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Abstract: This paper deals with the meaning of the cloud computing technologies in nowadays GIS and their
role in the presentation and the availability of the spatial data via internet. The first part is focused on the role of
cloud storage, GIS and their intersection. It is followed by performance testing of selected cloud storage
services while using spatial data, with emphasis on measurements of upload and download speeds.
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1 Introduction
Cloud computing changes the way users access the
ICT systems, which means resources (computers,
infrastructures, data storage and applications) and
the way of managing and delivering computing
technologies, services and solutions. It is a new
model of delivering computing resources in a pay-
per-use approach, which allows businesses to use
their applications without any software installation
and access their personal files at any computer with
internet access using only an internet browser.
Cloud storage is a young industry for processing
and storing very large amounts of data, but it has a
great promise for growth. Cloud storage providers
(CSPs) such as Amazon, Google and Microsoft have
already been dependent on the cloud storage to
manage and run their businesses, and they have just
begun to offer varying degrees of performance and
reliability to smaller enterprises. Since there are no
two CSPs which are equal, potential customers need
to identify those that can deliver the appropriate
price / performance levels to meet their needs.
Geographic information systems (GIS) is being
implemented not only as a standalone system but
integrated into other systems. It is a collection of
wide range of tools that captures, stores, analyses,
manages and utilizes large volumes of geospatial
data and delivers geodata and services for massive
concurrent users. Therefore, one of the requirements
is the ability to handle the huge volume of spatial
data and ensure the required performance with
operational flexibility. This case study is focused on
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cloud storage systems and their performance testing,
concretely how quickly CSPs can write and read
spatial data stored as files of different sizes.

2 Problems of Cloud Computing, GIS
and Storage in the Related Wor ks

Cloud computing refers to both the applications
delivered as secure services over the internet and the
hardware and software systems in the data centres
that provide those services. The services offered in
the cloud can be divided into: cloud infrastructure —
distributed  multi-site  physical infrastructure
(enabled by server virtualization); cloud platform
(e.g. web server); cloud storage, which describes the
ability to safely store a file in the cloud (formerly
utility computing); cloud applications (applications
delivered as a service), and cloud clients -
presentation layer (e.g. browsers or mobile devices).
Cloud storage is a service-oriented model of
networked online storage where data is stored in
virtualized pools of storage which are generally
hosted by third parties. Physically, the resources
may be located all over the world. Cloud storage
services may be accessed through a web service
API, command line tool or through a web-based
user interface to create, share, and manage data [6].
Cloud computing is an emerging technology for
processing and storing very large amounts of
different data types and sizes. Sometimes anomalies
and defects affect parts of the cloud infrastructure,
resulting in a performance degradation of the cloud.
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Authors in [2] propose a performance measurement
framework for Cloud Computing systems, which
integrates software quality concepts from ISO
25010. The importance of performance and scaling
in cloud environments is discussed in [3]. Authors
in [9] analyze the performance of cloud computing
services for scientific computing workloads. There
is performed an empirical evaluation of the
performance of four commercial cloud computing
services including Amazon, and there is compared
the performance characteristics and cost models of
clouds and other scientific computing platforms
through trace-based simulation. Suitable platforms
and standards to develop applications and store data
are also solved in [13].

In addition, GIS functions and services that use
spatial data are geographically and logically
distributed according to the source of data, location
of computing facilities and organizations. The
spatial analyses on large amount of data, such as
[10], are complex and computationally intensive. In
order to share and work with geodata and the
computation results among geographically dispersed
users, a scalable and low cost cloud computing
platform is a good solution for GIS application. It
also enables many users to interact together,
exchanging and collaborating with data pertaining to
multiple disciplines. The spatial data can be stored
in the cloud without paying attention to details of
huge volume data storage and spatial data security.
The possible applications of cloud computing as a
new storage and delivery GIS model are discussed
in [4], [11], [14] or [15].

3 Case study of the Performance
Testing of Cloud Stor age Services

The performance of cloud storage services depends
on many influences. Main factors are: the network
that transmits the data between storage system and
the end user; and the performance of the storage
service itself (how scalable is the service provider
and how many users are using it at the same time).
Thus, these factors have to be considered in the
initial conditions.

3.1 Ligt of Cloud Storage Providers

The comparison given in the Table 1 focuses only
on public CSPs which are appropriate for business
use and which are able to store large amounts of
spatial data.
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Table 1: - Some characteristics of selected public
CSPs (source: authors).

