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Abstract. Grid computing is a loosely couple distributed system, and it can 
solve complex problem with large-scale computing and storage resources. 
Middleware plays important role to integrate heterogeneous computing nodes. 
Globus Toolkit (GT) is a popular open source middleware to build grid 
environment. However, a job submission has lots of complicate operations in 
GT especially in a large scale gird. Moreover, the information discovery 
component of Globus Toolkit can only provide the summarized information 
from Grid Head instead of each computing node. Furthermore, job scheduling is 
another important issue in the high performance Grid computing. An 
appropriate scheduling algorithm can efficiently reduce the response time, 
turnaround time and increase the throughput. In this paper, we develop a 
resource broker module for GT infrastructure, which can dynamically describe 
and discover the resource information of computing nodes. Moreover, we 
design an adaptive fuzzy logic scheduler, which utilizes the fuzzy logic control 
technology to select the most suitable computing node in the Grid environment. 
For verifying the performance of the proposed scheduling algorithm, we also 
implement a resource broker as well as fuzzy logic scheduler based on Globus 
Toolkit 4. The experimental results show our algorithm can reduce the 
turnaround time compared with round-robin and random dispatching methods. 
The experiments also show that our algorithm has better speed-up ratio than 
round-robin and random dispatching when number of computing nodes 
increasing. 

1   Introduction 

Grid computing and pervasive computing can solve complex problems with large-
scale computing and data resources. Grid is a computing architecture based on 
internet connection [5], and it shares heterogeneous computing and storage resources 
with internet and has higher scalability. Instead of traditional Cluster system, it can 
easily add more computing resource with lower cost. Middleware applications play a 
significance role in grid environment [2, 8, 9], it enabled distributed computers 
communicate to each other with different type of CPUs, OS, and various hardware 
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specification. It acts as a broker between user and provided resources. Globus Toolkit 
(GT) is one of popular middleware for building grid computing. GT lets people share 
computing power, database, and other tools securely across network connections. GT 
also includes software for security, information infrastructure, resource management, 
data management, communication, fault detection, and portability.  

Although GT seems very convenient to achieve the pervasive computing [13, 15], 
however, there are two drawbacks when submits a job. First, to submit a job to a 
computing grid using Globus Toolkit needed many complicated procedures as well as 
lots of command-line operations. Second, grid system is a heterogeneous computing 
environment, how to submit jobs to computing nodes with most available computing 
resource is an important scheduling problem. 

Job scheduling is another important issue in grid computing. An inappropriate 
scheduling scheme will increase the response time, turnaround time and decrease the 
throughput. The scheduling scheme can be categorized into two types: static and 
dynamic. The static scheme dispatches jobs into computing nodes without considering 
the workload of each node when jobs arrived, for example, random selection and 
round robin selection. On the other hand, the dynamic scheme can dispatch jobs with 
currently workload information when jobs to be executing. It will gather the CPU 
utilization, CPU run queue length, memory usage, and memory swapping as indexes 
to identify the workload of each computing node. 

Conventionally, scheduling algorithm usually uses some fixed threshold value (Crisp 
Set) to distinguish the loading state of each computing node. However, these values can 
not correctly respond the actual workload of computing node [11]. To solve this 
problem, we propose a Fuzzy Logic Scheduler (FLS) algorithm to estimate workload of 
each node by fuzzy logic control. However, the effects of CPU utilization and CPU run 
queue length to workload is not linear. Each factor has different growing model, for 
example, the workload grows rapidly when the CPU run queue length greater than 
threshold. An unsuitable measuring module can not reflect the correct workload.  

A resource broker and scheduler are fundamental for any large-scale grid 
computing [10]. In this paper, we proposed and implemented a resource broker 
module and fuzzy logic scheduler module mainly targeted for Globus Toolkit 
infrastructure. Rather than the grid resource information service (GRIS) in MDS, the 
resource broker monitor can gather the detail information of each computing node, 
not the summarized information.  

The rest of this paper is organized as follows. In section 2, some preliminaries 
about grid middleware Globus Toolkit and fuzzy logic control are given. Proposed 
resource broker module and fuzzy logic scheduler module are described in section 3. 
Section 4 is experimental results, and section 5 is our conclusions. 

