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ABSTRACT 

Businesses can be changed due to new technologies and innovations. 
Along with these changes, businesses need to adapt their strategies as well as their 
operations to keep a competitive edge. These strategies include changing the order 
processing, credit processing, sales operations, marketing operation, and more. 

This research studied a business development company that maintains 
online business services. This company develops online systems and installs server 
machines for transactional online service systems in a data center that is located in 
their main office in Bangkok. This research was to study the major factors in Total 
Cost of Ownership (TCO) and performance-investment ratio of virtualized servers 
compared to non-virtualized servers. The researcher defined TCO to cover the total 
length of ownership including investment costs, operational costs, maintenance costs, 
and unplanned costs until the system was removed from production environment. 

This research used VMware 2.0 to simulate two Web servers on a physical 
server and simulated transactional loads by using Load Runner to simulate customer 
services. The comparing factors were the performance of the system and its TCO in 
virtualized web server with two existing web servers 

The results showed that Web servers with Virtualization technology can 
efficiently replace the existing servers based on the results of comparison of CPU 
utilization, memory utilization TCO. 
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บทคดัยอ่ 
ปัจจุบนัน้ีการดาํเนินงานดา้นธุรกิจมีการเปล่ียนแปลงเทคโนโลยีใหม่และนวตักรรมใหม่ ซ่ึงการ

เปล่ียนแปลงน้ีทาํให้การดาํเนินธุรกิจตอ้งมีการปรับเปล่ียนกลยุทธ์แนวทางให้สามารถดาํเนินงานและมีความ
ไดเ้ปรียบในการแข่งขนั เช่น การดาํเนินงานดา้นการการสัง่ซ้ือ, การใหสิ้นเช่ือ, การขาย, แบบออนไลน์เป็นตน้ 

การศึกษาในคร้ังน้ีเป็นการศึกษาบริษทัท่ีดูแลและพฒันาระบบธุรกิจแบบออนไลน์ โดยทางบริษทั
จะพฒันาระบบออนไลน์และทาํการติดตั้ งบนเคร่ืองคอมพิวเตอร์แบบแม่ข่ายท่ีศูนยข์้อมูลหลักของบริษทั 
การศึกษาน้ีจะทาํการศึกษาและเรียนรู้ใน 2 ปัจจยั คือ มูลค่าตลอดอายุการให้บริการระบบออนไลน์และ
ประสิทธิภาพการทาํงานของเคร่ืองแม่ข่ายท่ีไม่ใช้เทคโนโลยีคอมพิวเตอร์แบบเสมือนกับเคร่ืองแม่ข่ายท่ีใช้
เทคโนโลยแีบบเสมือน โดยจะคาํนวณจากมูลค่าในการดาํเนินงาน. การศึกษาน้ีจะหามูลค่าในการลงทุนตลอดอายุ
การดาํเนินงานประกอบดว้ย, ค่าใชจ่้ายในการดาํเนินงาน, ค่าใชจ่้ายในการบาํรุงรักษา, และค่าใชจ่้ายต่าง ๆ ท่ีไม่ได้
อยูใ่นการวางแผนจนถึงเวลาท่ีเคร่ืองแม่ข่ายไม่ไดน้าํมาใหบ้ริการอีกต่อไป 

การศึกษาในคร้ังน้ีจะใชโ้ปรแกรม VMware server 2.0 เพื่อจาํลองเคร่ือง Web server จาํนวน 2 
เคร่ืองบนเคร่ืองหลกั1 เคร่ืองและทาํการจาํลองการใชง้านผา่นหนา้เวป ดว้ยโปรแกรม Load runner เพื่อจาํลองการ
ทาํงานของลูกคา้ท่ีเขา้มาใชบ้ริการ โดยเปรียบเทียบประสิทธิภาพการทาํงานและมูลค่าตลอดอายกุารดาํเนินงาน
ระหวา่งเคร่ือง Web server ท่ีใหบ้ริการในปัจจุบนัและเคร่ืองท่ีใชเ้ทคโนโลยคีอมพิวเตอร์แบบเสมือน 

ผลของการศึกษาเคร่ืองแม่ข่ายท่ีให้บริการเวปเพจ ท่ีใช้เทคโนโลยีคอมพิวเตอร์แบบเสมือน
สามารถทาํงานทดแทนเคร่ืองคอมพิวเตอร์ท่ีใหบ้ริการในปัจจุบนัซ่ึงไม่ไดใ้ชเ้ทคโนโลยคีอมพิวเตอร์แบบเสมือน
โดยทาํการเปรียบเทียบในส่วนทั้งการทาํงานของ CPU, Memory และมูลค่าตลอดการดาํเนินงาน 
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CHAPTER I 

INTRODUCTION 

 

 

1.1  Introduction and Statement of Problems  
Business can be changed due to new technologies and innovations. With 

these changes, businesses need to adapt their strategies as well as their operations to 

stay on competitive edge. It means that anything - such as order processing, credit 

processing, sell operation, marketing operation, etc. -can be effected and need to be 

changed.  

In present, Internet known as a major large interconnecting public network 

has been effecting to both personal and business lifes. Internet is a good example of 

how new technology & innovation can change how business is operated. The effect is 

profound. Behavior of household consumers, such as in media & entertainment retail 

business, finance & credit business, communication & mobile phone business, are also 

effected because of new technology & innovation. To stay as a leader in their own 

sector, business entities must change themselves to the changes of their customers by 

using new technologies & innovations that are available as well as affordable.  

This research is studying in the company which is developed and maintain 

online service business. The company develop online system and install server 

machines for transactional  online  service  systems in  data center  that  are  located at 

main  office, Customers  can online  access  to  any  transactional system as many time 

as they need. 

This research was focused on a company that its main operation can be 

classified as e-commerce business for Business-to-Business (B2B) service.  Due to a 

non-disclosure agreement signed by the researcher, the name of company cannot be 

revealed. The company cooperates with commercial banks to develop websites for 

providing services to customers via online networks. The providing services are credit 

online, payment online etc. The company also provides services of web application 

development, application hosting, application installation, system configuration, and 
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system maintenance. All service servers as well as development servers are located in 

the company’s data center at downtown Bangkok, and the systems are operating 24 

hours non-stop. By having one location, the company can reduce a cost of 

maintenance and a cost of network leasing. 

To invest on new servers, there are many factors that need to be considered 

such as performance, suitability, durability, cost etc. There are two types of investment 

of servers: New investment and replacing investment. New investment is an 

investment of new server mostly for new services and/or new customers. Replacing 

investment is an investment to replace an aging server. 

An online service via web server machine has to run continuously so that 

the company can archive a high performance investment on server machines and  

network systems. These machines are normally in service for 3 years and needed to be 

replaced after that. If number of users increases and services cannot be provided 

smoothly due to insufficient of hardware performance, then the company is 

responsible for resolving problems. The solutions can be upgrading the server or 

replacing with a new server. In order to maintain cost-to-performance ratio in this 

business, new technologies must be constantly posted for the company’s consideration 

and must also response positively to Total Cost of Ownership (TCO). 

Nowadays, virtualization technology becomes more popular because it is  

not  only  help  cutting  a  cost  of  investment  and  maintenance  but  also  increase  

utilization of the machines by running multiple operating systems on a single 

computer. However, there are many factors that need to be studied, which is the main 

reason of conducting this research. This research is to study major factors in Total 

Cost of Ownership (TCO) and Performance-investment Ratio of virtualized server and 

non-virtualized server. TCO of system is computed by whole cost. Researcher define 

in total length of ownership to include investment cost, operational cost, maintenance 

cost, and any unplanned cost until the system is removed from production. The result 

of this research can be used as a guideline for any e-commerce company with B2B 

type service to select suitable solution for server investment. 
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1.2  Objective 
 

1.2.1 To study performance of web service server on identical 

transactional load using virtualization comparing to non-virtualization in B2B type 

e-commerce company.   

1.2.2 To study Total Cost of Ownership (TCO) and performance to 

investment ratio of web service server with virtualization comparing to non-

virtualization in B2B type e-commerce company.  

1.2.3 To develop a guideline for investment of web service server in B2B 

type service e-commerce company.  

 

 

1.3  Scopes of Study 

 
1.3.1 To study the performance of web service server  using virtualization  

technology  comparing to  non  virtualization  technology  in  term  of  CPU, Memory, 

Storage Utilization. 

1.3.2 This research uses a load generator program to mimic real 

transactional load in order to measure load capability of both systems virtualization 

and non-virtualization technology. 

1.3.3 To study Total Cost of Ownership (TCO) and Performance 

Investment ratio of Web service server using virtualization technology comparing to 

non virtualization technology based on simulated transactional load.   

 

 

1.4  Expected Results 

 
1.4.1  Result of Performance comparison of web service server on identical 

transactional load Virtualization comparing to non- virtualization in B2B type 

e-commerce Company can be analyzed. 
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1.4.2  Total Cost of Ownership (TCO) and performance to investment ratio 

of web  service  server  with  virtualization  comparing  to non- virtualization  in  B2B  

type  e-commerce  company  can  be  analyzed. 

1.4.3 A guideline for investment of web service server in B2B type service 

e-commerce Company can be developed. 
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CHAPTER II 

LITERATURE REVIEW 

 

 

2.1  Virtualization Technology 
Virtualization Technology is a software, which give high performance and 

good to investment because it allows a server to run multiple operating systems (OS)  

individually. 

