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Abstract—Fog computing brings the cloud close to the users,
reducing latency and allowing the deployment of new delay-
sensitive applications. Fogs and clouds can work cooperatively
to improve service delivery to the end users. An essential aspect
of a fog-cloud system is the decision-making process on where
to allocate resources to run the tasks of an application. This
paper introduces a novel mechanism named Gaussian Process
Regression for Fog-Cloud Allocation (GPRFCA) for resource
allocation in infrastructure composed of cooperative fogs and
clouds. The GPRFCA mechanism employs a Gaussian Process
Regression to predict future demands in order to avoid blocking
of requests, especially delay-sensitive ones. Results show that the
GPRFCA mechanism reduces energy consumption, blocking as
well as latency.

I. INTRODUCTION

The number of devices connected to the Internet, such
as smartphones, is expected to grow two to three orders
of magnitude in the near future [1], considerably increasing
computation and communication demands. Cloud computing
has been employed to cope with such demands due to the
scalability and elasticity of service provided. However, several
new applications, such as augmented reality and those used by
connected vehicles, require near real-time processing, which
cannot be provided by distant data centers in the cloud.

A new paradigm has been proposed to bring computing,
storage and network resources close to the users, known as
fog computing [1]. Fog computing will support the quality
of service requirements of real-time applications by reducing
latency and avoiding transfer of data and code through the
Internet to cloud data centers. By bringing cloud services
to the network edge, fog computing will complement cloud
computing. Fog computing will not replace cloud computing
since fog resources are limited.

The Openfog Consortium has proposed a reference archi-
tecture [2] composed of several layers. The number of layers
and their position depend on the users’ needs. One of the
possibilities to implement fog nodes is to use mini data
centers known as cloudlets [3]. Solutions for managing this
infrastructure employ scheduling and resource provisioning
mechanisms [4], [5]. A typical management issue in a fog-
cloud infrastructure is where a workload should be processed.
Such a decision must consider resource availability on fog
nodes and the latency for processing the workload in the fog
as well as the latency for processing in the cloud.

This paper proposes the Gaussian Process Regression for
Fog-Cloud Allocation (GPRFCA) mechanism to answer the
question of where to run the tasks of an application. The
infrastructure considered is composed of a fog layer and the
cloud. Users submit requests to the fog nodes and the workload
can be executed in the fog, in the cloud or partially executed
in the fog and in the cloud. The GPRFCA mechanism decides
where to schedule a workload to be processed taking into
account the resource availability and the latency overhead.

To improve the energy efficiency of fog nodes, reducing
costs for the provider, the Power Usage Effectiveness (PUE)
metric is considered in the decision. Since the PUE metric of
data centers is higher than the PUE in the fog, the mechanism
decreases the energy consumption by decreasing the demand
on cloud data centers.

To optimize the utilization of limited fog resources, a
Gaussian Process Regression is employed to predict the arrival
of future requests based on the history of arrivals. Such pre-
diction helps the provisioning of resources to future requests,
especially the real time ones which can only be processed in
the fog, in an attempt to reduce blocking and improve overall
utilization.

None of existing work considered the history of previous
requests for resource allocation. Results derived by simulation
show that the employment of the proposed solution balances
the workload between the fog and the cloud, providing a good
trade-off between energy consumption, latency, and blocking.

The remaining of this paper is organized as follows. Section
II reviews related work. Section III describes the considered
system model. Section IV introduces the Gaussian Process
Regression for Fog-Cloud Allocation mechanism. Section V
describes the evaluation of GPRFCA. Finally, Section VI
concludes the paper and suggests future directions.

II. RELATED WORK

This section reviews existing proposals for scheduling and
resource allocation in fog-cloud systems with emphasis on
those dealing with energy efficiency. Fog services demand
management to meet users’ needs while ensuring efficient
resource usage. In this context, Masip-Bruin et al. [6] pro-
posed that fogs and clouds should be organized in a fog-
to-cloud (F2C) layered architecture which coordinates cloud,
fog nodes, and users. This architecture speeds up tasks by
enabling parallel execution of workload on the available layers.
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Solutions for resource allocation using the F2C architecture
were presented in [7] and [8]. In [7], a solution to support
the QoS requirements of applications in cloud-fog scenarios
was proposed. The solution attempts to reduce latency by
favoring the allocation of resources on fogs rather than on
clouds, considering an architecture composed of two fog layers
and the cloud. The authors showed that the employment of
multiple fog layers reduces the overall latency. The proposal
[8] employs the same architecture and introduces resource
allocation based on the knapsack problem to minimize latency
as well as balancing the workload to reduce the energy
consumption.

