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Abstract—We propose a Green Cloudlet Network (GCN)
architecture to provide seamless Mobile Cloud Computing
(MCC) services to User Equipments (UEs) with low latency in
which each cloudlet is powered by both green and brown
energy. Fully utilizing green energy can significantly reduce the
operational cost of cloudlet providers. However, owing to the
spatial dynamics of energy demand and green energy
generation, the energy gap among different cloudlets in the
network is unbalanced, i.e., some cloudlets’ energy demands can
be fully provided by green energy but others need to utilize
on-grid energy (i.e., brown energy) to satisfy their energy
demands. We propose a Green-energy awarE Avatar migRation
(GEAR) strategy to minimize the on-grid energy consumption in
GCN by redistributing the energy demands via Avatar
migration among cloudlets according to cloudlets’ green energy
generation. Furthermore, GEAR ensures the Service Level
Agreement (SLA) in terms of the maximum Avatar propagation
delay by avoiding Avatars hosted in the remote cloudlets. We
formulate the GEAR strategy as a mixed integer linear
programming problem, which is NP-hard, and thus apply the
Branch and Bound search to find its sub-optimal solution.
Simulation results demonstrate that GEAR can save on-grid
energy consumption significantly as compared to the Follow me
AvataR (FAR) migration strategy, which aims to minimize the
propagation delay between an UE and its Avatar.

Keywords—Mobile cloud computing, cloudlet, live migration,
energy optimization, Branch and Bound search

[. INTRODUCTION

The emergence of Mobile Cloud Computing (MCC) is
enabling execution of computation-intensive applications
(e.g., augmented reality and speech recognition) in a user
equipment (UE), i.e., the UE can offload some tasks to high
performance Virtual Machines (VMs) in a data center and
VMs can help the UE execute these tasks in order to improve
the task execution time and reduce the UE’s energy
consumption. However, the existing MCC architecture
suffers from the long communications latency between a UE
and its VM in a remote data center as the communications
link traverses the Wide Area Network (WAN) which does not
guarantee any minimum QoS to the UE; it is also very hard to
control the WAN latency [1]. According to a report [2],
“Amazon famously claimed that every 100 millisecond
reduction in delay led to a one percent increase in sales.
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Google also stated that for every half second delay, it saw a
20 percent reduction in traffic.” Therefore, reducing the
latency can bring a huge benefit to the application providers.
The concept of cloudlets has thus been proposed to reduce the
propagation delay between a UE and its VM [1]. A cloudlet is
a tiny version of the data center [3], [4] and is located close to
the UE, and so communications between the UE and its VM
can be established via the local area network (LAN).

To reap benefits of cloudlets and make them sustainable,
we propose the Green Cloudlet Network (GCN) architecture
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Fig. 1. Green cloudlet network architecture.

as shown in Fig. 1. Since the existing LTE network
infrastructure can provide seamless connection between a UE
and its eNB, each eNB is connected with a cloudlet via high
speed fibers so that UEs can utilize the MCC technology
everywhere. Meanwhile, the cloudlet is so close to the UE
that the propagation delay is minimized. Each MCC UE
subscribes one Avatar, a high performance VM in the
cloudlet, to help run different tasks and provide extra storage
space. Avatars are software clones of their UEs and always
available to UEs when UEs are moving from one area to the
others [5]. Moreover, in order to overcome the inefficient
structure of the traditional Evolved Packet Core (EPC)
network, Software Defined Network (SDN) based cellular
core network [6], [7] has been proposed in the GCN
architecture in order to decouple the control plane and data
plane and provide efficient and flexible communications
paths between Avatars in different cloudlets or between UEs
in different eNBs.

GCN facilitates communications between a UE and its
Avatar, but the distributed cloudlets increase the operational
cost of cloudlet providers and CO, emission, i.e., a huge
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amount of on-grid energy (we assume energy from the power
grid is brown energy, and thus the terms on-grid energy and
brown energy are interchangeable for the rest of paper) will
be consumed in order to maintain the GCN infrastructure. In
order to reduce on-grid energy, “greening” is introduced in
the GCN architecture, i.e., each cloudlet is powered by green
energy generated from solar panels or other green energy
collectors and uses on-grid energy as a backup. The power
supply system of each cloudlet is shown in Fig. 2, in which
the green energy collector absorbs energy from the green
energy source (i.e., solar radiation) and converts it into
electrical power, the charge controller regulates the electrical
power from the green energy collector, and the electrical
power is converted between AC and DC by the inverters. The
smart meter records the electric energy from the power grid
consumed by the cloudlet and eNB.
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Fig. 2. The power supply system of the cloudlet.

