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Abstract
Recently cloud storage services emerged as essential services with the spread of mobile devices have been developing into 
sharing contents with numerous users around the world by combining with personal cloud. In addition, they have been 
evolving into overcoming the limitations of mobile devices and supporting a diversity of mobile devices. Cloud storage 
services involve enormous investment expenses, but they are expected to be more profitable, so aggressive investments of 
them are being made and their service quality is being improved. Nevertheless, the performance of cloud storage services 
is not easy to evaluate due to the diversity of storages and their complex operating environments and so on. It is difficult to 
compare performance measurement results objectively and quantitatively because each service provider applies its own 
configuration methods and performance evaluation standards. This paper proposes a performance measurement frame-
work for cloud storage services, which could provide objective and quantitative performance measurement information, to 
select a suitable cloud storage service by comparing and evaluating them. The proposed framework could help to manage 
cloud storage performance effectively and it is expected to contribute to market activation by providing comparable cloud 
storage service performance information to both providers and users.
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1. Introduction
Cloud computing is internet-based computing in which 
large groups of remote servers are networked to allow the 
centralized data storage, and online access to computer 
services or resources. Cloud computing virtualizes a wide 
range of IT resources such as servers, storages, networks 
and applications to provide services in the form of SaaS, 
PaaS or IaaS by users’ demand. Cloud storage is a data 
storage service based on virtualization and cloud com-
puting technologies, which has been used for efficiently 
sharing or synchronizing data between personal mobile 
devices such as smart phones and tablet PCs because 

individual possession of several mobile devices becomes 
common as they are popularized1.

Recently cloud storage services emerged as essential 
services with the spread of mobile devices have been 
developing into a form of sharing contents with numer-
ous users around the world by combining with personal 
clouds. They have been evolving into a form of overcom-
ing the limitations of mobile devices and supporting a 
diversity of mobile devices. In this way, High Performance 
Computing (HPC) storage market is growing significantly 
in parallel with the development of related services, and 
the HPC storage market is expected to grow by an annual 
average of 8.9% during the period from 2011 to 2016 as 
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shown in Table 1. The global private cloud storage mar-
ket is drastically increasing as shown in Figure 1. Typical 
cloud storage services currently provided are Apple’s 
iCloud, Google’s Google Drive, Microsoft’s SkyDrive, 
Dropbox and SugarSync and so on2.

Currently, cloud storage services are expected to be 
more profitable in spite of enormous investment expenses, 
so mobile device manufacturers, telecommunication 
companies and Internet service providers are making 
aggressive investments for dominating the storage market 
and improving their service quality. However, the per-
formance of cloud storage services is not easy to evaluate 
due to the diversity of storages and their complex oper-
ating environments etc., and it is difficult to objectively 
and quantitatively compare performance measurement 
results because respective service providers apply their 
own configuration methods and performance evaluation 
standards.

Therefore, this study proposes a cloud storage perfor-
mance measurement framework, which could provide 
objective and quantitative performance measurement 
information, to select a suitable cloud storage service by 
comparing and evaluating them. For this purpose, core 
technologies and performance characteristics of cloud stor-
age services are analyzed to draw a performance metrics 
for cloud storage services, and to apply it to the proposed 

framework5. The research flow is shown in Figure 2. The 
developed framework could help to manage the perfor-
mance of cloud storage services, and it is also expected to 
contribute to market activation by providing comparable 
cloud storage performance information to users.

2. Cloud Storage Service

2.1 Storage Virtualization
Storage virtualization is a technology to integrate physical 
heterogeneous storage devices into a logical virtualized 
storage pool by software providing a virtualization func-
tion or separate hardware equipment and to manage 
them, which enables to allocate and use storages as nec-
essary. This storage virtualization technology could raise 
the use rate for storage resources, and could lead to cost 
reduction. In addition, it could easily provide storage 

Figure 1. Global private cloud storage market4.