An architecture to unify fog nodes and clouds in 5G
networks is proposed in [9]. This architecture coordinates fog
nodes with the infrastructure by using a controller to centralize
control and orchestration, allocating both fog, cloud, and
network resources. Such an architecture allows the deployment
of Network Functions Virtualization and Internet of Things
(IoT) services over a 5G network. However, no mechanism is
introduced for the allocation of resources in the fog nodes.

Concrete mechanisms for resource allocation are presented
in [10], [11], [12]. Sarkar et al. [10] analyzed the employment
of fog computing in the context of IoT. Results show that the
greater the workload executed on the fog, the lower is the
energy consumption, especially those related to computation
and storage. The study in [11] attempts to achieve a trade-
off between energy consumption and delay. An optimization
problem and an approximate solution were proposed with this
aim. By considering the power consumption of fog devices,
cloud servers and the delay to reach the cloud, the authors
showed that an interplay of cloud and fog can help to improve
performance and energy consumption.

A simulator for fog computing, named iFogSim, was intro-
duced in [12]. iFogSim allows the simulation of IoT devices,
fog and cloud computing environments. Two use cases were
presented: a delay-sensitive online game and an intelligent
surveillance system. Results of cloud-only and cloud-fog al-
locations were analyzed, showing that latency and network
utilization can be reduced when fog is used.

These papers propose solutions for the provisioning of
resources in fog computing considering different aspects, but
none of them explored prediction to manage the load on fog
nodes while mitigating latency and energy consumption. This
paper presents a resource allocation mechanism that explores
the interplay of fog and cloud computing to guarantee quality
of service as well as to improve the performance of the system.

III. SYSTEM MODEL

The OpenFog Consortium has recently released guidelines
to the design of fogs in its reference architecture document [2],
which suggests that security, scalability, and reliability of fog
nodes should be emphasized. One interesting aspect described
in the reference architecture is the deployment of fog and cloud
nodes in several layers. The system model considered in this
paper has three layers, as shown in Figure 1: user devices,
fog and cloud. The cloud is represented as a data center with

Fig. 1: Cloud and fog architecture.

plenty of physical servers, while the fog node is modeled as
a cloudlet [3], capable of hosting virtual machines at a single
hop distance from the final users. The third layer is composed
of users devices and it is directly connected to the fog.

This system receives requests in the form of modularized
applications. Each application contains one or more tasks and
involves sensors and actuators. Sensors gather data either from
the environment or from the users while actuators interact
with users and perform actions. The tasks of an application
perform specific processing of the application and receive data
from a sensor or from another task. Resources are allocated
to a task by instantiating a virtual machine for each task. The
instantiation can be either in a fog node or in a cloud node.

This work considers two classes of tasks: tasks which virtual
machines (VMs) must be instantiated in the fog and those
which can be instantiated either in the cloud or in the fog. The
former are delay-sensitive tasks that demand a quick response
to the users, while the latter are tasks with flexible response
time. Applications can have multiple tasks and they can be of
different classes resulting, for example, in a request having part
of its VMs served in the cloud and another part in the fog node.
There are agents in the cloud and in the fog which decide on
which physical server a virtual machine should be instantiated.
If resource cannot be allocated, the request is blocked.

IV. PROPOSED MECHANISM

This section introduces the Gaussian Process Regression for
Fog-Cloud Allocation (GPRFCA) mechanism. It analyzes the
history of previously submitted requests for predicting future
arrivals of virtual machines with strict latency requirements.
Using this prediction, the GPRFCA mechanism can reserve
resources in the fog node for future requests which must
be executed in the fog, assigning tasks which are not delay-
sensitive to the cloud. In this way, blocking can be reduced
and the utilization of fog nodes increased.