Owing to the spatial dynamics of the distribution of UEs
among different eNBs’ coverage areas and the dynamics of
application loads among Avatars, different cloudlets may
require different energy demands for running the application
loads of the hosting Avatars. Meanwhile, green energy
generation also exhibits spatial dynamics. Therefore, some
cloudlets, which have less energy demand and more green
energy generated, would have excess of green energy.
Conversely, some cloudlets, which have more energy demand
and less green energy generated, would pull energy from the
power grid (non-renewal). Such unbalanced energy gap
(energy demand minus green energy generation) among
different cloudlets increases the on-grid energy consumption.
Therefore, fully utilizing green energy can tremendously
reduce the on-grid energy consumption, and thus potentially
decreases the operational cost of the cloudlet providers and
CO, emission. In this paper, we propose the Green-energy
awarE Avatar migRation (GEAR) strategy to minimize the
on-grid energy consumption in GCN by redistributing the
energy demands in terms of migrating Avatars among
cloudlets according to cloudlets’ green energy generation.
Meanwhile, GEAR also guarantees the SLA, which is defined
as the maximum Avatar propagation delay, i.e., the maximum
propagation delay between the UE’s eNB (the eNB which is
serving the UE) and the UE’s Avatar.

The rest of the paper is organized as follows. In Section II,
we briefly review the related works. In Section III, we setup a
power consumption model of a cloudlet. In Section IV, we
formulate the avatar migration strategy in order to minimize
the on-grid energy consumption. In Section V, we
demonstrate the viability of GEAR via simulation results. The
conclusion is presented in Section VI.

II. RELATED WORKS

Previous works [1], [8] have proved that cloudlets can
significantly reduce the communications latency between
UEs and VMs in the cloudlet. Tarik and Ksentini [9]
introduced a follow-me cloud, i.e., a UE’s service is
continuously migrated to the data center which is much closer
to the UE. Follow-Me Cloud tries to minimize the
propagation delay between a UE and its VM in the data
center, but it does not capitalize on green energy to optimize
the energy consumption.

Rather than considering the communications latency
between a UE and its VM, many works have focused on
optimizing energy usage in Internet-scale Data Centers
(IDCs). Studies [10]-[14] have aimed to minimize the
electricity cost in IDCs which are only powered by brown
energy, i.e., the workloads are migrated from high electricity
cost IDCs to low electricity cost IDCs. Gkatzikis and
Koutsopoulos [15] showed that introducing green energy in
the cloud can significantly reduce the usage of brown energy,
but there is a big challenge to match the dynamic green
energy generation and dynamic energy demands of data
centers in the green cloud network. Hatzopoulos ef al. [16]
assumed each task request is assigned to one VM and they
tried to allocate running VMs into different data centers so
that the total cost of power consumption in the green cloud
network is reduced and the deadline of each request’s
response time is ensured. By considering the daily/seasonal
effects of the green energy supplement in each geographical
data center, Chen et al [17] proposed a holistic workload
scheduling algorithm in order to minimize the brown energy
consumption across all the data centers. Studies [18], [19]
proposed the similar idea. Both of them design a profit
maximization strategy which is to assign the incoming
workloads among geo-distributed green data centers by
considering the price of electricity, renewable power
generation and SLA parameters.

