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Abstract—In this paper, a design-oriented information 
service grid model for resource management and to achieve 
the various components of the function. The author 
presents an improved “divided” algorithm based on the 
traditional, classical Min-Min scheduling algorithm, and 
then simulates the algorithm by GridSim Grid simulator. 
Comparing with the traditional Min-Min algorithm, this 
improved one overcomes the disadvantage of load 
balancing preferably. A kind of fault tolerance scheduling 
tactics with real-time characteristic was introduced and 
implemented in this paper. 
 
Index Terms—resource management system, grid, job 
scheduling, Divided-Min-Min, fault tolerance scheduling. 
 

I. INTRODUCTION 

Grid resource management is an important component 
of grid system, its main function is to identify resource 
requirement, match and allocate resource, schedule and 
monitor resource, so as to use resource efficiently as far 
as possible. Grid resource management focus on 
controlling grid resource how to provide capacity and 
available service to other petitioners, its greatest feature 
is the virtualization and coordinated use of distributed 
and heterogeneous resource. It is precisely because the 
features exist in grid such as distributed, heterogeneous 
and dynamic, making resource management on grid 
more complex than that of clusters or distributed 
computing environment, so it is very necessary to 
establish a resource management system model adapts to 
grid, research its features and functions for achieving 
specific grid resource management system. At present 
the majority of the research is only limited to the 
theoretical or prototype system, the manager has been 
achieved mainly include GRAM (Grid Resource 
Allocation and Management), Condor and so on. But 
GRAM provides only a basic management framework, 

there is no specific algorithm, and Condor is actually a 
local grid scheduler, can not across VO (Virtual 
Organization) Dispatch. This paper designs a model of 
grid resource management system, and proposes a new 
higher performance resource scheduling algorithm on the 
basis of the original research.  

II. MODEL OF GRID RESOURCE MANAGEMENT 
SYSTEM 

Grid resource management is the core component of 
grid, the structure of grid resource management system 
designed in this paper is shown as Figure 1 in the next 
page. The system is built on GT4, with a hierarchical 
structure, and it provides users with such functions as 
resource discovery, job submission, job management and 
monitoring. The scheduling model consists of job 
collector, scheduler, manager, information collector and 
database. 

A. Job Collector 
Job collector is a user-oriented interface in the entire 

global scheduler. Whether the job is submitted through 
portal, or application program, the user needs to provide 
job name, location, necessary parameters for execution, 
name and path of the output file and other information. 
Job collector collects the information and stores them in 
database serviced for future job scheduling. 

B. Information Service 
The main function of Grid Information Service is to 

integrate all kinds of information in grid system, static 
and dynamic, shield heterogeneous nature, and provide a 
unified information access interface for users. In 
distributed, heterogeneous and scalable grid environment, 
information service not only needs to integrate the static 
system information (such as operating system, CPU, disk 
and memory size and other information), but also 
provide a number of dynamic update information such as  
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Figure1. Architecture of resource management system 

 
the load and so on.. Information service mainly includes 
two parts, resource acquisition and resource evaluation. 

1. Tree-level Topology 
Network topology is the definition of technology to 

construct the physical grid environment [16], it is the 
objective need and precondition to establish resource 
model. Based on the classification scheduling model, this 
paper establishes a tree-level network topology, as 
shown in Figure 2. Resource agents and computing 
resources to be released constitute a multi-layered tree 
structure, including a primary resource agent (control 
center), a number of resource sub-agents and computing 
resources registered in these agents. Primary resource 
agents are the root nodes of a tree, computing resources 
are the leaf nodes, and sub-agent can be sub-node of a 
root node or a sub-agent. 