Virtualization technology works under virtual machine technology by 

managing of resources in a server to run multiple OS as if there are multiple 

independence computers in one physical server. The virtualized core system controls 

utilization & allocation of central processing unit (CPU), Main Memory a.k.a RAM, 

Storage, and network interface card (NIC) for each virtualized server using 

virtualization tool. 

 
 

Figure 2.1 Physical machine compare with virtual machine [1] 
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Virtualization tool 

Virtualization tool is a software, which uses physical resources of physical 

machine and divides the resource up into virtual resources. Virtualization tool creates 

a uniform platform for managing OS and application updates, enabling an easy 

migration to new OS while running legacy applications safely.  

Virtualization tool allows multiple operating systems and applications to 

run concurrently in virtual machines on a single computer. Since virtualization 

software allows multiple hardware configurations and operating systems to co-exist 

and be easily updated. [2] 

 

 
 

Figure 2.2 Virtualization Tools [3] 

 

Popular virtualization software products in today market are shown in the 

following table. 
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2.2  Load Testing Tool 
The principle of a load-testing tool is to simulate a behavior of real users 

with "virtual" users. The load-testing tool can then record the behavior of the system 

under the load and give information on the virtual users' experiences 

Load testing tool replaces human users with virtual users. Virtual users 

emulate the actions of human users working on testing application or website. A 

scenario can contain tens, hundreds, or even thousands of virtual users.  

The actions that a virtual user performs during the scenario are described 

in a virtual user’s script. To measure the performance of the system, we define 

transactions. A transaction represents end-user business processes that you are 

interested in measuring. [4] 

 
 

Figure 2.3 How load testing work [5] 

 

Popular Load Testing tools include: 

-  Load Runner   

-  JMeter 

-  The Grinder 

The details of popular load-testing tool are shown in the following tables. 
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Table 2.3 Load Testing tools Function [6] 

 

Item Load Runner JMeter The Grinder 
Solaris Monitoring No neutral neutral 
Unlimited Load generation No Yes Yes 
Supports IP spoofing Yes No Yes 
Large download performance Yes No No* 

* Multiple workarounds are being investigated; including calling native code for the most intensive 
downloads. 

Table 2.4 Load Testing tools General [6] 

 

Item Load Runner JMeter The Grinder 
Server monitoring mixed neutral neutral 
Batch Mode No Yes Yes 
Ease - Installation No Yes Yes 
Ease – Script Authoring Yes Yes mixed 
Ease – Running Tests neutral Yes neutral 
Results Reporting Yes No No 
Agent Management Yes Yes No 
Cross Platform Yes Yes Yes 
Cost Yes Yes Yes 
Technical Level Yes Yes No 
Stability/Bugginess neutral No neutral 

 

Table 2.5 Load Testing tools Agents [6] 

 

Item Load Runner JMeter The Grinder 
Transaction power Yes neutral Yes 
Custom protocols Yes Yes Yes 
Out-of-the-box protocols Yes neutral No 
Transaction aggregation Yes No Yes 
Scalability of Agent Yes neutral neutral 
Slow sockets Yes neutral No 
External libs usable Yes Yes Yes 
Load Scheduling Yes Yes No 
Ease of porting JCS No neutral Yes 



Thaveedej Satitrittanun                                                                                             Literature Review / 12 

 

Table 2.6 Load Testing tools Controller [6] 

 

Item Load Runner JMeter The Grinder 
Scalability of Controller neutral No Yes 
Real-time test monitoring Yes No neutral 
Real-time load adjustment Yes No No 
Script management Yes Yes No 
Script Development 
Environment 

Yes Yes No 

Load runner  is  software,  which  is  applied  in  this  research  for  load  testing. 

 

 

2.3  Service Level Agreements 
Service Level Agreements (SLA) are defined them in a number of 

different ways, There are agreements between a supplier of services and the users of 

that services. The details of SLA cover legal and technical contents as follows: 

-  The availability of the services to the users 

-  The performance target of various components of the user's 

workloads 

-  The bounds of guaranteed performance and availability 

-  The measurement and reporting mechanisms 

-  The cost of the services  

Service Level Agreement states a common understanding on services, 

priorities, responsibilities, guarantees and warranties. Each area of services scope 

should have the ‘level of service’ defines. Service Level Agreement (SLA) may 

specify the levels of availability, service ability, performance, operation, or other 

attributes of the services. The ‘level of service’ can also be specified as ‘target’ and 

‘minimum’, which allows customers to be informed what to expect (the minimum), 

while providing a measurable (average) target value that shows the level of 

organization performance.  

The following table shows an example detail of SLA from a given 

availability percentage to a corresponding amount of time a system would be 

unavailable per year, month, or week. [7] 
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Table 2.7 Downtime per year, month, week 

 

Availability % Downtime per 
year 

Downtime per 
month* 

Downtime per 
week 

90% 36.5 days 72 hours 16.8 hours 
95% 18.25 days 36 hours 8.4 hours 
98% 7.30 days 14.4 hours 3.36 hours 
99% 3.65 days 7.20 hours 1.68 hours 
99.50% 1.83 days 3.60 hours 50.4 minutes 
99.80% 17.52 hours 86.23 minutes 20.16 minutes 
99.90%  8.76 hours 43.2 minutes 10.1 minutes 
99.95% 4.38 hours 21.56 minutes 5.04 minutes 
99.99%  52.6 minutes 4.32 minutes 1.01 minutes 

* For monthly calculations, a 30-day month is used. 

 

 

2.4  Total Cost of Ownership (TCO) 
Total Cost of Ownership (TCO) is sometimes referred to as “total cost of 

operation”. TCO is an attempt offering a statement on financial impact of deploying an 

information technology product over its life cycle.  Some of TCO elements that can be 

considered in the deployment of technology, include the costs of  

Table 2.8 TCO Cost Catalog [8] 

Acquisition Cost 
Administration Cost 

Control Cost Operation Cost 

-Hardware 

-Operating System 

-Software 

-Application 

-Implementation of 

Centralization 

-Implementation of 

Standardization 

 

-Support 

-Evaluation 

-Upgrade 

-Training 

-Downtime 

-Futz Factor 

-Auditing 

-Security 

-Power Consumption 



Thaveedej Satitrittanun                                                                                             Literature Review / 14 

 

TCO analyzes a life cycle costs and benefits for several competitive 

operating systems, server platforms, and application configurations over three years of 

analysis period based on, a typical useful life of business critical servers.  

The analysis quantifies all of the costs of a particular solution including the 

initial investment requirements, ongoing expenses, change costs, and downtime costs 

of each solution –comparing and contrasting the costs for head-to-head assessments. 

Measuring a total costs over time assures that decisions are made not just on initial 

purchase price, but on total life cycle costs of the Information Technology (IT) 

environment. [9] 

 

 

2.5  Operating support 

 
Maintenance 

Maintenance is defined as work on existing buildings undertaken with the 

intention of 

-  Re-instating physical condition to a specified standard 

-  Preventing further deterioration or failure 

-  Restoring correct operation within specified parameters 

- Replacing components at the end of their useful/economic life with 

modern engineering equivalents 

- Making temporary repairs for immediate health, safety and security 

reasons (e.g. after a major building failure) 

- Assessing buildings for maintenance requirements (e.g. to obtain 

accurate and objective knowledge of physical and operating condition, including risk 

and financial impact for the purpose of maintenance). [10] 
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2.6  Multi-tier architecture 
In multi-tier architecture (N-tier architecture) is a client-server architecture 

in which presentation, application processing, and data management are logically 

separate processes.  

N-tier application architecture provides a model for developers to create 

flexible and reusable applications. By breaking up an application into tiers, developers 

only have to modify or add a specific layer, rather than have to rewrite the entire 

application over. There should be a presentation tier, a business or data access tier, and 

a data tier. 

The concepts of layers and tiers are often used interchangeably. However, 

one fairly common point of view is that there is indeed a difference, and that a layer is 

a logical structuring mechanism for the elements that make up the software solution, 

while a tier is a physical structuring mechanism for the system infrastructure. 

Typically, an user interface runs on a desktop PC or workstation and uses a 

standard graphical user interface (GUI). Functional process logic may consist of one 

or more separate modules running on a workstation or an application server, and 

database server or mainframe contains a computer data storage logic. 

 

 

2.7  Three-tier architecture has the following three tiers 

 
2.7.1  Presentation tier  

This is the top most level of an application. The presentation tier displays 

information related to such services as browsing merchandise, purchasing, and 

shopping cart contents. It communicates with other tiers by outputting results to the 

browser/client tier and all other tiers in the network.  

 

2.7.2  Logic tier  

The logic tier is pulled out from the presentation tier and, as its own layer; 

it controls an application’s functionality by performing detailed processing.  
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2.7.3  Data tier 

This tier consists of database servers. In this tier, information is stored and 

retrieved. This tier keeps data neutral and independent from application servers or 

business logics. Which allows data to contain in its own tier. This allows an 

improvement in scalability and performance of an overall system. 

 

 
Figure 2.4 Overview of a three-tier application 

 

The architecture of the system/application of company in this study is compose   

of three tier as Presentation tier, Logic tier, Data Tier as shown in figure 2.4 

 

 

2.8  Related Researchs 
 

2.8.1  TCO Reduction [11] 

Illustrated the approaches taken by Global Technology Development 

Group (GTDG) Penang to reduce the Total Cost of Ownership (TCO) and to move the 

business towards a more economical infrastructure and operating practices. By using 
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this approach, the saving was about 30.3K (USD) a year This did not include 

qualitative benefits achieved through better security, manageability and up times. TCO 

approach was the future approach of Global Engineering Computing and Penang 

Engineering Computing team was leading the way in this area. 

