network topologies, task scheduling and data 
replication algorithms have great impact on the performance of the united 
computing power (the grid system). This impact was proved by modeling and 
simulating a task for nuclear fusion simulation in a grid environment. The results 
show that the difference between the best and the worst computing grid 
configuration is around 25%, which means that the optimal usage of the grid 
system greatly depends on its component’s configuration and the nature of the 
executed computing tasks.
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