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ABSTRACT
Due to the explosive increase in the amount of information
in computer systems, we need a system that can process
large amounts of data efficiently. Cloud computing system
is an effective means to achieve this capacity and has spread
throughout the world. In our research, we focus on hybrid
cloud environments, and we propose a method for efficiently
processing large amounts of data while responding flexibly to
needs related to performance and costs. We have developed
this method as middleware.

For data-intensive jobs using this system, we have cre-
ated a benchmark that can determine the saturation of the
system resources deterministically. Using this benchmark,
we can determine the parameters in this middleware. This
middleware can provide Pareto optimal cost load balancing
based on the needs of the user. The results of the evaluation
indicate the success of the system.

We then compare the processing time when these jobs are
processed sequentially and the processing time using this
measurement.

Categories and Subject Descriptors
H.3.4 [INFORMATION STORAGE AND RETRIEVAL]: Sys-
tems and Software—Distributed systems; D.1.3 [Software]:
PROGRAMMING TECHNIQUES—Concurrent Program-
ming, Distributed programming

General Terms
Theory

Keywords
Hybrid cloud, Load balancing, Data processing, Performance,
Cost Balance
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1. INTRODUCTION
In recent years, large amounts of data, referred to as big

data, have become more common with the development of
information and communications, creating the need for ef-
ficient data processing. As a platform for processing these
data, hybrid cloud environments have become a focus of
attention. In hybrid cloud environments, users can access
public clouds and private clouds; private clouds are secure
clouds built using the secure resources of the user company,
and public clouds can provide scalable resources if the user
pays metered rates. Combining these clouds can address
shortcomings related to safety and scalability. For data-
intensive jobs, hybrid clouds are appropriate. For increas-
ing amounts of data, hybrid clouds can provide secure and
scalable processing.

However, performance and costs must be balanced. When
we want to process large amounts of data more rapidly, us-
ing many resources that are provided by public clouds, in
addition to those provided by private clouds, will increase
speed, but the metered cost will also be greater. In contrast,
if these jobs are processed using private cloud resources al-
most exclusively, users will not have to pay metered rates,
but the job execution time will be longer. Thus, we need
a system that can determine optimal job placement based
on cost limitations and necessary performance to ensure ef-
ficient processing in hybrid cloud environments.

Therefore, in this research, we proposed a method for pro-
viding optimal job placement in hybrid cloud environments
in terms of monetary costs and performance. We have de-
veloped this system as middleware. In addition, the middle-
ware provides optimal job placement for both CPU-intensive
applications and data-intensive applications. In general, un-
like in CPU-intensive applications, which can accurately de-
termine the load using the CPU usage, efficient resource use
in data-intensive applications is difficult to determine. In
the proposed method, we created a benchmark that can be
used to change the extent of the load of CPU processing and
I/O processing, and we measure the performance of hybrid
clouds as an execution environment using this benchmark.
Based on the results obtained using this benchmark, we pro-
pose a method of determining job execution status based on
the status of the I/O resources.

In this paper, we will describe the details of the middle-
ware that can be used to implement the method proposed in
this study. We have evaluated the balance of performance



and costs by using this middleware with data-intensive ap-
plications. We examine the evaluation axis for performance
and monetary costs and show that this middleware can pro-
vide optimal job placement for efficient job processing. The
monetary cost is the sum of the power consumption cost for
private clouds and the metered costs associated with public
clouds.

The remainder of this paper is organized as follows. Sec-
tion 2 introduces cloud computing. Section 3 describes the
proposed method of determining the load. Section 4 de-
scribes the middleware that we suggest can be used for op-
timal job allocation. Section 5 introduces the evaluation
results for our middleware. Section 6 comments on related
research studies, and Section 7 presents concluding remarks
and suggestions for future work.

2. CLOUD COMPUTING

2.1 Overview of Cloud Computing and
Classification

Cloud computing is a service through which users can
use necessary software and hardware resources from servers
through networks. If a user uses cloud computing services,
without having the physical computer resources, the user
can receive various services.

The types of services include SaaS (Software as a Service),
PaaS (Platform as a Service) and IaaS (Infrastructure as a
Service). Recently, because of the diversity of services that
can be provided, these services have been collectively called
XaaS (X as a Service).