Table 1. HPC storage market trend3

Year 2011 2012 2013 2014 2015 2016
Market Size(M$) 3,664 3,992 4,350 4,739 5,163 5,625

Figure 2. The research flow.
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scalability and availability. A virtualized storage does not 
really exist, but has the same characteristics as physical 
storage devices, so there is no need to change applica-
tions for accessing the virtualized storage, and it is used 
to improve characteristics of storage use rates, I/O per-
formance, availability, cost reduction, manageability, file 
virtualization, file system virtualization, disk and block 
storage device virtualization, tape library virtualiza-
tion, host- or server-based storage virtualization, storage 
device based storage virtualization, network based storage 
virtualization, object based storage, cluster distributed file 
system and so on3.

2.2 Cloud Storage
Cloud storage means storage that could provide storage 
services via networks. The definition for such cloud storage 
might include beyond storage services depending on the 
interpretation. To build cloud storage, a storage virtual-
ization technology is necessary. Therefore, it could be said 
that cloud storage provide services such as heterogeneous 
storage integration, data migration, backup, redundancy 
removal and fault recovery to users via networks.

Cloud storage has the following characteristics3.

 -  Scalable on a large scale.
 - Regardless of geographical locations.
 - Based on commercial system.
 -  Price policy proportional to a capacity of the storage 

used or allocated.
 - Easilt applicable to applications.

2.3 Major Technology of Cloud Storage
Cloud storage includes various technologies, however, 
the primary technologies are divided into ‘connection 
and expansion method, storage virtualization, and stor-
age stabilization’3.

2.3.1 Connection and Expansion Method
In terms of storage configuration technologies, the most 
stable technology is the Storage Area Network (SAN) 
method. It connects servers and storage devices via a 
separate dedicated network unlike the existing method 
that storage devices are directly attached and accessed to 
servers, so multiple servers could share storage devices, 
furthermore, it could give faster and more stable access 
compared to the existing Direct Attached Storage (DAS) 
because it uses a dedicated network.

Another technology is the network Attached Storage 
(NAS), which has a structure of connecting with a net-
work to enable file services, and it is scalable through 
different hardware without limit.

2.3.2 Storage Virtualization
There are three methods depending on where to place a 
virtualization engine for implementing storage virtualiza-
tion. The first method is to directly install a virtualization 
engine on a storage array, which recognizes every disk in 
the storage array as a massive repository, and then allo-
cates as much as necessary to users. This method should 
install a virtualization engine directly on a storage array, 
so it depends on hardware vendors in general.

The second one is that installs a virtualization engine 
on servers to provide integrated management of the 
connected storages. Because this method causes server 
overload, there could be more load as the number of stor-
ages is more increased.

The third is a method that installs a virtualization 
server between servers and storages, which is an ‘out of 
band’ scheme that uses different paths for data and con-
trol codes, respectively. To conceal complexity which is 
virtualization’s original purpose, a virtualization engine 
processes too many tasks, consequently, there might be a 
heavy load on the engine itself, and virtualization with an 
in-band scheme imposes a heavy burden on the virtualiza-
tion engine, therefore, an out-of-band scheme is favorable 
when connecting a lot of storages or storage servers.

2.3.3 Storage Stabilization
It is expected that storage products having functions for 
their stability in parallel with technologies making a less 
effect on the performance could help to enhance their 
competitiveness, and technologies such as redundancy, 
backup and snapshot are considered as being important 
for essential requisites of stability. In addition, encryption, 
compression and redundancy removal are considered to 
be technologies that could enhance the storage system to 
satisfy customers’ demands.

