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Abstract—One of the mechanisms to achieve energy efficiency
in virtualized/cloud environments is consolidation of workloads
on an optimal number of servers and switching-off of idle or
underutilized servers. Central to this approach is the migration
of virtual machines at runtime. In this paper we investigate the
cost (migration time) of virtual machines migration. We shall
show that migration time exponentially increases as the available
network bandwidth decreases; migration time linearly increases
as the RAM size of a virtual machine increases. Furthermore, the
power consumption of both the destination and the source servers
remain by and large the same for a fixed network bandwidth,
regardless of the VM size. Interestingly, for the same combination
of virtual machines, different orders of migrations resulted in
different migration time. We observed that migrating resource
intensive virtual machines first yields the shortest migration time.
In general, the migration time should be modeled as a random
variable since the factors that affect it cannot be known except
in a probabilistic sense. Therefore, we propose a probabilistic
approach to quantify the cost of virtual machines migration.

Index Terms—Cloud computing, energy-efficient computing,
migration cost, migration time, server consolidation, virtual
machine migration, workload consolidation

I. INTRODUCTION

One of the advantages of cloud computing is its flexible
resource configuration [1]. From the service provider point of
view this feature enables to dynamically expand and shrink
resource demand, ideally tailoring the cost of leased resources
to the anticipated workload [2]. Similarly, the infrastructure
provider can avoid the inefficient use of resources, because
idle or underutilized resources can be switched off [3].

Workload consolidation (or server consolidation) [4], [5],
[6] is one of the mechanisms to efficiently utilize resources in
cloud computing. In this scenario, the infrastructure provider
regularly monitors the size of incoming workload and the
distribution of workload within the cloud environment to
determine the number of servers it should make available.
Because of the dynamic nature of received workloads, some
of the existing servers can be overloaded whereas other can
be underutilized [7]. To balance the load distribution within
the cloud and to avoid underutilization, workload consolida-
tion can take place. In this process, virtual machines (VM)
encapsulating services or applications [8], [9] can be migrated
from one server to another without actually stopping the
applications [10], [11]. However, VM migration introduces
execution latency to the applications and energy overhead to
the infrastructure provider [12], [13].

The cost of migration depends on many factors including
(1) the memory content and the memory update rate of each
virtual machine, (2) the total number of virtual machines to be
migrated, (3) the available network bandwidth for migration,
and (4) the workload of the source and the destination servers
at the time of migration.

Considering the relative short duration required to migrate
virtual machines, it can be assumed that the available network
bandwidth during migration remains unchanging. Interestingly,
for a fixed network bandwidth, experiment results show (refer
to Section III) that the power consumption of both the source
and the destination servers also remains fairly the same during
VM migration. Consequently, in order to estimate the cost of
service migration, it is sufficient to set the available network
bandwidth to a fixed value and:

• to express the cost of migration in terms of (1) and (2)
(above); and,

• to determine the migration time only, since this term af-
fects the migration latency as well as the energy overhead
of migration.

In this paper, we first experimentally analyze and then
quantitatively express the relationships between the migration
time and the size of virtual machines. The study is useful
to quantitatively investigate the cost and gain of workload
(server) consolidation in virtualized (cloud) environments.
Moreover, we shall show that:

• The migration time exponentially decreases as the com-
munication bandwidth increases.

• The average power consumption of the source as well as
the destination server linearly increases as the network
bandwidth increases.

• The migration time and the energy consumption of both
the source and the destination servers linearly increase
as the size (memory content) of the virtual machine
increases.

The remaining part of this paper is organized as follows:
In Section II, we introduce the experiment environment we
set up to examine the cost of virtual machine migration. In
Section III, we discuss the experiment results and identify
the important factors that influence virtual machine migration.
In Section IV, we present a quantitative (statistical) approach
to estimate the cost of migration. Finally, in Section V, we
provide concluding remarks and outline our future work.
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II. EXPERIMENT SETTING

A. Live Migration

Live migration enables a virtual machine to be physically
moved from one server1 to another in a transparent fashion
without actually stopping none of the applications and services
being executed inside the virtual machine [10], [11], [12], [13].
The current virtualization technology (based on hypervisors)
requires a network attached storage (NAS) to store the images
of all the virtual machines that can be migrated. This way the
actual content that should be exchanged between a source and
a destination server during the migration of a virtual machine
is limited to the in-memory state and the content of the CPU
registers.