This study will consider IaaS. The types of platforms for
IaaS are private clouds and public clouds. Public clouds
can be used through the Internet, and users can use cloud
services 縲 scalable if they pay metered rates to the cloud
provider. However, in public clouds, it is necessary to leave
the data with the cloud provider (albeit temporarily) during
processing jobs, which generates some security concerns.

Using private clouds can solve these problems. A pri-
vate cloud is a cloud that is built using resources that users
already have. The user can construct the cloud taking se-
curity into account. However, private clouds lack scalability
relative to public clouds. Hybrid clouds can address the
shortcoming each of the cloud types. These clouds can be
both secure and scalable. In this research, which is focused
on hybrid cloud environments, we proposed a method for
ensuring efficient processing.

2.2 The Trade-off Between Cost
of the Evaluation Axis for Hybrid Clouds

When we use hybrid cloud environments, there will be
a trade-off relationship between performance and necessary
costs. When we want to process a large amount of data
more rapidly, using many resources that are provided by
the public cloud, in addition to the resources of the private
cloud, and the associated metered cost will make the job
more expensive. In contrast, if these jobs are processed us-
ing private cloud resources with little or no use of public
cloud resources, users will not have to pay metered costs,
but the job execution time will be longer. Thus, we need a
system that can determine optimal job placement based on
the equilibrium between necessary cost and performance to
ensure efficient processing in a hybrid cloud environment.

Figure 1. Architecture of Eucalyptus.

My research proposes a method of providing optimal job
placement in hybrid cloud environments in terms of mone-
tary costs and performance. This method has been opera-
tionalized as middleware. This middleware will consider job
processing time and monetary costs. Monetary cost is the
sum of the charge for power consumption in private clouds
and the metered costs associated with public clouds. The
recent environmentalism in global affairs makes it especially
important to reduce power consumption when processing
large amounts of data. It is important that we not waste
power. In addition, the monetary cost of private clouds may
include fixed costs associated with the system installation.
However, such amounts are difficult to define categorically.
Thus, we assume that the equipment has already been de-
preciated, and the fixed costs were evaluated as zero. The
monetary cost does not include the fee for the power con-
sumption associated with the public cloud. This is because
it is difficult for the user to know the price of the power
consumption by each resource in the public cloud. For the
public cloud, the power consumption charges are assumed
to be included in the metered costs.

2.3 Eucalyptus
In this paper, we have used the cloud-building software

Eucalyptus [1] to build two cloud systems. By connect-
ing with Dummynet to generate an artificial delay between
them, we have built an emulated hybrid cloud environment
in our laboratory. Eucalyptus is open source software that
can create cloud infrastructure. Eucalyptus is compatible
with the Amazon EC2 API; the Amazon EC2 (Amazon Elas-
tic Compute Cloud) is a cloud service that is provided by the
U.S. company Amazon.com [2]. Using a cloud built in Euca-
lyptus, you can port a service on this cloud as if the service
was on Amazon EC2. Figure 1 shows the architecture of
Eucalyptus. Eucalyptus is composed of three components.
It is treated as a public network to the upper layers of the
Cloud Controller (CC) from the Cluster Controller (CLC),
and it is treated as a private network to the lower layers of
the NC (Node Controller).

Cloud Controller (CLC)
Manages the information in the entire cloud. Equipped
with a compatible interface for Amazon EC2; a web



management screen provides an API for the user.

Cluster Controller (CC)
Manages the node controller, the state of instances
(virtual machines) and the virtual network for the in-
stances.

Node Controller (NC)
Controls the instance. When the program needs to run
multiple instances, the virtualization software runs on
the node controller.

3. PROPOSED METHOD FOR DETERMIN-
ING THE LOAD

The proposed middleware in this paper processes not only
CPU-intensive applications but also data-intensive applica-
tions. In both these jobs in a hybrid cloud environment,
to obtain high-speed and low-cost processing after all of the
resources have been used in the private cloud, the next tasks
should be processed using in the public cloud. In addition,
in the public cloud, after the borrowed resources have all
been used, new resources will be needed. Therefore, even
when it is important to utilize resources without waste, it
is also important to properly determine the load, and all of
each resource should be used. Therefore, when used for CPU
processing and disk processing, this middleware determines
when the resource has been saturated. Based on this infor-
mation, this middleware will determine the resource load.
The methods of determining the load for each type of pro-
cessing are as follows.