Resource agent is responsible for receiving the 
scheduling task from parent node, and the task will be 
distributed to all child nodes, when the task is completed, 
it will return the results to the parent node. In addition, 
the resource agent is also responsible for the 
management of the various sub-nodes to achieve the 
control, add, delete, and other functions, at the same time, 
monitoring the operation of scheduling and dispatching 
log records. Resource nodes execute tasks distributed by 
scheduling agent in their local area and return the results. 
It will report the node case, as well as the count and 
completion of jobs on this node to the resource agent at a 
certain time interval T (typically 5 seconds). 

Because of the existence of a large number of 
resources and users in grid environment, taking the 
feasibility, efficiency and scalability issues into account, 
it is not realistic that using a single dispatching center to 
deal with all of the web user's requests in the entire web. 
Tree-level topology presented in this paper has given full 
consideration to the system scalability, so it can easily 
access resources sub-tree node or topology. 

2. Resource Discovery 
Access to information resources can be divided into 

two types, static obtaining and dynamic obtaining. Static  

 

 
 

Figure2. Tree-level topology 
 
obtaining means that the grid resource information which 
is fixed will be stored in a fixed document, and we can 
read the document to obtain the necessary information. 
Dynamic obtaining establishes a connection to a certain 
host with globus installed, uses information services 
provided by globus to obtain real-time, dynamic resource 
information. So, the module is divided into two parts. ① 
Dynamic access to host information: In the interaction 
module, the scheduler provides a top node or monitor 
node, after establishing a connection through the web 
service approach using the information service interface 
provided by globus, we can call information inquire 
function provided by MDS with xpath statement, to 
obtain the required host information, and  put them into 
a XML file. ② Static access to host information: Read 
the host list from the documents provided, and 
corresponding to a host, there is a certain file to store 
host attributes, access to the file, and read from it for 
more information. Because the host information is based 
on the form of XML documents, the scheduler does not 
recognize them. So we should parse the XML documents 
to the format can be identified by Scheduler. 

3. Resource Assessment 
Resource assessment relates to the efficiency of 

scheduling, and there are two methods to be considered 
for resource assessment. 

(1) Evaluate firstly and then schedule. 
Before each scheduling, evaluate resource nodes under 

the jurisdiction, and then schedule in accordance with the 
scheduling strategy. 

(2) Initialize firstly and then schedule, if it fails, 
update the resources and re-schedule. 

At boot time, update the status of various resources 
firstly, and then submit and schedule. If it fails, 
re-evaluate the node, update its status, and at the same 
time re-schedule jobs according to the log file. 

For the first approach, the time for generating 
scheduling T equals to the summation of the time for 
evaluating and the time for generate results in 
accordance with scheduling strategy. If we use single- 
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Figure3. The contrast simulation of two assessment ways 

 
threaded to evaluate each node, the time will be the sum 
of each node, so this method has lower efficiency. Using 
a multi-threaded for evaluation, generate threads 
according to the number of nodes while scheduling, and 
implement all these threads at the same time for 
evaluating, so the assessment time will be shortened. 
Assessment time equals to the time spent by the thread 
received assessment information lastly. However, with 
the increase of node number, scheduling nodes need to 
generate many assessment threads, this will take 
considerable cost to run and maintain these threads, and 
lead to performance degradation for scheduling node, It 
is clear that such method is more suited to smaller nodes 
scheduling system. 

The second approach is more suitable for large-scale 
system. This assessment draws on the solution to deal 
with deadlock problem in operating system. When the 
system starts up, evaluate all the registered resources 
nodes. When the system is initialized, each node in the 
resource pool will obtain the latest status information and 
wait for scheduling. In an assessment of each node, the 
use of multi-threading technology can shorten the system 
initialization time. In an assessment for each node, the 
use of multi-threading technology can shorten the system 
initialization time. 

Figure 3 is the contrast simulation of these two 
resource assessment ways, and (a) represents the first one 
and (b) represents the second. Abscissa is the time to 
obtain scheduling results, as shown, the time to obtain 
scheduling results has different changes with the increase 
of the resource nodes number. Through the above 
analysis, this paper adopts the second assessment 
methods, and has achieved good results. 