The most frequently employed migration approach is the
so-called “pre-copy” approach [10], [14], [15] which consists
of the following three phases:

1) Pre-Copy Phase: At this stage, the VM continues to run
while its memory content is iteratively copied page by
page from the source server to the destination server.
As each round takes some amount of time, some of the
memory pages on the source server may be modified and
may no longer be in sync with the copy version on the
destination server. These pages have to be re-transmitted
to ensure memory consistency.

2) Pre-Copy Termination Phase: Without any stop condi-
tion, the pre-copy phase may go on indefinitely. While
a stop condition depends on the specific hypervisor
implementation, it typically takes one of the following
thresholds into account: (1) the number of iterations
exceeds a pre-defined threshold (n > nth), (2) the total
amount of memory that has already been transmitted
exceeds a pre-defined threshold (m > mth), or (3) the
number of pages modified in the previous round drops
below a pre-defined threshold (p < pth).

3) Stop-and-Copy Phase: At this stage the hypervisor sus-
pends the VM to prevent further page writing and copies
the remaining modified pages as well as the state of the
CPU registers to the destination host. After the migration
process is completed, the hypervisor on the destination
host resumes the VM.

B. Setting

For our experiment setting we employed two homogeneous
servers and a network attached storage, all of them connected
with each other via a Gigabit Ethernet switch. The two servers
run Fedora 15 (Linux kernel v. 2.6.38, x86 64) as an operating
system and KVM2 as a hypervisor. Each server employs two
Intel i5-680 dual core 3.6 MHz processors, 4 GB DDR3-1333
SDRAM memory and a Gigabit Ethernet Network Interface
Card (NIC). The NAS system consists of Intel Xeon E5620
Quad-Core 2.4 GHz processor, 10 GB DDR3-1333 SDRAM
memory and Gigabit Ethernet NIC.

1In the context of this paper, the term server refers to a physical machine.
2http://www.linux.com/directory/Software/applications/kernel-based-
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Fig. 1. The density functions of the power consumption of the source and
the destination servers in their idle state (no virtual machine was running on
the servers).

For each experiment, we run a virtual machine on one of
the servers and migrated it to the other server while the virtual
machine executes a custom-made μ-benchmark. We varied the
RAM size of the benchmark from 800 to 2000 MB in step of
100 MB. The virtual machine has a single virtual processor
and runs Fedora 15 as its operating system. A client machine
connected to the network initiates the live migration. We varied
the available network bandwidth during migration from 10
to 100 MBps (Megabyte per second) in step of 10 MBps.
For each configuration, we repeated the experiment 25 times.
We introduced a 30 s idle state between iterations to avoid
experiment bias.

We employed two Yokogawa WT210 digital power analyz-
ers to measure the overall AC power consumption of both
servers. The devices can measure DC as well as AC power
consumption at a rate of 10 Hz and a DC current between 15
μA and 26 A with an accuracy of 0.1 %.

The aim of the experiment is (1) to examine the contribution
of network bandwidth and the RAM size of virtual machines
to the cost of migration – migration time, power consumption,
and energy overhead and (2) to quantitatively express the cost
of migration in terms of these quantities. We assume that the
purpose of migration is to switch off idle or underutilized
servers. Therefore, we do not give emphasis on the type of
workload the virtual machines execute, since, by assumption,
these virtual machines do not appreciably utilize the server’s
resources prior to migration.