3.1 Method for Determining the Load of CPU
Processing

Load balancing for CPU-intensive jobs has been investi-
gated in many past studies. In this research, CPU usage
is the focus. This proposed middleware also determines the
load based on CPU usage. This method is same as that used
in other studies; if the usage reaches 100%, the resource has
been saturated, and the middleware does the load balanc-
ing. The method of optimally balancing CPU-intensive jobs
is not a feature of this proposal because it does not funda-
mentally change the techniques used in other studies.

3.2 Method of Determining the Disk Process-
ing Load

3.2.1 Disk Performance Measurement
Unlike in CPU intensive-jobs, it is difficult to make a

definitive decision about whether the disk load has reached
the saturation point during data-intensive jobs. For data-
intensive jobs, because the system is often waiting for I/O
processing, it is difficult to determine the CPU load. Thus,
in the proposed method, we use each cloud resources
/proc/diskstats file to obtain the length of the queue for the
current disk. Then, we estimate the number of jobs that are
running in these disks. Therefore, in this method, it is also
necessary to know the length of the queue, which indicates
the saturation of the disk resources.

Therefore, we have created benchmarks that can change
the balance of I/O and CPU processing. By using the bench-
mark Disk Bench, which performs read-only processing, we
measured disk performance using the execution environment
of the middleware. In Figure 2, as an example of a job by

Figure 2. One example of the load transition of Disk Bench.

Disk Bench, we can see a state of transition for the CPU
load and the number of disk accesses. Disk Bench is a sim-
ple benchmark that performs Read processing for the disks
in the instance. This figure shows that Disk Bench process-
ing is not performed when there is little CPU processing
and will become I/O bound if many jobs are processed at
the same time.

Using Disk Bench, we have measured the performance of
the disk. We have made this performance measurement for
the instances of performance in Table 1 for the hybrid cloud.
In this measurement process, we measured the execution
time for the jobs and the queue that is accumulated for
the disk during the processing of multiple simultaneous jobs
using Disk Bench.

Table 1. Instance.
OS Linux 2.6.27.21-0.1-xen /

x86 84 GNU / CentOS 5.3
CPU Intel(R) Xeon(R) CPU @ 3.60GHz 1 core
Memory 1024MByte
Disk 20GByte

In general, if there are sufficient disk resources, simul-
taneously processing the jobs can be more rapid than se-
quentially processing them. However, when we increase the
number of jobs to be processed simultaneously, there is a
point at which processing time will be slow as a result. This
method determines when there are no more disk resources,
and the length of the queue that has accumulated for the
disk at that time is defined as the ”conditions in which the
disk resources have run out”.

Furthermore, in Disk Bench, there are two parameters.
One of parameters specifies the amount of reading at a par-
ticular time, and the other specifies the number of times
this reading has been repeated. In this performance mea-
surement process, we create a job that we intended to access
a variety of patterns using the disk; these parameters were
varied. We have measured performance changing these pa-
rameters.

Figures 3, 4, 5, 6, 7, 8, 9 and 10 show the comparison
results for processing times and the length of the queue at
the time of the performance measurement experiments.

The assumed access pattern is as follows: a few read small
data blocks, many read small data blocks, a few read large
data blocks and many read large data blocks.

First, in this performance measurement process, we com-
pare the processing time for simultaneous processing and
sequential processing. In Figures 3, 5, 7 and 9, the vertical
axis represents a ratio that indicates the comparison results
for the processing time. This ratio was obtained by dividing
the sequential processing time into the simultaneous pro-



cessing time. The vertical axis at the value of 1 is indicated
by a red dashed line. If the value is below the dashed line,
then simultaneous processing is faster than sequential pro-
cessing. If the value is above the dashed line, then sequential
processing is faster than simultaneous processing. In other
words, the disk resource has been exhausted. Thus, in Fig-
ure 3, we can see that in job number 4, the disk resource
was exhausted. This was also the case for job number 3 in
Figure 5, job number 2 in Figure 7 and job number 4 in
Figure 9.

Figures 4, 6, 8 and 10 show the transitions in the length of
the queue for each number of concurrent jobs. As shown in
these figures, if the number of concurrent jobs is increased,
the length of the queue is increased. For this state, we can
use the following queuing model: The disk access requests
from multiple jobs arrive at random, the processing time
for the job is nearly constant, block size is constant and
the window for each disk is one. Therefore, the degree of
congestion of I/O requests from the job, that is, the length
of the queue, accurately reflects the degree of saturation of
the input and output.

