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ABSTRACT 
The next generation communication networks are going to 
be composed of virtualized node and link resources, which 
can be divided into various slices. Different virtual network 
slices can be configured with different amount of resources, 
so that each slice can be able to optimally satisfy the 
quality of service (QoS) requirements of the given category 
of Internet of things (IoT) services. Virtualized resource 
allocated to slices can be dynamically adjusted to adapt the 
network capability to varying workload. In this article, we 
present our ongoing research on autonomous mechanisms 
for the intelligent allocation and dynamic adjustment of 
resources to make the virtualized network system scalable, 
while optimally utilizing the resources. We present 
mechanisms for achieving three types of scalability: 
vertical scaling by adjusting virtualized resources allocated 
to a network function within a node, horizontal scaling by 
adjusting the number of virtualized network nodes and 
servers, and internetwork scaling by the arbitration of 
limited resources among many network slices. The 
preliminary performance evaluation results are also 
discussed. 
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1. Introduction 
 
The International Telecommunication Union (ITU) has 
started to study and standardize various technologies for the 
next generation of mobile communication networks, which 
are commonly known as the Fifth Generation (or 5G) 
networks or the International Mobile Telecommunications 
for 2020 (IMT-2020). ITU Radiocommunication Sector 
(ITU-R) has already finalized its vision on the framework, 
usage scenarios, capabilities, and timeline towards the 
IMT-2020 development and deployment in 
Recommendation ITU-R M.2083 [1]. In parallel, ITU 
Telecommunication Standardization Sector (ITU-T) has 
been standardizing the non-radio aspects of IMT-2020 in 
several Study Groups (SG), such as SG11, SG13, SG15 
and SG20 [2].  
 
The IMT-2020 will be able to satisfy the requirements of 
various services in the fully connected smart society. Three 
usage scenarios of IMT-2020 have been identified in ITU-
R M.2083: enhanced mobile broadband (eMBB), massive 
machine type communication (mMTC) and ultra-reliable 
and low latency communication (URLLC). For example, 
3D video or augmented reality applications belong to 
eMBB services, smart city applications that gather data 
from a huge number of densely populated sensors/devices 

belong to mMTC, and mission critical applications such as 
automated driving belong to URLLC. Various applications 
that utilize the connection capabilities of things such as 
efficient energy distribution smart grid system, building 
heating, ventilation and air conditioning (HVAC) system, 
smart farming, remote healthcare, vehicle-to-vehicle, and 
vehicle-to-infrastructure communications are generally 
viewed as IoT services [1]. Since the quality of service 
(QoS) requirements of IoT services are diverse, these 
services cannot be optimally provided simultaneously 
through a single homogeneous network. For instance, it is 
not a wise decision to connect high definition video 
cameras and autonomous car’s control systems to the same 
network because any congestion caused by the video 
transmission may result in a deadly car accident. Therefore, 
different IoT services will be served through isolated 
virtual network slices configured with enough amounts of 
virtualized network resources necessary for optimally 
satisfying their QoS requirements.  
   
Network function virtualization (NFV) and software-
defined networking (SDN) tools enable the dynamically 
creation of many isolated virtual network slices over the 
same physical network and computing infrastructure. NFV 
allows us to virtualize off-the-shelf hardware and use them 
for the construction of dynamically adjustable, elastic, and 
reliable network slices. Similarly, SDN allows us to 
separate control and data planes, and use a centralized 
controller to setup, operate, monitor, reconfigure 
programmable elastic network slices of virtualized 
resources. The combination of NFV and SDN thus offers 
flexibility and agility in network control and management, 
reduces capital expenditure (CAPEX) and operational 
expenditure (OPEX), and promotes innovations in network 
technologies and rapid deployment of new services [3].  
 
NFV, SDN and network softwarization have already been 
considered as the enabling technologies for the 
development of IMT-2020 networks [1]. They collectively 
provide a platform for on-demand creation and control of 
virtual network slices. However, there are still no mature 
technologies for the intelligent allocation and dynamic 
adjustment of virtualized resources to satisfy diverse QoS 
requirements of services in time-varying network 
conditions and workload, while optimally utilizing the 
available resources. Therefore, in this article we present our 
ongoing research on autonomous mechanisms for on-
demand allocation and dynamic adjustment of resources to 
adapt a network slice to time-varying workload and 
conditions. The major contribution of this work is the 
design and evaluation of mechanisms for the dynamic 



allocation and adjustment of network and computing 
resources of a virtual network slice so that it always 
satisfies the QoS requirements of IoT services that it offers. 
We also present an arbitration mechanism for appropriately 
dividing limited resources among many network slices. 
More specifically, we describe the mechanisms for vertical 
scaling (i.e., adjustment of resources within a single node) 
for executing a directory service as a network function in a 
scalable manner, horizontal scaling (i.e., adjustment of the 
number of nodes of a network slice), and internetwork 
scaling (i.e., adjustment of resources among many network 
slices configured within a single physical node or across 
many physical nodes).  
 
This article 1  is organized as follows. The next section 
provides an overview of virtual networking environment 
and stakeholders. Autonomous resource allocation, 
adjustment, and arbitration mechanisms for achieving 
vertical, horizontal, and internetwork scaling of network 
slices are then described in the following three sections. 
The performance evaluation results are summarized before 
concluding this article in the last section. 
 
