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Abstract SDI (Software Defined Infrastructure) provides virtualized infrastructures to customers by slicing computing re-
sources and network resources. One of the important problems for deploying SDI framework is to control the assignment of
physical resources to a virtual network against changes of traffic demand and service demand. For this problem, VNE (Virtual
Network Embedding) problem that maps a virtual network to physical resources has been addressed, but a centralized calcu-
lation was assumed. It is difficult to adopt the centralized approaches as a size of infrastructure increases and a number of VN
requests increases. This is because the identification of current situation becomes more complicated. In this paper, we present
a VNE method that works with a little information for the large, complicated, and uncertain SDI frameworks. To achieve this,
the proposed method applies biological “Yuragi” principle. Yuragi, which is a Japanese word, represents a small perturbation
to the system. Yuragi is a mechanism of adaptability of organisms and is often expressed as attractor selection model. This
paper develops Yuragi-based VNE method that deals with node attribute and has a generality of a performance objective and
runs in multi-slice environments. Simulation results show that the Yuragi-based method decreases VN migrations by about
45% than a heuristic method to adapt the fluctuations in resource requirements.
Key words Virtual Network Embedding, Software Defined Infrastructure, Yuragi-based VNT control, Software Defined
Networks, Network Function Virtualization, Virtual Node Mapping, Delay Profile
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1 Introduction

SDI provides virtualized infrastructures to customers by slic-
ing computing resources and network resources. In recent years,
SDN (Software Defined Networking) and NFV (Network Func-
tion Virtualization) technologies have been expected to replace
the conventional network management systems, and standardiza-
tion of SDN/NFV technologies is being promoted [1, 2]. Although
SDN/NFV technologies and their standardization are important for
deploying SDI, another important problem is to control the assign-
ment of physical resources to a virtual network against changes of
traffic demand and service demand. For this problem, VNE (Vir-
tual Network Embedding) problem has been addressed [3, 4]. The
VNE problem is a placement problem to allocate virtual resources
to the physical network with the optimization of some performance
objectives.
The VNE problem is divided into two sub-problems; virtual node

mapping and virtual link mapping. In [3–6], a centralized calcu-
lation was assumed to solve virtual node mapping and virtual link
mapping. That is, a centralized component gathers traffic informa-
tion and resource utilization of each VN, and identify the current
situation of networks. Then, the component solves the optimiza-
tion problem that optimizes some metrics such as maximizing rev-
enue or minimizing resource utilization. However, when the scale
of network size gets larger and the number of multiplexed VNs in-
creases, the identification of current situation gets complicated with
enormous network information. This will lead to the occupation of
link bandwidth, an increase of delay, and a bottleneck of network
scalability [2]. Therefore, it is difficult to adopt the centralized ap-
proaches as a size of infrastructure increases and a number of VN
requests increases. Moreover, the environments surrounding the In-
ternet today are continuously changing, thus, the adaptive control of
VNE is required to handle uncertain changes of environments.
In this paper, we present a VNE method which works with a little

information for the large, complicated, and uncertain SDI frame-
works. To achieve this, the proposed method applies biological
“Yuragi” principle. Yuragi, which is a Japanese word, represents
a small perturbation, both externally and internally generated, to the
system. Yuragi is a mechanism of adaptability of organisms and
is expressed as attractor selection model. Our research group has
developed virtual network control based on attractor selection for
optical networks. Our results showed that our control mechanism
shows the high adaptability to environmental fluctuations with re-
stricted information [7]. Unlike the virtual network on optical net-
works, virtual network on SDI frameworks has to consider various
matters such as node attribute, computing performance on servers,
and VN multiplexing. Therefore, this paper develops Yuragi-based
VNE method that deals with node attribute and has generality of a
performance objective and runs in multi-slice environments.
The rest of this paper is organized as follows. In Sec. 2, a service

model in SDI frameworks is introduced and related works on VNE
are referred. The method based on Yuragi principle is proposed in
Sec. 3, and the results of performance evaluation are shown in Sec.
4. Finally, the conclusion of this paper and future work are pre-
sented in Sec. 5.
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Figure 1: Service model in Software Defined Infrastructure

