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Guest Editors’ Introduction: Special Section on
Smart Management of Future Softwarized Networks

I. INTRODUCTION

ETWORK softwarization is one of the key enablers of
Nthe future Internet evolution, also supporting the road
from the fifth generation (5G) to the next-generation com-
munication systems, namely 6G, with their main objective
of bringing hyper-connected experience to every corner of
society.

Besides network paradigms such as Software Defined
Networking (SDN), Network Virtualization (NV), and
Network Functions Virtualization (NFV), new paradigms are
being considered, such as Edge Computing (EC) and Network
Intelligence (NI).

In the new upcoming application scenarios, efficient man-
agement of softwarized networks and services, already indis-
pensable for current networks, should follow this trend, now
becoming “smart”, to cope with the unfolding plethora of
challenges provided by softwarization. Flexibility does not
only have to be addressed by selecting a configuration among
some possible ones, but systems have to adapt continuously
to ever-changing network conditions and evolving customer
demands, and be able to deal with dynamic demands in an
automated and, possibly, zero-touch way. In this perspective,
Artificial Intelligence (AI) and Machine Learning (ML) will
play a central role in management and orchestration of soft-
warized networks, but also new networking and computing
paradigms need to be defined to handle (in real time) more and
more constraining requirements with huge amounts of traffic.

Given the global interest of the networking community
(including operators) in network softwarization and cloud
computing infrastructures for optimized resource allocation
and usage purposes in particular, a series of special issues
was established in JEEE Transactions on Network and Service
Management, which aims at the timely publication of recent
innovative research results about the management of soft-
warized networks.

The first special section in this series was titled “Efficient
Management of SDN/NFV-Based Systems”. It was published in
2015 in two parts [A1], [A2]. The main reported research con-
tributions were: efficient resource allocation and management
of softwarized network functions, design of high-performance
platforms to allow network function virtualization on commod-
ity hardware, enabling efficient collaboration between providers
in softwarized networks, optimization of flow-based software-
defined networks to address scalability and energy optimization
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requirements, programming abstractions in wireless software-
defined networks, and improved network virtualization to
efficiently support latency-sensitive applications.

The second special section in this series was pub-
lished in 2016 with the title “Management of Softwarized
Networks” [A3]. The main reported research contributions
were: SDN control planes optimization, improvements of
OpenFlow traffic balancing and resilience, SDN traffic man-
agement optimization, novel virtual network embedding algo-
rithms, including algorithms for reliable embedding and effi-
cient NFV resource management, and advanced platforms for
management of softwarized network systems.

The third special section in this series was published in
2017 with the title “Advances in Management of Softwarized
Networks” [A4]. The main reported research contributions
were: management of softwarized datacenter networks, Virtual
Network Function management in NFV-based networks,
performance characterization and optimization of NFV-based
networks, novel techniques for SDN, advanced softwarized wire-
less networks, security and verification in softwarized networks,
and management of softwarized content distribution networks.

The fourth special section was published in 2018 with
the title “Novel Techniques for Managing Softwarized
Networks” [AS5]. Here, the reported advancements in network
softwarization addressed resilience, security, load balancing,
configuration and monitoring, VNF management in NFV-
based networks for orchestration and resource allocation,
advanced softwarized switching and routing including virtual
network routing and traffic estimation, management of soft-
warized wireless and cellular networks, and management of
data center networks.

The fifth special section was published in 2019 with the
title “Latest Developments for the Management of Softwarized
Networks” [A6]. It was focused on many interesting chal-
lenges regarding management and control aspects of service
function chains, network edge environments, network slices
and software-defined network components.

The sixth special section was published in March 2021 with
the title “Advanced Management of Softwarized
Networks” [A7]. It was focused on virtual network functions,
management of control plane and programmable data planes,
network slicing, edge computing and security. Many papers
emphasized the role of artificial intelligence for advanced
network management.

In 2021, other key topics including 5G deployment and 6G
research have influenced the management and orchestration
of softwarized networks. Their consideration has been the tar-
get of this current special section, which aims at reporting

1932-4537 © 2022 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission.
See https://www.ieee.org/publications/rights/index.html for more information.



IEEE TRANSACTIONS ON NETWORK AND SERVICE MANAGEMENT, VOL. 19, NO. 3, SEPTEMBER 2022

about smart management of future softwarized networks. To
this aim, this special section considers major aspects of soft-
warized network management, such as smart management and
orchestration of 5G and 6G networks, end-to-end network
management, programmable control and data plane solutions,
network slice management, as well as the application of
AI/ML techniques for the management of future softwarized
networks.