2. Virtual Network Slices 
Figure 1 illustrates the structure of virtualized networking 
environment and involved three stakeholders: infrastructure 
provider, virtual network operator (VNO), and application 
service provider [4]. The virtualized resources have 
inherent capabilities that their amount can be adjusted 
dynamically. Unlike the conventional networks in which 

                                                           
1 It was partly presented at the ITU Kaleidoscope Academic Conference , 
November 2017,  Nanjing, China. 

network nodes (e.g. routers) contains only limited resources 
to perform predefined packet forwarding functions while 
the end hosts and servers contain plenty of computation and 
storage resources, virtualized network slices can have 
plenty of computation and storage resources in the network 
nodes too. These virtualized network nodes can also 
contain functions such as directory service, caching, 
transcoding, traffic engineering and in-network data 
processing. These nodes can be added dynamically as 
determined by the horizontal scaling function or their 
resource resources can be increased as determined by the 
vertical scaling function. 
 
Infrastructure providers own physical substrate networks 
consisting of the edge network, core network and data 
centers, and possessing a huge amount of networking (i.e., 
link bandwidths and buffer size) and computing (i.e., CPU, 
memory and storage) resources. Edge networks are 
composed of equipment collecting, processing, and 
transmitting data to/from various terminals such as PCs, 
mobile/smart phones, vehicles, robots, sensors, and other 
IoT devices. The substrate network is equipped with NFV 
and SDN capabilities so that it can be sliced and allocated 
to virtual network operators.  
 
An IoT application service provider is the entity that offers 
application services (e.g., automated driving and smart 
metering) to customers by using virtual networks operated 
and managed by a VNO. For this purpose, it provides the 
service requirements (e.g., number and types of devices to 
be connected, application type, and reliability) to the VNO.  
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Figure 1. Virtualized networking environment and stakeholders. 



The VNO analyses the application service requirements and 
determines about the supporting network capabilities, 
functions and protocols. It specifies application (QoS) 
requirements in terms of network performance metrics such 
as network latency, packet loss rate, and bandwidth. These 
requirements are translated into a virtual topology including 
computational resources (e.g., CPU, memory, and storage 
size) as well as network resources (e.g., link bandwidth and 
network node buffer size). Virtual network operators 
determine the detailed mapping between the performance 
metrics and virtual topology including resources in 
accordance with their virtual network construction policy. 
The VNO then sends a network resource request containing 
the logical topology and performance metrics to the 
infrastructure provider to lease the required amount of 
virtualized resources.  
 
Infrastructure provider performs mapping of the logical 
network topology onto the virtualized resources of 
substrate networks. This mapping process is also referred to 
as virtual network embedding. Infrastructure provider 
allocates the requested amount of virtualized resources and 
provides the corresponding resource control and 
management interfaces to VNO.   
 
VNO installs necessary network functions, protocols, 
customer registry and software platform on the leased 
virtualized resources. It then deploys the virtual network 
for the application service and regularly monitors the 
performance to check if currently allocated resources are in 
appropriate amounts to execute the necessary network 
functions to process the given workload. If it determines 
that resources need to be adjusted, it sends resource 
adjustment requests containing the amounts of required 
resources to infrastructure provider. Alternatively, 
infrastructure provider may regularly monitor the utilization 
of virtualized resources and adjusts the resource amount 
according to the service level agreement made with VNOs. 
To monitor and adjust resources, infrastructure provider 
uses network and node virtualization tools such as 
OpenFlow and Openstack.  
  
Thanks to the technologies of virtualization and dynamic 
resources adjustment, each type of IoT service can be 
deployed in a distinct network slice configured with the 
appropriate amount of resources leased from the substrate 
networks of one or several infrastructure providers. For 
example, autonomous cars, social networking services 
(SNS) and sensors/actuators of environment and weather 
monitoring services in Fig. 1 are connected to three 
different network slices. These slices are configured, 
monitored, controlled independently either by the same or 
different virtual network operators. 
 
IoT application service providers and virtual network 
operators rely on each other for promoting their business. 
IoT application service providers rely on virtual networks 
for accelerating deployment of IoT services, connecting 

and managing heterogeneous IoT elements in a scalable, 
flexible, and secure manner, and easy setup of required 
functions (e.g., gateways, data analytics, and servers). 
Similarly, virtual network operators rely on IoT application 
services for selling their network slices to new customers 
who use the slices for innovative applications and services. 
 
Since most steps involved in construction of a 
telecommunication network currently require manual 
operations, it takes about two weeks in most cases to 
complete the construction and start serving customers [5]. 
Similar amount of time would be required to construct a 
network slice if the operations are carried out manually. 
Therefore, automation technologies for the construction, 
operation, monitoring, and control are essential to shorten 
the time for on-demand construction of a network slice and 
enable faster roll out of new IoT services. Automation 
technologies would also help in dealing with the shortage 
of skilled manpower or avoiding human errors in the 
tedious manual operations. Table 1 shows the functions of 
automation technologies, which are resource abstraction, 
allocation, arbitration, adjustment, and adaptation. These 
functions enable network slices to adapt to dynamic 
network environments (i.e., changing workload, customer 
base, and link quality). In the following sections, we 
describe three mechanisms for horizontal scaling, vertical 
scaling and internetwork scaling of network slices by 
autonomic adjustment and arbitration of resources.  
 
Although these resource adjustment functions operate 
independently in the current work, we merge them together 
to operate sequentially in future extended work. Namely, if 
the system is unable to meet the resource demand from the 
resources available within a single node by the vertical 
scaling function, it executes the horizontal scaling function 
to add more nodes. In case the horizontal scaling function 
is also unable to fulfill the resource demand, internetwork 
scaling function is executed to adjust resources among 
slices. 
 

Functions Description 

Abstraction Representing heterogeneous and 
distributed virtualized resources in 
simple formats and exposing them 
through simple interfaces. 