The objective of the above project was to  reduce  TCO by  using  other  

tools,  which  could  keep  on  the  performance  of  the  businesses. The Tools are 

considered from upgrades, maintenances, availability, and uptime.  In  this  research  ,    

virtualization  server  was  choose  to  apply and  also  TCO  knowledge was also 

described. 

**1 USD/32.0 BAHT 

 

2.8.2 Analysis on energy consumption and cost in deployment of 

server virtualization technology [12] 

Consumption of energy is increasing everyday regarding emerging and 

high adoption of technology and it has become one of the factors that cause global 

warming. Many organizations around the world use information technology in order to 

help them keep their business running effectively. Therefore, using virtualization 

technology will reduce a energy consumption problem while provide effectiveness and 

high utilization of the new systems. In [12], it contained a comparison of cost of 

investment of the technology and management between an existing system, which 

included 5 servers, and a new system. The new system was installed as a virtual 

server.  

In this work, it studied electrical energy consumption of an old server 

system which contain five physical servers comparing to a new system which contain 

only one server using virtualization technology (VT). The controlled parameters were 

CPU, RAM, and Storage utilizations. The study shown that by using VT on the new 

system can reduce energy consumption without degradation of system performance. 

Even though, this work computed saving cost of using VT, it did not discussed TCO in 

the research. 
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2.8.3 Total Cost of Ownership: Issues around Reducing Cost of 

Support in a Manufacturing Organization Case [13] 

Total Cost of Ownership (TCO) is an interest issue to both business and 

academic communities because it expands the understanding of the real cost of 

technology beyond purchase cost. The dominant Gartner Group model describes 

‘hard’ and ‘soft’ costs, including acquisition, control and operational costs. Such 

metrics though tend to focus on conventional, abstract categories of cost defined by 

accounting and management literatures, rather than cost as it is understood in the thick 

of the everyday work of actual organizational members. Our research attempts to 

address this, examining one particular group of costs, break-fix, in terms of how costs 

arise and are reasoned about in actual working practice. This work described these 

costs and related them to wider issues of TCO. It highlighted the barriers that existed 

to the implementation of a successful break-fix strategy and suggest technologies that 

facilitated such a strategy.  

This work presented how the concept of TCO unfolds when applying it to 

the case of printer manufacturing companies. There were many attributes that could be 

referred to TCO. This work further selected the one of supporting cost and presented 

the variety of dimensions where such cost could be affected. It focussed analysis by 

presenting areas for improvement in those support dimensions, on the base of some 

field studies that had been highlighted the multiplicity of areas where one could 

intervene. 

 

2.8.4  Business-oriented Virtualization of Web Services - A Case Study 

[14] 

In addition to enabling controlled sharing and isolation, the virtualization 

mechanism can help to provide users a single image, and to realize a more abstract and 

uniform view from a set of fine-grained, heterogeneous and un-ordered instances. 

This work explores ways of business-oriented service abstraction, web 

service virtualization as well as practical effects thereof in an e-science environment 

for bioinformatics research. It can drawn the following conclusions based on hand-on 

experiences: 1) In reusing and synthesizing web service resources, it was more 

effective to align them to the stable and cohesive domain-specific functionalities; 2) 
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The differences and variability of web services realizing similar business functionality 

were inherently unavoidable. It was, thus, important to allow users to configure and 

compose. Feature analysis techniques could be of helpful; 3) Better scalability could 

be one of the most promising feature of the VINCA approach. The business-level 

abstractions could remain stable while the web service resources scale and undergo 

changes. 4) In practice, it found that the given approach currently had very demanding 

prerequisites, such as a domain-wide categorization and modeling of business 

functionalities and related metadata. It was only applicable when the trade-off between 

pre-investment and later reuse and scalability was well analyzed and accepted. 
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CHAPTER III 

MATERIALS AND METHOD 

 

 

3.1  Research Methodology and Procedures 
This research is to compare Total Cost of Ownership versus performance 

of two types of server systems with and without virtualization technology (VT).  Data 

from these two types of servers are analyzed based on performance, investment cost, 

operation cost, maintenance cost, and other related cost in order to identify if 

virtualization technology can be benefited to business in term of performance versus 

Total Cost of Ownership (TCO). The steps of studying and its methodologies are 

described as follows: 

 

Research Framework 

Research framework demonstrated work flow in case of the usage of 

resource utilization and Virtualization technology in both existing server system and 

virtual server system. 

Research information

Designing&Planning

Setup&Monitoring
existing server

Setup&Monitoring
Virtualization server

Analysis & Comparison

CPU

Storage

Memory

Monitoring 
Utilization

Monitoring 
Load existing 

Server

Cost Benefit
TCO

Cost Benefit
TCO

Monitoring
Load Testing
Concurrent

Monitoring 
Utilization

CPU

Storage

Memory

 
Figure 3.1 Framework 
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3.1.1 In this step, the researcher conducted full literature review from 

journal, white paper, and research database such as Science Direct, IEEExplore, and 

ACM etc. on topics of 

-  Virtualization Technology Server 

-  Resource Utilization 

-  Cost of Benefit 

-  Virtualization tools 

-  Monitoring Tools 

-  Load Testing Tools 

 

3.1.2 This step involved design experiment server systems and plan an 

implementation plan. Then, the systems were put for real test. The measurement of the 

systems performance was done in real time. The details of the test systems with and 

without virtualization technology are as follows: 

3.1.2.1  Web Server with non-virtualization technology 

3.1.2.1.1  Measure  the  performance  and  collect  

working  data  which are  Central Processing Unit (CPU), Main Memory a.k.a RAM,  

Storage  by  using  software named  “AppManager  Monitoring 9.0” as  a  monitoring  

tool. 

Specification of server that work as monitoring server 
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Table 3.1 Monitoring Server 

 

Monitoring  Server 

 

System 

Server Type Server 

Server Name Monitoring Server 

Operation System Windows Server 2003 Std 

Application Application Manager 9 

 

 

  

Hardware Specification 

CPU Athon X2 3.0 GHz 

Memory 3 GB 

Storage 160GB 

Power Supply 400W 

Specification  of  server  with  non-virtualization  technology  which  is  

providing  services  to  customers  is  defined  by system functions as follows: 
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Servers Bank A 

 

Table 3.2 Web server Bank A 

 

Web Server Bank A 

System 

Server Type HP DL380 G4 

Server Name GeneralWeb 

Operation System Linux RH2 

Application Sunone 6.1 SP8 

Hardware Specification 

CPU Intel Xeon 3.4 GHz 

Memory 16 GB 

Storage 72.8 GB SCSI 

Power Supply 575 Watt x 2 Unit  

 

Table 3.3 Application server Bank A 

 

Application Server Bank A 

System 

Server Type HP DL380 G4 

Server Name GeneralWeb 

Operation 

System 

Linux RH2 

Application Sunone 6.1 SP8 

Hardware Specification 

CPU Intel Xeon 3.4 GHz 

Memory 16 GB 

Storage 72.8 GB SCSI 

Power Supply 575 Watt x 2 Unit 
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Table 3.4 Database server Bank A 

 

Database Bank A 

 

System 

Server Type Sunfire X4150 

Server Name SANNODE 

Operation System Windows 2003 Enterprise 

Application Microsoft  SQL Server 2005 

Hardware Specification 

CPU Intel Quad-Core Xeon 2.33GHz 

Memory 16 GB 

Storage 146 GB SAS 

Power Supply 650 Watt x 2 Unit 

 

Server Bank B 

 

Table 3.5 Web server Bank B 

 

Web Server Bank B 

System 

Server Type HP DL380 G4 

Server Name Webpool01 

Operation 

System 

Linux RH2 

Application Sunone 6.1 SP8 

Hardware Specification 

CPU Intel Xeon 2.8 GHz 

Memory 4 GB 

Storage 73 GB SCSI 

Power Supply 575 Watt x 2 Unit 
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Table 3.6 Application server Bank B 

 

Application Server Bank B 

System 

Server Type HP DL380 G4 

Server Name Apppool01 

Operation 

System 

Linux RH2 

Application JBoss 4.0.5 GA 

Hardware Specification 

CPU Intel Xeon 2.8 GHz 

Memory 4 GB 

Storage 73 GB SCSI 

Power Supply 575 Watt x 2 Unit 

 

Table 3.7 Database server Bank B 

 

Database Bank B 

 

System 

Server Type Sunfire X4150 

Server Name SANNODE 

Operation System Windows 2003 Enterprise 

Application Microsoft  SQL Server 2005 

Hardware Specification 

CPU Intel Quad-Core Xeon 2.33GHz 

Memory 16 GB 

Storage 146 GB 

Power Supply 650 Watt x 2 Unit =1300 Watt 

3.1.2.1.2  Gather  the  concurrent  data  of  users  

who had  access in period .  This  data  is  show  the  maximum  number  of  users by  

use  software “F5 Load balance”  to  collect  and  demonstrate  the  number  of  users. 