2.4 Cloud Storage Service
As mentioned earlier, cloud storage is one of the cloud 
computing technologies, which could be said a tech-
nology that store and share users’ data in data servers 
on Internet, and this cloud storage has an advantage of 
improving storage safety and reducing initial expenses 
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by enabling to use various devices as a terminal, to syn-
chronously store data of every device and to store users’ 
data on highly reliable servers. On the other hand, it has 
a disadvantage of being possible to drain personal infor-
mation when the server is attacked and being difficult to 
store and use data according the communication environ-
ment. As mobile devices are popularized recently, users 
having various types of mobile devices such as mobile 
pads and smart phones in addition to notebooks could 
apply these devices to use cloud storage services. Cloud 
storage services enable users to access the same files from 
any device, and to share different types of contents such as 
photographs, movies, music and documents with others. 
Cloud storage service is a model to store data in the vir-
tualized storage space connected via networks, which is 
supplied by third-party service providers in general, and 
they virtualize resources according to customers’ require-
ments to offer storage spaces to customers. Customers 
store data by means of the storage space supplied by ser-
vice providers, and the virtualized resources actually exist 
on several servers. It could be said a service that enables 
users to access the stored files through such a service any-
time and anywhere if Internet is connected6.

3.  Cloud Storage Performance 
Characteristics

3.1 Storage Performance Measurement
To analyze characteristics for measurement the perfor-
mance of cloud storage services, it is first examined how 
to measure the storage performance. In general, the stor-
age performance measurement methods are defined as a 
characteristic on the transfer rate, and the performance 
measurement items are as follows.

3.1.1 Throughput
At first, the throughput measurement unit used to repre-
sent as the number of batch jobs that could be processed 
per day, and in the recent DB field, the system performance 
is measured by the number of transactions that could be 
processed per hour, or the number of table queries or 
updates. The throughput in the data communications 
field means the amount of data successfully transferred 
between two arbitrary positions over a period of time. In 
terms of performance, throughput could be represented 
as the sum of performance measure that elements orga-
nized into a system unit could make.

3.1.2 Bandwidth
It is directly proportional to the amount of data transferred 
or received over a period of time, and also proportional 
to the data complexity which represents the relevant sys-
tem’s performance level in the qualitative aspect. For 
example, a bandwidth required for downloading a page 
of text per second could not be equal to one required for 
downloading a photo file. In the analog system, the band-
width measurement unit is Hz, which means the number 
of cycles changed per second.

3.1.3 Response Time
It means the elapsed time required between the last 
inquiry (or write command) requested to another com-
puter system (storage or another server) by a host (or 
server) and the response from the relevant computer 
system. For example, the time interval between the time 
when recognizing the end of inquiry and the time when 
indicating the first character responded from a user 
terminal could be said as the response time. However, 
measurement user input and system response only by 
a result indicate on the user terminal is not reasonable 
from mant perspectives. In the recent system environ-
ments where various device technologies are equally 
developed as well as servers, it could be said that the 
more practically applicable response time is the “per-
ceived response time” that could be diversely measured 
from multiple device systems (storage, channel extender 
and router etc.). The measurement unit for the response 
time is ms in general.

3.2  Cloud Storage Performance 
Management

Basic metrics for the cloud storage performance are stor-
age capacity, Input Output Operations Per Second (IOPS) 
representing the number of input and output operations 
processed per unit time, MB/s or Megabytes Per Second 
(MBPS) representing I/O data throughput per unit time, 
and response time representing the time to complete pro-
cessing a user’s request. Most of storage vendors do not 
open results of these performance metrics, and each ven-
dor’s own experimental conditions and methods are not 
also opened. 

Factors influencing on cloud storage performance 
measurement are hardware conditions such as server 
performance, storage connection interfaces and whether 
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or not to use caches, software conditions such as file sys-
tems, operating systems and applications, and workload 
characteristics such as whether to use random access or 
sequential access, read/write ratio and I/O block size. 
Nevertheless, their methods representing the storage 
performance are different, and their performance mea-
surement environments, measurement tools or systems 
are presented only through some white papers, and they 
publish the results of performance measurement which 
is difficult to evaluate fairly from a user perspective. In 
addition, even though the performance is significantly 
different depending on the types of workload, it is also 
difficult to estimate reasonable storage resource because 
their own applications’ characteristics could not be known 
in detail7.