Allocation Selection, reservation and assignment of 
resources. 

Arbitration Deciding about appropriate allocation of 
limited resources among contending 
slices. 

Adjustment Addition, removal, increase, decrease, or 
migration of resources. 

Adaptation Adjusting network resources to cope 
with time-varying workloads and 
network conditions. 

Table 1.  Functional components of automation technology. 



3. Vertical Scaling of Directory Service 
In this section, we describe an autonomous mechanism for 
the dynamic allocation and adjustment of virtualized 
network resources to the network function of directory 
service from the virtualized resources of a single substrate 
node. Differently from the Domain Name System (DNS), 
we have been investigating a new type of IoT directory 
service to store the profile information of IoT devices as 
records. It would be capable to store a huge number of 
records containing various attributes and perform fast 
lookup and update to meet the very short communication 
latency requirements of IoT applications like autonomous 
driving. To reduce the communication latency between the 
IoT application clients that send lookup queries for records 
to the IoT directory service that stores the records, the 
records are copied from the authorized directory server to 
cache replica servers located closer to IoT application 
clients. The cache replica servers are created on-demand on 
virtualized resources obtained from infrastructure providers. 
The basic architecture and lookup and update latency 
measurements were presented in [13]. We have extended 
the directory service with this mechanism of dynamic 
allocation and adjustment of resources to maintain the 
latency performance at the desired levels despite fluctuation 
in workload while keeping the resource utilization at a high 
level as much as possible. 
 
The cache replica server is the controlled system, which 
contains two functional units: resource monitor and 
resource allocation/adjustment. The resource monitor unit 
measures workload, resource utilization and performance 
metrics continuously and provides the measurement data to 
the controller. Similarly, the resource allocation/ adjustment 
unit executes the functions to adjust the amount of assigned 
resources according to the resource adjustment requests 
received from the controller.  
 
3.1 Adaptive resources adjustment algorithm 
The analyzer in the controller takes the monitoring data and 
performance requirements as input to a multivariable 
threshold-based adaptive resource adjustment algorithm, 
which adjusts the values of low and high resource 
utilization thresholds dynamically. The algorithm produces 
the output of the new value of resources to be allocated. 
The algorithm is light-weight and can run fast enough to 
make it possible to adjust resources in almost realtime. The 
algorithm design is based on the logic derived from the 
latency performance versus resource utilization graph 
shown in Fig. 2, which can be plotted by using the 
performance and resource utilization data obtained from the 
controlled system. There are three regions of utilization: 
low, desirable and high. When the resource utilization is 
low, the lookup latency is minimum, i.e. less than Lmin. In 
the desirable utilization range, although the lookup latency 
gradually increases with utilization, it remains within the 
maximum tolerable limit of Lmax. In the high utilization 
region, the latency increases very fast and becomes higher 
than the maximum tolerable limit. Since we do not want the 

system to run below the low utilization threshold for 
optimally utilizing the resources, we reduce the amount of 
allocated resource until the system’s resource utilization 
increases above the low utilization threshold (i.e., Ul). 
Similarly, we find the high utilization threshold up to which 
the system performance is within the desired range (i.e., the 
lookup latency is less than the maximum tolerable value). 
We run the system below the highest utilization threshold 
by adjusting the amount of allocated resources. The value 
of maximum tolerable latency is a given constant parameter, 
while the values of minimum achievable latency and low 
and high utilization thresholds are dynamically adjusted by 
the algorithm (hence the algorithm is adaptive). 
 
4. Horizontal Scaling by Resource Adjustment  
In this section, we describe an autonomic resource 
adjustment mechanism for horizontal scaling of a 
controlled virtual network system, which is adapted to 
time-varying workload by dynamically adjusting the 
minimum number of network nodes and servers. The 
proposed mechanism is based on the autonomic resource 
control architecture (ARCA) [6]. While prior works 
estimate resource demands using monitoring data related to 
the resources themselves only [4][5][7][8][9], ARCA uses 
additional information obtained from external detectors that 
observe unusual events (such as heavy rainfall, earthquakes, 
festivals and mass gatherings) in the environment of the 
controlled network system.  
 
It is worth to mention that the problem targeted by [14] and 
[15] in relation to resource elasticity is related with the 
problem we target in this work. More specifically, our 
solution can benefit from the integration of the method 
proposed in [14], so that the amount of assigned resources 
is further optimized. However, our methods are targeting 
different network scenarios where realtime (i.e., very low 
latency) adaptations are required. Similarly, the method 
proposed in [15] is different because it does not cover the 
target network scenarios considered in our solution as it 
focuses on the data center side only. 
 
We have designed ARCA to incorporate two-fold control 
mechanisms. First, it processes the events, both internal 
(i.e., obtained from the controlled system) and external (i.e., 
obtained from physical or other kind of event detectors) by 
using a machine-learning method. This procedure estimates 
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Figure 2.  Performance versus resource utilization. 



the anticipated amount of resources (i.e., server instances 
and network links) to allocate to the controlled system. 
Meanwhile, ARCA also runs a threshold-based control 
algorithm in parallel to analyze the load measurements 
obtained from the controlled system itself and checks if 
resources must be added to or can be removed from the 
system. In that case, it will enforce such action and update 
the learning model. 
 
In the following subsections we describe the ARCA 
framework and mechanism for the anticipation of minimum 
amount of required resources.  
 