II. SPECIAL SECTION OVERVIEW

This special section welcomes submissions addressing the
important challenges and presenting novel research and experi-
mentation results on Smart Management of Future Softwarized
Networks. Survey papers that offer a perspective on related
work and identify key challenges for future research have also
been considered.

Seventy-one papers were submitted for this special section.
After a careful review process, it was finally decided to accept
twenty-one papers for this special section. The time between
initial submission and online publication of the revised papers
in this special issue was less than seven months.

The selected papers in this special section address top-
ics that currently play a very important role for an efficient
management of softwarized networks: smart management and
orchestration of 5G/B5G/6G softwarized networks, efficient
end-to-end management of softwarized network infrastruc-
tures, SDN and P4-programmable switch/router architecture
and design, edge computing and in-network processing in
softwarized networks, design and deployment optimization
of Service Function Chains (SFC), network slicing and slice
management, network and service monitoring, AI/ML tech-
niques for softwarized networks, and trustworthiness, security
and privacy. All these papers particularly focus on the defi-
nition of an efficient and flexible allocation and orchestration
of network resources, on management techniques of the SDN
control plane and the programmable data plane as well as of
network edge environments. Also the key aspects of network
monitoring and security have been considered.

III. ACCEPTED PAPERS

From the selected papers in this special section, eight papers
deal with aspects of resource allocation and orchestration
(Section III-A), five papers focus on software-defined networks
in various environments (including satellite networking)
(Section III-B), four papers focus on so-called edge computing
designs, dealing with management problems raised by the allo-
cation and the operation of network, storage and computational
resources at the edge, as well as specific vertical application
environments (Section III-C). Finally, four papers present the
most recent advancements regarding monitoring aspects, secu-
rity and implementation issues raised by the deployment and
the operation of softwarized networks (Section III-D).

A. Resource Allocation and Orchestration

Resource allocation and orchestration play a key role in
the design and management of softwarized networks. Eight
papers of this special section focus on this main topic, covering
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slice allocation and orchestration as well as the management
operations of virtual network infrastructures. More specif-
ically, the first three papers discuss slice allocation over
5G core networks, radio access networks and network edge.
Two papers present the design of some blocks of ETSI’s
Management and Orchestration (MANO) framework, while
the last three papers introduce frameworks for efficient ser-
vice function chain deployment and traffic steering along the
paths selected by the NFVO block of the MANO framework.

Vittal and Franklin [A8] present a novel “High Availability
supportive self-Reliant NEtwork Slicing System” (HARNESS)
for 5G core networks, powered by the intelligent and
autonomous Self Organizing Network (SON) paradigm. The
authors include algorithms to intelligently schedule and serve
the significant portion of control-plane user service requests
for both delay tolerant and delay sensitive slices, to ensure
their uninterrupted High Availability (HA) service provision.
HARNESS has been developed in a 5G test-bed system
using eXpress Data Path (XDP) and extended Berkeley Packet
Filter (eBPF) mechanism.

Gonzalez et al. [A9] propose the Dynamic radio Access
selection and Slice Allocation (DASA) algorithm, an integral
solution that combines SDN and NFV techniques to improve
network performance and user satisfaction. DASA is based
on a multi-attribute decision making (MADM) and analyt-
ical hierarchy process (AHP) to face the complex problem
of network selection, and uses a cooperative game theory
approach to handle load balancing during overload situations.
The DASA algorithm is evaluated through network-level sim-
ulations, focusing on flexibility and the effective utilization of
network resources during network selection and load balancing
mechanisms.

Suzuki et al. [A10] propose a dynamic virtual network
allocation method based on cooperative multi-agent deep rein-
forcement learning (Coop-MADRL), with the aim of quickly
optimizing network resources even while network demands are
drastically changing. This is achieved by learning the relation-
ship between network demand patterns and optimal allocation
by using deep reinforcement learning (DRL) in advance. The
key idea is to use a multi-agent technique for a dynamic
Virtual Network (VN) allocation method based on reinforce-
ment learning (RL) to reduce the number of candidate actions
per agent and improve the performance for VN allocation
purposes. Presented results demonstrate that the proposed tech-
nique has the ability to calculate effective allocation in a very
short time, with a consequent reduction of server and link uti-
lizations and also a reduction of the constraint violations when
compared with static virtual network allocation methods.