As compared to the previous efforts, this paper presents
several enhancements. First, GCN is implemented in order to
provide seamless MCC services to UEs with lower and
controllable communications latency. Different from
traditional energy optimization in the green cloud network,
SLA is defined as the maximum Avatar propagation delay
(i.e., the propagation delay bound between a UE’s eNB and
UE’s Avatar), and so our objective is not only to minimize the
on-grid energy but also to guarantee the predefined SLA for



each UE in GCN. Ensuring the SLA is important for cloudlet
providers, because each UE is moving over time and UEs’
Avatars may migrate to the cloudlet with higher green energy
generation and lower energy demands. Thus, some UEs’
Avatars may be far away from themselves leading to the high
propagation delay. As mentioned previously, the unbearable
latency degrades the performance of MCC applications. Thus,
guaranteeing the maximum propagation delay for each UE is
an important factor to be considered when we design an
optimal Avatar migration strategy. To the best of our
knowledge, existing literature has not addressed this issue.
Second, we propose a novel live Avatar migration strategy,
i.e., GEAR, to achieve our objectives, and demonstrate the
reduction of on-grid energy consumption without violating
the SLA via extensive simulations.

III. SYSTEM MODEL

Cloudlets are distributed in the network powered by both
on-grid and green energy. We assume that the servers in GCN
are homogeneous, i.e., the configuration of each server is the
same. Every UE’s Avatar is also homogeneous, but the
application loads of different UEs’ Avatars are different. So,
each server can host a fixed number of Avatars 7, but the
application loads on different servers vary. The cloudlet
provider plays the role of an Infrastructure as a Service (/aasS)
provider, i.e., the cloudlet provider supplies virtualized
computing resources in terms of Avatars to UEs. Although
the provider does not impose any SLA of applications onto
Avatars, it does ensure the SLA to UEs, i.e., the maximum
Avatar propagation delay €.

As mentioned earlier, Avatar migration is enabled to adjust
the energy demand among the cloudlets. However, live
migration may cost several seconds or minutes to activate an
Avatar moving from the source server in one cloudlet to the
destination server in another cloudlet, and so proactive
migration decision should be made, i.e., the decision maker
should determine each Avatar’s location (i.e., in which
cloudlet) in the next time slot based on the prediction of the
energy demand and the green energy generation of each
cloudlet. The hourly solar energy generation can be estimated
by using typical annual meteorological weather data for a
given geolocation [20]. Meanwhile, the estimation of the
cloudlet’s energy demand can be calculated by means of
forecasting the power consumption of each active server in
the cloudlet as will be discussed later by setting up the active
server power consumption model.

In order to identify the location of different Avatars, two
indicator functions & (i, k) and n;(j, k) are introduced where i
is the index of cloudlets in the network, j is the index of
servers in one cloudlet, and £ is the index of Avatars in the
network. So, 6(i, k) = 1 implies that Avatar k is located in
cloudlet i. Meanwhile, n;(j, k) = 1 indicates that Avatar k is
in cloudlet i’s server j. Therefore,

3(i.k) =31, (k) (1)

where n; is the number of active servers in cloudlet i and it is
a function of §(i, k):
> o(1.4)
= 71( ’
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where 71is the number of Avatars hosted in the server.

A. Server Power Consumption Model
In this section, we model the power consumption of active
servers in a cloudlet. The power consumption of active server
j in cloudlet i can be characterized as follows [21]:
P =P +P7 +axu™ €)
where P; ; is the total power consumption of active server in
cloudlet i; P*is the power consumption of the server when it
is in the standby mode, i.e., when the server’s CPU load is
Zero; ng@r is the power consumption of server j for doing
virtualization and we will discuss it in the next paragraph;
a x u;" is the power consumption of server j for running
different applications on its hosting Avatars, where ;7" is
server j’s CPU usage for running Avatar i’s application load
and a is the coefficient that maps the CPU usage into the
power consumption. So, if the CPU usage for running Avatar
k’s application load is u,'*, then the server j’s CPU usage can

be considered as a function of n; (j, k):
ul‘.?f_p =;77i(j,k)><u;pp .

As mentioned earlier, P;;" is the power consumption of

server j for performing virtualization, and it includes two
parts [21]:

“
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where P, ?P¢" is the power consumption of server / in cloudlet

P = PP 4 P,
1] 1 ]

i for running a hypervisor without any Avatar load (i.e., the
hypervisor only manages the configuration of different
Avatars in the server). In order to determine the power
consumption of an idle hypervisor, Warkozek et al. [21]
showed that Plf;y P€T is proportional to the number of Avatars
hosted in the server:

=gy

where Y, 1;(j, k) indicates the total number of Avatars in
sever j and S is the Avatar power coefficient, which is the
power cost of the hypervisor for maintaining one Avatar.
P4 in Eq. (5) is the power consumption of Avatars in the
idle mode (Avatar does not take any application load from
UE, but runs basic system operation instances) in server j of
cloudlet 7. Pi{‘;le is determined by the number of Avatars in
server j and the amount of CPU usage for running the
operating system (OS) kernel instances for each idle Avatar.