Algorithm 1 presents the GPRFCA mechanism. CPU
and RAM memory are considered allocable resources
by the mechanism. Five parameters are given as input:



ℋ, 𝑎𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒𝑀𝐼𝑃𝑆, 𝑎𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒𝑅𝐴𝑀 , 𝑚𝑖𝑝𝑠𝑃𝑒𝑟𝑉𝑀 , and
𝑟𝑎𝑚𝑃𝑒𝑟𝑉𝑀 . ℋ is the set containing the historical dataset
of the number of VMs arrived which could only be placed in
the fog, i.e., ℋ = ℎ1, ℎ2, . . . , ℎ𝑛, where each ℎ𝑖, 1 ≤ 𝑖 ≤ 𝑛,
is an integer with the number of previous requested VMs. In
other words, ℎ1 is the number of VMs that were submitted
in the first minute, ℎ2 the number of submissions VMs in
the second minute, and so forth. The time elapsed between
sequential arrivals ℎ𝑖 and ℎ𝑖+1, 1 ≤ 𝑖 ≤ 𝑛 − 1 is 1 minute.
All VMs require the same processing and memory resources.
The mechanism, however, is not limited by this assumption
and it can also handle heterogeneous demands. The parameters
𝑎𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒𝑀𝐼𝑃𝑆 and 𝑎𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒𝑅𝐴𝑀 indicate the sum of the
available number of instructions per second and the number of
bytes of RAM memory in all servers in the fog, respectively.
𝑚𝑖𝑝𝑠𝑃𝑒𝑟𝑉𝑀 and 𝑟𝑎𝑚𝑃𝑒𝑟𝑉𝑀 represent the requested CPU
and RAM memory capacities, respectively, by each VM.

Input: ℋ, 𝑎𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒𝑀𝐼𝑃𝑆, 𝑎𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒𝑅𝐴𝑀 ,
𝑚𝑖𝑝𝑠𝑃𝑒𝑟𝑉𝑀 , 𝑟𝑎𝑚𝑃𝑒𝑟𝑉𝑀

Output: Maximum number of virtual machines to be
accepted in fog

1 𝑣𝑚𝑠𝑀𝐼𝑃𝑆 ← ⌈𝑎𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒𝑀𝐼𝑃𝑆/𝑚𝑖𝑝𝑠𝑃𝑒𝑟𝑉𝑀⌉;
2 𝑣𝑚𝑠𝑅𝐴𝑀 ← ⌈𝑎𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒𝑅𝐴𝑀/𝑟𝑎𝑚𝑃𝑒𝑟𝑉𝑀⌉;
3 𝑛𝑢𝑚𝑏𝑒𝑟𝑉𝑀𝑠← 𝑚𝑖𝑛(𝑣𝑚𝑠𝑀𝐼𝑃𝑆, 𝑣𝑚𝑠𝑅𝐴𝑀);
4 𝑓𝑢𝑡𝑢𝑟𝑒𝑉𝑀𝑠← 𝑔𝑎𝑢𝑠𝑠𝑖𝑎𝑛𝑃𝑟𝑜𝑐𝑒𝑠𝑠(ℋ);
5 return 𝑚𝑎𝑥(0, 𝑓𝑢𝑡𝑢𝑟𝑒𝑉 𝑀𝑠− 𝑛𝑢𝑚𝑏𝑒𝑟𝑉𝑀𝑠)
Algorithm 1: Gaussian Process Regression for Fog-Cloud
Allocation algorithm.