Resource information collector is targeted mainly on 
enquiry of the grid node and its information. Grid node 
information consists of static information and dynamic 
information. Static information does not change with 
time, such as hardware type, memory size, the type and 
version of the operating system, the information is 
obtained once at the time by sampling. Dynamic 
information is sampled with a fixed time interval, such as 
utilization of CPU and memory, and length of job queue. 

As dynamic information plays a more important role 
for the grid resource scheduling, so it needs to ensure the 
real-time dynamic information. In this paper, MDS4, an 
information service component in GT4, achieves 
collection and dissemination of grid information. 

C. Job Scheduler 
The heterogeneous and dynamic features of grid 

system, and the different needs for resources, make 
resource scheduling as a very complex issue. There are 
two key points grid job scheduling facing, First of all, as 
a result of very large scale and due to the scalability 
reasons, it is hard to have an overall control center for 
scheduling, so it will face a range of issues such as load 
balancing during the process that the task is mapped to 
the available pool of resources. Secondly, the grid is 
dynamic, so scheduling should be adapted to changes in 
resources. Due to heterogeneous, wide-area, dynamic 
characteristics, a number of hardware errors, network 
errors and so can lead to failures of nodes or resources. 
So resource failures are quite common in grid. The 
above-mentioned errors must be detected and timely 
treated, and scheduler must have the corresponding 
fault-tolerant approach for errors associated with the 
application. 

In response to these problems, the idea of scheduling 
model designed by this paper is mainly reflected in the 
classification scheduling, dynamic scheduling and 
fault-tolerant scheduling three aspects. Model uses a 
two-tier structure: global scheduler and local scheduler. 
Global scheduler is equivalent to the overall control 
center, and it is responsible for grid-wide resource 
discovery and scheduling. Local scheduler is equivalent 
to scheduling sub-agents, and it takes in charge of the 
domain scheduling. Jobs submitted by users are 
scheduled firstly in a control center, and secondly on the 
sub-agents. If there are more clusters or LANs following, 
there should be multi-level scheduling, such as the 
three-tier and the four-tier. Here we only consider two 
scheduling model. Model uses resources daemon 
processes to obtain and monitor information and load on 
all nodes in real-time, and update resource node 
information in the database at the same time to provide 
dynamic information for scheduling. When monitoring  
 
 

 
 

Figure4. The basic structure of scheduling model 
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the failure of resources, re-schedule the tasks through the 
fault-tolerant scheduling strategy. This scheduling 
system model draws on the simple and high-performance 
of centralized scheduling, as well as flexible organization 
and easy expansion of distributed scheduling, so it 
supports the scalability and fault tolerance, and can better 
adapt to the dynamic grid environment changes. 

Based on the above design idea, we put forward a 
basic structure of scheduling model, as shown in Figure 
4. It based on one scheduling agent for the tree topology, 
and can be applied to other scheduling agent with simple 
modifications. 

D. Job Manager 
Job manager consists two functions of job submit 

device and job monitor.  
The roles of job submit are: (1) Schedule the job to 

resource node according to scheduler results. In order to 
achieve job distribution, scheduler needs to generate 
RSL file for job, and then submit it to a specific resource 
node. Meanwhile scheduler writes scheduling 
information in log file. (2) When the job completed, 
submit device also takes the responsibility of collecting 
results. Provide online result information regardless the 
job is success or failure. 

As unsteadiness exists in local grid resource, users job 
may fail to execute, the role of job monitor is monitoring 
job status information, in order to deal with a 
fault-tolerant in time monitoring the failure job. Basic 
status of grid job including: Submitted (submitted), 
Pending (ready in scheduling queue), Running (running), 
Done (complete successfully), Failed (failure). Various 
conversions between the job states are: once job has been 
submitted, status shows as Pending, if execution starts up, 
the job will be deleted from Pending table and added to 
Running table, means the job is running. If job status is 
Done or Failed, delete the job from Running table, 
meanwhile update grid job information to the 
corresponding state. 