III. EXPERIMENT RESULTS

Fig. 1 displays the (unscaled) density function of the power
consumption of the source and destination servers at an
idle state. The figure shows that even at an idle state, the
power consumption of both servers is neither deterministic nor
constant. Hence, it should be considered as a random variable.
Interestingly, for both servers, the idle power consumption
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Fig. 2. The power consumption density function, f(p), of the source (left) and destination (right) servers during the migration of virtual machines as a
function of network bandwidth (in megabyte per second). The RAM size of the virtual machines was 800 MB (top) and 2 G MB (bottom).

can be modeled as a normally distributed random variable.
Secondly, the figure reveals that even if the two servers have
identical technical specifications, their idle power consumption
is different both in magnitude and in a statistical sense. The
average idle power consumption of the source server is always
smaller than the destination server. Moreover, the variance of
the destination server is greater than the variance of the source
server. This simple example illustrates that no two servers can
be considered homogeneous in a strict sense.

A. Network bandwidth

Fig. 2 shows the density functions of the power consumption
of the source and the destination servers during the live
migration of idle virtual machines. Repeated migrations were
carried out by varying the available network bandwidth from
10 megabyte per second to 100 megabyte per second and
the RAM content of the virtual machines from 800 MB to
2 GB. During a single migration, both the size of the VM and
the network bandwidth were not changing appreciably. The
average CPU utilization of the μ-benchmark running on the
virtual machines was below 7%. Therefore, it is reasonable

to assume that the migration latency as well as a significant
portion of the extra power and energy consumptions of the
two servers were due to the migration of the RAM content of
the virtual machines.

As can be seen, the power consumption of both the source
and the destination servers increased as the available network
bandwidth between them increased, because the faster the
communication between the two servers the busier the hyper-
visors become coordinating the VM migration. Interestingly,
if we ignore the idle component of the power consumption,
the density functions can be approximated by a normal dis-
tribution, in which case it is sufficient to express the power
consumption by its mean and variance (standard deviation).
Furthermore, the mean power consumption increased almost
exponentially with an increase in the available network band-
width.

B. VM RAM Size

Fig. 3 displays the density functions of the power con-
sumption of the source and the destination servers for a
fixed network bandwidth and variable RAM size. In contrast
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Fig. 3. The power consumption density function f(p) of the source (left) and destination (right) servers during the migration of virtual machines. The
available network bandwidth (from top to bottom) was 10, 50, and 100 megabyte per second.



to Fig. 2, the statistics of the power consumption of both
servers remain almost the same as we varied the RAM size of
the virtual machines. This does not mean, however, that the
energy overhead is the same for all the cases. Understandably,
the migration time increases as the VM content increases,
increasing the energy consumption (which is a function of
time) of migration. However, the figures reveal that for a fixed
network bandwidth, the power consumption of neither the
source nor the destination server plays a role in determining
the migration latency of live migration.

C. Migration time (Latency)

The time required for an underutilized or idle server to
migrate all the virtual machines it hosts before it can be
switched off is an important quantity, because it can affect
the infrastructure provider as well as the service provider.
As far as the infrastructure (cloud) provider is concerned, the
question “when and for how long should a server be switched
off?” can be answered by taking the following parameters in
to consideration: the time required to empty and switch-off the
server as well as to switch-on the server when the workload
of the cloud increases, demanding additional resources. For
a fast-changing workload, the switch-off duration can be
affected by the migration time.

As far as the service provider is concerned, migration
can degrade the performance of individual services, because
the virtual machine monitors on both servers require extra
resources to coordinate the migration. If the migration du-
ration is long, then the performance degradation may not be
acceptable to the application users.

Fig. 4 displays the relationship between migration time,
network bandwidth, and the RAM size of a virtual machine.
The migration time increases linearly with the RAM size of a
virtual machine. The migration time decreases exponentially
as the available network bandwidth increases linearly. It must
be remembered that the power consumption of both servers
increases exponentially as the available network bandwidth in-
creases linearly. Hence, there is a trade-off between decreasing
migration time and increasing power consumption.