2   Background and Motivation 

2.1   Globus Toolkit 

The Globus Toolkit [6, 7, 12] is a set of components which includes basic service [3, 
4] for security, information, resource management, storage and communication. Each 
service is distinct and has well defined interfaces so they can be incorporated into 
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applications or tools. Globus Toolkit 4 (GT4) is an open source software toolkit 
which contains many standard components. In GT4, monitoring and discovery 
services (MDS) are mainly concerned with the collection, distribution, indexing, 
archival, and it provide grid information such as the resources that are available and 
the status of the computing nodes. This information may include number of 
processors available, CPU utilization, network utilization, storage, memory usage, 
and swap usage of each node. Reliable file transfer (RFT) provides a web service 
interface for transfer and deletion of files. RFT receives requests via SOAP message 
over HTTP and utilizes GridFTP [1]. RFT also uses a database to store the list of file 
transfers and their states. Moreover, Globus resource allocation manager (GRAM) is 
an integral component of a computation grid. It is responsible for processing job-
requests, enables remote monitoring of jobs. 

The related components for job submission in GT4 is shown in Fig. 1. GT4 Job 
Submission Components 

 In addition, the problem of selecting appropriate computing nodes is not trivial. 
User needs query information from MDS of Grid Head A to Grid Head N. Afterward, 
user collects the results and selects the jobs manually, then send the jobs and write a 
RSL to execute jobs. Moreover, MDS is unable to obtain the information of sole 
computing node. It can only get the summarized information, for example, Grid Head 
A contains 4 computing node each has 1 GHz CPU power and 256 MB memory 
(Level 3 Information). However, MDS only can report Grid A has 4 GHz CPU power 
and 1 GB memory (Level 2 Information). There are too many complicated operations 
for job submission when scaling of grid is large [14]. 

 

Fig. 1. GT4 Job Submission Components 

In order to solve this problem, we design and implement a Resource Broker (RB) 
module in GT4. Main goal of the resource broker module is to eliminate the 
overelaborate job submission procedure and obtain more detail of resource 
information of each computing nodes.  

2.2   Job Scheduling and Workload Measurement 

Job scheduling can be classified into two categories: dynamic and static. A static job 
scheduling scheme dispatches jobs to the computing node without considering the 
current workload of each node, for example, round-robin and random dispatching 
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method. It has least overhead and it is proper for tightly coupled distributed system 
with the identical jobs. However, grid is a loosely coupled distributed system and it is 
also a heterogeneous computing environment. A dynamic job scheduling scheme is 
more appropriate for grid environment because it dispatches jobs according to the 
current workload status of each node. However, there are many different kinds of 
operating system, CPU, memory size, network bandwidth in a grid. How to measure 
the workload of each computing nodes by using these resource information is a 
difficult problem. There are many conventional jobs scheduling algorithms adopt 
fixed threshold value (Crisp Set) to determine the workload of computing nodes. 
However, there are many resource information (variables) corresponding to the 
workload and sole threshold value with IF-THEN method typically can not represent 
the real workload status of each computing nodes. The fuzzy logic control has a better 
adaptability, robustness, and fault tolerance for these conditions. Therefore, we 
propose a Fuzzy Logic Scheduler (FLS) algorithm to evaluate the workload of each 
computing nodes in a grid. 

3   Proposed Resource Broker Module and Fuzzy Logic Scheduler 
Module 

In this section, we will describe the Resource Broker Module and Fuzzy Logic 
Scheduler Module in detail. By applying the proposed modules, we can correctly 
evaluate the workload status of every computing nodes(level 3) and decrease the 
tedious operations for job submission in GT4.  

3.1   Resource Broker Module 

The overall structure of the proposed resource broker module is shown in Fig. 2. The 
resource broker can reduce the complexity of user operations especially in large-scale 
grid system. The resource broker will discovery the information of each level 3 
computing node. The workload of each nodes can be calculated more precise with the 
CPU utilization, CPU run queue length, etc..., which can not obtained via Globus 
Toolkit. The procedure of job submission with resource broker module is as follows: 

Step 1: User prepares their executable jobs and input data and then describes the 
required resource specification of computing node. Submitting jobs to 
Resource Broker (RB) via Command Line User Interface (CLUI). 