Monteil et al. [Al1l] consider a hybrid advance reser-
vation and spot slice market, and study how the Service
Providers should reserve resources to maximize their services’
performance while not violating a time-average budget thresh-
old. Moreover, a learning-based framework is developed
to allow Service Providers to employ a no-regret reser-
vation policy. The proposed approach can also apply
to the scenario where slice composition is dynamically
decided in terms of the amount of each different type of
resource.
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Casetti et al. [A12] propose a softwarized 5G network
architecture that supports the concept of Machine-Learning-
as-a-Service (MLaaS) in a flexible and efficient manner. The
designed MLaaS platform can provide the different entities of
a MANO architecture with already-trained ML models, ready
to be used for decision-making purposes. The proposed plat-
form is then applied to the development of two ML-driven
algorithms for network slice subnet sharing and run-time
service scaling. The approach is implemented and validated
through an experimental testbed in the case of three different
services in the automotive domain, while their performance
is assessed through simulation in a large-scale, real-world
scenario.

Bolla et al. [A13] present the Resource Selection
Optimizer (RSO), a software-service component in the
Operations Support System (OSS) of the MATILDA frame-
work, whose main goal is to select the most appropriate
network and computing resources among a set of options pro-
vided by the Wide-area Infrastructure Manager (WIM). The
RSO’s performance is evaluated in terms of the execution
times of its submodules while varying their respective input
parameters, and additionally, three selection policies are com-
pared. Experimental results highlight the RSO behavior from
both an execution time and deployment cost standpoints, as
well as the RSO interactions with other OSS submodules and
network platform components.

Chen and Zhao [A14] propose a traffic steering management
framework named STAR to achieve flexible traffic steering
along any path selected by NFVO. Thus, STAR ensures the
correct enforcement of path selection decisions from NFVO
and significantly reduces forwarding rule consumption and
control overhead, as demonstrated with some experiments car-
ried out on a testbed and large-scale simulations. The results
show that STAR is scalable in the SDN data and control
planes while retaining the flexibility of steering traffic along
any SFC routing path to provide full support for path decision
enforcement with an acceptable overhead.

Zheng et al. [Al5] study how to apply network func-
tion parallelism (NFP) into the service function chaining and
embedding processes, such that the latency, including pro-
cessing and propagation delays, can be minimized. A novel
augmented graph to address the parallel relationship con-
straint among the required service functions is introduced,
and its optimization is achieved by formulating a problem
called parallelism-aware service function chaining and embed-
ding (PSFCE). Two solution algorithms are formulated to
capture scenarios when computing resources at each physical
node are sufficient to host the required SFs, but also when
these resources are limited.

B. SDN Control Plane and Programmable Data Plane

SDN and Programmable Data Plane (PDP) have the goal
of providing the network with higher flexibility in terms of
dynamic network service provisioning in the era of network
softwarization. Specifically, SDN enables the programmability
of the control plane, which can assist a fine-grained networking
traffic control from a global perspective, whereas PDP enables
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the programmability of the data plane, which can aid the
customization of packet processing. The five papers in this
category deal with different aspects of this topic, considering
techniques to improve performance in both the control and the
data planes, and they also consider specific environments like
satellite networks.

More specifically, the first three papers introduce techniques
to improve performance by optimizing specific modules of
SDN switches and leveraging high performance of data plane
to improve the control plane, while the last two papers consider
SDN satellite networks as specific application scenarios.

Zhang et al. [A16] aim at improving the performance of
Open vSwitch (OVS). Through a detailed analysis of its archi-
tecture, they have found that the MegaFlow Cache (MFC)
represents the main source of complexity. After a com-
parative analysis of different classification algorithms to
be used in this part, the authors have shown that Tuple
Merge Relaxation (TMR) achieves the best performance, and
demonstrate that using this scheme inside OVS can improve
the throughput compared to a native OVS implementation.
Moreover, the authors have shown that TMR-OVS can also
bear the Tuple Space Explosion attack and maintain the
performance under such an attack.