4.1 ARCA framework 
Figure 3 depicts the ARCA components and workflows. 
ARCA controller system includes four main elements and 
activities defined by autonomic computing paradigm [7]: 
collector, analyzer, decider, and enforcer. The collector is 
responsible for gathering and formatting heterogeneous 
monitoring data from the controlled system and external 
detectors. The analyzer correlates different monitoring data 
for finding the load situation of the controlled system and 
the occurrence of an incidence that can affect the normal 
operation of the system such as an earthquake increasing 
the rate of service requests coming to the emergency 
support system. The decider determines necessary actions 
to be taken to adjust resources in appropriate amount so 
that it can bear the current and near future workload. The 
enforcer is responsible for requesting the underlying 
infrastructure to adapt the network according to the decided 
actions. 
 
4.2 Anticipation of minimum resource 

 There are two types of decision algorithms being used in 
the decider of ARCA controller: threshold-rule based and 
machine-learning based. The threshold-rule based control 
algorithm [8] is simple and effective, but it cannot perform 
optimum and timely allocation of resources because it has a 
noticeable adaptation delay that prevents the controlled 
system to precisely meet operational requirements. The 
machine learning based techniques for resource adaptation 
proposed previously [9] require a long time to find the 
requirements as they must run a full learning process after 
changes in the controlled system topology. To overcome 
these limitations, we propose a mechanism to proactively 
anticipate the minimum amount of resources required by 
the controlled system.  
 
The collector obtains performance measurements from the 
controlled system and the event notifications reported by 
external event detectors, which can be physical (e.g., 
environment sensors) or virtual (e.g., Big Data analyzers). 
It applies the required filters to omit irrelevant data and 
reduce the notification frequency, thus ensuring scalability. 
It then sends the resulting events to the analyzer. The 
analyzer correlates and aggregates the events to identify the 
current or near future status of the system (e.g., overloaded 
or underloaded) and communicates it to the decider. The 
decider uses an algorithm based on the Support Vector 
Regression (SVR) method [10] in order to anticipate, as 
much as possible, the required amount of resources for 
every specific status, and correcting it by using a threshold-
based control mechanism that checks the actual 
requirements of the system and correlate it to the 
anticipated amount of resources. Finally, the enforcer 
requests the underlying infrastructure controller to 
instantiate or destroy the requested number of server 
instances. 

Controlled system

Detector

Analyzer Decider

Enforcer

Controller system

Administrator 
(human)

Analysis statements Decision statements

(Actions)

External 
detectors

(Monitoring data)

 

Figure 3. ARCA components and workflow. 



  
To ensure that the emergency support system works as 
expected regardless of the quality of the learning, 
regression, and in general the anticipation process, the 
decider estimates the minimum amount of required 
resources. This amount of resources is needed to avoid 
service disruption of the emergency support system even 
when the service requests arrival rate increases suddenly. 
This amount will be then checked by a simple threshold-
rule based algorithm to ensure that the controlled system is 
running within the operational conditions established by its 
administrator. Otherwise, resources are increased or 
decreased to fit within the specified low/high thresholds 
and the learned information is corrected by updating the 
correlation between the external events and the required 
amount of resources. This approach makes our proposal a 
self-learning solution, which can quickly adapt to totally 
new situations without requiring an additional learning 
phase. We refer the reader to [6] for further detail about the 
autonomic resource adaption by ARCA. 

 
5. Internetwork Scaling by Resource Arbitration  
In this section, we first describe the arbitration of resources 
among multiple network slices that are constructed by 
sharing the virtualized resources of the substrate network. 
We then explain the network adaptation by dynamically 
migrating network functions from one node to another 
when enough resources are not available in the former node. 
The proposed autonomic resource arbitration mechanism is 
applicable to any type of node and link resources. For 
simplicity, below we mainly focus on CPU resource 
arbitration among virtual network slices. Each slice 
contains a chain of virtual network functions, which is also 
known as service function chaining. Authentication, 
authorization, and accounting (AAA), firewall, deep packet 
inspection (DPI), network address translation (NAT), 
content caches, and multimedia transcoding are some 
network function examples.  
 

The time-varying network workload (e.g., fluctuating 
number of users, or traffic) requires the network operator to 
dynamically adjust the amount of CPU resource allocated 
to a network function to timely process the workload. It is 
also desirable to perform such resource adjustments without 
changing communication paths on the substrate network 
because the reconfiguration of physical switches takes a 
long time, which is usually in the order of minutes [12], and 
may interrupt the service. It also requires troublesome 
reconfiguration of virtual network topology.  
 
5.1 Resources arbitration among network slices 
The resource arbitration process (RAP) is executed in a 
substrate node to increase the virtualized CPU resource of a 
slice that experiences high CPU utilization by reducing the 
same amount of CPU resource allocated to other slices that 
are experiencing low CPU utilization. Here, the high 
resource utilization means the situation that the utilization 
is high, and thus, can be anticipated to be 100% soon. Low 
resource utilization means the situation that the utilization 
is low, and thus, part of this resource can be transferred to 
other slices. We can set and flexibly change the utilization 
thresholds to judge the status of current resource utilization 
as high or low. Next we describe the procedure of resource 
arbitration among network slices. 
 
We assume the scenario shown in Fig. 4, where four 
network slices are constructed by using VMs configured in 
four substrate nodes. Each slice may provide one of the 
three levels of QoS: high, moderate, and low. Each slice 
contains a chain of service functions (e.g., slice 1, which is 
constructed by virtualized resources of node 1, 2, and 3, may 
have firewall, DPI and NAT functions). The tables in the 
figure show the slice numbers and CPU resource matrix, 
where the amount of CPU resource (in terms of time 
duration or cycles) allocated to slice x in node y is denoted 
by axy. 
 