E. Scheduling Log 
Scheduling log is used to record scheduling result, 

ensure scheduling successfully. Each log record contains: 
scheduling mark (ID of schedule log); job mark (index of 
job for scheduling, NULL means new job); resource 
mark (index of resource distributed, generally for IP 
address); job description (describe job using RSL); job 
status (mainly include two item: submit and failure); 
submit time (the time when schedule occur); 

As grid resource is dynamic and instability, fault or 
exit may occur on resource. When a resource node is 
found failed by resource monitoring, job scheduler will 
regenerate RSL request according to scheduling log to 
achieve scheduling result. 

III. GRID JOB SCHEDULING ALGORITHM 
Job scheduling system is the core part of grid resource 

management system, it receives job request, chooses 
appropriate resource to run the job. Job scheduling 
algorithm determines which scheduling policy to use for 

resource matching. In the absence of specialized 
scheduling algorithm for grid system, the vast majority 
of scheduling algorithms used in grid application have 
been using in distributed system or cluster system. The 
scheduling algorithms used commonly are Min-Min, 
Max-Min, fast greedy algorithm, Sufferage algorithm 
and so on. 
A. Min-Min Scheduling Algorithm 

Min-Min scheduling algorithm firstly calculate the 
minimum runtime of each job on all machines to select 
the job with minimum runtime and distribute it to 
appropriate host, then delete the job mapped recently 
from sets, and repeat this process until all the jobs have 
been mapped. As Min-Min algorithm maps small job 
(with minimum runtime) to fast machine, most small 
jobs will be assigned to machines which not only 
complete them first, but also have fast speed. However, 
large jobs with low priority will be assigned to less 
efficient machines, which cause load imbalance and 
lower utilization rate of available hosts in grid 
environment. For this, this paper proposes an improved 
method to schedule jobs with long local runtime firstly, 
then divides jobs into segment according to the job ETC 
value, so large job will be scheduled firstly, and the job 
in each segment will still be scheduled using Min-Min 
algorithm, this is Divided-Min-Min (hereinafter referred 
to Dmm) algorithm. 
B. Divided-Min-Min Scheduling Algorithm 

The essence of job scheduling problem is that, 
schedule m jobs T = (t1, t2,…, tm ) to n hosts H = (h1, 
h2,…, hn) using a reasonable manner to gain the total 
runtime as small as possible (Makespan), under the grid 
environment composed by m jobs that needed to be 
scheduled and n available job execution unit (host or 
clusters). The expected runtime ETC (Expected Time to 
Compute) of m jobs on n hosts is a m*n matrix. ETC(i,j) 
shows expected runtime of the i-th job executing on the 
j-th machine, in the matrix, each row shows runtime of a 
certain job executing on each of n machines, each 
column shows runtime of m jobs executing on this host. 

Dmm algorithm firstly sort jobs according to their 
ETC value, classify them as a sequence by average ETC 
value or minimum ETC value, or maximum ETC value. 
Then divide it into segments with the same size, and 
schedule large job segment firstly and then the small. For 
each segment, Min-Min algorithm also will be used for 
scheduling. Dmm algorithm described as follows: 

 (1) Calculate sort value keyi of each job. In 
heterogeneous grid environment, execution time of the 
same job in different machines is different, called grid 
job heterogeneity. Taking into account that, test three 
sub-strategies—the average, minimum, maximum 
expected execution time when determine sort value. 

Sub-strategy 1 Dmm-avg: calculate average value of 
each row in the matrix. 

…      keyi=∑
j

mjiETC /),(                       
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Figure 5. Effect of N value on algorithm improvement 

 
Sub-strategy 2 Dmm-min: calculate minimum value of 

each row in the matrix. 
…     keyi= ),(min jiETC

j
 

Sub-strategy 3 Dmm-max: calculate maximum value 
of each row in the matrix. 