Fejes et al. [A17] propose DeepQoS, a Hierarchical Quality
of Service (HQoS) capable core-stateless packet marker that
can be used to mark resource-sharing policies of different lay-
ers of HQoS simultaneously and effectively in a single point.
Using DeepQoS, an HQoS hierarchy of arbitrary depth can
be realized with a very simple scheduler. To demonstrate the
simplicity of scheduling, it is applied to implement Virtual
Dual Queue Core Stateless Active Queue Management (VDQ-
CSAQM) on programmable switches, thereby demonstrating
that the constrained Traffic Management engine of the pro-
grammable switches can be extended using DeepQoS to
realize an HQoS hierarchy of arbitrary depth.

Rottenstreich er al. [A18], leveraging device connectivity
in the fast data plane where delays are in the order of few
milliseconds, propose multiple switches to work together to
avoid accessing the control plane where delays are orders
of magnitude greater. Moreover, models and algorithms are
provided for cooperative rule caching with dependencies,
accounting for dependencies among rules implied by existing
switch memory types. Caching algorithms for several typical
use cases are proposed together with a study to find an optimal
cooperative rule placement as a function of the matching pat-
tern, which lay the foundations of cooperative caching with
dependencies.

Kumar et al. [A19] focus on satellite networks to provide
high-speed Internet services and propose a centralized QoS-
aware routing algorithm based on SDN, called fybrrLink, in
which the global view of SDN controllers about the network
is used. Modified Bresenham’s and Dijkstra’s algorithms are
introduced to find the optimal path in a significantly reduced
computation time. Moreover, taking advantage of the deter-
ministic satellite constellation, a flow-rule transfer algorithm
and a topology-monitoring algorithm are defined. By means
of simulation, fybrrLink is evaluated and results confirm that
it outperforms other state-of-the-art algorithms.
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Hu et al. [A20] employ software defined multicast (SDM)
techniques in large-scale low earth orbit (LEO) constella-
tions to empower satellite-based Internet video distribution.
To be specific, authors present a multi-layer rectilinear Steiner
tree (MLRST) construction algorithm for multicast routing,
extending the spanning graph and edge substitution to three-
dimensional (3D) scenes to efficiently construct MLRSTSs
with O(n log n) complexity. Experimental results demonstrate
that the proposed approach can improve bandwidth savings
compared to existing algorithms.

C. Management of Network Edge Environments

Edge computing has received significant attention from
academia and industries as an emerging paradigm that can
facilitate the adoption of the Everything-as-a-Service paradigm
in infrastructure segments that are located close to the places
where data are generated. This enables combining the advan-
tages of flexible service deployment models with the need
to cope with the strict requirements in terms of latency of
emerging applications. The first two papers look at resource
orchestration aspects to satisfy user requirements, while the
other two papers deal with specific issues regarding energy
savings and reliability.

Davoli et al. [A21] propose an architecture for flexible fog
computing service orchestration, with a particular focus on
the awareness of service deployment models. Design choices
are discussed describing the main components and operations
of the proposed orchestration system. An implementation of
the architecture is presented, including insights on its ability
to handle critical orchestration functions such as service dis-
covery and resource monitoring. An experimental analysis is
presented to validate the system and evaluate its performance
in real scenarios.

You et al. [A22] focus on the topic of Deterministic
Networking (DetNet), a forwarding paradigm that aims
at guaranteeing deterministic bounded latency and low
latency variation for time-sensitive applications (e.g., indus-
trial automation), in particular. With this objective, the authors
study the management problem of deterministic Service
Function Chain (SFC) lifetime in beyond 5G edge fabric
with the final goal of maximizing the overall profits and
ensuring the deterministic latency and jitter required for each
SFC. The optimization problem is formulated as a mathe-
matical model with the maximal profits for Internet service
providers. Extensive simulation results show that the proposed
algorithms can achieve better performance in terms of SFC
request acceptance rates, overall profits and latency variation
compared to already existing algorithms.

Kashyap et al. [A23] present a framework named DECENT
(i.e., Deep learning Enabled green Computation for Edge cen-
tric Next generation 6G neTworks) allowing offload from IoT
devices optimizing energy consumption, computation latency
and offloading rate in 6G environments. The data-offloading
problem is modeled as a Markov decision process. The
algorithm learns faster from previous long-term offloading
experiences and solves the optimization problem with better
convergence speed.
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Obiodu er al. [A24] focus on specific vertical scenarios
regarding Connected Cars (CCs) and vehicle-to-everything
(V2X) use cases, which are characterized by stringent reli-
ability requirements for both safety and non-safety use cases.
The paper investigates the reality of using Supply Side
Managed (SSM) and Demand Side Managed (DSM) cellu-
lar connectivity as two possible solutions to the need for
multiple redundant connectivity. Capability of QoS assurance
is evaluated on the field and, based on the test results that
have been presented in the paper, the authors show that DSM
can deliver superior performance for CCs than any individual
network, and demonstrate that remarkable improvements can
be obtained in a practical DSM field implementation.