The algorithm starts by calculating the number of virtual
machines 𝑛𝑢𝑚𝑏𝑒𝑟𝑉𝑀𝑠 that the fog node can still accom-
modate, considering CPU and memory (Lines 1 to 3). The
next step is to invoke the Gaussian Process regression, Line 4,
giving ℋ as input, i.e., the historical dataset with the number
of VM arrivals which could only be instantiated in the fog.
The method 𝑔𝑎𝑢𝑠𝑠𝑖𝑎𝑛𝑃𝑟𝑜𝑐𝑒𝑠𝑠 performs the Gaussian process
prediction, giving as output the predicted number of VMs,
𝑓𝑢𝑡𝑢𝑟𝑒𝑉𝑀𝑠, which can only be instantiated in the fog in the
next interval. If the 𝑛𝑢𝑚𝑏𝑒𝑟𝑉𝑀𝑠 value is greater than the
𝑓𝑢𝑡𝑢𝑟𝑒𝑉𝑀𝑠 value, it is expected that the future occupation
of the fog node will be sufficient to accommodate the future
requests, then the output is 𝑓𝑢𝑡𝑢𝑟𝑒𝑉𝑀𝑠 − 𝑛𝑢𝑚𝑏𝑒𝑟𝑉𝑀𝑠,
otherwise it is zero, being the output the number of additional
virtual machines that the fog will be able to accommodate.

The number of VMs arrived is used to update the dataset,
given as input to the algorithm, which output is denoted by
𝑁 . Then, the fog hosts all VMs which have strict latency
requirements as well as up to 𝑁 additional VMs which could
be hosted in the cloud; the remaining virtual machines are
allocated in the cloud. The idea behind this procedure is
twofold. The first is to ensure that delay-sensitive tasks are
processed in the fog and the allocation of VMs will not prevent
the acceptance of future requests. The second is to host a high
number of virtual machines in the fog rather than in the cloud,
minimizing overall latency.

The 𝑔𝑎𝑢𝑠𝑠𝑖𝑎𝑛𝑃𝑟𝑜𝑐𝑒𝑠𝑠 function receives as input a time
series to make prediction based on the Gaussian Process

TABLE I: Infrastructure configuration and virtual machine
instance description.

PUE Server specification Delay to users

Fog 1.0
2 servers Hp Proliant Dl380 G7
3.06 GHz Xeon X5675 processor
1 core, 4 Gb RAM

10ms

Cloud 1.4
100 servers Hp Proliant Dl380 G7
3.06 GHz Xeon X5675 processor
2 cores, 8 Gb RAM

100ms

Virtual Machine 1000 MIPS, 256 Mb RAM

Regression (GPR), explained next. Considering the observed
values 𝑋(𝑡𝑖), 𝑖 = 0, 1, . . . , 𝑛 − 1 at 𝑛 time instants 𝑡𝑖, then
𝑋(𝑡𝑖) = 𝑓(𝑡𝑖) + 𝜀𝑖, where 𝑓(𝑡𝑖) is a mapping function
and 𝜀𝑖 is an independent Gaussian noise with zero mean
and variance 𝜎2. To make prediction, it is assumed that
𝑓(𝑡𝑖) ∼ 𝐺𝑃 (𝑚(𝑡), 𝑘(𝑡𝑖, 𝑡𝑗 ; 𝜃)), where 𝐺𝑃 is a stochastic
Gaussian process with mean 𝑚(𝑡) and covariance function
𝑘(𝑡𝑖, 𝑡𝑗 ; 𝜃) with hyperparameters 𝜃. The decision of the co-
variance function depends on the actual covariance of the
data. Previous analysis of cloud data centers [13] identified
that the virtual machine arrival process can be modeled as
a self-similar process. Furthermore, the work in [14], which
employed GPR to predict traffic in real networks, identified
that the rational quadratic (RQ) covariance function 𝑘𝑅𝑄

is suitable for modeling self-similar series. The covariance
function 𝑘𝑅𝑄 was employed in this work and is given by:

𝑘𝑅𝑄(𝑟; 𝑙, 𝛼) = 𝑠2 ⋅
(
1 +

𝑟2

2𝛼𝑙2

)−𝛼

Three hyperparameters are used, namely the variance 𝑠,
length-scale parameter 𝑙 and magnitude parameter 𝛼. For self-
similar series, 𝛼 = 1 −𝐻 , where 𝐻 is the Hurst parameter
of the series [14]. These hyperparameters are optimized by a
local search algorithm that searches their values in an interval
between 0 and 100 for 𝑠, 0 and four times the maximum value
in 𝑋(𝑡𝑖) for 𝑙, and 0 and 0.5 for 𝛼.

