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Abstract.  In this paper, is devoted to improving the. performance GRID-systems by 
developing a more effective way of planning tasks.  We propose an improved hierarchical 
method, which allows you to achieve a higher efficiency of planning by taking into 
account the number of physical links in the processors of a specific compute node, as 
well as taking into account the possibility of the processors' communication channels to 
support its full-duplex mode 
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1. Introduction 
 
 Recently, a rapidly developing form of an organization of computing resources, called 
the Grid[1]is based on the fact that modern telecommunications equipment and 
communication channels enable the integration separated by any distance computer  
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installations of various types and purposes.  Of course, workings in global networks exist 
and are widely used protocols, based on the tools that provide data transmission and the 
ability to work on remote machines.  However, unlike the Internet, Grid aims to provide 
seamless access within a dynamic global environment to data and computing resources 
[2]. 
 To ensure the practical applicability of the Grid, problems must be solved of ensuring 
quality of service (QoS - quality of service) users[3].  Quality of service - a 
multidimensional concept, including security of participating in Grid resources, running 
jobs securely, reliability and constant availability of resources.  Ultimately, the quality of 
service must provide an acceptable and predictable task. 
 The collective nature of the functioning of Grid is a necessary mechanism to ensure 
quality of service is the planning, which is executed in the context of scheduling, that is, 
automatic allocation of resources for servicing requests and coordinating the sharing of 
resources between the tasks of users[2] 
 This work is devoted to planning problems in computational GRID-systems consisting of 
multiple supercomputing sites, geographically dispersed and united through the Internet. 
2. Review of existing planning methods in GRID-systems 
 To date, the most popular are the three main methods of planning in Grid systems: 
centralized, decentralized and hierarchical[4] 
 Centralized method is to imply that all user applications are sent to a centralized 
scheduler.  In this method the scheduler is formed from a single queue of incoming 
applications.  The local node does not mind when its turn is, and also not the function of 
planning.  The node only receives from the central task scheduler and executes them.  
The advantage of this method is the high efficiency of planning, due to the fact that the 
planner has information on all available resources and received applications.  On the 
other hand, if the scheduler is disabled due to network failure, the system becomes 
unworkable.  The increase in the queue of applications can lead to a significant increase 
in service time jobs and result in a decrease of real system performance.  Thus, the 
centralized planning method does not scale with increasing amounts of resources, i.e. this 
method is suitable only for Grid systems with a limited number of nodes[5] 
 In the decentralized method, the planning function is distributed across all nodes of the 
system.  In this case, any node in the Grid system serves as a scheduler, and computing 
resource.  Local planner generates a local queue of custom applications and is responsible 
for the planning of local applications.  Thus, the decentralized method provides better 
fault tolerance and reliability, compared to the centralized, however, the lack of has 
information about all applications and resources, results in low efficiency[5] 
 In the hierarchical method, the scheduling process is represented  on two levels: global 
and local.  In this model, the functional components are connected by two types of data 
flow: the flow of information resource or application, and control flow tasks, or 
scheduling tasks. 
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Planner Grid system receives an application from the user, chooses the appropriate 
resources for these applications according to information received from the module 
information service Grid network, and finally, generates the appointment of an 
application for a resource based on certain criterion functions and the predicted 
performance of the resource[6-11].   
As noted above, the processing of jobs takes place on two levels: global and local.  At the 
global level, job control provides meta-schedulers Grid (Grid Scheduler), whereas the 
local level is a Resource Manager (Local Resource Manager)[5].  In contrast, the 
centralized meta-schedulers Grid system usually can not directly manage network 
resources, but operate as brokers or agents[12] 
 Analysis of the characteristics of the most famous GRID-systems presented in[5]shows 
that it is the most frequently used method of hierarchical planning.  In this paper, we have 
developed a modification of the hierarchical method, allowing an increase in its 
effectiveness through the following changes: 

•  using two different types of scheduling algorithms: for homogeneous and for 
heterogeneous nodes; 

•  development of new efficient algorithms for homogeneous and heterogeneous 
nodes; 

•  development and application of various methods of transformation of the graph 
problems that are useful as a preliminary step in solving the problem of planning; 

•  Use one of the three optimization criteria chosen by the user. 
 The advantage of this method is an improved ability to adapt to certain conditions, such 
as the structure of the custom application of computational resources.  For example, 
depending on whether the homogeneous or heterogeneous node is selected for the task, 
the use of different algorithms for queuing, and the choice of optimization criterion 
allows us to plan the most efficient in terms of user requirements.  Also a proposition is 
to use the model of communication cost, which implies the existence of the autonomous 
controller processor input-output, allowing for the CPU to perform calculations and 
communicate with other processors simultaneously.  This aspect also has a positive effect 
on the efficiency of planning. 
 However, this method also has several drawbacks: 

•  Does not take into account the possibility of a processor node set of physical 
channels that provide connections to other processors; 

•  Does not take into account the possible presence of a duplex communication 
channel that allows the sending and receiving data on one channel at a time. 
 The proposed method is designed to schedule tasks thus eliminating these drawbacks. 
 