IV. QUANTITATIVE COST ESTIMATION

The number of active virtual machines a server in a cloud
environment hosts at any given time cannot be known in
advance, since service providers may come and go freely. In
addition, the cloud provider may freely move virtual machines
from one server to another for reasons of load-balancing, fault
tolerance, efficient resource management, etc. Therefore, it
may not be possible to know the exact number of virtual
machines (n) at the time workload consolidation takes place.
Similarly, the size of each of these virtual machines (s) is a
dynamic quantity, because their workload fluctuates overtime.

Consequently, the time required to migrate virtual machines
(t) and the extra energy consumed by both the source (es) and
the destination servers (ed) during virtual machine migration
should be modeled as random variables.

Compared to the idle energy consumption, the energy over-
head introduced during virtual machine migration is indeed
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Fig. 4. Migration latency as a function of the network bandwidth and the
RAM size of a virtual machine.

small and can be disregarded [12], [13]. But the same cannot
be said of the migration latency, because the migration latency
can affect both the cloud infrastructure as well as the QoS the
service provider wishes to attain.

The time required to switch off an underutilized or an
idle server3 depends on the time required to migrate all
the virtual machines it hosts. Because this time depends on
quantities which are random by nature, it should also be
considered as a random variable. Consequently, its statistical
properties (density function, distribution function, expected
value, variance, and autocorrelation) depend on the statistical
properties of the quantities that influence it.

To make our analysis tractable, we assume that the available
network bandwidth during migration does not change appre-
ciably. As a result, the statistics of the total migration time
depend on two random variables, namely, the number of virtual
machines and the RAM size of each of these virtual machines.

In the following subsections we use boldface small letters
to represent random variables. The distribution of a random
variable is represented by F and its density by f . In most
practical cases, the two most significant properties of a random
variable are the expected value and the variance. We assume
that the reader is familiar with the definition of these two
properties.

3Because the same argument can apply for an overloaded server, we only
pursue the case of underutilized server in the subsequent sections.



A. Single Virtual Machine

If there is only a single virtual machine at the time of
migration, the cost of migrating this virtual machine can be
expressed in terms of the statistics of the RAM size of the
virtual machine:

t = f (s) (1)

If we assume a linear relationship between t and s4:

t = as + b (2)

Then, we can express the statistics of t in terms of the
statistics of s. For example, the probability distribution func-
tion (CDF) of t is expressed as: F (t) = P{t ≤ t} where t
is the migration latency defined as a random variable and t is
a specific size. But using Equation 2, we can expressed the
CDF of t in terms of s because:

F (t) = P{t ≤ t} = P {as + b ≤ t} = P

{
s ≤ t− b

a

}
(3)

which is the CDF of s expressed in terms of t: Fs

(
t−b
a

)
.

Likewise, the probability density function of t can be
expressed in terms of the probability density function of s:

f (t) =
d

dt
F (t) =

d

dt
Fs

(
t− b

a

)
=

1

a
fs

(
t− b

a

)
(4)

If we are interested in the expected migration latency, then,
it suffices to know the average size of the virtual machine,
because:

E [t] = E [as + b] = aE [s] + b (5)

Similarly, the variance of t can be expressed in terms of the
variance of s, since:

σ2
t = E

[
(t − ηt)

2
]
= E

[
t2
]− (ηt)

2 (6)

where ηt is the expected migration latency. Expressing ηt in
terms of the expected size of the virtual machine, ηs, reduces
Fig. 6 to:

σ2
t = a2σ2

s (7)

B. Two Virtual Machines

If we have two virtual machines to migrate, the migration
cost t is the summation of the migration time of the individual
virtual machines. This is because existing virtual machine
monitors can migrate one virtual machine at a time:

t = t1 + t2 (8)

To get the statistical properties of t, we need the joint prob-
ability density function f (t1, t2). If the two virtual machines

4Akoush et al. [16] and Strunk [17] confirm that t is linearly related with
s. Our analysis is not limited to linear models, however.

are statistically independent, then, the probability density
function of t can be expressed as:

f (t) =

∫ ∞

0

f (t1) f (t− t1) dt1 (9)

where the second term of the integrand is the density of t2
expressed in terms of t− t1.