Slice 
#

Amount of 
CPU

1 a11

2 a21

3 a31

4 a41

Slice 
#

Amount 
of CPU

1 a12

2 a22
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4 a42

Slice 
#

Amount 
of CPU

1 a14

2 a24

3 a34 = 0

4 a44 = 0

Slice 
#

Amount 
of CPU

1 a13 = 0

2 a23 = 0

3 a33

4 a43

Slice

Node 1

Node 2
Node 4

Node 3

#1
#2
#3
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Figure 4. Network slices and allocated CPU resources. 



Figure 5(a) shows an example of RAP executed in node 1 
when slice 1 is experiencing high resource utilization. As a 
result, CPU resource of slice 1 gets increased by α and that 
of slice 4 (which has the low utilization) is reduced by the 
same amount. Similarly, in node 2, the CPU resource 
allocated to slice 2 gets increased by β and that of slice 3 is 
reduced by the same amount. In case the resource 
adjustment between two slices cannot solve the problem of 
high CPU utilization of one of these slices, RAP is executed 
repeatedly to generate more CPU resources by decreasing 
amount of CPU resources allocated to other slices that have 
low utilization. To implement the RAP, we can utilize 
platform control tools such as Docker stats and Linux top 
commands to gather the performance data and Docker 
update for adjusting the amounts of CPU, memory and 
storage assigned to a container, which is used as a 
virtualized network slice node. 
 
5.2 Network adaptation by function migration 
Network adaptation by function migration (NAM) is 
performed when a network slice still experiences CPU 
saturation after RAP. NAM migrates a network function 
and associated data from the originally hosting node to a 
new node having enough resources that lies in the same 
data plane so that it is not necessary to reconfigure the 
network. For example, if slice 1 is experiencing CPU 
saturation in node 1 in Fig. 5(b), its network function (e.g., 
firewall) hosted in node 1 is migrated to node 2 on a new 
VM configured with enough resources. In this way, after 
NAM execution, no resource of node 1 is used by any 
function of slice 1 as its two network functions use 
resources of node 2 only.  
 
We use the following procedure to execute NAM. Firstly, a 
virtual machine or container is setup with necessary 

resources in the destination node of the function migration. 
Then, the network function is activated by issuing a 
function offloading command from the resource controller. 
Secondly, in the source node of migration, the network 
function is shut off by another command issued from the 
resource controller. Then, the resources used by the source 
virtual machine or container are released. 
 
5.3 Differentiated resource arbitration policy 
In RAP, the amount of CPU resource adjustment depends 
on the QoS requirement level of the service offered in the 
slice. Let us denote the amount of allocated and used CPU 
resources in node y for slice x at time t as axy(t) and uxy(t), 
respectively. The status of resource utilization can be 
denoted as below: 
 Saturation: uxy(t) = axy(t) 
 Ideal: (uxy(t) + m(q)) = axy(t) 
 High: (uxy(t) + m(q)) > axy(t) and uxy(t) < axy(t) 
 Low:  (uxy(t) + m(q)) < axy(t) 

 
Here m(q) is the margin value for QoS level q, which is 
assumed to be same for all nodes of a slice. It is the value 
by which the ideal amount of allocated CPU resource 
would exceed the currently used amount in such a way that 
the given level of QoS is comfortably met all the time. CPU 
resource is adjusted when the slice starts experiencing high 
or low resource utilization as the following logic: In case of 
high utilization, add the resource by uxy(t) – axy(t) + m(q). In 
case of low utilization, remove the resource by axy(t) – uxy(t) 
– m(q). We have used the differentiated resource 
adjustment logic to differentiate QoS levels. Namely, m(q) 
is set to a higher value for a slice requiring higher QoS 
level so that the slice has very low probability of 
experiencing CPU saturation even in time-varying traffic 
conditions. 

        

Node 1

Node 2

Node 3

Node 4

Slice # Amount of CPU

1 a'11 a11 + a

2 a21

3 a31

4 a'41  a41 – a

Slice # Amount of CPU

1 a12

2 a'22 a22 + ß

3 a'32 a32 – ß

4 a42
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4 a42

 0
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(a) Resource adjustment within nodes by RAP                                             (b) Function migration across nodes by NAM 

Figure 5. Resource adjustment among slices by arbitration. 



 
Next we describe the procedure for finding candidate slices 
whose resources can be reduced to generate extra resources 
that can be transferred to a slice experiencing high resource 
utilization. The simplest approach can be random selection 
of candidate slices. However, random selection may 
uncontrollably increase the number of resource adjustment 
iterations because it may extract CPU resources of multiple 
network slices having only small amounts of transferable 
resources. To avoid this situation, we have proposed a 
deterministic selection approach, which preferentially 
decreases CPU resources of the slices that have the highest 
amount of transferable resources. It starts from slices 
offering lowest QoS levels first and gradually move to the 
moderate and high QoS level slices in case enough 
transferable resources are not generated from resource 
adjustment of the slices with lower QoS. In case RAP 
cannot generate enough transferable resources by adjusting 
resources of all candidate slices of the node, NAM searches 
for adjustable resources in other nodes. After generating 
enough resources and configuring a new VM, NAM 
transfers the network function from the old node to the new 
node. 

 
6. Performance Evaluation  
This section summarizes the performance evaluation results 
of horizontal scaling, vertical scaling and internetwork 
scaling in different experimental setups.  
 