Thaveedej Satitrittanun                                                                                      Materials and Method  / 26 

Table 3.8 F5 Load balance 

 

F5 Load Balance 

System 

Server Type F5 Load balance 

Server Name F5 BIG IP 2400 

Operation System - 

Application - 

Hardware Specification 

Transport protocol TCP/IP 

Data link protocol Ethernet, Fast Ethernet, Gigabit 

Ethernet 

Connectivity Cable 

 

 

Figure 3.2 Infrastructure systems with non-virtualization technology 

 

3.1.2.2  Web Server with integrated Virtualization Technology 

3.1.2.2.1 Design  and  install Virtual  machine  

system  into  the server  to  let  Bank A  and Bank B  can  run  on  the web  server  
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with  integrated   virtualization technology.  In this step use a tool “VMWARE Server 

Version 2 (For Linux)” to test. 

 

Details of virtual machine 

Table 3.9 Virtual Machine Layer 

 

Web Application A Web Application A 

Operating System A Operation System B 

Virtual Machine A Virtual Machine B 

Virtualization Layer 

Physical Hardware 

(CPU, Memory and Storage) 

 

Specification of servers with  integrated  virtualization  technology  that  

provided  services  to  the  customers  are  defined  by system functions ( Bank A  and  

Bank B) can  be  described  as  below: 

 

Table 3.10 Web Server Virtual Machine Test Environments 

 

Web Server (VMWARE) 

 

1.1 Linux Web Server (VMWARE Server) 

System 

Server Type PC 

Server Name LINWEB 

Operation System RHEL 4 

Application SUNONE 6.1, Java 1.5 

Hardware Specification 

CPU AMD Athlon core2 2.7 GHz 

Memory 8 GB 

Storage 500 GB 
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Table 3.10 Web Server Virtual Machine Test Environments (cont.) 

 

Web Server (VMWARE) 

 1.2  Windows Web Server (VMWARE Server) 

System 

Server Type PC 

Server Name WINWEB 

Operation System Windows 2003 server 

Application SUNONE 6.1, Java 1.5 

Hardware Specification 

CPU AMD Athlon core2 2.7 GHz 

Memory 8 GB 

Storage 500 GB 

Power Supply 400 Watt 

 

Table 3.11 Linux Application Server Test Environments 

 

Linux Application Server 

 

System 

Server Type HP Pavilion A6378L 

Server Name LINAPP 

Operation System RHEL 4 

Application JBOSS 4.0.4 GA, Java 1.5 

Hardware Specification 

CPU Athlon 64 X2 2.5 GHz 

Memory 4 GB 

Storage 250 GB 

Power Supply 400 Watt 
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Table 3.12 Database Server Test Environments 

 

Database Server 

 

System 

Server Type HP Pavilion A6378L 

Server Name DBQA 

Operation System Windows 2003 Server 

Application MS SQL Server 2005 Std 

Hardware Specification 

CPU Athlon 64 X2 2.5 GHz 

Memory 4 GB 

Storage 250 GB 

Power Supply 400 Watt 

 

3.1.2.2.2  This research use software named “Load 

Runner (HP)” as load simulator for testing.  In  this step  has  set  the  number  of  

concurrent  value  as  a  number  from  F5  Load balance  or  bigger  in  number   to  

test  working  and  providing  services  of  test  environment  .  

3.1.2.2.3  Measure  the  performance  and  collect  

working  data  which are  CPU, memory,  Storage  by  using  software  “AppManager 

Monitoring 9.0” as  a  monitoring  tool. 

Specification  of  server  with  integrated  virtualization  technology  which  

is  providing  services  to  customers  is  defined  by  system functions. 
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Table 3.13 Monitoring Server 

 

 

 
Figure 3.3 Infrastructure systems with virtualization technology 

 

3.1.3  Gather working data from Existing Server and Testing Virtualization 

Server. Then compare working data between server with integrated virtualization  

technology and non-virtualization technology. Analyze data from these servers which  

1. Monitoring  Server 

 

System 

Server Type Atec Vegus 989 

Server Name NBAtec 

Operation System Windows XP SP2 

Application Application Manager 9 

Hardware Specification 

CPU Pentium 4 1.8 GHz 

Memory 768 MB 

Storage 20 GB 

Power Supply - 
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one is better to work as web server with integrated virtualization technology by  

analyze and compare total cost of owner ship as follow. 

 

Operation Cost 

- Evaluation cost 

- Maintenance cost 

 

How to calculate maintenance cost 

Table 3.14 Method of calculate maintenance cost 

 

Annual Maintenance Cost of Servers = Total Number of Servers x Cost per Server x 

Hardware Maintenance Rate 

 

Table 3.14 Method of calculate maintenance cost (cont.) 

 

Input Description Default Value Data Source 

Hardware  

Maintenance 

Annual maintenance rates of 

servers as a percentage of 

initial purchase price 

10% 

AWS customer 

surveys reveal 

averages annual 

 

- Electricity cost 

How to calculate electricity cost 

Table 3.15 Method of calculate electricity cost 

 

Step 1: 

Electric Power (Watt) x Hours per days x Day per month = Unit 

       1,000 

Step 2: 

(1) (Unit x Electricity tariffs of Thailand) + Service charge = Electricity charge 

(2) Unit x FT = Energy adjustment charge 

Step 3: 

(1) + (2) + VAT (7%) = Electricity cost per month 
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Acquisition cost 

- Hardware cost 

 

Hardware cost of existing server 

Table 3.16 Hardware cost of existing server 

 

Hardware Quantity Price(BAHT) Total 

Sun Fire Server x4150 1 299,500.00 299,500.00 

HPDL380 G4 3 142,000.00 426,000.00 

Monitoring Server 1 15,000.00 15,000.00 

Switch Cisco 2960G 1 96,530.00 96,530.00 

F5 Load balance 1 700,000.00 700,000.00 

 

Hardware cost of virtual machine server 

Table 3.17 Hardware cost of virtual machine server 

 

Hardware Quantity Price(BAHT) Total 

HP Pavilion A6378L 2 22,500.00 45,000.00 

Virtual Machine server 1 15,000.00 15,000.00 

Monitoring Server 1 15,000.00 15,000.00 

Switch Cisco 2960G 1 96,530.00 96,530.00 

F5 Load balance 1 700,000.00 700,000.00 

 

- Software cost 

 

Software cost of existing server 

Table 3.18 Software cost of existing server 

 

Software Quantity Price(BAHT) Total 

SUNONE Web server 2 - - 

SQL Server 2005 Std 1 28,900.00 28,900.00 
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Software cost of virtual machine server 

Table 3.19 Software cost of virtual machine server 

 

Software Quantity Price(BAHT) Total 

VMware server 2.0 1 - - 

SQL Server 2005 Std 1 28,900.00 28,900.00 

SUNONE Web Server 2 - - 

- Operating System cost 

 

Operating System cost of existing server 

Table 3.20 Operating System cost of existing server 

 

Software Quantity Price(BAHT) Total 

MS Windows 2003 Std 2 23,500.00 47,000.00 

Linux Redhat Ent v5.0 2 15,000.00 30,000.00 

 

Operating System cost of virtual machine server 

Table 3.21 Operating System cost of virtual machine server 

 

Software Quantity Price(BAHT) Total 

MS Windows 2003 Std 2 23,500.00 47,000.00 

Linux Redhat Ent v5.0 2 15,000.00 30,000.00 

 

3.1.4 Analysis and Comparison 

3.1.4.1 Analysis the data to compare the resource utilization of 

the existing server before and after implementing virtual machine on the server. 

3.1.4.2 Analysis total cost of ownership between using existing 

servers and using virtual server in order to select the best solution. 
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3.1.5 Conclusion and Recommendation 

Conclude  the  performance  and  investment  of  two  type  of  servers. 

The results give the information to prepare the proper web server for replace  the  exits  

one. 

 

 

3.2  Materials 
 

3.2.1 Hardware 

3.2.1.1 F5 Load Balance BIG IP 2400 

3.2.1.2 HP Pavilion A6378L 

3.2.1.3 Sun Fire x4150   

3.2.1.4 HP DL 380 G4 

3.2.1.5 Atec Vegus 989  

 

3.2.2 Virtualization tools 

3.2.2.1 VMware server version 2 

 

3.2.3 System Monitoring Tools 

3.2.3.1 Application Manager 9.0 

 

3.2.4 Loading Test Tools 

3.2.4.1 HP Load runner 
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3.3  Research Schedule 

 
Table 3.22 Research Schedule 

 

Task Name Duratio
n Feb Mar Apr May Jun Jul Aug 

1. Prepare Materials 60 Days 
       

2. System Monitoring 14 Days 
       

3. Submit Proposal 1 Days 
       

4. Cost Collection 15 Days 
       

4. Analysis & 
Comparison 60 Days 

       

5. Conclusions & 
Recommendations 30 Days 

       

6. Documentation 30 Days 
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CHAPTER IV 

RESULTS 

 

 
To collect data for this research, there were two activities that the research 

had to do as follows: 

1. Gathering data from the existing servers by using ManageEngine 

Application tool for 1 month to analyze maximum concurrent users of these systems. 

2. Simulating concurrent load on the virtualized server with setting of 

maximum concurrent users to be 150 units then gathering data to compare with the 

data of the existing servers. 

 

 

4.1  The existing servers 

Database server

Application ServerWeb Server of Bank A

Web Server of Bank B

Firewall

Router

Customers

Internet

Switch

Switch

 

Figure 4.1 Diagram infrastructure systems with existing servers 

 

The data were collected using tools mentioned earlier, and the data 

collection period were between May 2, 2010 to June 1, 2010 
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4.1.1  Resource utilization monitoring 

This is the top most level of an application. The presentation tier displays 

information related to such services as browsing merchandise, purchasing, and 

shopping cart contents. It communicates with other tiers by outputting results to the 

browser/client tier and all other tiers in the network. 