Step 2: RB uses Information Manager to connect to MDS then gets the available 
computing nodes. 

Step 3: RB invokes Resource Broker Monitor (RBM) to retrieve the resource 
information of computing nodes, which including CPU utilization, CPU run 
queue length, total and used memory, total and used swap, etc. 

Step 4: Control Center (CC) receives the loading information of each node. 
Step 5: CC sends loading information to Workload Measurement Module (WMM), 

which utilizes Fuzzy Logic Scheduler (described in 3.2), then get the Node 
Utilization Score. 
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Step 6: RM selects the appropriate computing nodes according to the Node 
Utilization Score followed by invoking Transfer Manager (TM) to send jobs 
to RFT of each selected computing node. 

Step 7: RB uses Execution Manager to send job execution information to GRAM. 
Step 8: Finally, RB collects the execution results of jobs then send back to user via 

CLUI. 

 

Fig. 2. Globus Toolkit with Resource Broker Module 

3.2   Fuzzy Logic Scheduler Module 

An appropriate scheduling algorithm can efficiently reduce the response time and 
turnaround time, and increase the throughput. The workload of each computing node 
influences upon many factors such as CPU utilization, CPU run queue length, 
memory utilization, swap utilization, etc. All of them can be categorized into the 
utilizations of CPU and memory. In this study, a fuzzy logic based scheduler 
algorithm by referring both utilizations was developed and is described in the 
following. 

3.2.1   Define the Input and Output Fuzzy Variables 
As stated in the above, two types of information include the CPU and memory 
utilizations were used as the workload indices. The CPU utilization contains two 
factors, the degree of CPU utilization and the degree of run queue length. The 
memory utilization also contains two factors, the degree of memory utilization and the 
degree of swap utilization. Since it is difficult to construct fuzzy control rules using 
four input variables, both pairs of factors were combined to form two input fuzzy 
variables, the CPU utilization and the memory utilization. It is straightforward to 
compute the CPU utilization by averaging the degrees of CPU utilization and run 
queue length, however, through our observation, when the run queue length is 
distinctness the CPU run queue length affects the workload more significant than the 
CPU utilization. It means that a nonlinear combination of these two factors required 
exhibiting a better efficiency. According to our experience, the CPU run queue length 
affects the workload more significant then CPU utilization when the run queue length 
grater then five. So we construct the nonlinear mapping in the following. 
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in which uti and ql represent the degrees of CPU and membership utilizations and w, 
deg, a, w1 and w2 are parameters for tuning the nonlinearity. In this study, the five 
parameters used in (1) and (2) were set as deg = 1.5, a = 0.6, w = 0.6, w1 = 0.7, and 
w1 = 0.3. Fig. 3. Function used to form the input variable shows the hyperplane 
formed by eqs. (1) and (2). It can be found that the curve in the axis of degree of CPU 
utilization is nearly linear, and is highly nonlinear in the other axis. The definition of 
the second input variable is analogue to the first one, in which the degree of swap 
utilization plays a similar role as the degree of run queue length. There are a wide 
selection to choose your favorite membership function. For example, the triangle and 
trapezoid function. In this paper, we choose triangle function. The membership 
functions for both input fuzzy variables are defined in the following 
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in which x denotes the value of the input fuzzy variable. Since the aim of the proposed 
fuzzy system is to evaluate the workload status, so the output fuzzy variable of the  
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Fig. 3. Function used to form the input variable 
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system was defined as the workload degree of the computing node. For simplicity, the 
membership function of the output fuzzy variable was defined the same as the inputs. 

3.2.2   Construct the Fuzzy Inference Rules 
On the purpose of inferring the loading degree, the fuzzy rules constructed by using 
the input and output fuzzy variables defined in the previously paragraph are shown in 
Table 1. In accordance with our experience on loading balance research, the CPU 
utilization affects the system workload notably then the memory utilization. 
Therefore, we fill rules by this conception. For example, if the CPU utilization is 
medium and the memory utilization is light then the loading degree is medium. 
Opposite to CPU utilization is light and memory utilization is medium then this 
loading degree is light. By using the Max-Min inference method and the center-of-
gravity defuzzification process, the load degree of each computing node can be 
obtained, with which the scheduling job can be achieved. 