D. Network Monitoring, Security and Implementation Issues

Network softwarization can increase flexibility and reliabil-
ity of networks if supported by efficient tools for monitoring
the health of the network infrastructure and guaranteeing
security at least comparable with legacy architectures.

The four papers in this category focus on different aspects
of this topic, ranging between the definition of monitoring
techniques for fault management and security, and the defini-
tion of trust frameworks to manage application usage rights.
More specifically, the first two papers discuss the monitoring
for failure detection and intrusion response purposes, the third
paper proposes an implementation of traffic mirroring, while
the last paper discusses the management of application usage
rights.

Silva et al. [A25] introduce a failure detection and
localization framework capable of forecasting failures in
optical systems based on an unsupervised learning strat-
egy. In this approach, the Long- and Short-term Time-series
Network (LSTNet) is exploited for modeling the normal
behavior of optical systems. Forecast values and actual mea-
surements from optical equipment are used to derive an
outlier detection method to detect and locate failures to
improve the decision-making process at the network orches-
trator. Lab experiments compare the proposed approach with
the Recurrent and Long Short-Term Memory models in terms
of failure detection and forecasting performance demonstrate
the robustness and the suitability of the proposed framework
in real-world environments.

Phan and Bauschert [A26] propose an adaptive intru-
sion response solution based on deep reinforcement learning,
namely DeepAir, a dynamic intrusion response solution to
maximize the attack defense performance while minimiz-
ing the negative impact on benign traffic forwarding and
the policy deployment cost in SDN networks. The intru-
sion response system is formulated as a Markov Decision
Process (MDP), and the intrusion response-control algorithm
is based on a Double Deep Q-Network to quickly obtain the
optimal intrusion response policy.

Sadrhaghighi et al. [A27] present design and evaluation
of Open Virtual Tap (OVT), a software-defined solution to
replace hardware taps for traffic monitoring in OpenFlow
networks by utilizing mirroring capabilities of OpenFlow
switches. The key idea behind OVT is the joint configuration
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of all switches of the underlying physical network in order
to efficiently mirror flows from all virtual (overlay) networks.
OVT performance is evaluated using model-driven simulations
as well as Mininet experiments with realistic applications for
intrusion detection and video telephony analysis purposes.

Raghuramu et al. [A28] define a new trust framework
to manage application usage rights, and propose Metered
Boot to provide trusted, capacity/usage-based rights manage-
ment for services and applications deployed in virtualized
environments. Metered Boot decouples application work-
load instantiation for service operators, usage rights gov-
ernance for application vendors, and resource provisioning
for infrastructure providers. Moreover, leveraging the pres-
ence of cryptoprocessors on commodity servers, Metered Boot
generates trusted proofs which are managed by efficient cryp-
tographic construction for usage rights compliance. Integration
of Metered Boot with OpenStack demonstrates its high scal-
ability and low overhead for instantiating virtual network
functions (VNFs).

The editors would like to thank explicitly all authors who
submitted papers to this special section and all reviewers
for their valuable comments, useful suggestions, and timely
submission of their reviews. Finally, the editors have appreci-
ated the support of Filip De Turck and Hanan Lutfiyya that
worked to the success of this special section with their role of
Editor-in-Chief in the first and the second phase of the review
process.

GIOVANNI SCHEMBRA

Department of Electrical, Electronics and
Computer Engineering

University of Catania

95124 Catania, Italy

E-mail: giovanni.schembra@unict.it

WOLFGANG KELLERER

Department of Electrical and
Computer Engineering

Technical University of Munich

80333 Munich, Germany

E-mail: wolfgang kellerer @tum.de

CHRISTIAN JACQUENET

Orange Innovation

Paris, France

E-mail: christian.jacquenet@orange.com

NORIAKI KAMIYAMA

College of Information Science and Engineering
Ritsumeikan University

Shiga 525-8577, Japan

E-mail: kamiaki@fc.ritsumei.ac.jp

BARBARA MARTINI

Unibersitas Mercatorum

00186 Rome, Italy

E-mail: barbara.martini @unimercatorum.it

RAFAEL PASQUINI

Faculdade de Computagdo
Universidade Federal de Uberlandia
Uberlandia 38408-100, Brazil
E-mail: rafael.pasquini @ufu.br

DIMITRIOS PEZAROS

School of Computing Science

University of Glasgow

G12 8QQ Glasgow, U.K.