4.1.1.1  Web Server of Bank A 

CPU utilization  

 

 
 

Minimum value in % Maximum value in % Monthly Average value in% 

0.0 7.0 1.0 

Figure 4.2 CPU utilization of web server of Bank A 

The result from CPU utilization of  Web server of Bank A is shown minimum value = 

0.0%, maximum value = 7.0% and the average = 1.0% 

From above, idle time in CPU is high but in worst case idle time is 93.0%. 

 

Memory utilization 
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Minimum value in % Maximum value in % Monthly Average value in% 

11.0 22.0 19.0 

Figure 4.3 Memory utilization of web server of Bank A 

The result from Memory utilization of Web server of Bank A is shown minimum 

value = 11.0%, maximum value = 22.0% and the average = 19.0 % 

From above physical memory has high free space but in worst case there’s still 78% of 

free memory. Web server in service uses high amount of memory due to high numbers 

of customers who access to web 

Storage Utilization 

 

 
 

Disk Utilization Disk Used Space (%) 

/boot 14 

/dev/shm 0 

/ 11 

Figure 4.4 Storage utilization of web server of Bank A 

The result from Storage utilization of Web server of Bank A is shown that Disk Used 

Space is /boot = 14.0%, /dev/shm = 0% and/ = 11.0%, 
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Disk function is separated into 3 parts as “/boot” is collecting files in initial of system, 

“/dev/shm” is collecting data of share memory in the system and “/” is collecting data 

and files of operating system. 

4.1.1.2  Web Server of Bank B 

CPU utilization  

 

 
 

Minimum value in % Maximum value in % Monthly Average value in% 

6.0 34.0 10.0 

Figure 4.5 CPU utilization of web server of Bank B 

The result from CPU utilization of Web server of Bank B is shown minimum value = 

6.0%, maximum value = 34.0% and the average = 10.0% 

From above, idle time in CPU is high but in worst case idle time is 66%. 

 

Memory utilization 

 

 
 

Minimum value in % Maximum value in % Monthly Average value in% 

29.0 39.0 34.0 

Figure 4.6 Memory utilization of web server of Bank B 
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The result from Memory utilization of Web server of Bank B is shown minimum value 

= 29.0%, maximum value = 39.0% and the average = 34.0% 

 

From above, Physical memory has high free space but in worst case there’s still 61% 

of free memory. Web server in service uses high memory due to high numbers of 

customers who online access to web. 

Storage Utilization 

 

 
 

Disk Utilization Disk Used Space (%) 

C: 74 

Figure 4.7 Storage utilization of web server of Bank B 

The result from Storage utilization of Web server of Bank B is shown Disk Used 

Space = 74%. 

Disk C: is for operating system  and data of server including Web contents. 

4.1.1.3  Application Server 

The logic tier is pulled out from the presentation tier and, as its 

own layer; it controls an application’s functionality by performing detailed processing.  
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CPU utilization  

 

 
 

Minimum value in % Maximum value in % Monthly Average value in% 

0.0 6.0 1.0 

The result from CPU utilization of Application server is shown minimum value = 

0.0%, maximum value = 6.0% and the average = 1.0% 

From above, idle time in CPU is high but in worst case idle time is 94.0% 

Figure 4.8 CPU utilization of application server of Bank A 

Memory utilization 

 

 

 

Minimum value in % Maximum value in % Monthly Average value in% 

9.0 14.0 11.0 

Figure 4.9 Memory utilization of application server of Bank A 

The result from Memory utilization of Application server is shown minimum value = 

9.0%, maximum value = 14.0% and the average = 11.0% 

Physical memory has high free space but in worst case there’s still 86.0 % of free 

memory.  
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Storage Utilization 

 

 

 

 

 

Figure 4.10 Storage utilization of application server of Bank A 

The result from Storage utilization of Application server of Bank A is shown Disk 

Used Space that /boot = 14.0%, /dev/shm = 0% and / = 15.0%. 

Disk function is separated into 3 parts as “/boot” is collecting files in initial of system, 

“/dev/shm” is collecting data of share memory in the system and “/” is collecting data and files 

of operating system. 

4.1.1.4  Database Server 

This tier consists of database servers. In this tier, information is 

stored and retrieved. This tier keeps data neutral and independent from application 

servers or business logics. Which allows data to contain in its own tier. This allows an 

improvement in scalability and performance of an overall system. 

 

 

 

 

Disk Utilization Disk Used Space (%) 

/boot 14 

/dev/shm 0 

/ 15 



Fac. of Grad. Studies, Mahidol Univ.                                  M.Sc. (Tech. of Info. Sys. Management)  / 43 

CPU utilization  

 

 
 

Minimum value in % Maximum value in % Monthly Average value in% 

2.0 22.0 7.0 

Figure 4.11 CPU utilization of database server of Bank A and B 

The result from CPU utilization of Database server is shown minimum value = 2.0%, 

maximum value = 22.0% and the average = 7.0% 

From above, idle time in CPU is high but in worst case idle time is 78.0%. 

 

Memory utilization 

 

 
 

Minimum value in % Maximum value in % Monthly Average value in% 

30.0 98.0 96.0 

Figure 4.12 Memory utilization of database server of Bank A and B 

The result from Memory utilization of Database server is shown minimum value = 

30.0%, maximum value = 98.0% and the average = 96.0% 

Physical memory has high free space but in worst case there’s still 2.0% of free memory. 
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Storage Utilization 

 

 
 

Disk Utilization Disk Used Space (%) 

C: 9 

E: 1 

G: 51 

M: 0 

Figure 4.13 Storage utilization of database server of Bank A and B 

The results from Storage utilization of  Database server of Bank A and B are shown 

that Disk Used Space C = 9%, E = 1%, G = 51% and M = 0%. 

Disk are separated by function as Disk “C:” is located of operating system and data of 

server, while Disk E:, G: and M: are collecting of Database. 

 

4.1.2  Summary of information of the existing servers 

The summary of the performance information acquired from the existing 

servers are demonstrated in the tables as follows: 
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CPU Utilization 

Summary of CPU unitization from the existing server 

Table 4.1 CPU utilization of the existing servers 

 

Server Name 
Minimum 

(%) 

Maximum 

(%) 

Monthly 

Average (%) 

Web server of Bank A 0.0 7.0 1.0 

Web server of Bank B 6.0 34.0 10.0 

Application server of Bank A and B 0.0 6.0 1.0 

Database server of  Bank A and B 2.0 22.0 7.0 

The results from CPU utilization of  existing server of  servers are as below 

• Web server of Bank A is shown Minimum =  0% , Maximum = 7.0% and 

average = 1.0% 

•  Web server of Bank B is shown Minimum =  6.0% , Maximum = 34.0% and 

average = 10.0% 

• Application server of BankA and B are shown Minimum = 0% , Maximum = 

6.0% and average = 1.0% 

• Database server of Bank A and B are shown Minimum = 2.0% , Maximum = 

22.0% and average = 7.0%, 

In conclusion, Server A and B are high in idle time so probability of replacing the 

existing system with virtualization will be possible. 

Memory Utilization 

Summary of Memory unitization from existing server 

Table 4.2 Memory utilization of existing server 

Server Name 
Minimum 

(%) 

Maximum 

(%) 

Monthly Average 

(%) 

Web server of Bank A 11.0 22.0 19.0 

Web server of Bank B 29.0 39.0 34.0 

Application server of Bank A and B 9.0 14.0 11.0 

Database server of  Bank A and B 30.0 98.0 96.0 
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The results from Memory utilization of existing server of servers are as below 

• Web server of Bank A is shown Minimum=  11.0% , Maximum = 22.0% and 

average = 19.0% 

•  Web server of Bank B is shown Minimum =  29.0% , Maximum = 39.0% and 

average = 34.0% 

• Application server of Bank A and B are shown Minimum = 9% , Maximum = 

14.0% and average = 11.0% 

• Database server of Bank A and B are shown Minimum = 30.0% , Maximum = 

98.0% and average = 96.0%, 

 

In conclusion, Server A and B have free memory more than 50% (Bank A is 88% and 

Bank B is 61% at least.) so Virtualization can be implementable. 

Concurrent user of the existing servers 

Resource utilization collected data from 13 February 2553 to 13 March 2553 
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Table 4.3 Concurrent users of the existing servers 

Date Concurrent user of Bank A Concurrent user of Bank B 

13/02/2010 23 101 

14/02/2010 20 76 

15/02/2010 91 112 

16/02/2010 57 112 

17/02/2010 79 105 

18/02/2010 73 88 

19/02/2010 65 89 

20/02/2010 20 82 

21/02/2010 22 84 

22/02/2010 81 87 

13/02/2010 74 87 

24/02/2010 72 91 

25/02/2010 82 99 

26/02/2010 76 85 

27/02/2010 82 80 

28/02/2010 11 73 

01/03/2010 27 72 

02/03/2010 83 98 

03/03/2010 78 90 

04/03/2010 71 89 

05/03/2010 75 96 

06/03/2010 28 83 

07/03/2010 81 87 

08/03/2010 78 98 

09/03/2010 66 85 

10/03/2010 66 111 

11/03/2010 58 87 

12/03/2010 105 84 

13/03/2010 25 80 
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Table 4.4 Summary of the concurrent users of the existing servers 

Web Server Minimum Maximum Monthly Average

Bank A 11 112 61 

Bank B 72 105 90.04 

The concurrent data of existing servers of servers are as below: 

Web Server Bank A is shown Minimum = 11, Maximum = 112 and Monthly Average 

= 61  

Web Server Bank B is shown Minimum = 72, Maximum = 105 and Monthly Average 

= 90.04 

 

This information is to study customer behavior on servers for Bank A and Bank B that 

will be studied in real world. This information was also used for simulating load in 

Virtual machine of this research by use Load Stress Test. 

