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The purpose of this project is to simulate feasib.ility of using virtualization technology ‘to
increase MTTF and CPU utilization. In our research, we use ARENA which is simulation software to
build two different models. There are auto-scaling without server virtualization and auto-scaling with
server virtualization. The result of our experiment shows that server virtualization can be increased

the life time of server and also reduce the waiting time in queue.
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Chapter 1

Introduction

1.1 Rationale

Cloud computing is a style of computing where massively scalable IT-related capabilities are
provided “as a service” across the internet to multiple external customers. However, there is one
significant point that a cloud provider especially private cloud provider should realize is how the servers
can support the heavy coming workloads at the peak time. Some public cloud providers provide the
auto-scaling feature in order to support the heavy. workloads. They use physical servers to scale up the
system when workloads increase. It takes cost too much. However, it cannot guarantee that the servers
will fail or not.

We offer using virtualization technology in server in order to reduce the failure of the server.
Server in term of virtualization technology means creating virtual server in order to support heavy
workloads at the peak time.

In our experiment, we study feasibility of using virtualization technology especially the server
virtualization in order to reduce the server failure. We use simulation to do the experiment. We choose
simulation technique because we can estimate the performance of server with using virtualization
technology before real implementation. We build two different models. First model is auto-scaling

without server virtualization and second model is auto-scaling with server virtualization model.

1.2 Objectives

The objective of this project is to simulate feasibility of virtualization technology to auto-scaling
problem. The purpose of simulation is to prove that using virtualization technology in servers can

increase the mean time to failure and also increase the CPU utilization.



1.3 Scope of study

In our research, we measure mean time to failure (MTTF) and CPU utilization by simulate two
different models. There are Auto-scaling without virtualization technology and Auto-scaling with
virtualization technology. We define ten rounds of replications. Each replication is 1 year and the system
performs 24 hours per day. To support the heavy load, we have to use horizontal scale up technique. If
we do not have enough servers to support, we have to increase server’s capacity or add more servers.
Our research concentrate on the private cloud computing and its environment only.
1.4 Organization

The rest of this special project consists of 4 chapters as follows:

Chapter 2 provides related literature of visualization approach to auto-scaling problem, cloud
computing, auto-scaling, virtualization technology, server consolidation and mean time to failure.

Chapter 3 introduces the reader more insights into a virtualization approaching to auto-scaling

problem.
Chapter 4 gives details of the experiment result.

Chapter 5 gives conclusion and recommendation.
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Auto - scaling web services on Amazon EC2

This paper presents auto-scaling web services on Amazon EC2. Their approach to scale up web
service is dynamic load balancing where the load balancer can itself made part of the group it is
distributing the load across. So, membership changes in these application nodes can be detected by the
load balancer. Traditionally, the list of nodes across which workload is distributed had to be provided to
the load balancer. Such a load balancer is known as a static load balancer. Hence, new members could
not join the application group at runtime. However, such a setup will not work economically on EC2
since the only way of achieving this is to reserve a set of elastic IP addresses, assign them to the
application instances and provide those IP addresses to the load balancer. This defeat the idea of auto-
scaling since new members cannot join the cluster and IP addresses of members cannot change to
anything other than those assigned from the set of elastic IP addresses. Their approach enable
membership discovery by the load balancer, hence making it a dynamic load balancer [5]).

The paper above, they do not study the mean time to failure of servers on Amazon EC2.
However, how we make sure that the servers can support the heavy loads at peak time. It does not take

time to wait for recovering.

2.3 Virtualization technology
Our approach is implementing virtualization technology on servers in order to scale up the resource
at the peak time. In term of virtualization refers to technologies designed to provide a layer of abstraction
between computer hardware systems and the software running on them. By providing a logical view of
computing resources, rather than a physical view, virtualization solutions make it possible to do a couple
of very useful things Virtualization can allow you to trick your operating systems into thinking that a
group of servers is a single pool of computing resources and they can ‘allow you to run multiple
operating systems simultaneously on a single machine.
Virtualization has its roots in partitioning, which divides a single physical server into multiple

logical servers. Once the physical server is divided, each logical server can run an operating system and



applications independently. In the 1990s, virtualization was used primarily to re-create end-user
environments on a single piece of mainframe hardware. If you were an IT administrator and you wanted
to roll out new software, but you want to see how it would work on a Windows NT or a Linux machine,
you should use virtualization technologies to create the various user environments,[9].

Advantages

The benefits of virtualization technology have been widely documented.