V. PERFORMANCE EVALUATION

In this section, the effectiveness of the GPRFCA mechanism
is assessed.

A. Simulation settings

The iFogSim simulator [12] was employed to simulate the
scenario described in Section III, while the Gaussian Process
Regression was implemented with gptools Python package
[15]. Results were obtained by 30 different executions for
each point in the graphs and using a 95% confidence interval
derived by the independent replication method.

The cloud data center is modeled as a set of physical servers.
As suggested in [16], mini data centers employed as fog nodes
have similar hardware than that of servers in a cloud data
center, but the number of physical machines is much smaller.
The hardware configuration of servers and the virtual machine
requirements are displayed in Table I.

Each task runs in a virtual machine hosted either in the fog
or in the cloud. The mapping of a VM onto a physical server in



the fog node or in the cloud data center is performed by a VM
placement algorithm which chooses the first available server
in sequential order to host a task, therefore consolidating the
workload on few machines to save energy. If all servers are
fully utilized and cannot host a VM, the task is blocked by
the VM placement algorithm.

B. Evaluated policies

To properly assess the GPRFCA mechanism, two other poli-
cies were simulated: cloudwards and fogwards [12]. Whenever
a task can be hosted either in the data center or in a fog
node, cloudwards always places it on the cloud while fogwards
always places it on the fog if there are available resources,
otherwise it places the task in the cloud. Since plenty of
resources are available in the cloud, allocation in the data
center is virtually always possible, and cloudwards does not
send tasks to the fog unless it has strict latency requirements.
For all policies, including the GPRFCA, tasks that require low
latency are always created in the fog node when resources are
available, otherwise the entire application request is blocked.

C. Workload

The present work considers two applications: Remote VM
and Augmented reality. Remote VM (Figure 2a) is a simple
application in which a user access a terminal (thin client)
and interacts with a remote operational system. User’s actions
are processed in a virtual machine and results are sent to
the user’s screen. Simulated scenarios have two classes of
requests: requests with one task which can only be placed
in the fog, and requests that can be deployed in the cloud.

In augmented reality (Figure 2b), virtual objects are overlaid
on an image acquired from a camera and then rendered on a
display. The model used in this paper was presented in [17]
and it is composed of six tasks: video source (a sensor fetching
images from a camera), renderer (screen acting as an actuator),
tracker (analysis of video frames), mapper (map generation
and refinement), relocalizer (relocation of camera position)
and object recognizer (localization of known objects). Video
source and renderer are built on devices and do not require
virtual machines. Tracker and relocalizer must be hosted on a
fog node, and the mapper and object recognizer can be hosted
either in the fog or in the cloud. The flow of exchanged data
is shown in Figure 2b.

Requests are periodically submitted by users to the fog
and their arrival is modeled as self similar series [13]. The
algorithm in [18] is used to generate the number of requests per
minute. Different series were created using different parame-
ters for simulating different loads. The input for the generator
in [18] is the values of the mean and standard deviation of
the series as well as the Hurst parameter 𝐻 . The employed
scenarios as well as their parameters are shown in Table II,
all employing 𝐻 = 0.7.

All virtual machines deployed to satisfy the same request
start processing at the same time and their lifetime is 5
minutes. Results were obtained for each application separately.
In the simulation of remote VM application, half of the

(a) Remote VM (b) Augmented reality

Fig. 2: Simulated applications. Each circle represents a task:
blue represents exclusive fog tasks, while blue and purple
tasks can be hosted either in fog or cloud. Arrows represent
communication between tasks.

TABLE II: Simulated scenarios and parameters employed in
the generator [18]. The standard deviation (SD) is half the
value of the mean arrival rate.

Scenario Mean SD Scenario Mean SD
m2 2 1 m12 12 6
m4 4 2 m14 14 7
m6 6 3 m16 16 8
m8 8 4 m18 18 9
m10 10 5 m20 20 10

requests must be hosted in the fog and the other half can
be hosted either in the fog or in the cloud. For the augmented
reality application such a distinction is not necessary since it
is already formed by tasks of different classes.