 

 

4.2  Virtualization Server 

 
Figure 4.14 Diagram infrastructure systems with virtualization technology 

 

Figure 4.14 is to demonstrate how Virtualization Web Server which two web servers 

are installed on single physical server installed. This is different from existing server 

that has to be installed individually shown in Figure 4.1. 
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4.2.1  Resource utilization monitoring 

4.2.1.1  Web Server of Bank A 

CPU utilization  

 

 
 

Minimum value in % Maximum value in % Monthly average value in % 

0.0 38.25 5.25 

Figure 4.15 CPU utilization of Web server of Bank A 

The result from CPU utilization of Web server is shown minimum value = 0.0%, 

maximum value = 38.25% and the average = 5.25% 

From above, working together between web server A and B effect to CPU of Bank A from 7% 

to 38.25% due to management of virtualization system and Simulate load testing. 

Memory utilization  

 

 
 

Minimum value in % Maximum value in % Monthly average value in % 

17.0 19.0 18.62 

Figure 4.16 Memory utilization of Web server of Bank A 

The result from Memory utilization of Web server of Bank A is shown minimum value 

= 17.0%, maximum value = 19.0% and the average = 18.62% 
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From above, working together between web server A and B effect to CPU of Bank A from 

19.0% to 22.0% due to management of virtualization system and Simulate load testing. 

 

Storage Utilization 

 

 
 

Disk Utilization Disk Used Space (%) 

/boot 11 

/dev/shm 0 

/ 11 

Figure 4.17 Storage utilization of Web server of Bank A 

The result from Storage utilization of Web server of Bank A is shown that Disk Used 

Space is /boot = 11.0%, /dev/shm = 0% and / = 11.0% 

Disk function is separated into 3 parts as “/boot”collecting files in initial of system, 

“/dev/shm” collecting data of share memory in the system and “/” collecting data and files of 

operating system. 



Fac. of Grad. Studies, Mahidol Univ.                                  M.Sc. (Tech. of Info. Sys. Management)  / 51 

4.2.1.2  Web Server of Bank B 

CPU utilization  

 

 
 

Minimum value in % Maximum value in % Monthly average value in % 

4.0 23.28 12.80 

Figure 4.18 CPU utilization of Web server of Bank B 

The result from CPU utilization of Web server is shown minimum value = 4.0%, 

maximum value = 23.28% and the average = 12.80% 

From above, working together between web server A and B effect to CPU of Bank B from 

34.0% to 23.28% due to management of virtualization system and Simulate load testing. 

 

Memory utilization 

 

 
 

Minimum value in % Maximum value in % Monthly average value in % 

15.0 17.09 16.65 

Figure 4.19 Memory utilization of web server of Bank B 

The result from Memory utilization of Web server of Bank B is shown minimum value 

= 15.0%, maximum value = 17.09.0% and the average = 16.65% 
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From above, working together between web server A and B effect to CPU of Bank B from 

39.0% to 17.09% due to management of virtualization system and Simulate load testing. 

 

Storage Utilization 

 

 
 

Disk Utilization Disk Used Space (%) 

C: 6 

Figure 4.20 Storage utilization of Web server of Bank B 

The result from Storage utilization of Web server of Bank B is shown that Disk Used 

Space of Disk C: = 6% 

Disk C: contained of operating system and data of server including Web contents. 

4.2.1.3  Application Server 

CPU utilization  
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Minimum value in % Maximum value in % Monthly average value in % 

0.0 4.91 0.45 

Figure 4.21 CPU utilization of Application server Bank A and B 

The results from CPU utilization of Application server of Bank A and B is shown 

minimum value = 0.0%, maximum value = 4.91% and the average = 0.45% 

Memory utilization 

 

 
 

Minimum value in % Maximum value in % Monthly average value in % 

16.0 18.10 17.70 

Figure 4.22 Memory utilization of application server of Bank A and B 

The results from Memory utilization of Application server of Bank A and B is shown 

minimum value = 16.0%, maximum value = 18.10% and the average = 17.70% 
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Storage Utilization 

 

 
 

Disk Utilization Disk Used Space (%) 

/boot 14 

/dev/shm 0 

/ 5 

Figure 4.23 Storage utilization of application server of Bank A and B 

The results from Storage utilization of Web server of Bank A and B is shown that Disk 

Used Space is /boot = 14.0%, /dev/shm = 0% and / = 5.0% 

4.2.1.4 Database Server 

CPU utilization  
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Figure 4.24 CPU utilization of database server of Bank A and B 

The results from CPU utilization of Application server of Bank A and B is shown 

minimum value = 0.0%, maximum value = 28.09% and the average = 10.62% 

 

Memory utilization 

 

 
 

Minimum value in % Maximum value in % Monthly average value in % 

71.0 79.25 77.73 

Figure 4.25 Memory utilization of database server of Bank A and B 

The results from Memory utilization of database server of Bank A and B is shown 

minimum value = 71.0%, maximum value = 79.25% and the average = 77.73% 

Storage Utilization 

 

 

Minimum value in % Maximum value in % Monthly average value in % 

0.0 28.09 10.62 
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Figure 4.26 Storage utilization of database server of Bank A and B 

 

The results from Storage utilization of database server of Bank A and B is shown that 

Disk Used Space of Disk C: = 49% and E: = 5%. 

4.2.1.5  Physical web server of Bank A and B 

CPU utilization  

 

 
 

Minimum value in % Maximum value in % Monthly average value in % 

5.0 30.82 12.44 

Figure 4.27 CPU utilization of Physical web server of Bank A and B 

The results from CPU utilization of Physical web server of Bank A and B is shown 

minimum value = 5.0%, maximum value = 30.82% and the average = 12.44% 

 

From above data, comparisons of CPU of existing and virtualization server which existing one 

(Bank A+ Bank B) is 61.51% and virtualization one (CPU of Bank A and B) is 30.82% due to 

resource management of Virtualization technology and simulate load testing. 

Disk Utilization Disk Used Space (%) 

C: 49 

E: 5 
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Memory utilization 

 

 
 

Minimum value in % Maximum value in % Monthly average value in % 

8.0 8.0 8.0 

Figure 4.28 Memory utilization of Physical web server of Bank A and B 

The results from CPU utilization of Physical web server of Bank A and B is shown 

minimum value = 8.0%, maximum value = 8.0% and the average = 8.0% 

From above data, comparisons of memory of existing and virtualization server which existing 

one (Bank A+ Bank B) is 36.09% and virtualization one (CPU of Bank A and B) is 8.0% due 

to resource management of Virtualization technology and simulate load testing. 

 

Storage Utilization 
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Disk Utilization Disk Used Space (%) 

/boot 15 

/dev/shm 0 

/ 6 

Figure 4.29 Storage utilization of Physical Web server of Bank A and B 

 

The results from Storage utilization of Physical server of Bank A and B is shown that 

Disk Used Space is /boot = 15.0%, /dev/shm = 0% and / = 6.0%. 

Disk function is separated into parts as “/boot” is collecting files in initial of system, 

“/dev/shm” is collecting data of share memory in the system and “/” is collecting data 

and files of operating system. 

 

Load Testing Tools of Virtualization server 

Concurrent users of Virtualization server of Bank A 

 
Figure 4.30 Running virtual user web server of Bank A 

The result of virtual user testing by Load Runner of web Server of Bank A with 150 

concurrent. 

Virtual user web server of bank A was tested concurrently at 150 numbers of users and 

this was higher than numbers of users in real world. 
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Concurrent users of Virtualization server of Bank B 

 
Figure 4.31 Running virtual user web server of Bank B 

The result of virtual user testing by Load Runner of web Server of Bank B with 150 

concurrent. 

Virtual user web server of bank B was tested concurrently at 150 numbers of users and 

this was higher than numbers of users in real world. 

 

Table 4.5 Concurrent of virtual server 

Web Server Maximum 

Bank A 150 

Bank B 150 

 

The maximum concurrent users of virtual servers were set at 150 concurrents due to 

numbers in real situation is not over 150. 

 

4.2.2  Summary of virtual server 

The summary of Virtual server is demonstrated as tables below. 

