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Data Grid is one of key technologies to build up large-scale dataset storage system 

by connecting scattered storage resources dispersedly located in the Grid. One major 
challenge in data grids is how to provide good and timely access to huge amount of data 
in distributed locations, given the high latency of interconnection networks. Parallel 
downloading methods can improve download efficiency and performance, and for such, 
processes should have started from appropriate locations. In this research paper, we pre-
sent the design framework of PU-DG Optimizer toolbox (also known as PU-DG Optibox) 
for data grid environments. The proposed toolbox is a package containing a number of 
high-end techniques and algorithms running as middleware on top of data grid platforms, 
in order to optimize file downloads, by improving its efficiency and performance. More- 
over, PU-DG Optibox not only provides users and developers possibilities for setting 
their own priority strategies, as also different downloading modes. Furthermore, work-
load balancing to avoid low quality computing node to execute highly complex job is 
also included in this design. Experimental results of techniques packaged in the proposed 
toolbox demonstrate its potential and effectiveness. 
 
Keywords: data grid, download optimizer toolbox, file replica selection, replica place-
ment, hierarchy-based list 
 
 

1. INTRODUCTION 
 

Grid is evolving rapidly as a practical extension to distributed computing technol-
ogy, with the vision of dynamic and diverse resource sharing across organizations [1]. 
Resource sharing over a grid improves the utilization of existing computing and storage 
resources in cost-effective manner, providing alternatives to solve large-scale problems 
requiring an enormous amount of computing power and storage, with the utilization of 
these resources coordinately. Grid resources are widely distributed and managed under 
different local policies and domains, which can be highly diverse and their availabilities 
can change dynamically. 

An important concept of Grid is Virtual Organization (VO) [10], which basically 
involves in the combination of geographically distributed resources and organizations 
such personal computers, clusters of workstations, supercomputers, government, and 
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business, among others. A Grid middleware is therefore needed, to hide the heterogene-
ity of the computing resources and to bridge the gaps between different local policies and 
management. Resources may not be stable in the Grid, and therefore, VOs change re-
sources dynamically, since failures and replacements of computing or storage facilities in 
these organizations happen without notice. 

Data Grids are becoming increasing useful for managing large-scale distributed data 
across multiple heterogeneous resources. Examples in utilization of data grids can be 
found, for example, in physics community, biomedical applications, astronomy, bioin-
formatics, Earth systems science, ecology, education, geology, geography, earthquake 
and plate tectonic systems. Not only for their large-scale data integrations need by their 
nature, to have these diverse applications highlighted their various functionalities through 
data grids [10-12]. In particular, data grids show their large data handling capability, data 
aggregation and movement features, parallel data transfer functionality, collaborative 
strengths and metadata management facilities inherent in a data grid system. 

Traditional data transmission and storage technologies are not well suited for data 
grid environments. Therefore, a number of technologies focused on this drawback have 
been developed, such as Storage Resource Broker (SRB) [6] and GridFTP [2, 4, 5] of 
Globus Toolkit [2]. Systems as Storage Resource Broker (SRB) integrate heterogeneous 
storage devices to a unified view and provide a platform to manage user, file location, 
storage resources and metadata information. 

Traditional download methods consist of single and multiple nodes. In case of mul-
tiple nodes, parallel data download can be activated, since it has more than two replicas 
stored in data grid [3, 9, 12-15]. A number of technologies are available to generate rep-
licas, in order to improve system’s download efficiency. For instance, affinity replica 
location policy places replicated data on or near local site to decrease the network la-
tency and download time [3]. Unfortunately, this policy causes network load problems. 
If affinity sites are overloaded, users in the queue get into the waiting queue, which se-
riously affect the network latency and transmission efficiency. The proportional share 
replica location policy [3] avoids the network overload and support concepts of balanc-
ing sites in terms of network load, to upgrade transmission efficiency and at the same 
time to avoid the affinity sites overload, which unfortunately may lead to shutting down 
of affinity sites. 