2 Virtual Network Services in SDI Frameworks

2. 1 SDI
Figure 1 describes an service model of SDI frameworks. In the

model, customers offer virtual network requests (VN requests) to
their service providers. The customers can specify the performance
and capacity requirements such as CPU power of a virtual node and
bandwidth of a virtual link. They may also specify memory capac-
ity (RAM), storage capacity (HDD), and in some cases, specify the
detail of restrictions: OS (Operating System) of the virtual machine,
RAID type of a storage, and RAM type of a switching device. We
call these specification of virtual nodes as “node attributes”.
The service provider has a network manager to handle VN re-

quests. The network manager plays three roles. First, the network
manager receives VN requests from customers and push them into
a queue. Second, the network manager executes a certain VNE al-
gorithm for each VN request in the queue by a FIFO (First In First
Out) principle. The VNE algorithm decides a VN mapping; virtual
node mapping and virtual link mapping. Virtual node mapping de-
cides the location of the physical node for each virtual node. Then,
the virtual node is hosted on the physical node as a form of virtual
machine. Virtual link mapping decides the path on physical network
for virtual links between virtual nodes. Lastly, the network manager
offers the mapping request to the SDN controller. Then, the service
provider installs virtual machines into physical servers and allocates
requested computing resources.
2. 2 Virtual Network Embedding Problem
Virtual Network Embedding (VNE) is one of the important prob-

lems in allocating physical resources to the requested VN request.
The physical resources, including resources of the physical network
and resources of physical servers, forms a substrate network. Open-
Stack, which is one of the most general IaaS (Infrastructure as a
Service) frameworks, defines virtualized resource components [4].
The substrate node is classified into three types; computing servers,
network switches, and storages. Each virtual node may have an in-
dividual feature such as supported OS, protocols and storage types.

— 2 —



It is necessary to strictly check the consistency of the node features
when embedding a virtual node to a substrate node. That is, the
requested features of the virtual node must be supported by the sub-
strate node. To simplify the service model, this paper abstracts the
classifications of features of OpenStack into “node attributes”.
The mapping of the virtual network has an effect on many aspects

such as resource utilization, blocking rate, revenue, QoE, energy ef-
ficiency and migration cost. That is why VNE problem deserves
considering.
2. 3 Centralized Approaches for VNE
A number of approaches coping with VNE problem have been

proposed. Most of them try to formulate and solve optimizing
problems and maximize/minimize some performance objectives.
However, existing VNE formulations are Integer Linear Program-
ing (ILP) and VNE problem is known as NP-hard problem. Thus,
some heuristic methods are also developed. Note that both the ILP
methods and heuristic methods assume to collect information of the
network in advance.
Chowdhury et al. deal with VNE problem to embed multiple VN

requests onto a substrate network [3]. They give a formulation as
Mixed Integer Linear Programing (MILP) to minimize embedding
cost while achieving the balance of resource utilization. Guerzoni
et al. formulate as a MILP considering node attribute to maxi-
mize the revenue while minimizing resource utilization [4]. Chen
et al. present a virtual node mapping method to optimize energy
efficiency, and also propose its heuristic algorithm [5]. Fajjari et al.
minimize the running cost of the network infrastructure by releasing
unused bandwidth of a VN for other VNs [6].

3 Yuragi-based Virtual Network Embedding
Method

3. 1 Yuragi Principle
Yuragi is a principle that biological organisms adapt to environ-

mental fluctuations. Attractor selection is a model which represents
Yuragi principle. The model describes dynamics of state variables
xi (i = 1, 2, . . ., n) through environmental fluctuations as,

dx

dt
= α× f(x) + η, (1)

where x = (x1, . . ., xi, . . ., xn) represents the system state, ac-
tivity α is comfortableness of the present system state, f(x) defines
deterministic behavior governed by the attractor structure and η rep-
resents the stochastic behavior. When the system is in a comfortable
state and hence activity α is high, the deterministic term f(x) con-
trols the dynamics while noise η is almost negligible. When the sys-
tem condition gets worse and α gets close to zero, f(x) is no longer
influential and the stochastic term η relatively becomes dominant.
Therefore, the system changes its state at random and searches for
another attractor. Once the system reaches a new attractor, the ac-
tivity recovers to a high value and the system will stay in the new
good state.
A system driven by Yuragi principle achieves adaptability to en-

vironmental changes. The adaptability has two aspects. First, the
system is robust to a small fluctuation in the surrounding environ-
ment. As long as activity remains higher than a certain level, the
system keeps staying in an equilibrium point even though there al-

ways exists the noise term. Second, the system has a flexibility to
drastic changes in the environment. When the system falls into an
uncomfortable state, the activity decreases immediately and the dy-
namics of the system behavior gets free from the attractor structure.
3. 2 Yuragi-based VNE Method
Yuragi-based VNE consists of two phase; attribute-aware virtual

node mapping and shortest path virtual link mapping. To begin with,
the relation between state variables in Yuragi principle and VNE
problem is explained.
Our method decides where to allocate virtual node of attribute k.