 

CPU Utilization 

Summary of CPU unitization from Virtual server 
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Table 4.6 CPU utilization of virtual server 

Server Name 
Minimum 

(%) 

Maximum 

(%) 

Monthly 

Average (%) 

Virtual Web server of Bank A 0.0 38.25 5.25 

Virtual  Web server of Bank B 4.0 23.28 12.80 

Physical server of Bank A and B 5.0 30.82 12.44 

Virtual  Application server of Bank A and B 0.0 4.91 0.45 

Virtual  Database server of  Bank A and B 0.0 28.09 10.62 

 

The results of CPU utilization of virtual server are shown that   

• Virtual Web Server of Bank A has Minimum value = 0%, Maximum value = 

38.25% and Average = 5.25% 

• Virtual Web Server of Bank B has Minimum value = 4.0%, Maximum value = 

23.28% and Average = 12.80% 

• Physical Virtual Web Server of Bank A and B has Minimum value = 5.0%, 

Maximum value = 30.82% and Average = 12.44% 

• Virtual Application Server of Bank A and B has Minimum value = 0.0%, 

Maximum value = 4.91% and Average = 0.45% 

• Virtual Database Server of Bank A and B has Minimum value = 0.0%, 

Maximum value = 28.09% and Average = 10.62% 

 

Memory Utilization 

Summary of Memory utilization from Virtual server 
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Table 4.7 Memorutilization of virtual server 

Server Name 
Minimum 

(%) 

Maximum 

(%) 

Monthly 

Average (%) 

Virtual Web server of Bank A 17.0 19.0 18.62 

Virtual Web server of Bank B 15.0 17.09 16.65 

Physical server of Bank A and B 8.0 8.0 8.0 

Virtual Application server of Bank A and B 16.0 18.10 17.70 

Virtual  Database server of  Bank A and B 71.0 79.25 77.73 

 

The results of Memory utilization of virtual server are shown that   

• Web Server of Bank A has Minimum value = 17.0%, Maximum value = 19.0% 

and Average = 18.62% 

• Web Server of Bank B has Minimum value = 15.0%, Maximum value = 

17.09% and Average = 16.65% 

• Physical Virtual Web Server of Bank A and B has Minimum value = 8.0%, 

Maximum value = 8.0% and Average = 8.0% 

• Application Server of Bank A and B has Minimum value = 16.0%, Maximum 

value = 18.10% and Average = 17.70% 

• Database Server of Bank A and B has Minimum value = 71.0%, Maximum 

value =s 79.25% and Average = 77.73% 

 

4.2.3  Resource Utilization comparisons 

CPU Utilization 

Comparison of CPU unitization from existing server and virtualization  

server 
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Table 4.8 Average CPU utilization of existing server and virtualization server 

 

Server Name 

Monthly average 

utilization of the 

existing servers 

Monthly average 

utilization of 

Virtualization 

server (%) 

Web server of Bank A 1.0 5.25 

Web server of Bank B 10.0 12.80 

Application server of Bank A and B 1.0 0.45 

Database server of  Bank A and B 7.0 10.62 

Conclusion of average CPU utilization of existing server and virtualization 

server are as Web Server of bank A is 1.0% and 5.25% , Web Server of bank B is 

10.0% and 12.80% , Application server of Bank A and B is 1.0% and 0.45% and 

Database server of Bank A and B is 7.0% and 10.62%. 

 

Memory Utilization 

Comparison of memory unitization from existing server and virtualization 

server 

Table 4.9 Average memory utilization of existing server and virtualization server 

 

Server Name 

Monthly average 

utilization of the 

existing servers 

Monthly average  

utilization of 

Virtualization server 

Web server of Bank A 19.0 18.62 

Web server of Bank B 34.0 16.65 

Application server of Bank A and B 11.0 17.70 

Database server of  Bank A and B 96.0 77.73 

Conclusion of average memory utilization of existing server and 

virtualization server are as Web Server of bank A are 19.0% and 18.62% , Web Server 

of bank B are 34.0% and 16.65% , Application server of Bank A and B are 11.0% and 

17.70% and Database server of Bank A and B are 96.0% and 77.73%. 

Load testing concurrent users of the existing servers and the virtualization server 
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Table  4.10 Maximum concurrent utilization of existing server and virtualization 

server 

 

Server Name 

Maximum concurrent 

users of the existing 

servers 

Maximum concurrent 

of 

Virtualization server 

Web server of bank A 112 150 

Web server of bank B 105 150 

 
The results of  Maximum concurrent utilization of existing server and virtualization 

server of web server of Bank A are 112 and 150 and Bank B is 105 and 150. 

 

 

4.3  Resource Utilization comparisons 
The environment of the existing servers and the virtualized server were 

simulated to compare workloads of CPU, Memory and storage. The following details 

discussed the result of comparison based on their environment utilizations with 

respected to normal level of workloads. 

 

4.3.1  Comparison of the CPU Utilization 

The CPU Utilization of the virtualized server compared with the CPU 

utilization of the existing server for Bank A and Bank B 
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Figure 4.32 Comparison of CPU utilization the existing servers and VT server 

Comparison of CPU in the machines, which are function as Web servers of 

two servers (Figure 4.32), shows that the monthly averages of CPU idle are 94.50% 

and  90.98% for the existing servers and virtualization server, respectively.  

Work of CPU Utilization between Virtualization server and the existing 

servers are insignificantly different as (3.52%). As a result, the virtualization server 

can replace existing server and decrease costs of maintenance and electrical cost etc. 
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4.3.2  Comparison of the utilization Memory 

 

 
Figure 4.33 Comparison of memory utilization existing server and VT server 

 

Comparison of memory in the machines, which are function as Web 

servers of two type servers (Figure 4.33), the monthly averages of memory idle are 

73.50% and 82.37% for the existing servers  and the virtualization server, respectively.  

Different of performance of memory between virtualization server and the 

existing servers are as 8.8% which is insignificant. As a result servers can be replaced 

by the VT server. Which can help to reduce cost of electrical power and maintenance. 

 

4.3.3  Comparison of the utilization Storage 

Comparison of utilization storage cannot be done because the 

virtualization server was using tools for simulating customer behavior, which is 

different from real production environment in term of storage utilization. However, the 

performance of storage is not effect to the Total cost of ownership (TCO) calculation, 

and storage cost, ratio (MB/cost) is decreasing so it can be added to the production 

system using VT at anytime. 
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4.4  Cost Benefit analysis 
Total Cost of Ownership can be separated as follows: 

1.  Direct cost: It is including acquisition costs, which are composed 

of hardware, operating system, and application costs. 

2.  Indirect cost: It is including administration cost, which are 

composed of implementation, service, and maintenance cost 

 

Table 4.11 TCO Cost Catalog 

 

Acquisition Cost 
Administration Costs 

Control Cost Operation Costs 

-Hardware 

-Operating System 

-Software 

-Application 

-Implementation -Service and Maintenance 

-Power Consumption 

 

 

For online customer services, there are two types of the server systems 

1.  Service provides by usage of the existing servers. 

2. Service provides by replacing the existing servers with the virtualized 

server. 

For the existing servers, total cost of ownership is only indirect cost but for 

maintenance cost in it is higher than replacing system with the virtualized server. 

 

4.4.1  Cost of the existing servers for Bank A & Bank B using as Web 

Servers. 

4.4.1.1  Direct cost 
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Table 4.12 Direct cost of the existing servers 

 

No Server name Acquisition cost Detail Price (Baht) 

1 Web server Bank A Hardware HP DL380 142,000.00

  Operating system Windows 2003 Std 23,500.00

  Application Sunone 6.1 SP8 0.00

2 Web server Bank B Hardware HP DL380 G4 142,000.00

  Operating system Linux RH2 0.00

  Application Sunone 6.1 SP8 0.00

Summary before VAT 307,500.00

VAT (7%) 21,525.00

Total Summary 329,025.00

4.4.1.2  Indirect cost 

Calculation of   indirect cost is composed of electricity cost and 

maintenance cost of the existing server  

4.4.1.2.1  Electricity Cost 

Power Consumption of each Web Server = 575 

watt / server 

Demonstration   of electricity cost equation (unit/month) 

 

Electric Power (watt)Unit = x Usage house per day x Usage day per month
1,000

 

 

Service charge: Baht 40.90 per month, FT: 0.925 (Update 05 March 2010) 

575Unit = x 24 x 30 = 414
1000

 

Electricity cost of each existing sever = 414 units / month 

So, the total electricity cost of the existing of servers is equal to 414x2 = 828 units 
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Table 4.13 Rate of electricity cost 

 

First 150 kWh (1st-150th) 1.8047 Baht Per kWh 

Next 250 kWh (151st-400th) 2.7781 Baht Per kWh 

Over 400 kWh (up from 401st) 2.9780 Baht Per kWh 

Service charge: Baht 40.90 per month, FT: 0.925 

Table 4.14 Calculate of electricity cost 

 

Part 1. Calculate of electricity cost: 

First 150 kWh  150 x 1.8047 270.70 Baht

Next 250 kWh  250 x 2.7781 694.53 Baht

Over 400 kWh  428 x 2.9780 1,274.58 Baht

Service charge  40.90 Baht

Summary  2,280.71 Baht

Part 2.Calculate of energy adjustment charge: (FT) 

FT (0.925) 828 x 0.925 765.90 Baht

Part 3. Calculate of VAT 

VAT (7%) (2,280.71+765.90)x7/100 213.26 Baht

Part 4. Total Summary 

Total summary 2,280.71+765.90+213.262 3,259.88 Baht

 

Summary of electricity cost with VAT is 3,259.88 Bath/Month 

 

4.4.1.2.2  Maintenance server price list 
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Table 4.15 Maintenance server price list 

 

No. Server 
Server 

Type 
Description Application Qty 

MA 

Price/Monthly 

 

1 HP DL380 Web Server SunOne 1 1,267.00 Baht 

2 HP DL380 Web Server SunOne 1 1,267.00 Baht 

Summary 2,534.00 Baht 

VAT (7%) 177.38 Baht 

Total Summary 2,711.38 Baht 

 

Summary of maintenance cost with VAT is 2,711.38 Bath/Month 

  

4.4.1.2.3  Maintenance operating system price list 

Table 4.16 Maintenance operating system price list 

 

No. OS OS Type Version Vendor Qty 
MA 

Price/Monthly 
 

1 Linux Server (Ent) 5.0 Redhat 1 3,083.33 Baht 

2 Windows Server (Std) 2003 Microsoft 1 0.00 Baht 

Summary 3,083.33 Baht 

VAT (7%) 215.83 Baht 

Total Summary 3,299.17 Baht 

 

Summary of maintenance cost with VAT is 3,299.17 Bath/Month 

 

4.4.1.2.4  Cost of the existing servers per month 
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Table 4.17 Cost of the existing servers per month 

 

 

Summary cost of existing server with VAT every month is 9,270.43 Bath/Month 

 

4.4.1.2.5  Grand total cost of the existing servers 

within 3 year 

 

Table 4.18 Grand total cost of the existing servers within 3 year 

 

No. Cost Years/Baht Year 2/Baht Year 3/Baht 

1 Direct Cost 329,025.00 0.000 0.00

2 Indirect Cost 111,245.16 111,245.16 111,245.16

Cost in each year 440,270.16 111,245.16 111,245.16

Cumulative 440,270.16 551,515.32 662,760.48

 

Summation of Direct cost and indirect cost of virtualization server in year1 as 

440,270.16 baht, year2 as 551,515.32 baht and year3 as 662,760.48 baht. 