Not only upgrading transmission efficiency and decreasing network latency, these 
replicas may integrate parallel download methods to improve download efficiency and 
performance of overall system. Although parallel download methods can upgrade 
download efficiency and improve performance, a ranked list of download sites must be 
provided with higher quality locations for such download. In addition, to include a num-
ber of sites worse ranked (“with lower quality”) might affect seriously the performance 
of a system. Therefore, the issue of choosing a set of appropriate locations for download 
is crucially important in data grid, in the effectiveness point of view. In this paper, we 
propose PU-DG Optibox to optimize file downloading by ranking best and appropriate 
locations. 

The structure of this paper is as follows. In section 2, we introduce the background 
of data grid, whilst in section 3 we present PU-DG Optibox’s complete framework and 
its components. In addition, the algorithm designed and complexities involved are also 
discussed. In section 4, methods components of the PU-DG Optibox are evaluated, in 
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order to demonstrate the effectiveness of such toolbox acting as middleware in Data 
Grids. Finally, some conclusion remarks and future work are given in section 5. 

2. BACKGROUND 

The term “Data Grid” traditionally represents the network of distributed storage re-
sources, from archival systems, to caches, to databases, that are linked using a logical 
name space to create global, persistent identifiers and provide uniform access mecha-
nisms. Data grids are becoming increasingly important and playing important role in 
scientific communities for sharing large data collections and for archiving and dissemi-
nating them in a digital library framework. A transparent middleware for sharing data 
across distributed, heterogeneous data resources separated by different administrative 
and security domains is needed to archive data sharing and data management.  

A number of facilities must be inherent in this middleware, to provide good re-
source utilization and application response time. These facilities can be listed as: large 
data handling capability, data aggregation and movement features, parallel data transfer 
functionality, collaborative strengths and metadata management facilities. In addition, it 
must provide a transmission platform to communicate with distributed storage resources 
such as file systems database systems, High Performance Storage System (HPSS), 
among others.  

Data grids are used to combine with grid computing to decrease file transmission 
time, and therefore improve the overall grid computing performance. Grid computing is 
continuously received huge amount of requests from distributed users through grid plat-
form. Those requests will be processed by resource broker. Resource broker collects all 
of requests and according to job scheduling algorithm to scatter to specific computing 
nodes in grid environments. Job scheduling algorithm according to specific method to 
assign jobs, for instance random, shortest queue size, access cost and queue access cost 
[6-8]. Details of job scheduling algorithms are as follows: 
 
− Random scheduling randomly selects a computing node to execute specific job, 
− Shortest Job Queue scheduling calculates all of the queue length of computing nodes 

and schedule computing node with the shortest job queue to run the job, 
− Access Cost scheduling submit the job to specific computing node with the lowest file 

access cost, 
− Queue Access Cost scheduling selects the computing node with the lowest of access 

cost and queue size to execute the job. 
 

In addition, a job consists of set of files that access file sequential to affect effi-
ciency of execution. The choice of access patterns for resource broker are sequential, 
random, Gaussian random walk, Gaussian distributed, Zipf-like distribution [6-8]. 

In order to upgrade the efficiency of job execution, it is important to create a file 
replica in specific site local storage to decrease the file transmission time [3, 9, 12-15]. 
Many strategies are discussed about placement of file replicas that is created on suitable 
location. The advantage of file replicas can reduce transmission time of download and 
decrease the network workload. The file replica can be created to affinity sites that are 
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able to support the huge amount of users to download. Due to the sites network load 
quickly increase to lead to quality of network seriously decrease. It is possible to seri-
ously affect the benefit of file replica. 