3. The proposed hierarchical method of scheduling systems, GRID- 
 Suggested to improve the method proposed in[5]due to: 

•  Considering the number of physical links of the processor node, connecting it to 
other processors; 
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•  Accounting regime duplex / half duplex channel processor running planning. 
 The topology of a multiprocessor system, which displays a graph of the system, shows 
that there is a possibility of sharing data between processors and the cost.  Thus if a 
vertex is related to several other nodes, it means that the processor can in principle 
communicate with the respective peaks of other processors.  Often, however, the number 
of physical channels of a processor does not match the number displayed on the graph of 
connections. In[5]it is assumed that each processor has only one physical channel and can 
only communicate with one processor.  In order to improve planning in this paper we 
consider the possibility of the processor over a single physical channel. 
 Duplex data transfer mode - a mode in which the source and receiver can simultaneously 
transmit data to each other.  In the simplest case, the duplex mode uses two 
communication lines (forward and backward), but there are solutions that support full-
duplex operation on a single line (for example, both nodes can simultaneously transmit 
data from the received signal and subtract your data).  In this paper, we propose to 
consider the possibility of the channel processors in the duplex mode, which will allow 
better planning. 
 Indicators of impact on the performance of physical channels and duplex mode are 
shown in Figure1 and 2, respectively.  Modeling was performed for a 4-processor system.  
The x-axis indicated a connection problem as a percentage, and the axis Y - rate of 
acceleration. 
 

 
 Figure 1.  Influence of the number of physical channels on the performance 
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 It is obvious that the presence of three physical links in each processor instead of one 
gives a performance boost.  At best it is 40%. 

 
                          Figure 2.  Effect of duplex performance 
 
 As you can see, full duplex links gives a definite increase in performance and is 
absolutely at all connections of the problem.  In the best case, at around 70% of the 
connections, this represents an increase of 21%. 
 In this paper, the optimization problem reduces to finding a plan to the i-th node Grid 
system, which provides the minimum total execution time of a given application.  A 
mathematical model of this problem can be written as follows.  Search 
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where:  - Run-time j-th subtask in the l-th processor, the i-th node Grid system; 
 - The delivery time of input data and results of the application (of) i-th node Grid 
system; 
 - The time application is ready to perform at the nodes of the system; 
 - The liberation of the i-th node Grid system for a given application in exclusive mode; 
 If the j-th sub problem is performed l-th processor, the i-th node, 
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 otherwise. 
 In this paper as the main performance indicator used 
 Acceleration factor of the task 

           
п
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 where T 1 - while the task on one processor node Grid system, T n - duration of the task 
to processors node Grid system. 
 The coefficient of efficiency of the system: 
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 where K a - acceleration factor, N - number of processors in a node Grid system. 
 The scheduler effectiveness is given by: 
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 where N - number of processors, T cr - critical time of the problem, w i-weight of i-th 
vertex, T n - duration of the task on a given computer system, N - number of processors. 
 Typically, in most cases the results are displayed with the planning Gantt chart.  Gantt is 
a schedule of all processors in the system and for each of them potaktovy order of all 
tasks assigned to the processor (Figure 3).  However, the traditional Gantt chart does not 
contain all information about the data being sent from one processor to another.  We 
propose to use a modified Gantt chart (Fig. 4), which apart from showing the work 
schedules of each processor it displays as the schedule of each channel. 
 