D. Energy consumption model

The energy consumed in the fog node and in the cloud data
center is accounted as the sum of the consumption produced by
their physical servers, which depends on the CPU usage. CPUs
fully utilized lead to the highest server energy consumption,
but idle servers consume about 70% of this value. A linear
model is employed to model intermediary values of consump-
tion [19]. The energy consumption model in this paper is
based on a real benchmark of SPEC power, which measured
power for different CPU usage levels 1. These values are
interpolated to calculate the energy consumption, considering
current load imposed by the hosted VMs. Reference values
for the employed server are presented in Table III.

As suggested in [16], cloudlets present similar hardware to
those of cloud data centers and the energy model to estimate
the consumption of their physical servers can be the same.
However, the fog does not employ the same cooling and
network equipment. Therefore, the PUE values differ; it is
1.4 for the cloud and 1.0 for the fog.

1https://www.spec.org/power ssj2008/

TABLE III: Power consumption of cloud and fog server

CPU Load (%) 0 10 20 30 40 50
Consumption (W) 52.3 93.6 106 116 126 136

CPU Load (%) 60 70 80 90 100
Consumption (W) 147 163 180 199 222



(a) Remote VM

(b) Augmented reality

Fig. 3: Total energy for different applications.

E. Numerical results

Energy consumption, blocking ratio and latency are the
metrics analyzed in this paper. The energy consumption was
accounted for the fog and cloud infrastructures, considering the
PUE metric for the cooling cost. Figure 3 shows the results
for the energy consumption. For the remote VM application,
fogwards produces the lowest energy consumption. Remote
VM application requires only one virtual machine per request,
thus it hardly causes an overload of resources in the fog,
allowing the GPRFCA mechanism to obtain energy efficiency
similar to that of fogwards. Augmented reality application
has a different behaviour, since each request contains four
virtual machines. Under low arrival rates, the fog manages to
host several VMs, thus fogwards policy produces the lowest
energy consumption. However, starting from the m8 scenario,
the system becomes overloaded, forcing VMs to be hosted on
the cloud. In these cases, the fogwards policy overloads the
fog, increasing blocking. The GPRFCA mechanism, however,
produces similar results to those of cloudwards.

Figure 4 shows the blocking ratio, which is the ratio
between the number of applications that were not instantiated
and the number of submitted requests. Blocking happens
whenever a virtual machine does not have its requirements
satisfied due to the lack of physical resources in the fog.
Remote VM produces no blocking due to the low demand
of virtual machines. In contrast, augmented reality application,
which submits four VMs per request, produces great blocking.
Cloudwards produces lower blocking than does fogwards since
it forwards all possible VMs to the cloud, where resources
are abundant. Blocking under cloudwards occurs due to VMs

(a) Remote VM

(b) Augmented reality

Fig. 4: Blocking ratio.

which must be placed in the fog and there is no physical
resources available for that. In fogwards, on the other hand,
blocking happens because the fog node is overloaded with
tasks that are not sensitive to delays. The GPRFCA mechanism
tends to forward virtual machines to the edge, saving resources
for future requests, which decreases the load on the fog
node. As a consequence, it produces blocking ratio similar
to that produced by cloudwards, while maintaining the energy
consumption at a reasonable level.

Figure 5 presents the values for latency in the Remote
VM application for tasks with strict latency requirements and
also flexible tasks. The latency is the average time elapsed
between an action of a user at the remote terminal (a pressed
key or mouse movement) and rendering its results on the
user’s screen. Fogwards produces the smallest latency values
since VMs are closer to end users. The GPRFCA mechanism
produces latency values between those produced by the two
other policies, but values are closer to those given by fogwards.
Under load conditions equal or greater to that of the scenario
m14, the latency is higher than 1 second, which can jeopardize
the application performance. High latency values indicate that
more resources in the fog should be deployed.