File replicas are continuously created into specific site that is possible to full all 
storage space. We delete the replica when storage space is full. We can adopt replication 
replacement strategies to remove one of the replications in storage system and then swap 
new replication into the storage system. Several replication replacement strategies that 
consist of No Replication, LRU and LFU etc. are proposed in the past [6-8]. Details of 
replication replacement strategies are as follows: 
 
− No Replication strategy has not replica to be created and then files are always accessed 

remotely. 
− LFU (Least Frequently Used) strategy always replicates files to local storage system 

that supports the computing node to use. If the local storage space is full, we remove 
the replica that has been accessed the fewest times and then release the space for new 
replica. 

− LRU (Least Recently Used) strategy always replicates files to local storage system. If 
the local storage space is full, we delete the oldest replica for new replica. 

 
These strategies consist of job scheduling algorithm, access pattern of job, replica 

selection, replica placement and replica replacement that improve efficiency of data 
download and upgrade the overall grid computing performance. 

3. PU-DG OPTIBOX 

3.1 Overview 
 

Different download sites may have distinct quality ranking, depending on three fac-
tors to generate a final grading, from which we evaluate the quality of download sites. 
These three factors consist of: (1) network bandwidth, (2) transmission distance and (3) 
history of download. We will discuss each of these factors independently. 

Network bandwidth is the key factor in data grid environments. In the design of 
PU-DG Optibox algorithm, we classify this factor into three sub-factors, according to 
their network bandwidth. These sub-factors are classified in 10MB/s, 100MB/s and more 
than 100MB/s. It is quite obvious that, as network bandwidth increases, the transmission 
time is reduced. The quality ranking determines the sites which will succeed or not, and 
at which order this happens. It is important to note that quality of transmission is a fun-
damental element in network environments.  

As second factor, the distance for transmissions affects seriously efficiency of 
download. As transmission distance increases, the transmission time will raises also. 
Therefore, we divide this factor into four sub-factors, according to the distance for such 
transmission. The four sub-factors consist of local sites, regional sites, national sites and 
international sites [3]. The transmission time of local sites are expected to be the shortest. 
On the contrary, international sites are expected to show highest transmission time, since 
the actual distance for such transmission is the longest. No matter the data is located in 



STRATEGIES TOWARD OPTIMAL ACCESS TO FILE REPLICAS IN DATA GRID ENVIRONMENTS 

 

751 

 

local or international sites, the goals in improvement this factor are to reduce transmis-
sion time between sites, and to upgrade efficiency of network transmission in data grid 
environments. 

Finally, PU-DG Optibox is designed to keep each user’s download back history. 
This history contains the following information: download time, download location and 
data transferred. We divide into three sub-groups according to download time history 
information. Since download time may affect the efficiency of download, download site 
local time (time difference in other countries) should be analyzed first. PU-DG Opti-
box’s objective is to provide most suitable locations for download at that particular 
download time. Past download location information can provide most suitable locations 
for download, from the user’s history in the system, so that system may refer to this in-
formation when performing downloads next time. User’s characteristics are classified 
according to his needs. If a user needs to download urgently specific set of data, PU-DG 
Optibox adjusts the deployment and upgrades the efficiency of download for that user at 
that particular moment. By referring to download history, we utilize methods in data 
mining to upgrade the efficiency of download as also improving the performance. 

Traditional methods in existing middlewares provide solely the list of files to 
download, and users choose by themselves. In the proposed PU-DG Optibox system, it 
provides two modes for end users: manual mode and automatic mode. 

In the former mode, PU-DG Optibox system ranks and lists the quality of down- 
loading locations, according to priority defined by users themselves or system adminis-
trators. In manual mode, users can select favorite download locations that contains rep-
lica this user needs. Selecting the configuration settings correctly influence tremendously 
in the efficiency of download. In the latter, PU-DG Optibox automatic mode, this com-
bines network bandwidth with distance and history of download to find out the best loca-
tion for this particular download. Grid users only need to connect to PU-DG Optibox of 
a data grid environment. In addition, the PU-DG Optibox will support automatically ser-
vice of data download on demand.  