By analyzing the relative processing time and the length
of the queue at that time, in this experimental environment,
we found that the lengths of the queues are between 2000
and 2700 when the disk resources run out. However, clearly,
this is a range of values. If we analyze the physical disk in
detail, these values may be uniquely determined. However,
in general, the accuracy of the actual job will not be exact.
Therefore, in this method, we determine this range as the
saturated disk load. We discuss our preliminary experiments
in the next section.

Figure 3. Comparison of processing times: Example in
which a small data block is read at a low repetition rate
(512 bytes read 512 times).

Figure 4. The length of the queue: Example in which a
small data block is read at a low repetition rate (512 bytes
read 512 times).

Figure 5. Comparison of processing times: Example in
which a small data block is read at a high repetition rate
(64 bytes read 4 M times).

Figure 6. The length of the queue: Example in which a
small data block is read at a high repetition rate (64 bytes
read 4 M times).

Figure 7. Comparison of processing time: Example in which
a large data block is read at a low repetition rate (4 Mbytes
read 32 times).

Figure 8. The length of the queue: Example in which large
data block is read at a low repetition rate (4 Mbyte read 32
times).

Figure 9. Comparison of processing times: Example in
which a large data block is read at a high repetition rate(512
Kbytes read 1024 times).

Figure 10. The length of the queue: Example in which a
large data block is read at a high repetition rate (512 Kbytes
read 1024 times).



3.2.2 Preliminary Experiments: Experiment in Con-
trolling Load Balancing

In our preliminary experiments, we process data-intensive
jobs using Disk Bench in this hybrid cloud environment. In
this experiment, as our threshold for load balancing, we use
the length of the queue for the disk resource. Using this
threshold, by choosing a value in the range of values deter-
mined in the performance measurements, we have examined
the evaluation of performance and cost.

In this experiment, we received Disk bench jobs every 2
seconds 100 times. These experiments were load balanc-
ing experiments intended to determine where to place jobs:
whether in private clouds or public clouds. For this experi-
ment in hybrid cloud environments, we ran 8 instances with
performance as indicated in Table 1: 4 instances for each
cloud. In addition, this range of values for the length of the
queue (which was determined by measuring performance)
depends on the physical machine. However, because all of
the physical servers built as hybrid cloud environments had
the same performance, this range is unified at the above-
mentioned value.

First, jobs are placed in one instance in a private cloud. If
the length of the queue for that instance is equal to or greater
than the threshold value, the next jobs will be distributed
under the conditions that the length of the queue is less
than this threshold or that has not been used within the
private cloud. If all of the queue lengths in a private cloud
are equal to or greater than the threshold value, the public
cloud begins to be used. Then, the next jobs are similarly
distributed until the queue length is greater than or equal
to the threshold.

In this experiment, as the threshold for load balancing, we
varied this value from a small value to large value from 500
to 12500. By using a value within the range of values ob-
tained in the performance measurement process, we verified
whether this load distribution could provide an optimal bal-
ance between monetary costs and performance as described
in Section 2.2. During this experiment, we measured the
processing time for the jobs, the power consumption rate
for the private cloud and the metered rates for the public
cloud. To measure power consumption in this environment,
we have used a watt-hour meter SHW3A [3], which is a
high-precision power meter produced by the System Artware
Company in Japan. After one plugs an electric product into
the SHW3A, the power consumption is instantly measured
and displayed. In this study, we measure only the private
cloud’s node power consumption.

Figure11 shows the evaluation results for the experiment.

Figure 11. Evaluation results for Experiment in Controlling
Load Balancing.

The horizontal axis is the processing time cost, and the
vertical axis is the monetary cost. Monetary costs are cal-
culated using the following equation:
Monetary Cost : TR * NR * CR +PL * CL

TR:Execution time for Public Cloud[hour]
NR:Number of Instances of Use of Public Cloud
CR:Charges for Public Cloud Use[$/hour]
PL:Power Consumption in a Private Cloud[kWh]

CL:Charges for Power Consumption in a Private Cloud[$/kWh]

In this evaluation, the metered unit price is $0.5 based
on the price of Amazon EC2 and the unit price of power
consumption is set at $0.24 based on the price charged by
the Tokyo electric power company.