 T  P1 P2 P3 P4
 1  1  2  3  4 
 2  1   3  4 
 3    3  7 
 4    6  
 5  5   6  
 6  5   8  
 7    8  
 8    8  
 9    8  

 
 Fig.  3.  Traditional Gantt 
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 T  P1  P2  P3  P4 P1 – P2 P1 - P3 P1 – P4 
 1  1  2  3  4    
 2  1   3  4   2 – 6  
 3    3  7    4 – 5 
 4    6     4 – 5 
 5  5   6     7 – 8 
 6  5   8     
 7    8     
 8    8     
 9    8     

 
 Fig.  4.  Modified Gantt 

 
 
 The task of planning at the global level is as follows. 
 Let there be a Grid system consisting of K nodes.  Each i-th node consists of processors 
Pi (PCs).  Set the application of m subtasks by DAG graph,  known as the topology of 
each of the K nodes in the system described by undirected graphs.  The i-th node Grid 
system is required to be found, which provides the most effective solution to a given 
application. 
 To improve the efficiency of planning applications in computational Grid systems, a 
modification of the hierarchical way is: 

o  Considering the number of physical links of the processor node, 
connecting it to other processors; 

o  Accounting regime duplex / half duplex channel processor running 
planning. 
 The main stages of the proposed hierarchical method for computing Grid Planning 
Systems: 

1.  A user sends an application as a graph problem and the resource request, subject 
to a given optimization criterion.  Metadispetcher has the following node information: the 
cost of each node per unit time, and speed delivery of data to each node. 

2.  Metadispetcher sends local managers to graph problems and receives back a 
possible start time on each of them.  To determine this time for each of the local resource 
planning, it is performed using one of the proposed algorithms in this paper (an 
application): for homogeneous and for heterogeneous nodes. Local managers report a 
possible time to release their sites to determine the start time of the application. 
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3.  Depending on a user-specified optimization criteria and available data, it selects 
the best node metadispetcher Grid system and sends back a request for resource 
reservation which must be created in a way as to take advantage of reserved resources 
that could only be an application. 

4.  If a reservation is made, the application is sent to all the selected nodes.  In the 
event that the resources needed to run the job become vacant before the start of backup, 
you must provide authorization application startup. 
 In this paper, a series of experiments designed to compare the effectiveness of the 
proposed scheduling algorithm for uniform nodes (PA) with the efficiency of the 
algorithm described in [5] (basic algorithm, asthma). 
 Asked to collect the statistics of the following variables: 

o  Duplex 
o  The number of physical links (PL) 
o  The number of vertices of (NB) 

 Simulation performed with these parameters: 
o  Vertex weights in the range 1 ... NB / 2 
o  Weight transfers in the range 1 ... NB / 2 
o  Connectedness in the range 10 ... 90% in 10% (C) 
o  The ratio of the number of vertices of the problem to the number of 

vertices of 5: 1, 10: 1.  (D) 
o  Topology: fully connected to 4 nodes, 4 star site 
o  The number of physical links 3, 1 (PL) 

 Fig.  5.  An example of a graph of queuing problems. 
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 Fig.  5.  Queuing of graph problems 
  
 
The result of immersion is the Gantt chart (Fig. 6) at each cycle illustrating the state of 
each processor and each logical connection. 
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 Fig.  6.  Gantt immersion objectives for the system 
 As a result, simulation results were obtained for evaluating the impact of the physical 

links of the processor and duplex by a factor of acceleration (Fig. 7 - 9). 
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 Fig.  7.  The dependence of the acceleration of connectedness factor without a physical  
links (BA), and with a physical  links (PA) 
 
 

 
 Fig.  8.  The dependence of the acceleration of connectedness ratio, excluding duplex 
mode (BA) and including duplex mode (PA) 
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Fig.  9.  The dependence of the rate of acceleration of connectedness to the basic 
algorithm (BA) and the proposed algorithm (PA) 
 
 
 It is obvious that the inclusion of the presence of three physical links, each processor 
node can increase the rate of acceleration by an average of 10-20%.  This is achieved 
through the simultaneous execution of data transfers across multiple channels. 
 Accounting duplex channel of the processor increases the rate of acceleration by an 
average of 5-15%.  This is because the problem with high connections in the graph is 
related to a lot of cross-linking, resulting in the processors being necessary to 
simultaneously transmit data to each other. 
 If we take into account both the characteristics of the system and then, as is evident from 
Fig.9, the growth rate acceleration compared to the baseline algorithm presented in [5], to 
an average of 20-25%, it is observed that the Site performance decreases with increasing 
connectivity problems.  This is due to a large number of hops.  The closest to the 
optimum rate of acceleration is observed at a 30% connectivity problem. 
4. Conclusion 
 This article has discussed the main ways of scheduling tasks in GRID-systems and the 
analysis of hierarchical method developed in[5] 
 We propose an improved hierarchical method, which allows you to achieve higher 
efficiency of planning by taking into account the number of physical links in the  
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processors of a specific compute node, as well as taking into account the possibility of 
communication channels to support processors full-duplex mode. 
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