As conclusion, PU-DG Optibox system provides an optimal solution of download 
for different users’ workflow and needs. The automatic mode of our PU-DG Optibox can 
simplify the procedure of file download in data grid environments, and these can be ob-
served in Fig. 1. 

 
Fig. 1. Replica location with manual mode and automatic mode. 
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3.2 Components and Procedures 
 

When a user needs to download specific file from a data grid platform, he must pro-
vide the download priority, as shown in Fig. 1. The PU-DG Optibox will find out a set of 
all replica locations that contains this file and rank these locations by priority, and then, it 
chooses best location for downloading this file. Emphasizing, these procedures are all 
“automatic mode” of PU-DG Optibox. Users do not need to understand nor follow com-
plex instruction steps and detailed techniques to proceed in the file downloading process. 
The PU-DG Optibox will choose automatically best download locations for this user. 

Fig. 2 illustrates main procedures and technical characteristics in details of the pro-
posed PU-DG Optibox, that selects automatically best locations for a file download, that 
is, in terms of minimum downloading time. PU-DG Optibox is divided into three major 
components: Candidate Node Collection, Priority Sort, and Download Solution Selection, 
each handling different parts of “automatic” mode. 

 
Fig. 2. Components of replica selection with automatic mode. 

 
As the PU-DG Optibox toolbox receives the download request from user, server 

will invoke first component “Candidate Node Collection” and query the MCAT database, 
to collect the list of replica locations. Other information about the file or connection net-
work is also collected in this phase. For instance, the file size, location, bandwidth, dis-
tance, etc.  

These download information are collected into a location list, ranked and input to 
the second component “Priority Sort”. This “Priority Sort” component will re-rank the 
location list based on priority constraints provided by the user. There are three main fac-
tors are considered in our PU-DG Optibox, which are bandwidth (B), distance (D), and 
history record (H). Therefore, the priority tactic has totally six different considerations: 
BDH, BHD, DBH DHB, HBD, and HDB, in which the user can choose and one to be the 
priority tactic (or constraint). 
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For instance, if a user selects “BDH” be his priority tactic, PU-DG Optibox will sort 
the location list, looking the bandwidth (B) first and ranks in decreasing order all loca-
tions that contains that replica file, and classify these locations into k groups. For each 
group, sort the locations within the same group in order of increasing the distance and 
classify into n group, and put the locations which were history records for this user on 
the top of each group. Finally, the location list can be sorted by BDH tactic and classified 
into 2kn groups. The proposed PU-DG Optimizer toolbox sorts the location list, accord-
ing to the selection made by users in this phase. It is useful for us to select a better loca-
tion set for file download for different needs among different users. This new location 
list will be forward to third components to select the set of download locations. 

This component “Download Solution Selection” is important, in the sense that it 
will select best locations among sorted location list, to finally download the selected file. 
This phase can be partitioned into three steps. First, in order to decide efficiently, we use 
simulation to get more results of file download for various properties of file or status of 
network. We choose an initial location set on the location list according to these simula-
tion results. As second step, we calculate the download time of location set chosen in the 
first phase, according to the status of network and file size. The download time can be 
calculated as show next in Eq. (1). 

1
( / )( ) Maxn

ni
i

T nf n O
S−

⎡ ⎤
= +⎢ ⎥

⎣ ⎦
    (1) 

where: T is the total size of file. 
Si is the transfer speed from site i. 
On is the overhead for file download from n sites. 

 
f(n) means the download time to download a file from top n replica sites from the list of 
locations. Since PU-DG Optibox can download file in parallel, we utilize the maximum 
download time to be the final result. The formula f can be transformed into Eq. (2) using 
dynamic programming, since there is recurrence relation of replica sites. 

1[ ( 1) ] ( 1)( ) Max ,n
n n

f n nOf n C O
n

−− − × −⎧ ⎫= +⎨ ⎬
⎩ ⎭

                       (2) 

where Cn is the download time for downloading T/n size of file, from the nth replica site 
in the list of locations. Therefore, the formula Cn is shown next in Eq. (3).  