(6)



Assuming that all UEs’ Avatars use the same OS, thereby
CPU usage for running the OS kernel instances u'“¢ is the
same for all Avatars. Therefore, we have

P —axu™ %Y n,(/,k)- (7
k

Substituting Eqgs. (4)-(7) into Eq. (3) yields the power
consumption of server j in cloudlet i as follows:

7, =P+ Bx o (j.k) T, (ke +) |- )

Since the servers in the cloudlet network are homogeneous,
P® and o, which are constants, can be pre-determined.
Meanwhile, if all servers are installed with the same type of
hypervisor, such as Hyper-V, ESX or Xen, then f is the same
for all servers. We define u, = u'¢ + ug'? as the total CPU
usage (including OS kernel CPU usage and application load
CPU usage) for running Avatar k in the server, and so Eq. (8)
can be expressed as:

P, =P+ px 3, (k) + X[, (k) xau, | @)

B. Cloudlet Power Consumption Model

Aside from running the cooling system and cloudlet
network equipment, the major power consumption of a data
center is the power consumed by the active servers. However,
a cloudlet is a tiny version of the data center that does not
need to maintain a powerful cooling system and plenty of
switches, and so we assume all the power consumption of a
cloudlet is contributed by the computing equipments such as
servers, and we calculate cloudlet i’s power consumption as
the sum of the power consumption of the active servers:
P=3, =+ px3 Yo, (k) + 3 ¥, (k) ] 1)

j=1 j=1 j=1

2k b@k)
T

By approximating Eq. (2) into n; = and substituting

Eq. (1) and n; = w into Eq. (10), we have the power
consumption of cloudlet i:

P,-%Z{ﬁ(l’.k)x[?+ﬁ+aukﬂ' (11)

C. Avatar Propagation Delay Model

Usually, a UE and its Avatar may not associate with the
same eNB. As mentioned previously, UEs are moving over
time and Avatars migrate to the cloudlet with more green
energy generation and less energy demands. Thus, the
communications between a UE and its Avatar might traverse
SDN based cellular core network. As shown in Fig. 3, if UE 1
tries to communicate with its Avatar (i.e., Avatar 1 in cloudlet
B), the communications path should traverse eNB 1,
openflow switches, eNB 2 and cloudlet B. Thus, the
communications delay between a UE and its Avatar
comprises three parts: wireless communications delay
between the UE and its eNB, propagation delay between the
eNB and the cloudlet where the UE’s Avatar is located, and
the propagation delay within the cloudlet. However, the
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Fig. 3. The communications between a UE and its Avatar.

wireless communications delay is determined by the UE’s
billing plan and the LTE network provider’s bandwidth
allocation strategy which are not controlled by the cloudlet
provider. Meanwhile, we assume the propagation delay
within the cloudlet is negligible. So, we define Avatar
propagation delay as the latency for propagating one packet
between the UE’s eNB and its cloudlet. Cloudlet providers
only need to guarantee the SLA in terms of maximum Avatar
propagation delay for each UE.

If the UE’s Avatar is located at cloudlet i and the UE is
associated with eNB e (e is the index of eNB in GCN), we can
express the Avatar propagation delay as T; ., which comprises
two parts: Tiper‘)p, i.e., the propagation delay for transmitting a
packet between cloudlet i in which the UE’s Avatar resides
and the UE’s eNB ¢; Tfemc, i.e., the total processing delay for
all the openflow switches on the routing path in processing
one packet. Assume T}/, °* is proportional to the distance d;
[22], i.e., the distance between cloudlet i in which the UE’s
Avatar resides and the UE’s eNB e, ie., T/, o d;, .
Meanwhile, if we assume that the number of openflow
switches on the routing path is also proportional to d; , (i.e.,
the longer distance between Avatar’s cloudlet and the UE’s
eNB, the more openflow switches the packet needs to
traverse) and the average packet processing time on every
openflow switch is the same, then Tfemc is also proportional

to dy, i.e., T, ° o d; . So, we conclude that:

T, =oxd, x65(ik) (12)
where ¢ is the coefficient that maps the distance to the time
delay.