If we are interested in the expected value of t only, then, it
suffices to know the expected values of t1 and t2:

E [t] = E [t1 + t2] = E [t1] + E [t2]

The expected values of t1 and t2 in turn can be expressed
using Equation 5. Similarly, the variance of t can be expressed
in terms of the variance of t1 and t2:

σ2
t = σ2

t1 + σ2
t2 (10)

C. Multiple Virtual Machines

In general, the number of virtual machines that should be
migrated cannot be known in advance (before the decision to
migrate them was made). Hence, the total migration time can
be expresses as follows:

t =
n∑

i=1

ti (11)

where ti is the time needed to migrate the i-th virtual machine
and n and ti are statistically independent for all i.

We need the n-dimensional joint density function,
f (t1, t2, ..., tn), to evaluate Equation 11, which is not easy
to obtain. If, however, we are interested in the expected value
and the variance of t, then we can evaluate Equation 11 first
as a conditional mean by fixing n = n and then by computing
the expected value of the conditional mean with respect to n5.
Hence,

E [t|n = n] = E

[
n∑

i=1

ti

]
(12)

Notice that the upper bound of the summation expression
is no longer a random variable because we are calculating the
conditional expected value, E [t|n = n]. Once n is fixed, the
conditional migration time depends only on the statistics of ti.

Suppose ti are independent, identically distributed (i.i.d.)
random variables with mean ηi and variance σ2

i . In this
case the conditional expected value of t can be expressed as
follows:

E [t|n = n] = E

[
n∑

i=1

ti

]
=

n∑
i=1

E [ti] = nηi (13)

Hence, the expected value of t is given as:

5If we have two random variables x and y and the conditional density
function f (x|y), then the conditional expected value of x is expressed as
E [x|y] = ∫∞

−∞ xf (x|y)dx. Then the expected value of x can be expressed
as: E [x] = E [E [x|y]] = ∫∞

−∞ E [x|y] f (y) dy. Note also that f (x, y) =
f (x|y) f (y) = f (y|x) f (x).
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Fig. 5. Effect of the order of migration on migration time when resource-
intensive virtual machines are migrated one after the other.

E [t] = E [E [t|n]] = E [n] ηi = ηnηi (14)

where ηn is the expected number of virtual machines to be
migrated.

To compute the variance of t, we shall make use of the
relation: σ2

t = E
[
t2
] − (E [t])2. Since we already know

(E [t])2 = (ηnηi)
2, it suffices to compute E

[
t2
]
. Following

the same reasoning pattern in Equation 12:

E
[
t2|n = n

]
= E

⎡
⎣
(

n∑
i=1

ti

)2
⎤
⎦ =

n∑
i=1

n∑
j=1

E [titj ] (15)

It must be remembered that we have assumed that the
migration times ti amd tj ∀i �= j are statistically independent.

Hence,

E [titj ] =

{
σ2
i + ηi i = j

σ2
i i �= j

(16)

The double sum in Equation 15 contains n terms for i = j
and n2 − n terms for i �= j; hence it equals

(
σ2
i + η2i

)
n +

η2i
(
n2 − n

)
= η2i n

2 + σ2
i n.

Subsequently,

E
[
t2
]
= E [E [t|n]] = E

[
η2i n2 + σ2

i n
]

(17)

D. Effect of Workload Type on Migration Time

The expressions we developed so far to quantify the cost
of VM migration do not take into consideration the types
of applications (workloads) the virtual machines host at the
time of migration and the sequence of migration. This is
because we assumed that the server is underutilized and the
virtual machines do not consume resources appreciably. If,
on the other hand, the virtual machines are actively utilizing
resources (for example, CPU cycles, interconnects, and RAM
bandwidth), then estimating the cost of migration becomes
complex.