Service Storage Cost For free
name

Amazon | First1TB/ | $0.125per | 5 GB of

3 month...Ov | GB...$0.05 | Amazon S3
er 5000 TB/ | 5 per GB storage and
month 15 GB of

data transfer
out each
month for
one year.
AT&T |1GB $0.175 per | Nothing for
Synaptic | month; GB; $0.10 cloud
Storage | inbound; per GB/ storage.
asa outbound hour; $0.10
Service per GB/
hour
GoGrid | 1GB/ $0.15 per Store up to
month GB 10GB/
month at no
cost.
Google | First0-1 $0.12 per 5 GB of
Cloud B/ GB...$0.08 | storage, 25
Storage | month...Ne | 5 per GB GB of
xt 400 TB download
and 25 GB
of upload
data.

HP Cloud | 0-50 TB / $0.12 per Nothing for
Object | month... GB...$0.10 | cloud
Storage | Next 950 per GB; free | storage.

TB; uploads

Microsoft | First 1 TB/ | $0.125per | 90-day free

Windows | month...Ne | GB...$0.05 | trial, 35 GB
Azure | xt4000TB/ | 5 per GB with 50 GB

month storage
transactions.

Nirvanix | 1 GB $0.25 per Nothing for
Cloud month; GB; $0.10 cloud
Storage | uploads; per GB; storage.

downloads | $0.15 per
GB
OpSource | 1 GB; $0.0072/ 14-day free
Cloud Files| incoming; day; free; trial.
outgoing first 10 TB
for
$0.15/GB,
over 50 TB
for
$0.09/GB
Peer 1 1GB/ $0.15 per GB| Nothing for
Hosting | month (basic) $0.37 | cloud
per GB storage.
(premium)
Rackspace| 1 GB/ $0.10 per Nothing for
Cloud Files| month GB; free; cloud
$0.18 per storage.
GB
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This is
provide a

not a complete list, however it does
good representative list of CSPs.
Customers can usually choose between the
geographic redundancy service which replicates
data between two geographically distant sites so that
applications can switch from one site to another (for
example, in case of the catastrophic failure of one)
and still have all the configuration data, and locally
redundant (it is cheaper).

3.2 Proposed Way of Solving the Case Study
The first step have to be the definition of initial
conditions — see Table 2 (both locations are situated
in the Czech Republic), then choose CSPs according
to requirements (the only condition is free access), it
is followed by the performance testing of cloud
storage while using spatial data, and selection of the
best cloud storage provider for spatial data at the
end of the case study.

Table 2: - Initial conditions and prerequisites, which
were used for performance testing (source: authors).

L ocation 1 L ocation 2
Average
download speed 375,1 kB/s 583,7 kB/s
Averageupload | 54 gypis | 57,2 kBs
speed
Aver age ping 73,5ms 53,7 ms
HW + SW Windows 7 | Windows XP
configur ation Home Home SP3;
premium Celeron
64bit; AMD Dual-Core
A6-3400M; T3000
1,4 GHz; 4 1,80GHz; 2
GB DDR3 GB DDR2
1333 MHz 667 MHz

For performance measurement and comparison
Gladinet Cloud Desktop Professional Edition
licensed per-user was used. It can be installed on
multiple computers for a single user (a 30-day free
trial version can attach only 2 cloud storages) [7].
From Table 1 there were chosen only Amazon S3
[1], Windows Azure [12] and Google Cloud Storage
[8] for the evaluation because OpSource Cloud Files
and GoGrid are not supported by Gladinet.

The collected data were statistically analysed
using Microsoft Excel 2010.
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3.3 A Comparison of Upload and Download
Speeds

At first, download speed of these three storage
services was tested (by the same day as the
following testing). Cloud speed test according to
CloudHarmony [5] was won by Windows Azure
Storage — see Table 3. These results will be later
compared with our own performance testing.

Table 3: - Results of download speed test by
CloudHarmony (source: authors).

Service | Transferred | Average | Time
name speed

Amazon 1,91 MB 1725kB/s | 11,1s
S3 650 kB 72,5 kB/s 9,135
Google 1,91 MB 168,8 kB/s | 11,3s
Storage 650 kB 69,2 kB/s 9,57s
Windows 1,91 MB 2175kB/s| 9,15
Azure 650 kB 94,8 kB/s 7,045

Upload and download speed was measured with
various spatial data files of different sizes for all 3
CSPs. The sizes of files: 1) file size: 3,57 MB; 2)
file size: 120 kB; 3) 16 files with size between 100
kB and 500 kB: in sum 3,57 MB and 4) 61 files with
size to 5 kB: in sum 120 kB. Transmission speeds
were measured simultaneously from two locations
hourly from 10:00 to 16:00 (during the working
day). The results of the first two measurements are
shown in Table 4 and Table 5.

Table 4: - Speed results and time of upload and
download - file size of 3,57 MB (source: authors).