IV. PROBLEM FORMULATION

Owing to the spatial dynamics of energy demand and green
energy generation among different cloudlets, energy demand
of some cloudlets can be met by green energy, but some
cannot and need to consume on-grid energy. Meanwhile,
owing to the disadvantages of “banking” green energy [23],
we assume that green energy is disinclined to be stored for
each cloudlet [24], [25]. Therefore, green energy should be



fully utilized in each time slot so that the on-gird energy can
be minimized. Denote p; as the on-grid energy consumption
of cloudlet i, i.e., p; = max[0,AT(P; — G;)], where AT is the
length of one time slot; P; and G; are the power demand and
the green power generation of cloudlet i. The objective of the
GEAR strategy is to minimize the on-grid energy
consumption of GCN in each time slot. So, we formulate
GEAR as follows:

i (13)
T 24

st. Vi, pIZZ{d(i,k)x[ff+ﬁ+aukﬂ_gﬂ (14)

Vi, p,>0, (15)
Vk, od, 5(ik)<e, (16)
1
Vi, = k)<m. (17)
1, T;&(l, )<ml,
(18)

Vk, >.5(ik)=1,

where §(i, k) is a binary variable indicating the location of
Avatars, € is the SLA provided by the cloudlet provider, and
m; is the capacity of cloudlet i, i.e., the total number of
servers owned by cloudlet i. Constraints (14) and (15)
indicate p; = max(0,P; — G;) . Constraint (16) means the
cloudlet provider should guarantee the SLA for all UEs.
Constraint (17) implies that the total number of Avatars
assigned to the cloudlet should not exceed the cloudlet’s
capacity and Constraint (18) means each Avatar should be
assigned to no more than one cloudlet.

To solve GEAR (which is proven to be an NP-hard
problem [6]), we use the Branch and Bound search method
[26] to find the sub-optimal solution to the problem.
Therefore, in each time slot, each Avatar estimates its average
CPU utilization for the next time slot by adopting the CPU
workload prediction model [27], [28], acquires the location of
its UE, and reports the information to the GCN manager. The
GCN manager decides the location of all Avatars by solving
the above optimization problem.

TABLE 1
SYSTEM PARAMETERS
Parameter Value
The length of time slot, AT 15 mins
Capacity of server, T 16 Avatars
Power consumption of standby server, P* 80 Watts

0.2 %CPU/Watts
0.3 Watts/Avatar
3.33 ms/km

10 ms

CPU usage to power mapping coefficient, o
Avatar to power mapping coefficient,
Distance to delay mapping coefficient, o
SLA, ¢

V. SIMULATION RESULTS

We simulate the proposed GEAR strategy in GCN. For
comparisons, we select the other Avatar migration strategy,
i.e., Follow me AvataR (FAR) migration strategy. The idea of

FAR is similar to the previous work [9], which tries to
minimize the propagation delay between a UE and its VM in
the cloud. Similarly, FAR does not minimize the on-grid
energy consumption but minimizes the propagation delay
between a UE and its Avatar by selecting the nearest cloudlet
as the host of the UE’s Avatar. Some system parameters are
listed in Table 1.

To demonstrate the viability of GEAR, we set up a network
with the topology shown in Fig. 4, which includes 16
cloudlet-eNB combinations (4x4) in a square area of 64 km’.
The coverage of each eNB is a square area of 4 km’. The
whole area is divided into 2 parts, i.c., urban and rural areas.
Initially, each cloudlet’s capacity m; in terms of the number
of servers is randomly chosen between 10 and 30, and UEs
are uniformly distributed in the network. The location of each
Avatar is initially chosen to be its nearest cloudlet. Each
Avatar’s CPU is assigned by one physical core in the server
and the CPU utilization of each Avatar is randomly chosen
between 10% and 100% in each time slot (we assume the OS
kernel instances cost 10% of the Avatar’s CPU utilization).