1. Cost - A number of companies have found they have had ‘server sprawl’ in recent years. As
the price of hardware has fallen rapidly, new servers have tended to be assigned to single applications,
which led to a profusion of servers. In fact it is estimated that the total cost of ownership of x86 servers
has exceeded the purchase costs (Gillen, Humphreys & Waldman, 2006; Goth, 2007).. These studies
estimate that the TCO for x86 servers is between $10,000 and $15,000 per year, yet the most servers
today are running at under 10 percent utilization. This indicates that the cost of managing physical
servers will exceeded their purchase costs. Virtualizing servers can aid in reducing these costs because it
offers the possibility to consolidat;: a number of servers onto one physical host and also achieve higher
utilization rates. VMware claim that their customers have seen consolidation ratios of 10-15:1 for
production servers which allowed customers to significantly reduce their total cost of ownership [6].

2. Consolidating servers can also reduce energy consumption and lower overall spend as energy
costs are continuing to rise. A study by Koomey (2007) shows that “aggregate electricity use for servers
doubled over the period 2000 to 2005 both in the U.S. and worldwide”. He also found that this was
primarily due to an increase in the volume of servers rather than an increase in the power usage per unit.
IDC expects server power and cooling costs to increase by an average of 11.2% per year to reach $44.5
billion by 2010; when it will equal 70% of the overall new server spending for that year [9].

3. Virtualization offers effective and efficient system recovery. Virtual machine virtual disks
are literally files that can be backed up and restored quickly for disaster recovery purposes. The virtual
machine is stored on disk as a file that can be moved to any other disk area therefore system recovery is

much easier than for traditional physical servers (Greiner, 2007)[6].



Drawbacks

1. While virtualization allows more servers to run on physical hardware, there is an initial
investment required for virtualization, which should not be overlooked. These costs include:

« Licensing costs for enterprise features.

* Installation costs.

« Training costs.

« Storage costs.

The trend for virtualization hypervisors is to provide them with the hardware or OS. However
there is a need for tools to manage the virtual servers and provide the enterprise functionality discussed,
such as clustering and high availability. If you want to implement virtualization on a large scale then
management tools will be required. It may also require new backup solution and server management
tools [7].

2. There is an overhead associated with running the virtual machines, particularly for busy
transaction based server. Therefore it may not be suitable for all servers. There is research to suggest that
the new generation of x86 processors do not actually improve performance because they have no support
for MMU virtualization and they do not co-exist with existing software techniques for MMU
virtualization [9].

3. Management ~ The technology is relatively immature on x86 servers, and there is a leaming
curve with the new technology. It takes experience to learn how to best allocate resources. The
specification and configuration of servers has changed significantly, it is necessary to consider physical
hosts and virtual machines. Virtualization adds management complexity; innovation and standardization

in management of virtual entities are required to realize full potential of virtualization [9].

2.4 Server consolidation
Server Consolidation is an approach to the efficient use of computer server resources in order to

reduce the total number of servers or server locations that an organization requires. The practice



developed in response to the problem of server sprawl, a situation in which multiple, under-utilized
servers take up more space and consume more resources than can be justified by their workload.
Although consolidation can substantially increase the efficient use of server resources, it may
also result in complex configurations of data, applications, and servers that can be confusing for the
average user. To assuage this problem, server virtualization may be used to mask the details of server
resources from users while optimizing resource sharing. Another approach to server consolidation is the

use of blade servers to maximize the efficient use of space.



Chapter 3

A simulation of server virtualization

This chapter gives the reader more insight into a simulation process using ARENA to evaluate
the utilization of simple server model and virtualization server model in the same environment such as

failure or the entity arrival.

3.1 Problem description

Our experiment has four kinds of servers. All servers use auto-scaling. Auto-scaling will start
working when workloads in the system increase and need more capacity in order to avoid the failure of
the system at a peak time. Each peak time of each service is not the same. Auto-scaling need the
compatible server that have same properties such as OS. This mean every services must have secondary
server that ready to scale up. So, we use virtual server instead of the real physical server. Virtual server
will generate from the necessary server but less utilization at that time. A server able to has more than
ten virtual servers. Each virtual server can operate different OS and provide different service. Auto-
scaling combine with virtual server will use less number of servers. The problem is auto-scaling with

virtual server can ensure the better number of failure and still work well than usual or not.
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Table 4-1: Failure rate of servers in auto —scaling without server virtualization model

29

Units

Server name Type Uptime Downtime Units
File server Time | EXPO(365) | Days | -0.5+ERLA(0.0204, 25) Hours
Secondary file server Time | EXPO(8500) | Hours | -0.5+ ERLA(0.0204, 25) Hours
Mail server Time | EXPO(365) | Days | -0.001 +EXPO(0.00374) Hours
Secondary mail server Time | EXPO(8500) | Hours | -0.001 + EXPO(0.00374) Hours
Database server Time | EXPO(365) | Days TRIA(0.5,0.75,1) Hours
Secondary database server | Time | EXPO(8500) | Hours TRIA(0.5,0.75,1) Hours
Web server Time | EXPO(365) | Days | -0.5+LOGN(0.58, 0.229) Hours
Secondary web server Time | EXPO( 8509 ) | Hours | -0.5+ LOGN(0.58, 0.229) Hours

We also define the failure rate of servers in auto —scaling with server virtualization model. See on

Table 4 2.