Table 1. Fuzzy inference rules 

Memory \ 
CPU

Light Medium Heavy 

Light Very Light Medium Heavy 

Medium Light Medium Heavy 

Heavy Medium Heavy Very Heavy

4   Experimental Results 

To evaluate the performance of the proposed fuzzy logic scheduler module, we have 
designed a grid computing environment which consist four grid systems by using 
Globus Toolkit 4, the hardware and software configuration are described in Błąd! Nie 
można odnaleźć źródła odwołania. Each grid system has one head node and several 
computing nodes. Three schemes, the proposed fuzzy logic scheduler (FLS), round-
robin (RR), and random were executed for performance evaluation. In the experiment, 
we use Fibonacci sequence benchmarks for comparison. The benchmark of Fibonacci 
sequence is to compute the given length of it. 

Table 2. Experimental Environment 

 Grid A Grid B Grid C Grid D 
Grid Head Pentium 3 

800MHz 
256 MB 

memory 

AMD 
1.2GHz SMP 

1 GB 
memory 

Pentium 4 
2.8GHz 

756 MB 
memory 

Xeon 3.2GHz 
HT * 2 

1 GB memory 

Computing 
Nodes 

Pentium 3 
800MHz 

256 MB 
memory 

AMD XP 
1.4GHz 

768 MB 
memory 

AMD XP 
1.4GHz 

768 MB 
memory 

Pentium 4 
3GHz HT 

1 GB memory 

Number of 
Nodes 

9 3 4 4 

Software Debian 3.1r2; Globus Toolkit 4.0.2; DRBL 1.7.1; GCC 3.3.5 



 A Dynamic Resource Broker and Fuzzy Logic Based Scheduling Algorithm 611 

0
200
400
600
800

1000
1200
1400
1600
1800
2000

50 100 200 300

Ti
m

e 
(s

ec
.)

Number of jobs

Fibonacci turnaround time

FLS

RR

Random

 

Fig. 4. Performance comparison of turnaround time with difference number of jobs 
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Fig. 5. Performance comparison of turnaround time with difference number of nodes 
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Fig. 6. Performance comparison of Speed-up ratio with difference number of nodes 

Figure 4 to Figure 6 are the simulation results of Fibonacci sequence. The 
turnaround time with different number of jobs is shown in Figure 4. Here we can 
observe the turnaround time is decreased for FLS compared to RR or random 
dispatching methods. The turnaround time with different number of nodes is shown in 
Figure 5, it illustrates FLS can reduce turnaround time when number of nodes grown. 
To compare the speed-up ratio, we choose one computing nodes from Grid A and one 
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computing nodes Grid D for comparison. For example, four computing nodes means 
select two nodes from Grid A and two nodes from Grid D. Afterward, we can get the 
spped-up ratio for FLS and RR relative to single node of Grid A or Grid D or average 
of them. The results are depicted in Figure 6. In Figure 6, FLS (A-1) denotes the 
speed-up ratio of FLS compared with single node in Grid A. Similarly, FLS (ave) 
denotes the speed-up ratio of FLS compared with average turnaround time which 
choosing one node from Grid A and one node from Grid D. The results show that FLS 
always has better performance than RR compared to single node of Grid A, Grid D, 
and average of them. 

5   Conclusions 

In this paper, we design and implement a resource broker module for Globus Toolkit. 
The resource broker can collect the precise resource information of each computing 
nodes from resource broker monitor and can execute the job submission procedures 
automatically. Moreover, within the proposed resource broker module, we utilize the 
concept of fuzzy logic to correctly evaluate the workload of each computing nodes in 
a grid. Since there are too many variables to determine the real workload of 
computing nodes, our proposed fuzzy logic scheduler can effectively calculate the 
current workload of each computing nodes in a grid. In addition, it can help the job 
scheduler making an appropriate decision. For verifying the performance of our 
proposed resource broker module, we also implement a grid computing by using 
Globus Toolkit 4. Three schemes, the proposed fuzzy logic scheduler (FLS), round-
robin (RR), and random were implemented for comparison. The experimental results 
show that our proposed scheduling algorithm can successfully reduce the turnaround 
time. Furthermore, the speed-up ratio of our algorithm is better than round-robin in 
every simulation. 
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