The advantage of employing the GPRFCA mechanism can
be summarized as follows. The energy consumption is always
between those produced by cloudwards and fogwards and it
is always close to the lowest produced value by these two
mechanisms. GPRFCA tries to produce high utilization in fog
nodes and consequently reduces the energy consumption and
blocking ratio. The GPRFCA mechanism does not increase
the latency of requests which have VMs that can be placed



(a) Strict latency virtual machines which can be placed only
on the fog

(b) Flexible virtual machines which can be placed either on
the fog or on the cloud

Fig. 5: Latency for Remote VM application.

in the cloud. Moreover, it produces low latency for tasks that
must be hosted in the fog.

VI. CONCLUSION

This paper proposed a novel mechanism for the provisioning
of resources in a fog and cloud environment named Gaussian
Process Regression for Fog-Cloud Allocation mechanism,
which aims at reducing the overall energy consumption while
supporting latency requirements. Gaussian process regression
was employed to estimate the demand of future arrivals so
that fog nodes can host future requests, preventing blocking
of new requests. Results obtained show that the GPRFCA
mechanism maintains the energy consumption at acceptable
levels and avoids overloading the fog reducing the blocking
of requests. Latency was also kept at reasonable levels and
decreased for applications with flexible latency requirements.
The GPRFCA mechanism manages to take advantage of the
good features of both cloudwards and fogwards mechanisms.

Multiple coordinated fog and cloud layers with different
latencies are an asset of fog architectures according to the
OpenFog Consortium [2]. The consideration of multiple levels
of fog nodes and the evaluation of energy consumption of
end user devices are suggested as future work. Considering
mobility of user devices is also a promising direction in the
design of resource provisioning in fog computing.

ACKNOWLEDGMENT

The authors would like to thank Coordination for the
Improvement of Higher Education Personnel (CAPES), CNPq
and FAPESP (proc no 15/24494-8) for the financial support.

REFERENCES

[1] F. Bonomi, R. Milito, P. Natarajan, and J. Zhu, Fog Computing: A
Platform for Internet of Things and Analytics. Cham: Springer
International Publishing, 2014, pp. 169–186.

[2] “OpenFog Reference Architecture,” Online, 2017, available at https://
www.openfogconsortium.org/ra/ [Accessed: 24/05/2017].

[3] M. Satyanarayanan, P. Bahl, R. Caceres, and N. Davies, “The case for
vm-based cloudlets in mobile computing,” IEEE Pervasive Computing,
vol. 8, no. 4, pp. 14–23, Oct 2009.

[4] R. A. C. da Silva and N. L. S. da Fonseca, “Topology-aware virtual
machine placement in data centers,” Journal of Grid Computing, pp.
1–16, 2015.

[5] ——, “Energy-aware migration of groups of virtual machines in dis-
tributed data centers,” in 2016 IEEE Global Communications Conference
(GLOBECOM), Dec 2016, pp. 1–6.

[6] X. Masip-Bruin, E. Marn-Tordera, G. Tashakor, A. Jukan, and G.-J. Ren,
“Foggy clouds and cloudy fogs: a real need for coordinated management
of fog-to-cloud (f2c) computing systems,” Wireless Communications,
2016.

[7] V. B. C. Souza, W. Ramrez, X. Masip-Bruin, E. Marn-Tordera, G. Ren,
and G. Tashakor, “Handling service allocation in combined fog-cloud
scenarios,” in 2016 IEEE International Conference on Communications
(ICC), May 2016, pp. 1–5.

[8] V. B. C. Souza, X. Masip-Bruin, E. Marn-Tordera, W. Ramrez, and
S. Snchez, “Towards distributed service allocation in fog-to-cloud
(f2c) scenarios,” in 2016 IEEE Global Conference on Communications
(GLOBECOM), Dec 2016, pp. 1–6.

[9] R. Vilalta et al., “Telcofog: A unified flexible fog and cloud computing
architecture for 5g networks,” IEEE Communications Magazine, vol. 55,
no. 8, pp. 36–43, 2017.

[10] S. Sarkar, S. Chatterjee, and S. Misra, “Assessment of the suitability of
fog computing in the context of internet of things,” IEEE Transactions
on Cloud Computing, vol. PP, no. 99, pp. 1–1, 2015.

[11] R. Deng, R. Lu, C. Lai, and T. H. Luan, “Towards power consumption-
delay tradeoff by workload allocation in cloud-fog computing,” in 2015
IEEE International Conference on Communications (ICC), June 2015,
pp. 3909–3914.