A. Spatial Dynamics of Energy Demand

Energy demands of different cloudlets in GCN exhibit
spatial dynamics, and so we setup the simulation scenario as
follows: UE mobility adopts the modified random waypoint
model, i.e., each UE randomly selects a speed between 0 and
10 m/s in every time slot and moves toward its destination,
and the locations of UEs’ destinations (i.e., the values of x and
v coordinates) are randomly selected according to a normal
distribution~N (4km, 1.4km), which implies that UEs more
likely move toward the center of each urban area (i.e., based
on the characteristics of the normal distribution, UEs more
likely select their destinations which are close to the center of
the network). For the green energy generation, we use the
local daily solar radiation data trace (Millbrook, NY in Jan.
1™, 2015) from National Climatic Data Center [29], as shown
in Fig. 5, where each point indicates the average solar
radiation within the current hour. Assume the size of the solar
cell equipped in each cloudlet is 5 m’ and the efficiency for
converting solar radiation into electricity is 46% [30]. Also,
suppose the green energy generated in different cloudlets is
the same in the same time slot. Fig. 6 shows the total on-grid
energy consumption of two Avatar migration strategies in
different time slots. When there is no or little green energy
provision in GCN (from 8 a.m. to 9 a.m.), there is no
difference between the two live migration strategies since all
the cloudlets are powered by on-grid energy. However, when
more green energy is generated at each cloudlet, GEAR can
save more on-grid energy than FAR, since GEAR can migrate
Avatars from the cloudlets with higher energy demand to the
cloudlets with lower energy demand so that green energy can
be fully utilized. Fig. 7 shows the total on-grid energy
consumption in GCN in the whole day.
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We next examine the effect of the density of UEs by prefer to go to the urban rather than the rural area. Fig. 8
increasing the number of UEs from 600 to 1400. More UEsin  shows the total on-grid energy consumption in one day with
the network result in more out-of-balanced energy demand  respect to different numbers of UEs in the network. We can
between the urban area and the rural area because all the UEs  see that when the number of UEs increases from 600 to 1100,



the difference of the total on-grid energy consumption
between GEAR and FAR is increasing, i.e., if the energy
demand is more unbalanced between areas, GEAR can save
more on-grid energy as compared to FAR by balancing the
energy gap among the cloudlets. However, as the number of
UEs exceeds 1100, the difference of the total on-grid energy
consumption between GEAR and FAR remains static because
green energy has already been fully utilized by GEAR when
the number of UEs reaches 1100, and if the energy demands
are still increasing, on-grid energy has to be tapped.

B. Spatial Dynamics of Green Energy Provision and Energy
Demand

In the real environment, not only the energy demand but
also the green energy provision may exhibit spatial dynamics,
i.e., the solar cell in different cloudlets may generate different
amount of green energy because of the position of the sun, the
spatial dynamics of atmospheric conditions, etc. Also,
evidence shows that the solar radiation of the rural area is
greater than the urban area [31]. Therefore, we setup the
simulation scenario as follows: the UE’s parameters are the
same as in the previous simulation scenario and the hourly
average solar radiation in the rural area still follows the data
trace as shown in Fig. 5. However, the hourly average solar
radiation in the urban area is reduced by k percentage. Fig. 9
shows the total on-grid energy consumption of the network in
one day with respect to different values of k. Note that as the
value of k increases (i.e., hourly green energy generation is
getting less in the urban area and the energy gap between the
two areas is getting larger), FAR consumes more on-grid
energy because the energy gap of the urban area is getting
larger, and GEAR can save more on-grid energy as compared
to FAR by balancing the energy gap between the two areas.

VI. CONCLUSION

In this paper, we have proposed the GCN architecture to
provide seamless and lower latency MCC services to UEs,
i.e., UEs can offload tasks to their powerful Avatars with
shorter propagation delay. However, owing to the spatial
dynamics of energy demand and green energy provisioning, a
significant amount of green energy is wasted, thus resulting in
more grid energy consumption. Therefore, we have proposed
the GEAR strategy to redistribute the energy demand by
migrating Avatars among cloudlets according to cloudlets’
green energy generation and to guarantee the maximum
Avatar propagation delay. Simulation results have
demonstrated that GEAR can significantly save on-grid
energy as compared to the FAR strategy.