6.1 Vertical scaling – Directory service performance 
evaluation 
We implemented adaptive resource adjustment mechanism 
in Linux Ubuntu (v. 16.04.1) using Docker containers as 
the resource virtualization platform and MongoDB 
(v.3.2.10) as NoSQL database management system, which 
allows us to flexibility store IoT records containing various 
types and numbers of attributes without requiring to define 
complex structures and schemas in advance. The resource 
controller (specification: CPU 48 core 2.2GHz, memory 
64GB, Disk 1.1TB, NIC 10GbE), cache replica server 
(specification similar to the controller), and IoT application 
client (specification: CPU 4 core 2.66GHz, memory 8GB, 
Disk 240GB, NIC 1GbE) are installed in three different 
PCs. These PCs are connected through a 10-Gigabit switch, 
configuring two network segments: one for connecting the 
IoT application client that sends lookup queries and cache 
replica server, and the other for connecting the resource 
controller and cache replica server. For the method of the 
measurement of the average lookup latency and average 
resource utilization of an interval by using Docker stats, 
Linux top and other newly implemented tools, we refer the 
reader to [13]. In this paper, we present the results of only 
CPU resource utilization and adjustment, while keeping 
memory, storage and bandwidth uncontrolled. Below we 
present the output results to depict the effectiveness of the 
mechanism to dynamically adjust CPU resource (using 
Docker update command) to keep the lookup latency 
within the desired value of 10ms. This value was set on the 

basis of the latency requirements of autonomous car 
applications [13]. 
 
We set the initial CPU allocation as 25% of one core. The 
workload of 100 query per second (QPS) was given from 
the beginning to just before 50 seconds; it was then 
increased by 100 QPS in every 10 seconds. After 90 
seconds no queries were generated (i.e., workload of zero). 
Figure 6 depicts the average lookup latency with the 
dynamic adjustment of CPU allocation. Fig. 6(a) shows that 
the lookup latency remained within the desirable range of 
below 10 ms despite increasing workload. This is because 
of the dynamic adjustment of the CPU allocation as the 
workload increased. Figure 6(b) show the value of 
dynamically adjusted CPU resource in term of the 
percentage cycles of one core and the utilization (i.e., 
percentage of assigned resource consumed for processing 
the workload). With the 25% of CPU allocation, the system 
could process 100 QPS keeping CPU utilization between 
30 to 70%. On increasing workload by 100 QPS just before 
50 seconds, CPU utilization increased to about 80% and the 
lookup latency went up to 9 ms. Consequently, CPU 
allocation was increased to 42% to process the workload of 
200 QPS and bring the latency to a lower value. At about 
57 second, as the utilization dropped to less than 30%, CPU 
allocation also got reduced to about 36%. Despite 
increasing workload by next 100 QPS in 60 and 70 seconds, 
there is no change in CPU allocation because the increase 
in utilization was lower than the maximum threshold of 
80%. At about 80 seconds, as the utilization exceeded 80% 
and lookup latency also increased to more than 9 ms, the 
CPU allocation was increased to 64%. Just before 90 
seconds, workload reduced to 0 and CPU allocation also 
returned to the lowest allocated value of 25%. Thus, the 
above results demonstrate the feasibility of dynamic 

 
(a) Lookup latency and workload 

   

 
           (b) Dynamic adjustment of CPU and utilization 

 
Figure 6. Average lookup latency and resource utilization with 

dynamic adjustment of CPU resource. 

 



adjustment of elastic resources to maintain the performance 
of the directory service as a network function. 
 
6.2 Horizontal scaling - ARCA performance evaluation 
We have evaluated ARCA by developing a simulation 
model that implemented the proposed learning algorithm 
using the SVR functions provided by SciKit-Learn 
(http://scikit-learn.org), a well-known machine learning 
library for Python. The simulation model included all 
ARCA components to consider the full control operation.  
 
To feed the model, we generated a large synthetic dataset of 
client requests following a timeline of events by exploiting 
the correlation between seismometer readings and service 
requests to the emergency support system at the time of big 
earthquakes [11]. We executed the simulation with the 
generated dataset for both the proposed method and a pure 
reactive method that got load measurements and, when 
needed, increased or decreased the amount of resources to 
ensure that the load was within the given low and high 
thresholds. We recorded the severity of events by 
processing the external detector readings by using Complex 
Event Processing (CEP) tools (e.g. deriving the strength of 
earthquake tremors or the amount of rainfall in certain 
period of time). After any emergency event occurs, service 
request rate is known to follow a Pareto distribution with a 
soft decay. Our dataset is based on this assertion. The basic 
unit of resource is “servant”, which is a VM preloaded with 
the software required by the controlled system. Our 
approach increases or decreases the amount of “servants” 
depending on their load, as provided by the underlying 
controller or the hypervisor that is hosting the VM. With 
the execution of experiments, we measured the number of 
service requests coming from users in every time slot, the 
allocated resource amount, and the number of rejected 
service requests due to the insufficient allocation of 
resources.  
 
The evaluation results showed that, with the reactive 
method, the controlled system had to reject 660 service 
requests out of 60000 (~1%). With the proposed 
anticipation method, the system had no service requests 
rejected because of the dynamic adjustment of resource 
allocation. Conversely, the total amount of allocated 
resource was 15% higher in the anticipation method than in 
the reactive method, which can be acceptable for 
emergency support systems. Without the proposed 
adaptation mechanism, such systems may unfortunately 
reject some service requests, which can be from users in 
trouble and requiring immediate help. The details of 
performance evaluation results can be found in [6]. 
 
6.3 Internetwork scaling – RAP and NAM performance 
evaluation  
We have evaluated the effectiveness of autonomic CPU 
resource arbitration and network function migration 
through a computer simulation. We have considered 10 
slices and three kinds of QoS levels: high for slices 1, 2 and 
3, moderate for slices 4, 5 and 6, and low for slices 7, 8, 9 
and 10. These slices were configured in virtualized 
resources of two substrate nodes: node 1 and 2. Total 

amount of CPU resources shared among all slices in each 
node was 1000 units.  
 