Interestingly, for an active server, the migration time is also
influenced by the order of migration (i.e., which of the virtual
machines are migrated first or last) [18]. Fig. 5 compares
the average time required for migrating four virtual machines
with different sequences. The virtual machines hosted four
different SPEC CPU 2006 benchmarks: 464.h264ref (integer

operation), 444.namd (floating point operation), 429.mcf (inte-
ger operation), and 401.bzip (integer operation). The first two
benchmarks were predominantly CPU-intensive whereas the
last two were both CPU- and memory-intensive benchmarks
(with high memory read-write rate).

Fig. 5 displays the four possible migration orders. Since the
source server requires sufficient resources to initiate and coor-
dinate the migration process, removing the resource-intensive
benchmarks first speeds up the migration.

V. CONCLUSION

One of the mechanisms to ensure the efficient utilization
of computing resources in a cloud environment is workload
consolidation. Typically, workload consolidation takes place
to transfer the workload of underutilized servers and then
to switch them off completely. During this process, virtual
machines encapsulating active services and applications are
migrated from the underutilized servers (source servers) to
servers which can be loaded optimally (destination servers).

Live migration may cause performance degradation of many
applications, both within and outside the virtual machine being
migrated. This is because the virtual machine monitors in the
source and the destination servers should allocate resources to
orchestrate the migration.

In this paper we investigated the factors that affect the
cost of live migration of virtual machines. Experiment results
revealed that the power consumption of both the source and
the destination servers proportionally increased as the available
network bandwidth decreased, but the power consumption
of both servers was not affected by the RAM size of the
virtual machine being migrated. Likewise, the migration time
exponentially decreases as the network bandwidth increased.
The migration time increased linearly as the RAM size of the
virtual machine increased.

If we consider the available network bandwidth during mi-
gration as a fixed quantity, the cost of migration, particularly,
the total migration time (t), depends on the number of virtual
machines to be migrated (n) and the size of each virtual
machine (s), both of which cannot be known in advance
except in a probabilistic sense. Therefore, we modeled these
quantities as random variables and derived expressions to
estimate the statistics of t in terms of n and s.

Our approach is suitable for underutilized servers in which
hosted virtual machines do not utilize computing resources
appreciably. If, however, the virtual machines consume re-
sources significantly, accounting the cost of migrations be-
comes complex. In fact, even the order of migration itself
can have a considerable effect. We have experimentally shown
that first migrating virtual machines hosting resource-intensive
applications has a shorter migration time than first migrating
less resource-intensive virtual machines.

ACKNOWLEDGMENT

The experiments presented in this paper have been con-
ducted by my colleague Dr. Anja Strunk during her tenure at
the Chair of Computer Networks, TU Dresden.



This work has been partially funded by the German Re-
search Foundation (DFG) under project agreement: SFB 912/1
2011.

REFERENCES

[1] M. Armbrust, A. Fox, R. Griffith, A. D. Joseph, R. Katz, A. Konwinski,
G. Lee, D. Patterson, A. Rabkin, I. Stoica, and M. Zaharia, “A view of
cloud computing,” Commun. ACM, vol. 53, pp. 50–58, Apr. 2010.

[2] R. Buyya, “Market-oriented cloud computing: Vision, hype, and reality
of delivering computing as the 5th utility,” in Proceedings of the 2009
9th IEEE/ACM International Symposium on Cluster Computing and the
Grid, CCGRID ’09, (Washington, DC, USA), pp. 1–, IEEE Computer
Society, 2009.

[3] M. Lin, A. Wierman, L. L. H. Andrew, and E. Thereska, “Dynamic right-
sizing for power-proportional data centers,” 2011 Proceedings IEEE
INFOCOM, pp. 1098–1106, Apr. 2011.

[4] D. Abts, M. R. Marty, P. M. Wells, P. Klausler, and H. Liu, “Energy
proportional datacenter networks,” SIGARCH Comput. Archit. News,
vol. 38, no. 3, pp. 338—-347, 2010.