Testing CSP from | Test 1_ | Test2 _ | Test3_ | Testd_ | Test5_| Test6_ | Test7_
location / time of test 10:00 11:00 12:00 13:00 14:00 15:00 16:00
Amazon 146550 1453250 | 130650 [ 148350 | 148950 | 140,150 | 140850
26.1kB/s | 263kB/s | 233 kB 233kBfs | 23,6kB/s | 235kB/s | 234kBs
E Google 140550 | 130850 | 140650 | 141350 14250 141850 | 141950
Kl 26.6kB/s | 268kB 6.7kB's | 26.3kB/s | 263kB/s | 264kB/s | 26.4kB/s
_é - Windows | 13795 @ [ 138250 | 138150 13950 [ 138150 | 138450 | 138550
& 273kB/s | 271kB’s | 27.1kB/s | 269kB/s | 271kB's 27kB/s 27kB’s
Ev Amazon 8250 81650 81750 8250 82750 82050 83250
B - 466kB/s | 46,7kB/s | 46,7kB/s | 46,6kB/s | 46,1kB/s 46kBs | 43.3kB/s
H Google | 73150 | T48% = T6n0 | 76350 | 6850 | 71350
'-5 513kB/s kB's. 50.7kB's | 504 kB/s 50kB/s 408kB's
H
- Wmndows 75650 7655 s 76150 | 77450 71650 71850
506kB/s 3 kB/s | 505kB/s | 497kB/s | 496kB/s | 494kB/s
Amazon | 12750 s 5 T80 13:0 | 133:0 | B32=0
- 3029kB/s| 301kB 3015kB/s [ 301 4KkB/s| 2054kB/s | 280kB/s | 2011 kB/s
E Google 12850 12650 12450 12550 12750 1350 13150
-l 301,1kB/s | 3062 kB 310kB/s | 308,9kB/s| 3028 kB/s | 2036 kB/s | 203 3kB/s
e
E - Windows 1250 12250 12150 1250 12150 12550 12950
; 317,7kB/s | 313.8kB/s | 316.9kB/s | 3178 kB/s| 3186 kB/s | 3083 kB/s | 3008 kB/s
é Amazon 8150 820 8350 £35:0 8350 8750 £95:0
E - 4716%B/s [ 478,1kB/s | 4606 kB/s | 4607 kB/s| 451, 8kB/s | 4424kB/s [ 430,5kB/s
= H Google 5150 | 8450 90 | 5150 | 5250 S350 | 5450
E 4715kB/s| 455kB 4833 KkB/s | 471 3kB/s| 466.1 kB/s | 460,5kB/s | 454 TkB/s
= Windows 7550 7850 1750 7850 8250 8150 8350
5094kB/s | 4808 kB/s | 496 2kB/s | 489 4kB/s| 4659kB/s | 4713 kB/s | 460kB's
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Table 5: - Speed results and time of upload and
download — file size of 120 kB (source: authors).

Testing CSP from Testl— | Test2— | Test3— | Testd— | Test5— | Test6— | Test7 —
location / time of test 10:00 11:00 12:00 13:00 14:00 15:00 16:00
Amazon 5650 5450 5250 5350 6,150 6750 6950
246kB/s | 251kB/s | 261kB/s | 256kB/s | 225kB/s | 205kB/s | 198kB/s
H Google 6150 | 5850 | 5650 | 35950 | 6450 | 6650 | 6150
E 224kB/s | 232kB/s | 247kB/s | 233kB/s | 215kB/s | 208kB/s | 206kB/s
g
E 3 Windows | 5150 |525.026|550271| 5150 | 5250 | 5150 | 5350
& 26.3kB/s kB/s kB/s 26,6kB/s | 26,1kB/s | 26,5kB/s | 23.3kB/s
3 Amazon | 3850 | 3950 |4:50347] 3950 | 4150 | 4250 | 4450
= - 36.1kB/s | 352kB/s kB/s 35.1kB/s | 339kB/s | 326kB/s | 312kB's
H Google (450348 4150 | 3750 | 3950 | 2250 |235032] 420
E kB's 339kB/s | 38,7kB/s | 352kB/s | 326kB/s kB's 327kB’s
3
& Windows | 3250 | 3350 | 3150 | 3250 | 3250 | 3350 | 3,150
427kB/s | 415kB/s | 441kB/s | 427kB/s | 428kB/s | 39.1kB/s | 388kB/s
Amazon 15:0 150 150 138 1150 1150 1250 1150
- 1386 kB/s | 1385kB/s kB's 134 5kB/s| 133,9kB/s| 1232 kB/s| 1323kB/s
H Google 0050 =0 0950 10 150 =0 =0
3 1585 kB/s | 1388 kB/s | 1579 kB/s | 138,5kBrs| 133,8kB/s| 13798 kB/s | 1372 kB/s
= 2
i = Windows 150 150 0950 150139 0950 150137 15,0
; 138,7kB/s | 1386kB/s| 1383 kB/s kB/s 158,7kB/s kB/s 136 9kB/s
ﬁ_; Amazon 0850 0850 0750 0750 085 @ 08s 0 0850
% - 2087 kB/s | 2074 kB/s [ 235,3kB/s | 233.4kB/s| 206.7kB/s| 2034 kB/s | 203.9kB/s
= H Google 0750 | 0650 | 0650 | 0650 | 0750 | 0750 | 0850
E 2338 kB/s| 2730kB/s| 273kB/s [ 273.1kB/s| 2336kB/s| 232 7kB/s | 2053 kB/s
H
A Windows | 0650 | 0750 | 0650 | 0650 | 0750 | 0750 | 0150
2745 kB/s | 233.7kB/s [ 272,3kB/s | 273.9kB/s | 233.4kB/s| 232.9kB/s | 233kB's