( / )
n

n

T nC
S

=                                                   (3) 

We can use Eq. (2) to calculate the download time f(n) using top n sites in constant 
time, if download time f(n − 1) of top n − 1 sites is already calculated, and the total time 
complexity is O(n) to calculate n candidate replica sites. 

In the third phase, we adjust our selection on this location list, in order to try to ob-
tain less download time from other cases. We compare download time of fewer and more 
replica sites with initial number of locations and to adjust the number of location list to 
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find out a better location for download. If we can find out locations with lower download 
cost, the PU-DG Optibox starts to download file according this download automatically. 
The algorithm for the implementation of PU-DG Optibox is shown in section 3.3. 
 
3.3 Algorithm 
 

In this section, we show the algorithm of PU-DG Optibox and discuss the detail of 
key components. These key components consist of Priority Sort and Download Solution 
Selection. The Algorithm of Replica Selection in PU-DG Optibox, as shown in Fig. 3. 

 
LOCSELECT(R, P, F) 
Input: Replica sites R, sort priority P, and file properties F. 
Output: The replica list L(R) and the number of sites for downloading this file. 

1 L(R) ← BUCKETSORT(R, P)    L(R) = 〈r1, r2, …, rn〉 is the result of bucket sort. 
2 k ← SIMRESULT(F)          Find the initial number of sites by searching simulation results. 
3 f(1) ← [T ÷ s1] + O1         initial score. 
4 for i ← 2 to k + 1 do         visit rk-1, rk, and rk+1 in L(R). 

5    f(i) ← 1[ ( 1) ] ( 1)max ,i
ii

f i O i OC
i
−− − × −⎧ ⎫+⎨ ⎬

⎩ ⎭
 

6 if f(k + 1) < f(k) < f(k − 1) then       Case adjustment. 
7    i ← k + 1 
8    do  
9       i ← i + 1 

10       f(i) ← 1[ ( 1) ] ( 1)max ,i
ii

f i O i OC
i
−− − × −⎧ ⎫+⎨ ⎬

⎩ ⎭
 

11    while f(i) < f(i − 1) and (i < n) 
12       return i − 1 and L(R) 
13 else if f(k + 1) > f(k) < f(k − 1) then  
14       return k and L(R) 
15 else 
16    for i ← k − 1 to 1 do 
17       if f(i − 1) > f(i) then 
18          return i and L(R) 

Fig. 3. Algorithm of replica selection in PU-DG Optibox. 

 
The Priority Sort of PU-DG Optibox, we utilize Bucket Sort mechanism to sort the 

initial location list. In total, we need to execute Bucket Sort three times, if we have three 
priority factors for users, and the total time complexity of priority sort phase is O(n). We 
make use of file properties to search the simulation results and obtain an initial number 
of replica sites k for download. Then, we calculate the download time of top k + 1 replica 
sites in location list, where we can obtain the time of f(k − 1), f(k), and f(k + 1). 

We compare value of priority sort with simulation result. If the value of priority sort 
is more than simulation result, three cases are considered in Table 1. According to 
simulation result, we attempt to adjust the parallel downloading sites to find out the best  
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Table 1. The key factors of algorithm. 

Priority Sort ≥ (Simulation Result = k) 
Case 1 If f(k + 1) < f(k) < f(k − 1) k++; Until f(k + 1) > f(k); Return k; 
Case 2 If f(k + 1) > f(k) < f(k − 1) Return k; 
Case 3 If f(k + 1) > f(k) > f(k − 1) k--; Until f(k − 1) > f(k); Return k; 

 
number of parallel downloading sites for decreasing download time. Otherwise, if the 
value of priority sort is less than simulation result, we adopt the value of simulation re-
sult to parallel download this file. 