In other words, the method finds a coupling of attribute k and phys-
ical node n. Let the number of attributes be K and the number of
physical nodes be N , we prepare variables x = (x1, . . ., xkn, . . .,
xKN ). A variable xkn is a decision variable whether physical node
n becomes a candidate for virtual node with attribute k. Then, the
dynamics of each xi (i = 1, 2, . . .,KN) is described as,

dxi

dt
= α

{
ς

(∑
j

Wijxj

)
− xi

}
+ η, (2)

where ς
(∑

j Wijxj

)
− xi represents a deterministic term and η

is a stochastic term. In the first term, the matrix W represents an
attractor structure and is being mentioned later. The function ς(z)

is a sigmoid function defined as,

ς(z) = tanh(
μ

2
z), (3)

where μ represents the gradient in the vicinity of the threshold.
Here, the threshold is 0 and the output value of ς(z) gets close to
1 or −1. Note that the range of xi is [−1, 1]. The second term η

in Eq. (2) is a random value according with a normal distribution.
If xi > 0 and i’s corresponding node (attribute) is n (k), physical
node n becomes a candidate for the virtual node with attribute k. If
xi (= xkn) < 0, the virtual node with attribute k is not embed-
ded to physical node n. Each of the virtual nodes with attribute k
is allocated onto one of the candidate nodes in descending order of
xk∗ values. Note that, when physical node n is not compatible with
attribute k due to the attribute restriction, xkn is set to 0 without
calculating the differential equation (2).
Finally, our method assigns the shortest path for each virtual link

request. In this paper, we consider the shortest path routing to min-
imize hop length on the physical topology. Other routing policies
can be applied but is not examined in the evaluation in Sec. 4.
3. 2. 1 Activity Function with Performance Profile
Activity α is a feedback from the system which reflects the com-

fortableness of the VN. Let p as an objective metric which is ex-
pected to be small, activity is described as,

α =
γ

1 + exp(δ(p− θ))
, (4)

where γ represents the scale of the activity value, δ represents the
gradient around the threshold θ. Note that the activity is subject to
be reduced to 0 regardless of Eq. (4). Let Vk be the number of
virtual node requests with attribute k, the activity α is reset to be 0
when the number of candidates |xk∗| (s.t. xk∗ > 0) is less than Vk.
This is necessary because the system state found by Yuragi does not
have a sufficient number of candidate nodes. Also, when the avail-
able capacity of the physical resource is not enough to embed the
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found system state, α is forced to be 0.
In our method, the objective metric p can be directly monitored.

However, when the monitoring takes some overhead or it is difficult
to monitor p directly in some reasons, the activity should be calcu-
lated by estimated p rather than actual p. For the estimation, we
consider making use of a performance profile. The profile database
consists of the correspondences of delay and resource utilization
based on experienced history and is maintained as a table or in some
form. In this paper, we consider the end-to-end delay by applying
Yuragi principle.
3. 2. 2 Attractor Structure
The matrix W in Eq. (2) represents attractor structure. It stores

some equilibrium points of virtual node mapping, and the equilib-
rium point is called attractor. Each attractor is defined as x = (x1,
. . ., xi, . . ., xKN ) where xi ∈ {-1, 0, 1}. If physical node n is
one of the candidates for a virtual node with attribute k, xkn is set
to 1. If node n cannot allocate attribute k due to the node attribute
restriction, xkn is set to 0. Otherwise, xkn is set to −1. Let M be
the number of attractors stored in W, a set of attractors X = (x1,
x2, . . ., xM ) can be stored by,

W = X+X, (5)

where X+ is the pseudo inverse matrix of X. This way of storing
attractors uses the knowledge of Hopfield neural network of asso-
ciative memory. When the present state is in one of the attractors,
dx/dt in Eq. (2) becomes close to 0 and stay in the attractor.