We compared the performance of three methods: static 
allocation, dynamic allocation with RAP and with 
RAP+NAM. In the static allocation, the total amount of 
substrate CPU resource was equally allocated to each slice. 
In RAP and RAP+NAM methods, we set various 
combinations of the margin values of m(q), where q ∈	 {high, 
moderate, low}. To set various values of m(q), we used the 
following two logics: (1) The gap between the margin 
values of high and moderate QoS levels was equal to the 
gap between the margin value for moderate and low QoS 
level. Namely, m(high) – m(moderate) = m(moderate) – 
m(low) = d. (2) When t = 0, the total resource of 1000 units 
was allocated to all slices in such a way that the amount of 
resource allocated to a slice in each node minus the margin 
value was the same for all slices. At t = 0, resource 
utilization of each slice was set to 50 units in each node. 
For each slice on each node, we increased or decreased 
CPU resource in each time slot by a random number in the 
range from -5 to 5.  
 
We obtained the performance of three methods by 
executing 100 trials of simulation (each trial was run for 
500 time slots) with different values of random seeds. We 
used two performance metrics: number of CPU saturation 
(i.e., CPU utilization of 100%) occurrences, and number of 
CPU adjustments (i.e., increment and decrement) of CPU 
resources of all slices in a node obtained by using Linux 
top command. The results showed that the number of CPU 
saturation occurrence in dynamic allocation with 
RAP+NAP was between 0 and 2, and with RAP only it was 
between 0 and 9, depending on the value of the margin gap, 
d (from 0 to 8). In the static allocation, it was more than 9. 
Results also showed that the number of CPU adjustments 
taking place in the proposed approach was less by at least 
20% than that in random selection of candidate slices for 
generating extra resources. The details of performance 
evaluation results can be found in [4]. 

 
7. Conclusion 
We presented our ongoing research on autonomous 
mechanisms for on-demand allocation and dynamic 
adjustment of resources to cope with varying workload and 
network conditions, and arbitration for properly sharing 
resources among various network slices. We described the 
autonomous mechanisms for the horizontal scaling of 
virtualized networks by dynamic adjustment of number of 
network nodes and servers, the vertical scaling of directory 
service as a network function by dynamic allocation and 
adjustment of virtualized resources from a single node, and 
the internetwork scaling by the arbitration of limited 
virtualized resources among many network slices. To show 
the effectiveness of the proposed mechanisms, we also 
presented the preliminary performance evaluation results. 
In future work, we will execute more experiments by 
performing dynamic adjustment of not only CPU resource 



but also the memory, storage, and bandwidth. We will 
study various approaches to avoid potential race conditions, 
such as by decreasing only one type of resource in a round 
and observing the performance in the next round before 
adjusting the other resources.  
 
The research outcome will be submitted for the 
consideration in standards development organizations such 
as ITU. The research outcome will be submitted for the 
consideration in standards development organizations such 
as ITU. ITU-T SG13 has been developing standards for 
IMT-2020/5G network slicing. It has produced some 
documents on virtualized network slice management and 
orchestration, but most of them specify only requirements 
(e.g., ITU-T Y.3110) and frameworks (e.g., ITU-T Y.3111). 
The resource adjustment mechanisms presented in this 
paper properly fit into the framework components such as 
slice capacity planning and optimization, provisioning, 
slice resource monitoring and analytics, slice resource 
repository, and inter-slice orchestration. 
 
References 

[1] Recommendation ITU-R M.2083-0 (2015), “IMT 
Vision – Framework and Overall Objectives of the 
Future Development of IMT for 2020 and Beyond,” 
Sept. 2015. 

[2] ITU Telecommunications Standardization Sector; 
http://itu.int/itu-t. 

[3] ETSI, “Network Functions Virtualisation – White Paper 
#3,” Oct. 2014. 

[4] T. Miyazawa, M. Jibiki, V.P. Kafle, and H. Harai, 
“Autonomic Resource Arbitration and Service-
continuable Network Function Migration along Service 
Function Chains,” IEEE/IFIP Network Operations and 
Management Symposium (NOMS2018), Taipei, Taiwan, 
Apr. 2018. 

[5] K. Katsuura, M. Miyauchi, T. Numazaki, Y. 
Kurogouchi, Y. Satoh, and T. Koseki, “IaaS Automated 
Operations Management Solutions That Improve Virtual 
Environment Efficiency,” NEC Technical Journal, vol.8, 
no.2, Apr. 2014, pp. 29-32. 

[6] P. Martinez-Julia, V.P. Kafle, and H. Harai, 
“Anticipating Minimum Resource Needed to Avoid 
Service Disruption of Emergency Support Systems,” 
Conference on Innovation in Clouds, Internet and 
Networks (ICIN2018), Paris, France, Feb. 2018. 

[7] J.O. Kephart and D.M. Chess, “The Vision of 
Autonomic Computing,” IEEE Computer, vol. 36, no. 1, 
2003, pp. 41–50. 

[8] T. Lorido-Boltran, J. Miguel-Alonso, and J. A. Lozano, 
“A Review of Auto-scaling Techniques for Elastic 
Applications in Cloud Environments,” Journal of Grid 
Computing, vol. 12, no. 4, 2014,  pp. 559–592. 