The Download Solution Selection of PU-DG Optibox, where the set of replica sites 
is adjusted and attempted to find out a better download solution for this specific file, ac-
cording to user’s selection. Since this location list is sorted according to the priority tac-
tic defined by the user when he initialized the system, replica sites on top of this list are 
most suitable for users. Finally, this algorithm will return a location list with priority 
sorted L(R) and the appropriate number for download from replica sites. Then, we can 
make use of data grid environment to parallel download this file from the list of replica 
sites, so finally merge into a complete file. 

The time complexity is O(n), what proves its viability and timely interesting to im-
plemented the proposed algorithm over the Data Grid, making this PU-DG Optibox cou-
pled with Data Grid environment, to globally improve the efficiency of file downloading. 
 
3.4 Min-Max Balancing Workload Method 
 

In order to decrease file transmission time, we must find out the best network band-
width for grid computing. Therefore, we take into account three factors that consist of 
network bandwidth, transmission distance and history of download given above. There-
fore, according to the three factors can find out the best location to download specific file. 
In addition to find out the best location, many factors must be considered in grid com-
puting environments. For instance, these factors could consist of replica placement, rep-
lica replacement and job scheduling, job interval and size of queue that are important 
issues about grid computing.  

We propose the method to find out the best location for grid computing to deliver 
the specific file between storage systems. However, we attempt to adopt our method in 
grid computing environments and we submit huge amount of jobs to computing nodes. 
Each job consists of the set of files, but it is possible to be stored in distributed locations. 
In order to execute a job, we must look up the requirement files for job in grid environ-
ments. Therefore, we adopt our method to find the best location to download the require-
ment files for job, so we can decrease file transmission time. We not only decrease file 
transmission time, but also upgrade efficiency of job execution. 

In recent years, increasing number of users submit large amount of jobs of different 
and various sizes and types in grid environments. Resource broker places a job to com-
puting node according to job scheduling algorithm, but various type of job adopts same 
scheduling algorithm to process, it is possible to lead to reduce the overall performance. 
If the high complexity of job is assigned to the low quality of computing node, the job 
execution time seriously increases. 
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We propose the concept of balancing workload to avoid that low quality computing 
node execute jobs of high complexity. We classify these jobs into two categories, in Min 
job and Max job, according to job size. Our method determines threshold of job size, if 
the job size exceed the threshold, the job is Max job. Otherwise, the job is considered 
Min job.  

Next, we classify the computing nodes into two categories, in Min bandwidth and 
Max bandwidth, according to their network bandwidth. Our method determines the 
threshold of network bandwidth, and therefore, if bandwidth of computing node exceeds 
the threshold, the computing node is classified as Max node. Otherwise, the computing 
node is Min node.  

Finally, resource broker submits a job to computing node, according to scheduling 
algorithm. That is, we schedule the Min job to Min node and Max job to Max node. In 
other words, we avoid the Min node to be assigned the Max job, what seriously affect 
the overall performance. 

For instance, there are six jobs and have different size that consists of job1 = 1GB, 
job2 = 2GB, job3 = 4GB, job4 = 8GB, job5 = 16GB and job6 = 32GB. In addition, there 
are eight job execution sites and have different network bandwidth that consists of Site1 
= 1Mb/s, Site2 = 2Mb/s, Site3 = 4Mb/s, Site4 = 8Mb/s, Site5 = 16Mb/s, Site6 = 32Mb/s, 
Site7 = 64Mb/s and Site8 = 128Mb/s. We determine the threshold of job size to be 10GB 
that is average of all of job sizes. The threshold of network bandwidth is 31Mb/s that is 
average of all of network bandwidth. Therefore, we classify all of jobs into two catego-
ries according to job size. These Min jobs consist of Job1, Job2, Job3 and Job4. Other-
wise, these Max jobs consist of Job5 and Job6. These Min nodes consist of Site1, Site2, 
Site3, Site4 and Site5 and these Max nodes consist of Site6, Site7 and Site8. Finally, we 
assign these Min jobs to Min nodes and Max jobs to Max nodes. Therefore, we only as-
sign these jobs that consist of Job5 and Job6 to Site6, Site7 or Site8. Otherwise, we sub-
mit these jobs that consist of Job1, Job2, Job3 and Job4 to job execution sites that consist 
of Site1, Site2, Site3, Site4 and Site5. In our method, we avoid the Min node to be as-
signed the Max job hence seriously affect the overall performance. 