REFERENCES

S. Mahadev, P. Bahl, R. Caceres, and N. Davies, "The Case for
VM-Based Cloudlets in Mobile Computing," [EEE Pervasive
Computing, vol. 8, no. 4, pp. 14-23, Oct.-Dec. 2009.

(1]

(]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Latency Considerations in LTE, Sep. 2014. [Online]. Available:
http://mavenir.com/files/doc_downloads/Stoke Documents/130-0029-
001_LTELatencyConsiderations_Final.pdf.

Y. Zhang, and N. Ansari, “HERO: Hierarchical Energy Optimization
for Data Center Networks, ” IEEE Systems Journal, vol. 2, no. 9, pp.
406-415, June 2015.

Y. Zhang, and N. Ansari, “On Architecture Design, Congestion
Notification, TCP Incast and Power Consumption in Data Centers,”
IEEE Communications Surveys and Tutorials, Vol. 15, No. 1, pp.
39-64, First Quarter, 2013.

C. Borcea, et al., “Avatar: Mobile Distributed Computing in the Cloud,”
in 3rd IEEE International Conference on Mobile Cloud Computing,
Services, and Engineering (MobileCloud '15), San Francisco, CA, Mar.
30-Apr. 3, 2015, pp. 151-157.

X. Sun, N. Ansari, and Q. Fan, Green Energy Aware Avatar Migration
Strategy in Green Cloudlet Networks, NJIT Advanced Networking
Lab., Tech. Rep. TR-ANL-2015-006; also archived in Computing
Research Repository (CoRR), arXiv:1509.03603, 2015.

X. Jin, L. E. Li, L. Vanbever, and J. Rexford, "Softcell: Scalable and
flexible cellular core network architecture," in Proceedings of the 9™
ACM  conference on Emerging networking experiments and
technologies, Santa Barbara, CA, Dec. 09-12, 2013, pp. 163-174.

W. Liu, J. Cao, X. Qiu, and J. Li, "Improving Performance of Mobile
Interactive Data-Streaming Applications with Multiple Cloudlets," in
2014 IEEE ©6th International Conference on Cloud Computing
Technology and Science (CloudCom), Singapore, Dec. 15-18, 2014, pp.
46-53.

T. Taleb and A. Ksentini, "Follow me cloud: interworking federated
clouds and distributed mobile networks," IEEE Network, vol. 27, no. 5,
pp-12-19, Sep.-Oct. 2013.

D. Xu, X. Liu, and B. Fan, "Minimizing energy cost for Internet-scale
datacenters with dynamic traffic," in 2071 IEEE 19th International
Workshop on Quality of Service (IWQoS), San Jose, CA, Jun. 6-7,
2011, pp. 1-2.

K. Le, et al, "Capping the brown energy consumption of Internet
services at low cost," in 2010 International Green Computing
Conference, Chicago, IL, Aug. 15-18, 2010, pp. 3-14.

N. Buchbinder, N. Jain, and 1. Menache, "Online job-migration for
reducing the electricity bill in the cloud," in 201/ NETWORKING,
Valencia, Spain, May. 9-13, 2011, pp. 172-185.

A. Qureshi, et al., "Cutting the electric bill for internet-scale systems."
in ACM SIGCOMM Computer Communication Review, vol. 39, no. 4,
pp. 123-134, 2009.

B. Aksanli, J. Venkatesh, T. Rosing, and I. Monga, "A comprehensive
approach to reduce the energy cost of network of datacenters," in 2013
IEEE Symposium on Computers and Communications (ISCC’13), Split,
Croatia, Jul. 7-10, 2013, pp. 275-280.

L. Gkatzikis and 1. Koutsopoulos, "Migrate or not? Exploiting dynamic
task migration in mobile cloud computing systems," IEEE Wireless
Communications, vol. 20, no. 3, pp. 24-32, Jun. 2013.