Table 4-2: Failure rate of servers in auto —scaling with server virtualization model

Server name Type Uptime Units Downtime Units
File server Time | EXPO(365) | Days | -0.5+ERLA(0.0204, 25) Hours
VM file server fail Time | EXPO(8500) | Hours | TRIA(0.05,0.25,0.5) Hours
Mail server Time | EXPO(365) | Days | -0.001 + EXPO(0.00374) Hours
VM mail server fail Time | EXPO(8500) | Hours | TRIA(0.05,0.25,0.5) Hours
Database server Time | EXPO(365) { Days TRIA(0.5,0.75,1) Hours
VM DB server fail Time | EXPO(8500) | Hours | TRIA(0.05,0.25,0.5) Hours
Web server Time | EXPO(365) | Days | -0.5+LOGN(0.58, 0.229) Hours
VM web server fail Time | EXPO(8500) | Hours | TRIA(0.05,0.25,0.5) Hours

Remark: VM stands for Virtual Machine. DB stands for Database.
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5. We collect statistics in four areas. There are queues, entities, resources, processes.
6. We run both models in 10 replications. Each replication length has 365 days in time unit. Each

day in simulation environment has 24 hours. So you can see the running setup on Table 4 -3

below.
Table 4-3: Running setup

Replication parameters name Value
Number of replications 10
Replication length 365

Time units - Days
Hours per day 24

Base time units Hours

7. Run models
8. Analyze and summarize the result.
4.2 Experimental result
After running the models in 10 replications then we measure them in two significant categories.
There is mean time to failure and CPU nutilization. However, we also measure the models in term of
Average workload waits time, Average wait time queue and Average number of waiting time.
4.2.1 Mean time to failure
This is the first measurement. We calculate the mean time to failure (MTTF) from the formula

below.

MTTF=-———-L—-ZX;":,&

Where tis time before the server down.
N is the number of failure.
We collect the number of failure and failure time by observation in each model. You will see

the topic later.
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4.2.1.1 Mean time to failure of auto-scaling without server virtualization model
Table4-4 is shown the number of failure and failure time after finish running model in 10

replications. We collect the statistics data by observation. See on Table 4 —4.

Table4-4: Show the number of failure of auto-scaling without server virtualization model

Replication no. Errorno. Failure time(Hour) Number of failure
1 1 513 7
2 2,308
3 2,947
4 3,788
5 4,238 7
6 5,311
7 6,419
2 1 | 824 5
2 920
3 4,473
4 6,000
5 8,480
3 1 59 10
1,170
3 3,803
4 5,147
5 5,627
6 6,061




Tabled-4: Show the number of failure of auto-scaling without server virtualization model (Cont.)

Replication no. Error no. Failure time(Hour) Number of failure
7 6,274
8 6,927
9 8,221
T 10 8,503
0
1 586 3
2 1,880
3 7,037
1 2,793 3
2 6,998
3 8,005
1 275 3
2 3,275
| 3 5,718
1 736 5
2 2,099
3 2,393
4 5,920
5 8,055
1 33 4

32
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Table4-4: Show the number of failure of auto-scaling without server virtnalization model (Cont.)

Replication no. Error no. Failure time(Hour) Number of failure
2 4,548
3 7,363
4 8,010
10 1 ' 4,445 4
2 4,833
3 ) 5,528
4 5,720
Total | 44

Next step we find the time before failure. Table4-5 is show how to calculate the time before

failure.
Tabled-5: Show how to calculate the time before failure
Replication no. Failure time(Hour) Time before failure

1 514 514

2,308 1,794

2,947 639

3,788 841

4238 450

5,311 1,073

6,419 1,108

Total 6,419




Table4-5: Show how to calculate the time before failure (Cont.)
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Replication no. Failure time(Hour) Time before failure
1 2 824 824
920 96
4,473 3,553
6,000 1,527
8,480 2,480
Total 8,480
3 59 59
1,170 1,111
3,803 2,633
5,147 1,344
5,627 480
6,061 434
6,274 213
6,927 653
8,221 1,294
8,503 282
Total 8,503
4 0 0
Total 0




Table4-5: Show how to calculate the time before failure (Cont.)
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Replication no.

Failure time(Hour)

Time before failure

586 586

1,880 1,294

7,037 5,157

Total 7,037
2,793 2,793

6,998 4,205

8,005 1,007

Total 8,005
275 275

3,275 3,000

5,718 2,443

Total 5,718
736 736

2,099 1,363

2,393 294

5,920 3,527

8,055 2,135

Total 8,055
33 33

4,548 4,515

7,363 2,815




Table4-5: Show how to calculate the time before failure (Cont.)
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Replication no.