4. PERFORMANCE EVALUATION 

4.1 Simulation Environment 
 

We have selected simulator OptorSim [8] to evaluate proposed strategies and tech-
niques. In particular, the set of experiments concerned to this paper, performance evalua-
tion for Min-Max Balancing Workload strategy. It is possible to build a data grid plat-
form using OptorSim, consisting of Resource Broker (RB), Replica Manager (RM), Rep-
lica Optimiser (RO), Computing Elements (CEs), and Storage Elements (SEs), which are 
essential elements to build the environment under investigation. 
 
4.2 Simulation Results 
 

Using PU-DG Optibox, we will find out the best job scheduling algorithm to upgrade 
the overall performance. We present the comparison of fours job scheduling algorithms  
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Fig. 4. The topology of PU-DG Optibox. 

Table 2. Simulation parameters. 

Parameter Case 1 Case 2 Case 3 
Number of Jobs 100 1000 10000 

Time interval between Jobs (ms) 5000 5000 5000 
Number of various Job sizes 8 8 8 

Unit of file size (MB) 1000 1000 1000 

 
in our simulation. We introduce our network topology and simulation parameters before 
we compare with these job scheduling algorithms. The network topology and simulation 
parameters are shown in Fig. 4 [7] and Table 2 with 100 jobs. In our simulation contains 
28 sites that consist of 18 sites have CEs and SEs, 2 sites only have SEs and 8 sites have 
no CEs nor SEs acting as Routers. Site14 and Site19 initially own a storage capacity of 
500GB each and a master copy of each file is stored at one of these two sites. Every site 
of 18sites owns a CE and a storage capacity of 50GB. 
 
4.2.1 Comparison of job scheduling algorithm 
 

In our simulation, we compare with four job scheduling algorithms that consist of (1) 
Random, (2) Shortest Job Queue, (3) Access Cost and (4) Queue Access Cost. In order 
to find out the best job scheduling algorithms, we adopt various access patterns and rep-
lica replacement strategies to be able to completely simulate the real Data Grid environ-
ments. The total job execution time for various replica replacement strategies and com-
parison of job scheduling algorithms with access pattern of Sequential are shown in Fig. 
5 (a). As Fig. 5 (a), the simulation results indicated that Queue Access Cost is the best 
because not only shortest job queue but also access cost is considered in Queue Access 
Cost.  

The total job execution time for various replica replacement strategies and com-
parison of job scheduling algorithms with access pattern of Random are shown in Fig. 5 
(b). The best job scheduling algorithm also is Queue Access Cost. Not only shortest job 
queue but also access cost is considered in Queue Access Cost. 
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Fig. 5. Job scheduling algorithms with access pattern.  

 
We discuss the disadvantage of the other job scheduling algorithms, respectively. In 

Random Scheduling randomly submits jobs to CEs to lead to one of CEs that is possible 
to receive huge amount of jobs. The total job execution time obviously increased because 
this CE must execute a large number of jobs and it is possible to be idle in other CEs. 

In Shortest Job Queue Scheduling, jobs are assigned to specific CE according to 
shortest job queue. Though each CE receive approximately jobs, it is unfair to lower 
network bandwidth of specific CEs. These CEs with lower network bandwidth must 
spend a lot of transmission time to download specific files and then overall job execution 
time is raised. 