4 Evaluation with Computer Simulation

This section presents evaluation results of Yuragi-based VNE
method by computer simulations.
4. 1 Simulation Environment
The substrate network consists of physical servers and links. The

number of physical servers (physical nodes) is 50. Each node has
capability of hosting virtual node with one of the node attributes. In
this environment, each node has three kinds of resource capacities
for required virtual machines; CPU, memory and storage capacities
of each node are determined uniformly within [50, 100]. For each
pair of physical nodes, a physical link is prepared with a probability
of 0.5. As a result, we obtain the physical topology with 50 nodes
and 617 links. The capacity of physical link is determined uniformly
within [50, 100]. During the simulation, the substrate network is
fixed.
Several requests of virtual network are generated and arrived.

During the simulation, the number of VN requests is set to 20 and
the number of node attributesK is set to 4. Each VN request is gen-
erated as follows. The number of virtual machines (virtual nodes)
is determined uniformly within [2, 5]. Each virtual node belongs
to an attribute, and each virtual node requires capacities for CPU,
memory, and storage. Each of the required capacities is determined
uniformly within [1, 10]. Virtual links are non-directed, and each
pair of virtual nodes is connected with the probability of 0.5. The
number of virtual links is within [1, 10] because the number of vir-
tual nodes is 2 to 5. Each virtual link has required bandwidth, and
the required capacity is determined uniformly within [1, 25].
Every 100-time steps, all the 20 VN requests are regenerated in
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Figure 2: Environmental fluctuations with a lapse of time

Figure 3: Delay models used for the computer simulation

the same way as described above. In addition, at every 10 time
step, each VN request fluctuates with relatively small changes: we
change the requested capacities by a random integer following the
normal distribution with μ = 0 and σ2 = 1.
4. 2 Delay Profile
We use end-to-end delay as the objective metric. In an actual

environment, the experienced delay may be available by monitor-
ing of packet arrivals. However, when the monitoring takes some
overhead or it is difficult to monitor directly for some reasons, the
activity should be calculated by estimated p rather than actual p.
For the estimation, we consider making use of a performance pro-
file. In the simulation environment, however, estimated delays are
used. The estimated value is calculated with some delay models.
This paper constructs three delay models as a function of resource
utilization. Figure 3 shows the delay models. The first model is the
M/M/1-based model which is a basic model of delay in networks. It
is derived from a queueing theory model. The second model, which
we call the Linear model, is quite simple; the delay increases lin-
early in accordance with resource utilization. However, the delay
increases rapidly at the high load. The third model, which is the
Apache model, imitates response time of a web server. As shown
in Fig. 3, the model is characterized by the two-stage elevations of
delay characterize the model. In the case of web service, the ele-
vations are caused by swapping memory pages and storage disks in
accordance with virtual memory architecture.
In the following simulation, dij , which represents the delay from

virtual node i to virtual node j, is calculated as,

dij = wc · dci + wm · dmi + ws · dsi + wb · dbij , (6)

where dci , dmi and dsi are the computing delay in virtual machine
i spent by CPU, memory and storage respectively. Then dbij is the
propagation delay through virtual link from i to j, and w∗ are the
weight parameters. Each d∗i follows the delay model and calculated
by its own utilization of physical resources. Note that dbij is calcu-
lated by utilization of the bottleneck link. The bottleneck link is the
physical link that indicates the highest utilization among the path of
the virtual link.
Network managers maintain delay profiles in which correspon-
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dences between resource utilization and actual measured delay are
recorded. Referring the delay profile make it possible for them to
estimate delays in VN supposing the VN request to be embedded. In
this simulation, the profile is assumed to follow the delay functions
in Fig. 3.
4. 3 Heuristic Method for Comparison
As for the benchmark of our method, a heuristic VNE method

is also simulated in the same environments. The heuristic method
is composed of two phases; virtual node mapping based on greedy
algorithm [8] and virtual link mapping on shortest paths. The VNE
method executes the following algorithm for one VN request after
another.
(1) Execute the following processes for each virtual node v.
(1.1) Find the set S of physical nodes that accept the attribute of
v and have enough vacant of resource capacities to embed v. When
S is null, reject the VN request and finish.
(1.2) Find the physical node that indicates the highest value of H
among S, whereH is defined as Eq. (7). Then reserve the resources
of that physical node.
(2) Embed the virtual nodes according to the reservation taken in
(1).
(3) For each virtual link between virtual nodes embedded in (2),
find a path that is the minimum hop in physical topology. Embed the
virtual links onto the paths. When the shortage of link bandwidth
occurs, reject the VN request.
The greedy method aims to minimize utilization of node and link

resources. The heuristic method calculates an available resource in-
dicatorH for each physical node n defined as,