As shown in Figure 11, there is no configuration that op-
timally balances both time costs and monetary costs. How-
ever, in selecting a threshold for load balancing, if we choose
a value from 2000 to 2700 based on the performance mea-
surement that indicates the saturation of the disk resource,
we find that load balancing can be provided based on a
Pareto optimal cost balance. In other words, if we set the
threshold near 2000, although efficiency will be ensured and
the load balancing will occur quickly, the monetary costs
will increase slightly. In contrast, if we set the threshold
near 2700, while efficiency will be ensured, it will take a
little time to perform load balancing and ensure a low mon-
etary cost. The balance of time costs and monetary costs
should be based on the needs of the user.

Thus, in these preliminary experiments, we could not find
a point that best balances time cost and monetary cost
because there is a range in which the disk resource is ex-
hausted. However, by setting a threshold value in response
to a user request within this range, we found that a process-
ing cost balance can be obtained without wasting resources.

3.2.3 Method of Controlling the Load Distribution in
Disk Processing

Based on the discussion in Sections 3.2.1 and 3.2.2, in
the proposed method of load determination for disk pro-
cessing, first, by measuring the performance of the disk, we
determine the range for queue length that indicates disk sat-
uration. This phase is regarded as a learning phase. The
threshold for load balancing in middleware is the length of
the queue for the disk resource, and the user can select a
threshold within that range, which is determined by the
performance measurement process. This middleware can be
used to control the Pareto optimal cost balance load distri-
bution without wasting resources.

4. THE PARETO OPTIMAL JOB ALLOCA-
TION MIDDLEWARE

4.1 The Structure of the Middleware
Figure12 shows the behavior of the middleware. This

middleware consists of a dispatch unit and monitor unit.
The monitor unit in this middleware (for instance, in hy-
brid clouds) uses the priority of job placements to check the
status of the resource on a regular basis. As mentioned in
the previous section, to check the status of the resources re-
quires measuring CPU utilization for CPU processing and
the length of the queue for disk processing. In addition, the
middleware evaluates the load status of these resources, de-
termining CPU utilization and disk processing at the same



Figure 12. Behavior of this middleware.

time, and if the processing becomes saturated, the middle-
ware determines that. The dispatch unit receives and dis-
tributes jobs based on the information from the monitor
unit.

4.2 An Algorithm for Middleware
This middleware algorithm is as follows. Additionally,

when running this middleware in a hybrid environment cloud
for the first time, as mentioned in Section 3.2.3, you must
determine the range of the queue length to identify disk re-
source saturation.

1. Based on the range of threshold values determined in
the learning phase, the user sets the threshold for load
balancing, which can be used to obtain the desired cost
balance, and runs the middleware.

2. Middleware receives the submitted job.

3. In order of placement priority in private cloud instances,
check the load state of the resource to determine whether
it is greater than or equal to the threshold. If the re-
source is at a value that is less than the threshold value,
execute the job using that instance, and then return
to (2). If the load states of all resources in the private
cloud are equal to or greater than the threshold value,
go to (4).

4. In order of placement priority for public cloud instances,
check the load states of the resources to determine
whether they are greater than or equal to the thresh-
old. If the load state is less than the threshold value,
execute the job using that instance; then return to (2).
If all of the resource load states are equal to or greater
than the threshold value at that time, proceed to (5).

5. In the public cloud, select a new instance and execute
the submitted job using that instance; then return to
(2).

5. EXPERIMENTS USING THIS MIDDLE-
WARE

In this chapter, we describe examples of the results of
evaluations conducted using this middleware. Conducting
load balancing experiments using this middleware for CPU-
intensive applications in hybrid cloud environments is not
fundamentally different from the process used in earlier stud-
ies of load balancing. Therefore, in these examples, we con-
sider the evaluation results obtained for data-intensive ap-
plications using this middleware.

5.1 Overview of experiments
As shown in Figure 12, as the experimental environment

for this middleware, we have built a hybrid cloud envi-
ronment. The node servers that constitute each cloud are
single-core CPUs, and all servers have the same performance.
For this reason, we will generate one instance of performance
from the table 1 for each node server. There are 4 instances
in the private cloud. If all instances are saturated, we con-
duct load balancing using the public cloud resources.