In Access Cost Scheduling, jobs are submitted to particular CEs according to access 
cost. The advantage is to take into account access cost because it can avoid the lower 
network bandwidth CEs to execute a large number of jobs. The queue size is not consid-
ered, and therefore these CEs with lower access cost probably receive huge amount of 
jobs to execute. However, overall performance and total job execution time is decreased 
because these CEs receive huge amount of jobs to exceed the workload limit. 

Finally, the Queue Access Cost consists of the advantage of Shortest Job Queue and 
Access Cost. Therefore, the Queue Access Cost is the best job scheduling algorithms to 
upgrade overall performance and decrease total job execution time. 
 
4.2.2 Min-Max balancing workload method 
 

We adopt job scheduling of Queue Access Cost and access pattern of Random to 
compare with replica replacement strategies. These replica replacement strategies consist 
of “NO Replication”, LRU and LFU. The network topology and simulation parameters 
are shown in Fig. 6 and Table 1, respectively. There are eight types of job size that con-
sists of 2GB, 6GB, 12GB, 14GB, 33GB, 42GB, 51GB and 58GB. 

The total job execution time for 100 jobs and comparison of Traditional method and 
Min-Max method with various replica replacement strategies are shown in Fig. 6 (a). 
Total job execution time is about 8.9%, 13.5% and 4.2% faster using Min-Max than Tra-
ditional method with “NO Replication”, LRU and LFU replica replacement strategy, 
respectively. 

The total job execution time for 1,000 jobs and comparison of Traditional method 
and Min-Max method with various replica replacement strategies are shown in Fig. 6 (b). 
Total job execution time is about 19.3%, 45.7% and 41% faster using Min-Max than  
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Fig. 6. Min-Max method and traditional method with (a) 100 jobs; (b) 1,000 jobs; (c) 10,000 jobs. 

 
Traditional method with “NO Replication”, LRU and LFU replica replacement strategy, 
respectively. 

The total job execution time for 10,000 jobs and comparison of Traditional method 
and Min-Max method with various replica replacement strategies are shown in Fig. 6 (c). 
Total job execution time is about 26.3%, 57% and 54.6% faster using Min-Max than 
Traditional method with “NO Replication”, LRU and LFU replica replacement strategy, 
respectively. 

Finally, we increase the number of jobs from 100 to 10,000 and then the total job 
execution time extremely reduces. Min-Max Balancing Workload can avoid the Tradi-
tional method that submits a large job to the lower network bandwidth node. Therefore, 
our Min-Max method is not only balance the workload but also reduce total job execu-
tion time and upgrade the overall performance. 

5. CONCLUSIONS AND FUTURE WORK 

Data grids are becoming increasingly important and playing important role in scien-
tific communities for sharing large data collections and for archiving and disseminating 
them in a digital library framework. A transparent middleware for sharing data across 
distributed, heterogeneous data resources separated by different administrative and secu-
rity domains is needed to archive data sharing and data management. 

In this paper, we present the design of PU-DG Optibox, which not only provides 
users for selecting their personal priority choices, but also provide manual and automatic 
download modes for users, independently if they are expert or not in computing. We 
expect that such proposal may reduce the burden most users may have, of operating and 
managing files in a data grid environment.  

In order to improve the performance of PU-DG Optibox, mathematical formulations 
for download time are transformed into dynamic programming problem, reducing the 
final time complexity to O(n), where n is the number of candidate replica sites. Our pro-
posed PU-DG Optibox can easily help users to find out, analyze, and choose best set of 
replica sites to download their files. According to PU-DG Optibox, users with or without 
knowledge about data grid or SRB can also download files from data grid environment 
simply and quickly, in the fastest way.  

From simulation results, the usage of CEs and total job execution time indicate the 
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Min-Max is better than Traditional method, since each node can run the job with suitable 
data size and avoid particular nodes have huge amount of jobs to execute. 

There are still many issues remained and to be considered, as we will add more fac-
tors into the proposed PU-DG Optibox to improve performance in terms of location se-
lection and reliability of file downloading process. 
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