…     keyi=
j

max ),( jiETC  

(2) Arrange jobs by sort value in descending order to 
form a sequence. 

(3) Divide job sequence into the average N segment. 
Focus on how to choose the best N value. On the one 
hand, the larger is N value the more balanced becomes 
the load, on the other hand, Min-Min algorithm will 
reduce efficiency with too large N value. The curve in 
Figure 5 shows improvement compared algorithm using 
Dmm-avg sub-strategy with Min-Min algorithm when 
select different N values. As shown in Figure 2, when the 
c=m/n value is small, that is the average number of jobs 
distributed to each machine is small, Dmm algorithm 
shows good performance. 

Regardless of c value, the curve in Figure 2 always 
achieves the highest degree of algorithm improvement 
when N is 4, so this paper sets the N to 4 and usually 
divides job sequence into 4 segments. 

(4) Schedule jobs of each segment in turn using 
Min-Min scheduling algorithm. 

Different from Min-Min algorithm, Dmm algorithm 
sorts the job before scheduling, which means that the job 
with long execution time will be scheduled earlier. Then 
Min-Min algorithm will be used locally in each job 
segment. The key of this algorithm is how to determine 
the job order to ensure that priority scheduling of large 
jobs. 

C. Scheduling Algorithm Performance Test 
In order to test the performance of Dmm algorithm, 

this paper simulates 10 resource nodes and some jobs 
which consist of many sub-jobs. Test is composed by two  

 
Figure6. Makespan comparison of five algorithms 

 
groups of data and is compared with common Min-Min, 
Max-Min algorithm. 

1. Test makespan of algorithm 
Figure 6 shows the simulation result using five 

different scheduling algorithms to 10 processors when 
numbers of grid job are different. Each point is the 
average value of five simulation results in this figure. As 
Figure, performance of three sub-strategies are better 
than the Max-Min and Dmm -min algorithm, in some 
cases Dmm-min performs better than Dmm-avg, but in 
most cases lower than Dmm-avg, and Dmm-max always 
performs lower than Dmm-avg. Therefore, this paper 
takes Dmm-avg as Dmm algorithm. Simulation data 
shows that, the performance of Dmm-avg algorithm 
increases 4.2 percent to 6.1 percent than Min-Min 
algorithm, and it increases 16.6 percent to 54.3 percent 
than Max-Min algorithm. 

 

 
 

Figure7. Load balancing comparison of five algorithms 
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Experimental results show that the execution time of 
Dmm algorithm is shorter than Min-Min algorithm, 
because the Min-Min algorithm needs to search a job 
with the shortest execution time in the entire ETC matrix, 
and Sub-Dmm algorithm uses the subsection method, so 
it just needs to search in each segment. This method not 
only reduces Makespan, and shortens the execution time. 

2. Test load balancing of algorithm 
As shown in Figure 7, the load balancing of Dmm 

algorithm is better than the Min-Min algorithm and 
Max-Min algorithm. This is because Dmm algorithm 
schedules jobs with the shortest execution time in large 
job segment first, so most of the large jobs will be 
allocated to machines that not only complete them first, 
but also have faster execution speed, so the utilization of 
host running jobs is balanced relatively. Of three 
sub-strategies, the load curve of Dmm-avg is the 
smoothest, which means the algorithm is of the highest 
load balancing. 

The future can be drawn through the above analysis, 
compared with the Min-Min scheduling algorithm, Dmm 
algorithm not only inherits good performance and simple 
character from it, but also has been noticeably improved 
in load balancing and efficient implementation. 

IV. FAULT-TOLERANT MECHANISM 
The main purpose for designing fault-tolerant is to 

detect the system fault automatically in real-time, and 
then take the appropriate controlling or processing 
strategy, correct mistakes to improve system reliability. 
The scheduler’s Fault-tolerant is able to provide a 
mechanism, when a resource node goes wrong or failure 
in the grid environment, it can assigned anew the tasks 
assigned to that node to other nodes. In other words, 
once a resource failure in the activation process, it needs 
redistribute the tasks through scheduling strategy. 