H(n) = Cn ×Mn × Sn ×
∑

l∈L(n)

Bl, (7)

and avoids embedding a virtual node onto bottleneck resources. Cn,
Mn and Sn represent the available capacity of CPU, memory and
storage on physical node n. The set L(n) represents a set of physi-
cal links attached to node n, andBl represents the available capacity
of physical link l. The computational complexity is O(n log n) for
sorting H(n), assuming the shortest path between every node pairs
is available in advance.
4. 4 Simulation Results
We first show the adaptability of Yuragi-based VNE method with

M/M/1-based delay model. The threshold of activity θ in Eq. (4)
is set to 2.0 with regarding the metric p as the maximum of dij for
every pair of virtual nodes i and j. The weight values in Eq. (6)
are set as wc = wm = ws = wb = 0.25. In the simulation, the
Yuragi-based method calculates the VN mapping at each time step
and migrates the VN until the system state converges to an attractor.
The greedy method executes VNmigration according to the demand
changes at every 10 time steps.
4. 4. 1 Adaptability of Yuragi-based Method to Request Fluctu-

ation
Figure 4 shows the maximum delay on a VN request out of the

20 requests. The activity of each VN is also shown in Fig. 5. In
the figure, the region denoted as “Failure” represents a failure of
embedding the VN caused by the shortage of physical resources or
violation of other restrictions. Note that the demands of VN requests
fluctuate with relatively small changes at every 10 time steps and the

Figure 4: Maximum delay on a VN

Figure 5: Activity on a VN

Figure 6: Average of maximum delay for 20 VNs

Figure 7: Embedding ratio of VN requests

demands fluctuate greatly at every 100 time steps. Thus, the max-
imum delays for Yuragi-based method exceed the threshold dras-
tically at every 100 time steps owing to the topological changes in
VN requests. The activities drop sharply, and then the VNmigration
starts. Within few steps, the activities get recovered and converge to
another system state. Against a small fluctuation of required capac-
ities occurred at every 10 time steps, VN migrations occurs only if
the activities decrease extremely, for instance, as shown in time step
350 in Fig. 4. Figure 6 shows the mean of maximum delay of 20
VN requests. The Yuragi-based method does not achieve as small
delay as the greedy method in general. This is because the Yuragi-
based method does not aim to minimize the delay or the resource
utilization but keep them smaller than a certain threshold. Making
the threshold smaller might achieve smaller delay, but will result in
taking longer convergence time to find an attractor.
Figure 7 shows the embedding ratio indicating how many VN re-

quests are accepted out of the 20 requests. The topological changes
occurred at every 100 time steps cause a temporal decrease in the
embedding ratio, but both of the methods keep almost 95% to 100%
acceptances excluding that.
Figure 8 shows the number of VN migrations defined as the num-

— 5 —



Figure 8: The number of VN migrations

Figure 9: Average of maximum delays for 20 VNs: Linear delay model

Figure 10: Average of maximum delays for 20 VNs: Apache delay model

ber of the VNs whose location has been changed from the previous
operation. Note that the operations are performed at every step by
the Yuragi-based method, at every 10 steps by the greedy method.
When the VN requests are regenerated at every 100 steps, almost all
VNs are migrated for the both methods. The Yuragi-based method
migrates a few VNs for a while but requires a few number of VN
migrations to the small fluctuations. The greedy method migrates 5
to 10 VNs every time for the required capacity fluctuations. This is
because that the greedy method tries to achieve the better objective
values even though the improvement in delay is marginal. Against
the small fluctuation at every 10 time steps, the number of VN mi-
grations by the Yuragi-based method is totally 95 for 500 time steps
simulation, and 171 by the greedy method. This result indicates that
the Yuragi-based method adapts to demand fluctuations with about
45% fewer VN migrations than the greedy method.
4. 4. 2 Availability of Various Models for Delay Profile
The Yuragi-based method is available for other delay profiles than