3.3 Analysis of user Requirements
User requirements for measuring the performance of 
cloud storage services are as follows. 

3.3.1 Real-Time Performance Measurement
It is possible to measure performance and provide infor-
mation for cloud storage services in real time.

3.3.2  Same Performance Measurement Standard
The performance should be measured by the same per-
formance measurement metrics, tools, procedure and 
configuration.

3.3.3  Provide Quantitative Performance 
Measurement

Objective and quantitatively comparable performance 
measurement results should be provided for cloud stor-
age services.

3.3.4 Geographical Scalability
When measuring performance, it should be scalable to 
the distributed environment to reflect geographical char-
acteristics of cloud storage services.

3.3.5  Flexibility of Expanding the Performance 
Measurement Tools

To secure reliability and objectivity of performance mea-
surement information, it should be organized to easily 
add and remove the measurement tools for each metrics.

4.  Cloud Storage Performance 
Measurement Framework

4.1  Cloud Storage Performance 
Measurement Metric

It is to extract the system’s performance measurement 
metrics for measuring the cloud storage service perfor-
mance, and typical performance metrics are throughput 
such as IOPS and MB/s, and response time in addition to 
CPU use rate and availability8–12.

4.1.1 IOPS
PS is defined as the number of I/O operations processed 
per second, and the number of random read/write opera-
tions processed is measured between about 4KB and 
16KB.

4.1.2 MB/s
MB/s is defined as the number of bytes processed per unit 
time by the storage, which is the transfer rate of data that 
could be processed per unit time.

4.1.3 Response Time
It is a time interval between a user’s request and the time 
when completing a return to the user’s request.

4.1.4 Reliability
It is a measure of representing stability on how long a 
storage system could be operated without a break.

4.2  Cloud Storage Service Performance 
Measurement Framework

The storage performance measurement metrics exam-
ined in the previous section could be used as the metrics 
for measuring the performance of cloud storage services. 
However, performance measurement results could be 
different depending on a reference position where mea-
suring the performance because network performance 
has a great effect on cloud storage services. Therefore a 
cloud service performance measurement framework is 
proposed to measure the performance of storage services 
in various locations as shown in Figure 3.

In the proposed framework, gauge nodes were 
deployed as a scalable form to measure performance in a 
geographically distributed environment because the per-
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formance measurement results might be different by its 
geographical characteristics. In addition, because gauge 
nodes could measure performance by various benchmark 
tools (IOPS, COS Bench, Crystal Disk Mark and so on), 
they are designed as a structure of being able to easily 
add and remove performance measurement tools so that 
could eliminate dependency on tools for each perfor-
mance measurement metrics, and implemented as a form 
that could actively respond to the performance metrics 
change caused by the technology of cloud storage ser-
vices. The performance values measured by gauge nodes 
are gathered by collect nodes to analyze and process into 
an objective and performance-comparable form to pro-
vide it to users.

5. Conclusion
In general, cloud storage services provide a various 
advantages such as high scalability, availability and cost 
reduction based on the storage virtualization technology, 
and the use of cloud storage services is growing as mobile 
devices are recently popularized. Accordingly many IT 
companies offer storage services in their cloud computing, 
or quickly prepare for offering their services. At this point 
in time, this paper identified and defined the performance 
measurement items and metrics for cloud storage services. 
Finally a performance measurement framework of Cloud 
storage services framework was proposed to compare the 
performance measurement results objectively and quanti-

tatively and it could help service providers could manage 
their performance, and presented a criterion of selecting 
services to users.

However, a result of measuring these performance 
metrics is one that uses a benchmark tool to artificially 
measure the performance of a storage stage, so it could 
be used for reference to the storage performance rather 
than evaluating the whole storage performance. In the 
future, an additional study is needed to develop a frame-
work considering various characteristics of cloud storage 
services such as their prices and functions, and it is also 
expected to provide a more specific criterion of selecting 
cloud storage services to users by analyzing a correlation 
between various factors such as performance, prices and 
functions and so on.
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