A. Fault Detection 
Due to the characteristics of grid environment, errors 

may occur at multiple levels. For example, power off, 
network errors, system crashes, etc. These factors will 
lead to situations that the resource node is not available, 
so these errors and failures must be detected and 
processed timely. 

The current grid fault detection mainly links to 
information services, to detecte the states of resources. 
This part achieved through the monitoring module, and it 
is mainly responsible for monitoring registered nodes, 
detecting node status and polling resource nodes every 5 
seconds to test whether it can be used. If the inquiry does 
not receive any response more than 3 times, consider the 
node unavailable, and check whether the node has been 
assigned tasks through the log file, if so, it needs to 
notify the fault-tolerant module to transfer tasks on that 
resources node. 

B. Fault-tolerant Processing 
When the fault detection module has detected node’s 

failure, it will start the fault-tolerant module, schedule 
the tasks to other nodes, and this process is transparent to 

the users. The most crucial is to choose resources node to 
receive tasks, that is, re-schedule the task on the fault 
nodes, map it to the appropriate resources node to run. 
Because tasks on failure nodes only take a small 
proportion of the whole tasks submitted, we can use a 
real-time scheduling strategy to schedule the task to 
other nodes rapidly, and do not need to re-enter them to 
the waiting queue which would result in the tasks’ 
waiting in submission queue and reducing the 
implementation efficiency. 

This paper introduces a centralized fault-tolerant 
load-balancing scheduling strategy to select the 
appropriate resources node. When monitoring a node 
fails, use all resources information within the system 
dynamically for decision-making of the load distribution. 
Select a node with small load relatively to re-run the task, 
in order to protect the system load balancing between 
each node. 
 1. Centralized load-balancing algorithm 

On the basis of the defined factors which affect the 
load system, the algorithm firstly calculates the value of 
w which represents the load on each node, calculates the 
sum and takes the average as the load threshold. Classify 
the grid nodes into light-load nodes and heavy-duty 
nodes according to the threshold value and the adjust 
threshold parameter λ, and then select a light load node 
to run the job in accordance with the resources 
information needed by the task. 

It is assumed that the grid system has N nodes; the 
basic steps of the algorithm can be summarized as 
follows: 

① Calculate the current load conditions of N nodes 
through the formula for load calculating, under the 
influencing factors and their weights. 

② According with the current load condition of each 
node, calculate the total system load, and the load 
threshold. 

③ Initialize each variable (assume λ=0.1). 
④ According to the classification criteria, classify the 

grid nodes into light-load nodes and heavy-duty nodes. 
⑤ Select a light-load node with the low load in line 

with the mandate to receive the task. 
(1) Load index selection 
Any effect of load balancing algorithms is directly 

dependent on the quality of load estimates and 
projections, so accurate estimates are necessary. Load 
indicators commonly used under grid environment 
include the comprehensive utilization rate of CPU, the 
length of ready queue, the response time of process, 
memory size, the comprehensive utilization rate of 
memory and also the different processing capacity of 
each heterogeneous node must be considered. Through 
comprehensive evaluation of these indicators, the load of 
each node can be obtained. 