The experiment procedures are as follows. First, in a
learning phase, we measured the performance of the disk.
However, this experimental environment is the environment
in which the performance measurement was carried out in
Section 3.2. Therefore, for all instances in this hybrid cloud,
the queue length range that indicates disk saturation is be-
tween 2000 and 2700. Next, based on this range, we execute
this middleware by varying the value of the threshold for
load balancing. During these experiments, we measured the
processing time for the jobs, the cost of power consumption
when the private cloud was used and the metered rates for
the public cloud.

In this experiment, we evaluated these three types of costs
by varying the threshold for load balancing. In particular,
setting the threshold in the range determined by the perfor-
mance measurement process, we evaluated whether Pareto
optimal load balancing is possible without wasting resources.

5.2 Data-Intensive Applications that were used
in the Experiment

In these two experiments, we have evaluated middleware
used with two different data-intensive applications.

As the first, we used pgbench, which is the PostgreSQL
benchmark. Pgbench is a simple tool benchmark that is
bundled with PostgreSQL. Tatsuo Ishii created the first ver-
sion, published in 1999 by the PostgreSQL mailing list in
Japan. Pgbench was created based on the TPC-B, which
mimics the online transaction process and can measure the
number of transactions that can be processed per unit of
time. We received pgbench’s jobs every two seconds 200
times; the middleware processed these jobs.

For the second, we used queries from DBT-3. DBT-3 is a
simplified version of the TPC-H and performs complex select
statement queries in large databases. The TPC-H and DBT-
3 are decision support benchmarks and consist of ad-hoc
queries and concurrent data modifications. In the DBT-3,
there are 22 search queries. However, because the processing
time may be long because of the number of queries, in this
experiment, we select 11 queries for shorter processing times.
Then, we submitted these queries repeatedly for a total of
110 jobs, and the middleware processed the jobs. The DBT-
3 database was built using MySQL.

The major difference between these two types of data in-
tensive applications is the difference in the CPU process-
ing load. In executing pgbench jobs, we confirmed that
CPU processing is generally not performed. In contrast,
the search queries for DBT-3 were processed to some ex-
tent with the CPU. However, all of the search queries were
mainly executed using disk processing; thus, these are data-
intensive applications. For each of these two data-intensive
applications, using this proposed method, we show that the
method does not depend on the nature and type of applica-
tion.



Figure 13. Cost Evaluation of processing pgbench Jobs.

5.3 Data Placement in Experiments
In a cloud environment, especially for data-intensive jobs,

considering data placement is very important. For data
placement in a hybrid environment cloud, we can consider
using the block storage associated with each cloud or us-
ing remote access to local storage from the public cloud. In
these experiments, it is assumed that due to remote backup,
the necessary data are already located in some instances. In
[6], using middleware, remote access to the local storage is
attained using iSCSI from a public cloud. We wish to con-
sider this method of data placement in the future.

5.4 Evaluation of the Results obtained using
Middleware

5.4.1 An example of the use of pgbench
Figure 13 shows the results of the cost evaluation obtained

using the middleware, which processed pgbench’s jobs.
In Figure 13, as in Section 3.2.2, the vertical axis shows

the monetary cost, and the horizontal axis shows the time
cost. In addition, figure 13 shows details of the representa-
tive points for the load balancing threshold.

As we can see from this figure, if we set the threshold at
the relevant queue length based on the performance mea-
surement process (i.e., between 2000 and 2700), this mid-
dleware provides a Pareto-optimal cost balance and uses re-
sources efficiently. Conversely, some points are on a Pareto-
optimal curve even though they are out of the range of val-
ues determined by the performance measurement process.
These points are examples that indicate when the load bal-
ance is too focused on processing performance and too many
resources are used or when a tremendous burden has been
placed on the available resources so as not to raise the mon-
etary cost. For points that are not listed on the Pareto
optimal curve and that for values other than the threshold
value, it is possible that a better cost balance exists.

Based on the above, we found that it is a necessary con-
dition for the point on the Pareto optimal curve to set the
threshold for load balancing based on the saturation of the
disk resource.