[12] H. Gupta, A. Vahid Dastjerdi, S. K. Ghosh, and R. Buyya, “ifogsim: A
toolkit for modeling and simulation of resource management techniques
in the internet of things, edge and fog computing environments,”
Software: Practice and Experience, vol. 47, no. 9, pp. 1275–1296, 2017.

[13] Y. Han, J. Chan, and C. Leckie, “Analysing virtual machine usage in
cloud computing,” in Services (SERVICES), 2013 IEEE Ninth World
Congress on, June 2013, pp. 370–377.

[14] A. Bayati, V. Asghari, K. Nguyen, and M. Cheriet, “Gaussian process re-
gression based traffic modeling and prediction in high-speed networks,”
in 2016 IEEE Global Communications Conference (GLOBECOM), Dec
2016, pp. 1–7.

[15] M. Chilenski et al., “Improved profile fitting and quantification of uncer-
tainty in experimental measurements of impurity transport coefficients
using gaussian process regression,” Nuclear Fusion, vol. 55, no. 2, p.
023012, 2015.

[16] X. Sun, N. Ansari, and Q. Fan, “Green energy aware avatar migration
strategy in green cloudlet networks,” in 2015 IEEE 7th International
Conference on Cloud Computing Technology and Science (CloudCom),
Nov 2015, pp. 139–146.

[17] T. Verbelen, P. Simoens, F. De Turck, and B. Dhoedt, “Cloudlets:
Bringing the cloud to the mobile user,” in Proceedings of the Third
ACM Workshop on Mobile Cloud Computing and Services, ser. MCS
’12. New York, NY, USA: ACM, 2012, pp. 29–36.

[18] V. Paxson, “Fast, approximate synthesis of fractional gaussian noise for
generating self-similar network traffic,” SIGCOMM Comput. Commun.
Rev., vol. 27, no. 5, pp. 5–18, Oct. 1997.

[19] A. Beloglazov and R. Buyya, “Optimal online deterministic algorithms
and adaptive heuristics for energy and performance efficient dynamic
consolidation of virtual machines in cloud data centers,” Concurrency
and Computation: Practice and Experience, vol. 24, no. 13, pp. 1397–
1420, 2012.



<<
  /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 true
  /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
    /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
    /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
    /DoulosSIL
    /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
    /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
    /KristenITC-Regular
    /KrutiDev040Bold
    /KrutiDev040BoldItalic
    /KrutiDev040Condensed
    /KrutiDev040Italic
    /KrutiDev040Thin
    /KrutiDev040Wide
    /KrutiDev060
    /KrutiDev060Bold
    /KrutiDev060BoldItalic
    /KrutiDev060Condensed
    /KrutiDev060Italic
    /KrutiDev060Thin
    /KrutiDev060Wide
    /KrutiDev070
    /KrutiDev070Condensed
    /KrutiDev070Italic
    /KrutiDev070Thin
    /KrutiDev070Wide
    /KrutiDev080
    /KrutiDev080Condensed
    /KrutiDev080Italic
    /KrutiDev080Wide
    /KrutiDev090
    /KrutiDev090Bold
    /KrutiDev090BoldItalic
    /KrutiDev090Condensed
    /KrutiDev090Italic
    /KrutiDev090Thin
    /KrutiDev090Wide
    /KrutiDev100
    /KrutiDev100Bold
    /KrutiDev100BoldItalic
    /KrutiDev100Condensed
    /KrutiDev100Italic
    /KrutiDev100Thin
    /KrutiDev100Wide
    /KrutiDev120
    /KrutiDev120Condensed
    /KrutiDev120Thin
    /KrutiDev120Wide
    /KrutiDev130
    /KrutiDev130Condensed
    /KrutiDev130Thin
    /KrutiDev130Wide
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-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
    /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
    /MTExtraTiger
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /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
    /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
    /SILDoulosIPA
    /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
    /SymbolTiger
    /SymbolTigerExpert
    /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
    /Tiger
    /TigerExpert
    /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 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /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 <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