Failure time(Hour)

Time before failure

8,010 647

Total 8,010

10 4,445 4,445

4,833 388

5,528 695

5,720 192

Total 5,720
Total in 10 replications

65,947

Therefore the mean time to failure of auto-scaling without server virtualization model is

65,947/44 or equal to 1,498.80 hours per year in 10 replications.

We can say that in one year one replication, this system has 149.88 uptime hours before the

system will.down.
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4.2.1.2 Mean time to failure of anto-scaling with server virtualization
In this model, we find the mean time to failure (MTTF) as same as previous topic. You can see

the data which is shown on Table 4-6 below.

Table4-6; Show the number of failure and time before failure of auto-scaling with server virtualization model

Replication no. | Failure time(Hour) | Time before failure Number of failure
1 880 880
1,560 680
3,367 1,807
Total 3,367 3
2 1,809 1,809
1,407 402
Total 2,211 2
3 5,074 5,074
6,059 985
8,602 2,543
Total 8,602 3
4 1,114 1,114
4,222 3,108
4,283 61
‘ 5,863 1,580
Total 5,863 4
5 1,220 1,220
Total 1,220 1




Table4-6: Show the number of failure and time before failure of auto-scaling with server virtualization model (cont.)

Replication no. | Failure time(Hour) Time before failure Number of failure
6 3,543 3,543
. 7,470 3,927
7,880 410
Total 7,880 3
7 0 0
| Total 0 0
8 2,660 2,660
5,600 2,940
8,566 2,966
Total 8,566 3
9 1,800 1,800
3,469 1,669
Total 3,469 2
10 7,353 7,353
Total 7,353 1
Total in 10
replications 48,531 22

We can calculate the MTTF of this model by using the data from Table 4-6.

So MTTF = 48,531/22
= 2,205.95455 hours/ 10 replications
1 replication  ° = 2,205.95/10

= 220.60 hours
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We summarize that auto-scaling with virtualization model provides the number of MTTF and

many types of waiting time are more effectively and efficiency. The result of the work in process is auto-

scaling without virtualization model is more flexible because auto-scaling with virtvalization model has

to find the server that available from the existing physical server. On the other hand, auto-scaling

without virtualization has not to do because each type of work has its own primary and secondary server.

So, that is all the reasons why WIP of auto -- scaling with virtualization model is less flexible than auto —

scaling with virtualization. The comparison is show in Table 4-8.

Table4-8: Comparison between auto-scaling without virtualization model and auto-scaling with virtualization modcl

Comparison

Auto — scaling without

virtualization model

Auto — scaling with

yirtualization model

Mean time to failure

(Average time before failure / Number of failure )

149.88 hours

220.60 hours

Average waiting time per entity

Incoming workload spent much

waiting time.

Incoming workload spent shorter

waiting time.

-

Average waiting time in queue

Long time waiting in current

queue of workload.

Shorter waiting time in current

queue of workload.

Average number of waiting in queue

Longer queue.

Shorter queue.

Average resource usage of server

Less effective usage.

Less utilization.

More effective usage.

More utilization.

Work in process

Less number of works in process.

More system flexibility.

More number of works in process.

Less system flexibility.

Average wait time of

each type of work

0.0000001225 hours

0.0000000775 hours
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Chapter 5

Conclusion and recommendation

5.1 Conclusion

In this paper, we simulate the feasibility of virtualization technology especially server
virtualization to auto —scaling problem. The purpose of simulation is to prove that using virtualization
technology in servers can increase the mean time to failure and also increase the CPU utilization. We use
ARENA software as a tool to do experiment. We create two different models. There are auto —scaling
without server virtualization and auto — scaling with server virtualization. Auto -scaling without server
virtualization is a model that does not implement virtualization technology. Otherwise auto — scaling
with server virtualization is a model that implements virtualization technology and share the cross
server’s resource type. We run the models in 10 replications. Each replication length has 365 days. Each
simulated day has 24 hours.

The result of our experiment shows that implementing virtualization technology on servers can
be increased the mean time to failure (MTTF) (220.60 hours per year). Otherwise the mean time to
failure of none implementing virtualization technology on servers is 149.88 hours per year. In addition,
the CPU utilization of servers in auto-scaling with virtual server model is increased 90.5%.

Besides, we found that implementing virtualization in server can reduce the waiting time in
queue, a number of waiting in queue and waiting time per entity. However, our experiment concentrates
on server virtualization only.

5.2 Recommendation

In this paper, we recommend to use real input data for accurate output. The replication length
should more than 1 year to study. However, this paper concentrates on server virtualization only. In
reality virtualization technology is not only server virtualization but also a storage virtualization. It is an
abstract storage, separating out logical data access from physical access. So this paper does not include

storage virtualization.
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