 

4.4.2  Cost of the virtualization server  

4.4.2.1  Direct cost 

Cost Details Price (Baht) 

Direct Cost 

Hardware  0.00 

Operating System  0.00 

Software 0.00 

Application 0.00 

Indirect cost 
Electricity 3,259.88 

Service and Maintenance Server 2,711.38 

Service and Maintenance Software 3,299.17 

 Grand Total (Baht) 9,270.43 
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Table 4.19 Direct cost of the virtualization server 

 

No Server name Acquisition cost Detail Price (Baht) 

1 Web server of  Bank A Operating system Windows 2003 Std 23,500.00

  Application Sunone 6.1 SP8 0.00

2 Web server of  Bank B Operating system Linux RH2 0.00

  Application Sunone 6.1 SP8 0.00

  Application Sunone 6.1 SP8 0.00

3 VMWare Server 2.0 0.00

4 Sunfire x4150   210,344.83

Summary before VAT 233,844.83

VAT (7%) 16,369.14

Total Summary 250,213.97

  

4.4.2.2  Indirect cost 

Calculation of  Indirect cost is composed of electricity cost and 

maintenance cost of virtualized server  

4.4.2.2.1  Electricity Cost 

Power Consumption of the virtualized server for 

Bank A&B = 650 watt 

Demonstration   of electricity cost equation (unit/month) 

 

Electric Power (watt)Unit = x Usage house per day x Usage day per month
1,000

 

 

Service charge: Baht 40.90 per month, FT: 0.925 (Update 05 March 2010) 

650Unit = x 24 x 30 = 468
1000

 

Electricity cost of   the virtualized = 468 unit / month 
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Rate of electricity cost   

 

First 150 kWh (1st-150th) 1.8047 Baht Per kWh 

Next 250 kWh (151st-400th) 2.7781 Baht Per kWh 

Over 400 kWh (up from 401st) 2.9780 Baht Per kWh 

Service charge: Baht 40.90 per month, FT: 0.925 

 

Table 4.20 Calculate of electricity cost  

 

Part 1. Calculate of electricity cost: 

First 150 kWh  150 x 1.8047 270.70 Baht

Next 250 kWh  250 x 2.7781 694.53 Baht

Over 400 kWh  68 x 2.9780 202.50 Baht

Service charge  40.90 Baht

Summary  1,167.73 Baht

Part 2.Calculate of energy adjustment charge: (FT) 

FT (0.925) 468 x 0.925 432.90 Baht

Part 3. Calculate of VAT 

VAT (7%) (1,167.73+432.90)x7/100 112.04 Baht

Part 4. Total Summary 

Total summary 1,167.73+432.90+112.04 1,712.67 Baht

 

Summary of electricity cost with VAT is 1,712.67 Bath/Month 

  

4.4.2.2.2  Maintenance operating system price list 
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Table 4.21 Maintenance operating system price list 

 

No. OS OS Type Version Vendor Qty MA Price  

1 Linux Server (Ent) 5.0 Redhat 1 3,083.33 Baht

2 
Wind

ows 
Server (Std) 2003 Microsoft 1 0.00 Baht

Summary 3,083.33 Baht

VAT (7%) 215.83 Baht

Total Summary 3,299.17 Baht

 

Summary of maintenance cost with VAT is 3,299.17 Bath/Month 

  

4.4.2.2.3  Cost of Virtualization server per month 

 

Table 4.22 Cost of Virtualization server per month 

 

Cost Details Price (Baht) 

Direct Cost 

Hardware 0.00

Operating System 0.00

Software 0.00

Application 0.00

Indirect cost 
Electricity 1,712.67

Service and Maintenance Server 0.00

Service and Maintenance Software 3,299.17

 Grand Total (Baht) 5,011.84

 

Summary cost of virtualization server in first month is 5,011.84 Bath/Month 

  

4.4.2.2.4  Grand total cost of virtualization server 

within 3 year 



Thaveedej Satitrittanun                                                                                                              Results / 74 

Table 4.23 Grand total cost of virtualization server within 3 year 

No. Cost Years/Baht Year 2/Baht Year 3/Baht 

1 Direct Cost 250,213.97 0.00 0.00

2 Indirect Cost 60,142.08 60,142.08 60,142.08

Cost in each year 310,356.05 60,142.08 60,142.08

Cumulative 310,356.05 370,498.13 430,640.31

 

Summation of Direct cost and indirect cost of virtualization server in year1 as 

310,356.05 baht, year2 as 370,498.13 baht and year3 as 430,640.31 baht. 
 

4.4.3  Summary of cost benefit 

This graph demonstrated total cost of ownership between the existing web 

servers and the virtualization web server, which compare cost of servers for 3 years in  

both direct  and  indirect  cost.  

 

 
Figure 4.34 Graph cost comparison 



Fac. of Grad. Studies, Mahidol Univ.                                  M.Sc. (Tech. of Info. Sys. Management)  / 75 

Table 4.24 Grand total cost of server within 3 year 
 

No. Cost of Year 1 Year 2 Year 3 

1 The existing servers 440,270.16 551,515.32 662,760.48

2 Virtualization server 310,356.05 370,498.13 430,640.31

 

From the research that study on web server machine which is provided 

online transactions for customers. This study compared performance of works and 

costs between the existing servers and virtualization server in periods of three years.  

 The result shown that Web server with Virtualization technology can be 

efficiently replaced the existing servers based on the resulted of comparison of CPU 

utilization and memory utilization at 150 concurrent users.  

For costs of investment,  the virtualization machine shown that it is higher 

than the existing servers in the first year. Due to specification of the physical servers 

should support virtualization technology but these will decrease beginning from year 

2. This is different from the existing servers that their costs will increase beginning 

from year 2 and it will keep increasing. 
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CHAPTER V 

CONCLUSION 

 

 

5.1  Conclusion 

This research was aimed to study and to compare performance of two 

server environments: server environment with virtualization technology and non-

virtualization technology (VT). The study factors were compose of performance 

indicators versus total cost of ownership (TCO). The performance indicators were 

CPU utilization and money utilization while TCO included both direct cost and 

indirect cost of using the systems. The result of this study can be used as a guideline 

for any organization being consider of using or inverting on the virtualized 

environment. The study shown that VT can reduce TCO without degrading the system 

performance under the real production load. 

From the comparison of results of the two server environments. The 

virtualization server can perfectly replace the existing servers because the data shown 

that the differences of CPU & Memory utilization of both systems are insignificant. 

TCO comparison of the existing servers and the virtualization server for 3 

years is demonstrated in the following table 

 

Table 5.1 Comparison existing server and virtualization server 

 

Year The existing servers The Virtualization Server Saving cost 

1 440,270.16 310,356.05 129,914.11

2 551,515.32 370,498.13 181,017.19

3 662,760.48 430,640.31 232,120.17

Total 1,654,545.96 1,111,494.49 543,051.47

 

The results from Table 5.1 is shown that virtualization sever can save cost for 

129,914.11 baht in first year , 181,017.19 baht in second year and 232,120.17 in third 
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year. In three years, the virtualization server is can save cost of investment and 

operating the system for 543,051.47 baht comparing with the existing servers 

 

 
Figure 5.1 Graph comparison costs of existing servers and virtualization server 

 

In addition, software costs as operating system and other software which 

are installed on existing and virtualization server are not different because they are 

calculated from number of software licenses and virtualization technology is not 

decrease this cost. 

 

 

5.2  Recommendation 
For virtualization technology and existing server analyzing is a 

comparison in B2B system which is an e-commerce via web online. This test is done 

by simulating  customer behavior  using Load testing  tool  software which  may  be 

different  from  the  real  situation  due to program  cannot  simulate  all  types  of 

customer  behavior.  

This research was focused to study and compare performance of web 

servers servicing in the e-commerce system. If virtualization technology will be 

adapted with other types of systems, the performance of server such as CPU utilization 

and memory utilization should be considered. The performance of CPU utilization and 
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memory utilization which are on existing servers should not over 50% during runtime  

due to virtualization servers will reduce the performance of physical machine which 

cause decreasing of server performance. 
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