Fig. 1 and 2 show the progress of upload and
download speed (both with the spatial data file of
3,57 MB) between 10:00 — 16:00. While the upload
speed is approximately constant, the download
speed decreases slowly in the afternoon. It is
apparently affected by the end of working hours in
Europe, when for example employees do data
backup in cloud storage. It shows how scalable are
services of the cloud storage provider. Another
finding is that the upload speed from location 2 to
Amazon cloud storage is significantly slower
compared to Google and Windows — see Fig. 1.

The progress of upload speed between 10:00 - 16:00
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Fig. 1: - The progress of upload speed between
10:00 — 16:00 (source: authors).

The progress of download speed between 10:00 - 16:00
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Fig. 2: - The progress of download speed between
10:00 — 16:00 (source: authors).
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Table 6 shows results of average upload and
download time while working with spatial data.
Average upload time of the single file (size of
3,57 MB) is shorter when compared with the folder
of the same size containing 16 files. It is even more
obvious when using the second file (size of 120 kB).
Upload time of the same size folder of 61 spatial
data files is twice as long as the single file. From
this comparison it is clear, that Microsoft's Cloud
Platform — Windows Azure is for spatial data files
more suitable than Google and Amazon.

Table 6: - Comparison of average upload and
download times (source: authors).

Amazon | Google | Windo | Amazon  Google | Windo
| Moel | loedl |wsloe.d| loc.2 | loc.2 | wsloc.2
Ave Toad time of 3,57 MB | 1am - -
Verageupload Hme of 3.2 1 148495 | 141,135 | 13831s | 82308 | 750ls | 7670s
GIS file | | | | |
Average download lencol'i,:ﬁ.x_i[-! 1286s | 1273s | 12265 840 s 8305 7915
GIS file
— - == :
Sreazepp caciineas I“Omfl"_l[: 5895 | 6175 | 5145 1,045 1065 | 331s
Average download time of 110 kB L07s 0.99 s 0978 0.77s 067 s 0.66 s
GIS file
Average upload time of 16 GIS files | o) 0 o | 15) 955 | 144935 | 81,745 | 82045 | 80.57s
{in sum 3,57 MB) | | | | |
Average download time of 16 GIS | 15 )y | 1397 | 11405 | 840s | 8205 | 7845
filles (in sum 3,57 MB)
Average upload time of 61 GIS files | . - - .
in sum 120%8) | 12715 | 11775 | 1160s | 6873 | 6703 | 664
Average download time of 61 GIS -
7 5.2 5,79 2 2.2 22
files (in sum 120 kB) 6475 6,265 i 231s 2.5 2215

4 Conclusion

This paper is only one of the steps on the way of
solving the issue of spatial data in the cloud. In
order to obtain comparable results, it is necessary to
test cloud storage from multiple locations across the
world, also with other initial conditions. Return of
investment and implementation costs must not be
forgotten as well.

An upload/download test was done to see how
quickly it is possible to upload and download data
to/from the cloud storage. In this case study
Microsoft with Windows Azure was evaluated as
the best solution. The results also agree with the
download speed test by CloudHarmony.

Users do not like to wait, time is money, thus
speed and response time are important. However,
the storage in cloud is still not safe to backup
sensitive (strategic) business data. But it can be used
for information sharing with business partners. The
tested cloud storages are still not suitable for heavy
transaction processing applications. According to
the case study, the upload speed is comparatively
low for all tested solutions. However, the promising
alternative is to download spatial data from multiple
locations.
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