[5] Q. Zhu, J. Zhu, and G. Agrawal, “Power-aware consolidation of sci-
entific workflows in virtualized environments,” in High Performance
Computing, Networking, Storage and Analysis (SC), 2010 International
Conference for, pp. 1–12, Nov 2010.

[6] C. Curino, E. P. Jones, S. Madden, and H. Balakrishnan, “Workload-
aware database monitoring and consolidation,” in Proceedings of the
2011 ACM SIGMOD International Conference on Management of Data,
SIGMOD ’11, (New York, NY, USA), pp. 313–324, ACM, 2011.

[7] W. Dargie, A. Strunk, and A. Schill, “Energy-aware service execution,”
2011 IEEE 36th Conference on Local Computer Networks, pp. 1064–
1071, Oct. 2011.

[8] I. Rodero, J. Jaramillo, A. Quiroz, M. Parashar, and F. Guim, “Towards
energy-aware autonomic provisioning for virtualized environments,”
in Proceedings of the 19th ACM International Symposium on High
Performance Distributed Computing - HPDC ’10, (New York, New
York, USA), p. 320, ACM Press, 2010.

[9] B. Sotomayor, R. S. Montero, I. Llorente, and I. Foster, “Virtual infras-
tructure management in private and hybrid clouds,” Internet Computing,
IEEE, vol. 13, no. 5, pp. 14–22, 2009.

[10] C. Clark, K. Fraser, S. Hand, J. G. Hansen, E. Jul, C. Limpach, I. Pratt,
and A. Warfield, “Live migration of virtual machines,” in Proceedings
of the 2Nd Conference on Symposium on Networked Systems Design &
Implementation - Volume 2, NSDI’05, (Berkeley, CA, USA), pp. 273–
286, USENIX Association, 2005.

[11] T. Wood, P. Shenoy, A. Venkataramani, and M. Yousif, “Black-box
and gray-box strategies for virtual machine migration,” in Proceedings
of the 4th USENIX Conference on Networked Systems Design &#38;
Implementation, NSDI’07, (Berkeley, CA, USA), pp. 17–17, USENIX
Association, 2007.

[12] A. Strunk and W. Dargie, “Does Live Migration of Virtual Machines cost
Energy?,” in 2013 IEEE 27th International Conference on Advanced
Information Networking and Applications (AINA), (Barcelona, Spain),
pp. 514–521, 2013.

[13] K. Rybina, W. Dargie, A. Strunk, and A. Schill, “Investigation into the
energy cost of live migration of virtual machines,” in SustainIT, pp. 1–8,
2013.

[14] M. Nelson, B.-H. Lim, and G. Hutchins, “Fast transparent migration for
virtual machines,” in Proceedings of the Annual Conference on USENIX
Annual Technical Conference, ATEC ’05, (Berkeley, CA, USA), pp. 25–
25, USENIX Association, 2005.

[15] H. Jin, L. Deng, S. Wu, X. Shi, and X. Pan, “Live virtual machine
migration with adaptive, memory compression,” in Cluster Computing
and Workshops, 2009. CLUSTER ’09. IEEE International Conference
on, pp. 1–10, Aug 2009.

[16] S. Akoush, R. Sohan, A. Rice, A. Moore, and A. Hopper, “Predicting
the performance of virtual machine migration,” in Modeling, Analysis
Simulation of Computer and Telecommunication Systems (MASCOTS),
2010 IEEE International Symposium on, pp. 37–46, Aug 2010.

[17] A. Strunk, “A lightweight model for estimating energy cost of live
migration of virtual machines,” in IEEE CLOUD, pp. 510–517, 2013.

[18] K. Rybina, A. Patni, and A. Schill, “Analysing the Migration Time
of Live Migration of Multiple Virtual Machines,” in 4th International
Conference on Cloud Computing and Services Science (CLOSER 2014),
2014.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomDGR-Bold
    /NimbusRomDGR-BoldItal
    /NimbusRomDGR-Regu
    /NimbusRomDGR-ReguItal
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