[9] T. Miyazawa and H. Harai, “Supervised Learning Based 
Automatic Adaptation of Virtualized Resource Selection 
Policy,” IEEE Networks 2016, Montreal, QC, Canada, 
Sept. 2016. 

[10] U. Thissen, R. van Brakel, A.P. de Weijer, W.J. 
Melssen, and L.M.C. Buydens, “Using Support Vector 
Machines for Time Series Prediction,” Chemometrics 
and Intelligent Laboratory Systems, vol. 69, no. 1–2, 
2003, pp.35–49. 

[11] T. Sakaki, M. Okazaki, and Y. Matsuo, “Earthquake 
Shakes Twitter Users: Real-time Event Detection by 
Social Sensors,” ACM International Conf. on World 
Wide Web (WWW’10), Raleigh, North Carolina, USA, 
Apr. 2010, pp. 851–860. 

[12] “Cisco ONS 15454 DWDM Network Configuration 
Guide, Release 10.x.x”, Chapter: Node Reference, Jan. 
2018. 

[13] V.P. Kafle, Y. Fukushima, P. Martinez-Julia, and H. 
Harai, “Scalable Directory Service for IoT 
Applications,” IEEE Commun. Standards Mag., vol. 1, 
no. 3, Sept. 2017, pp. 58-65. 

[14] A. Beloglazov and R. Buyya, “Managing Overloaded 
Hosts for Dynamic Consolidation of Virtual Machines 
in Cloud Data Centers under Quality of Service 
Constraints,” IEEE Transactions on Parallel and 
Distributed Systems, vol. 24, no. 7, July 2013, pp. 1366-
1379. 

[15] Z. Xiao, W. Song, and Q. Chen, “Dynamic Resource 
Allocation Using Virtual Machines for Cloud 
Computing Environment,” IEEE Transactions on 
Parallel and Distributed Systems, vol. 24, no. 6, June 
2013, pp. 1107-1117. 
 
 

VED P. KAFLE [SM] (kafle@nict.go.jp) received a B.E. in 
Electronics and Electrical Communications from Punjab 
Engineering College (now PEC University of 
Technology), India, an M.S. in Computer Science and 
Engineering from Seoul National University, South 
Korea, and a Ph.D. in Informatics from the Graduate 
University for Advanced Studies, Japan. He is currently 
a senior researcher at National Institute of Information 
and Communications Technology (NICT), Tokyo, and 
concurrently holding a visiting associate professor’s 
position at the University of Electro-Communications, 
Tokyo. He has been serving as a Co-rapporteur of ITU-
T Study Group 13 since 2014. His research interests 
include new network architectures, naming and 
addressing, machine-to-machine communication, 
Internet of things (IoT), and privacy, security 
management in networks. He received the ITU 
Association of Japan’s Encouragement Award and 
Accomplishment Award in 2009 and 2017, respectively, 
and two Best Paper Awards (second prize) at the ITU 
Kaleidoscope Academic Conferences in 2009 and 2014. 
He is a member of IEICE. 

 
 
YUSUKE FUKUSHIMA received a Ph.D. in Information 

Science from Tohoku University, Japan in 2009. He is 
currently a researcher at National Institute of 
Information and Communications Technology (NICT), 
Tokyo. Before joining NICT, he shortly worked as an 
assistant professor at Graduate School of Information 
Science, Tohoku University and then as a research 
associate at Faculty of Science and Technology, Sophia 
University, Japan from 2010 to 2012. His research 
interests include fault-tolerant routing control, parallel 
and distributed systems, and new network architectures. 
He is a member of ACM and IEICE. 

 
 
PEDRO MARTINEZ-JULIA [M] received a B.S. in 

Computer Science from the Open University of 
Catalonia, an M.S. in Advanced Information 



Technology and Telematics and a Ph.D. in Computer 
Science from the University of Murcia, Spain. He is 
currently a full-time researcher at National Institute of 
Information and Communications Technology (NICT), 
Tokyo. His main expertise is in network architecture, 
control and management, with particular interest in 
overlay networks and distributed systems and services. 
He has been involved in EU-funded research projects 
since 2009, leading several tasks/activities, and 
participating in IETF/IRTF for the standardization of 
new network technologies. He has published more than 
twenty papers in referred conferences and journals. He 
is a member of ACM. 

 
TAKAYA MIYAZAWA [M] received an M.E. and a Ph.D. 

in Information and Computer Science from Keio 
University, Yokohama, Japan, in 2004 and 2006, 
respectively. From April 2006 to March 2007, he was a 
visiting researcher at the University of California, Davis, 
USA. He is currently a senior researcher at National 
Institute of Information and Communications 
Technology (NICT), Tokyo. He served as a secretary of 
IEEE ComSoc Asia-Pacific Board from 2016 to 2017. 
He is a recipient of the 2007 Hiroshi Ando Memorial 
Young Engineer Award and the 2010 Funai Young 
Researcher Award. His research interests include 
network control, management and virtualization 
technologies. He is a member of IEICE. 

 
HIROAKI HARAI [M] received an M.E. and a Ph.D. in 
Information and Computer Sciences from Osaka 
University, Japan in 1995 and 1998, respectively. He is 
currently a Director at National Institute of Information 
and Communications Technology (NICT), Tokyo, Japan, 
where he is leading Network Science and Convergence 
Device Technology Laboratory for the research and 
development of new network architectures and optical 
networks. He received the Outstanding Young 
Researcher Award from IEEE ComSoc Asia-Pacific 
Region in 2007. He also received the Young Researcher 
Award from the Ministry of Education, Culture, Sports, 
Science and Technology (MEXT), Japan in 2009. He is 
a member of IEICE. 



<<
  /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