M/M/1-based model. The M/M/1-based model is constructed by a
basic queueing theory in a communication network. However, it is
likely that the delay profiles in SDI frameworks will be beyond the
conventional queueing theory owing to its unique network structure
with virtual machines and computational bottleneck on them. Thus,
other delay profiles than M/M/1-based model are also considered
here. Figure 9 shows the mean of maximum delays for the Lin-
ear model, and Fig.10 for the Apache model. For the both models,
the Yuragi-based method shows trends similar to the behavior for
M/M/1-based model. Thus, the Yuragi-based method can be ap-
plied without grasping bottom causes of the delay as long as the
record of experienced delays is available.

5 Conclusion

This paper presented a VNE method based on Yuragi principle
in SDI frameworks. A system driven by Yuragi principle achieves
adaptability to environmental changes, and the dynamics is de-
scribed as the attractor selection model. In attractor selection model,
the system behavior is governed by an activity and a small pertur-
bation. When activity is high, the control state of the system is in a
good condition and stay in that state. When activity gets low or the
condition gets uncomfortable by environmental changes, the system
looks for another stable state. The Yuragi-based VNE method de-
cides the mapping of virtual nodes by means of attractor selection,
where the network mapping is regarded as the system state and the
activity is defined as a certain performance objective. In the evalu-
ation, we consider the end-to-end delay as the activity. Simulation
results show that the method satisfies smaller delay and adapt to
the request fluctuations by rearranging the VN mapping for dras-
tic changes in environments. The Yuragi-based method decreases
VN migrations by about 45% than a heuristic method to adapt the
fluctuations in required resource capacities.
In the future work, evaluation for other situations or other activity

definition should be done to confirm the effectiveness of the method.
We will also investigate a method of constructing the attractor struc-
ture to improve the convergence time or some performances.

Acknowledgements

This research was supported in part by a Grant-in-Aid for Scien-
tific Research (A) (No. 15H01682) from the Japan Society for the
Promotion of Science (JSPS) in Japan.

References
[1] A. Hakiri, A. Gokhale, P. Berthou, D. C. Schmidt, and T. Gayraud,

“Software-defined networking: Challenges and research opportu-
nities for future Internet,” Computer Networks, vol. 75, Part A,
pp. 453–471, Dec. 2014.

[2] S. Sezer, S. Scott-Hayward, P. Chouhan, B. Fraser, D. Lake,
J. Finnegan, N. Viljoen, M. Miller, and N. Rao, “Are we ready for
SDN? Implementation challenges for software-defined networks,”
IEEE Communications Magazine, vol. 51, pp. 36–43, July 2013.

[3] N. Chowdhury, M. Rahman, and R. Boutaba, “Virtual network em-
bedding with coordinated node and link mapping,” in Proceedings of
IEEE INFOCOM, pp. 783–791, Apr. 2009.

[4] R. Guerzoni, R. Trivisonno, I. Vaishnavi, Z. Despotovic, A. Hecker,
S. Beker, and D. Soldani, “A novel approach to virtual networks em-
bedding for SDN management and orchestration,” in Proceedings of
IEEE NOMS, pp. 1–7, May 2014.

[5] X. Chen, C. Li, and Y. Jiang, “Optimization model and algorithm
for energy efficient virtual node embedding,” IEEE Communications
Letters, vol. 19, pp. 1327–1330, Aug. 2015.

[6] I. Fajjari, N. Aitsaadi, G. Pujolle, and H. Zimmermann, “Adaptive-
VNE: A flexible resource allocation for virtual network embedding
algorithm,” in Proceedings of IEEE GLOBECOM, pp. 2640–2646,
Dec. 2012.

[7] Y. Koizumi, T. Miyamura, S. Arakawa, E. Oki, K. Shiomoto, and
M. Murata, “Adaptive virtual network topology control based on at-
tractor selection,” IEEE Journal of Lightwave Technology, vol. 28,
pp. 1720–1731, June 2010.

[8] M. Yu, Y. Yi, J. Rexford, andM. Chiang, “Rethinking virtual network
embedding: Substrate support for path splitting and migration,” ACM
SIGCOMM Computer Communication Review, vol. 38, pp. 17–29,
Mar. 2008.

— 6 —



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