5.4.2 Example using search queries of DBT-3
Figure 14 shows the results of the cost evaluations ob-

tained using the middleware with DBT-3 processing queries.
In Figure 14, as in Section 3.2.2, the vertical axis shows

the monetary cost, and the horizontal axis shows the time
cost. In addition, Figure 14 shows the details of the rep-
resentative points only for set values for the load balancing

Figure 14. Cost Evaluation of processing DBT-3 queries.

threshold.
From this figure, as well as the DBT-3 processing queries,

we can see that if we set the threshold at the queue length
determined by the performance measurement process (i.e.,
from 2000 from 2700), this middleware provides a Pareto-
optimal cost balance in which resources are used efficiently.
Additionally, in other respects, results similar to the ones
found using pgbench are obtained.

5.4.3 Observations from these Experiments
Based on the evaluation results for the processing search

queries for DBT-3 and pgbench as examples of data-intensive
applications, we can conclude that this middleware pro-
vides a Pareto-optimal cost balance while using resources
efficiently when we set the threshold to the queue length
determined by the performance measurement process.

In these experiments, we deliberately added a delay of 20
msec by using Dummynet between the clouds. However, be-
cause only certain jobs are transferred to the remote cloud
in this middleware, some of the evaluations were barely in-
fluenced by the differences in the delay time. In addition,
because the unit price of the metered cost for public cloud
use was large, the influence of the differences in power con-
sumption in the private cloud was limited. However, for
technical and social reasons, these monetary costs may vary
significantly. Even when the proposed method is used, when
the charge for power consumption is more significant, this
factor must be kept in mind during load balancing. How-
ever, we can make this modification by simply changing the
cost calculation expression.

6. RELATED WORKS
Previous researchers have discussed load balancing in cloud

computing [4] and [5]. In these papers, however, CPU-
intensive applications were used as the targets of load bal-
ancing jobs rather than data-intensive applications. In
computing-centric applications, similarly to some scientific
calculations, it is possible to perform appropriate load bal-
ancing based on the CPU load of each node. In this research,
however, we have used a data-intensive application for the
jobs. In such cases, because the CPU is often in the I/O
waiting state, load balancing is almost impossible based on
CPU load. In this research, we have used the disk I/O as
a load indicator. In data-intensive applications, load bal-
ancing middleware has also been developed that uses the
amount of disk access for load decisions [6]. This middle-
ware based on disk access provided dynamic load balancing
between public clouds and a local cluster and ensured op-



timal job placement. Because we have further developed
middleware by introducing user-specified parameters, it will
be possible to reduce the monetary costs of load balancing,
including the cost of power consumption.

Power saving in cloud computing has also been actively
investigated. Unlike in this study, researchers have discussed
an approach to power saving that involves the use of CPU-
intensive applications in a cloud [8]. Other studies [9] and
[10] examined power saving efforts for a cloud datacenter.
Our study aims to save power in all clouds, including pri-
vate clouds. Researchers [12] proposed a scheduling algo-
rithm that could be used to evaluate power consumption
and job execution time. However, these studies differ from
our study, especially because we have focused on total costs
in hybrid clouds, including job execution time, public cloud
charges at a metered rate, and power consumption charges
for private clouds. In addition, we have used data-intensive
applications as the target jobs.

7. CONCLUSIONS AND FUTURE WORKS
We proposed a method of determining the load based on

the required cost and performance to ensure efficient pro-
cessing load balancing in a hybrid environment cloud. We
have implemented this procedure using middleware. This
middleware uses information about CPU processing and disk
processing to provide efficient load balancing if the resources
needed to perform a job are scarce. In particular, in the pro-
posed method, we determine the load from CPU usage and
the length of the queue for disk processing. First, in a learn-
ing phase, by measuring the performance of the disk, we
determine the range of queue lengths that indicate disk sat-
uration. The user can select a threshold within that range,
which is determined by the performance measurement pro-
cess. Using this middleware, tone can control the Pareto
optimal cost balance load distribution without wasting re-
sources.

Future research should be focused on improving data place-
ment. In the experiments in this paper, data placement was
the task of interest. This data placement is not realistic as
a model for real situations. A realistic model might aggre-
gate local and remote storage and synchronize these forms of
storage. Therefore, we are considering introducing network
storage. In our system, iSCSI has already been introduced,
and we plan to carry out an experiment using iSCSI in the
future. In addition, in the current implementation, based
on the values obtained in the learning phase, the threshold
should be set for load balancing before running the middle-
ware. In the future, we would like to develop an automating
learning phase as a part of this middleware.
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