The comprehensive utilization rate of CPU is defined 
as time ratio for a certain node to deal with the core 
process and the user process in a time unit. When it is 
very low, such as less than default system threshold or 
the minimum load assessment criteria user defined, we 
can state that the CPU is idle; when close to 100%,  
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Table 1 Criterion for qualitative evaluation and load balancing 
of nodes 

 
measure the load severity of host using CPU queue 
length. Test shows that run compute-intensive tasks can 
improve CPU utilization quickly, in a single CPU 
workstation; a compute-intensive task can make CPU 
utilization reach 85%-95%. In other words, for scientific 
computing applications, CPU utilization can only 
distinguish free state and non-idle state, but it is not able 
to further distinguish the extent of busy, so it is not 
sufficient for accurate load decision-making and 
forecasting. Therefore, we comprehensive survey the 
load information using weight vector. In this method, the 
load can be expressed by formula 5-1[4 1]: 

        
n 2L (k a )i ii 1
∑= ×
=

            (5-1) 

L represents the load value of the local node. a1, a2 ,..., 
an are the selected load indicators, and k1, k2,..., kn are 
the weights. The main load indicators pre-designated by 
users are comparatively large. 

(2) Load calculation formula 
Set the comprehensive utilization rate of CPU as Yc, 

the comprehensive utilization rate of memory as Ym, the 
node capacity as Pa, ready queue length as Rl, among 
them: 

Total process number of nodesPa
CPU speed (MIPS) Total memory(M)

=
+

 

The parameters such as CPU speed, total memory, the 
comprehensive utilization rate of CPU and memory, and 
total process number of nodes can be got through 
resource discovery module. 

Set the parameters for Yc , Ym , Pa and Rl as Wc, Wm, 
Wpa, Wrl, and Wc＋Wm＋Wpa＋Wrl =1，so the load 
value L of local node can be calculated by formula 5-1: 

2 2 2 2L= W * Y W * Y W * Pa W * Rlc c m m pa rl+ + +  

In grid environment, the comprehensive utilization 
rate of CPU and memory impact the distribution of tasks 
mostly, so we will set the corresponding parameters Wc 
and Wm to 0.3, the parameters Wpa and Wrl which 
corresponds to the node processing power Pa and ready 
queue length Rl to 0.2. 

In order to evaluate the load L qualitatively, we 
introduce the load adjustment threshold λ, together with 
the load threshold, as measure standard for L level and 
load balancing criteria (as shown in Table 1). Its role is to 
distinguish the light-load nodes more accurately. If we 
only use the load threshold to classify the node, it will 
give rise to such a situation: When the threshold is 0.5, 

then the node whose load value is 0.499 will be classified 
as a light-load node, and 0.501 as a heavy-duty node. 
This is likely to give this so-called light-load node an 
added task. However it can avoid such a situation from 
happening when we introduce a threshold λ. System load 
is divided into three states: Green, Red and Yellow, 
define as follows: 

Green status: light load or idle. That means its load 
value is less than threshold-λ, and it can receive tasks. 

Yellow status: the mid-loaded state. That means its 
load value is between threshold-λ and threshold + λ, and 
it is best not to receive tasks. 

Red state: the heavy-duty state. That means its load 
value is greater than threshold + λ, and it can not accept 
the task. 

The fault-tolerant scheduling algorithm used in this 
paper has advantages in simple realization and strong 
control. When a resource node fails, the algorithm firstly 
calls the daemon threads to calculate average load value 
of all available resources, every 5 seconds once, due to 
the experimental data and traffic volume submitted are 
relatively small, the load change of each host within 5 
seconds is not significant. Short-period (1 second once or 
more) can reflects the node's load more accurately, but it 
will increase the entire system cost and burden because 
of calculating too often. And then, separately divide the 
nodes whose load is greater and less than the threshold, 
select a suitable host with light load in the light-load 
node set, and download the task to perform. This 
approach not only ensures the task can be re-scheduled 
quickly after resources failed, but also can balance the 
load on each node. 

V. CONCLUSIONS 

The grid resource management system designed in this 
paper has been applied to the computing grid for seismic 
data processing, and has achieved good results. The 
Dmm scheduling strategy shortens the execution time 
effectively, balances the load of the system, and 
improves scheduling efficiency. The future work will 
focus on the research on scheduling occasion, resource 
description, fault-tolerant processing and other aspects, 
in order to further optimize and improve the system. 
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