D. Hatzopoulos, 1. Koutsopoulos, G. Koutitas, and W. V. Heddeghem,
"Dynamic virtual machine allocation in cloud server facility systems
with renewable energy sources," in Proceedings of IEEE International
Conference on Communications (ICC’13), Budapest, Hungary, Jun.
9-13,2013, pp. 4217-4221.

C. Chen, B. He, and X. Tang, "Green-aware workload scheduling in
geographically distributed data centers," in 2012 [EEE 4th
International Conference on Cloud Computing Technology and
Science (CloudCom), Taibei, Taiwan, Dec. 3-6, 2012 , pp. 82-89.

M. Ghamkhari. and H. Mohsenian-Rad, "Energy and performance
management of green data centers: A profit maximization approach,"
IEEE Transactions on Smart Grid, vol. 4, no. 2, pp. 1017-1025, 2013.
A. Kiani, and N. Ansari, "Toward Low-Cost Workload Distribution for
Integrated Green Data Centers," [EEE Communications Letters, vol. 19,
no. 1, pp. 26-29, Jan. 2015.

T. Han and N. Ansari, "On Optimizing Green Energy Utilization for
Cellular Networks with Hybrid Energy Supplies," IEEE Transactions
on Wireless Communications, vol. 12, no. 8, pp. 3872-3882, August
2013.



(21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

G. Warkozek, E. Drayer, V. Debusschere, and S. Bacha, "A new
approach to model energy consumption of servers in data centers," in
2012 IEEE International Conference on Industrial Technology,
Athens, Greece, Mar. 19-21, 2012, pp. 211-216.

Cisco System, Inc. (2007). “Design Best Practices for Latency
Optimization,” Financial Services Technical Decision Maker White
Paper. [Online]. Available: https://www.cisco.com/application/pdf/en
/us/guest/netsol/ns407/c654/ccmigration_09186a008091d542.pdf

I. Goiri, et al, "GreenHadoop: leveraging green energy in
data-processing frameworks," in Proceedings of the 7th ACM european
conference on Computer Systems, Bern, Switzerland, Apr. 10-13,2012,
pp. 57-70.

T. Han, and N. Ansari, "Green-energy Aware and Latency Aware user
associations in heterogeneous cellular networks," in Proceedings of
IEEE Global Communications Conference (GLOBECOM’13), Atlanta,
GA, Dec. 9-13, 2013, pp. 4946-4951.

T. Han, and N. Ansari, “A Traffic Load Balancing Framework for
Software-Defined Radio Access Networks Powered by Hybrid Energy
Sources,” IEEE Transactions on Networking, DOLI:
10.1109/TNET.2015.2404576, early access, 2015.

G. Mitra, "Investigation of some branch and bound strategies for the
solution of mixed integer linear programs." Mathematical
Programming, vol. 4, no. 1, pp. 155-170, 1973.

K. Qazi, Y. Li, and A. Sohn, "Workload Prediction of Virtual Machines
for Harnessing Data Center Resources," in 2014 IEEE 7th International
Conference on Cloud Computing, Anchorage, AK, Jun. 27-Jul. 2, 2014,
pp. 522-529.

Z. Xiao, W. Song, and Q. Chen, "Dynamic resource allocation using
virtual machines for cloud computing environment," I[EEE
Transactions on Parallel and Distributed Systems, vol. 24, no. 6, pp.
1107-1117,2013.

Daily solar radiation data trace from National Climatic Data Center.
[Online].  Available:  http:/www]1.ncdc.noaa.gov/pub/data/uscrn/
products/hourly02/2015/CRNH0203-2015-NY_Millbrook 3 W.txt

M. K. Islam, T. Ahammad, E. H. Pathan, A. M. Haque, et al., “Analysis
of Maximum Possible Utilization of Solar Radiation on a Solar
Photovoltaic Cell with a Proposed Model,” International Journal of
Modeling and Optimization, vol. 1, no. 1, pp. 66-69, Jan. 2011.

G. Codato, A. P. Oliveira, and J. F. Escobedo, "Comparative study of
solar radiation in urban and rural areas," in Anais do XIII Congresso
Brasileiro de Meteorologia, Fortaleza, Brazil, 2004.



	Post-cover
	camera ready(V2)


<<
  /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