E-mail: dimitrios.pezaros @ glasgow.ac.uk

ROBERTO RIGGIO

Information Engineering Department
Polytechnic University of Marche
60121 Ancona, Italy

E-mail: r.riggio@univpm.it

HONGKE ZHANG

School of Electronic and Information Engineering
Beijing Jiaotong University

Beijing 100044, China

E-mail: hkzhang @bjtu.edu.cn

MOHAMED FATEN ZHANI

Department of Software and IT Engineering
Ecole de Technologie Supérieure

Montreal, QC H3C 1K3, Canada

E-mail: mohamed-faten.zhani @etsmtl.ca

THOMAS ZINNER

Department of Information Security and
Communication Technology

Norwegian University of Science and Technology

7491 Trondheim, Norway

E-mail: thomas.zinner @ntnu.no

APPENDIX: RELATED ARTICLES

[A1] F. De Turck, R. Boutaba, P. Chemouil, J. Bi, and C. Westphal,
“Guest editors’ introduction: Special issue on efficient management of
SDN/NFV-based systems—Part 1,” IEEE Trans. Netw. Service Manag.,
vol. 12, no. 1, pp. 1-3, Mar. 2015.

[A2] F. De Turck, R. Boutaba, P. Chemouil, J. Bi, and C. Westphal,
“Guest editors’ introduction: Special issue on efficient management
of SDN/NFV-based systems—Part II,” [EEE Trans. Netw. Service
Manag., vol. 12, no. 2, pp. 114-116, Jun. 2015.

[A3] F. De Turck, P. Chemouil, R. Boutaba, M. Yu, C. E. Rothenberg, and
K. Shiomoto, “Guest editors’ introduction: Special issue on manage-
ment of softwarized networks,” IEEE Trans. Netw. Service Manag.,
vol. 13, no. 3, pp. 362-365, Sep. 2016.

[A4] F. De Turck et al., “Guest editors’ introduction: Special issue on
advances in management of softwarized networks,” IEEE Trans. Netw.
Service Manag., vol. 14, no. 4, pp. 786791, Dec. 2017.

[A5] W. Kellerer et al., “Guest editors’ introduction: Special section on
novel techniques for managing softwarized networks,” IEEE Trans.
Netw. Service Manag., vol. 15, no. 4, pp. 1192-1196, Dec. 2018.

[A6] W. Kellerer et al., “Guest editorial: Special issue on latest develop-
ments for the management of softwarized networks,” IEEE Trans.
Netw. Service Manag., vol. 16, no. 4, pp. 1297-1302, Dec. 2019.



IEEE TRANSACTIONS ON NETWORK AND SERVICE MANAGEMENT, VOL. 19, NO. 3, SEPTEMBER 2022

[AT]

[A8]

[A9]

[A10]

[A11]

[A12]

[A13]

[A14]

[A15]

[A16]

[A17]

W. Kellerer et al., “Guest editors introduction: Special issue on
advanced management of softwarized networks,” IEEE Trans. Netw.
Service Manag., vol. 18, no. 1, pp. 20-29, Mar. 2021.

S. Vittal and A. Franklin, “HARNESS: High availability supportive
self reliant network slicing in 5G networks,” IEEE Trans. Netw. Service
Manag., early access, Mar. 2022doi: 10.1109/TNSM.2022.3157888.
C. C. Gonzilez, E. F. Pupo, L. Atzori, and M. Murroni,
“Dynamic radio access selection and slice allocation for differ-
entiated traffic management on future mobile networks,” IEEE
Trans. Netw. Service Manag., early access, Feb. 11, 2022,
doi: 10.1109/TNSM.2022.3150978.

A. Suzuki, R. Kawahara, and S. Harada, “Cooperative multi-agent deep
reinforcement learning for dynamic virtual network allocation with
traffic fluctuations,” IEEE Trans. Netw. Service Manag., early access,
Feb. 7, 2022, doi: 10.1109/TNSM.2022.3149243.

J.-B. Monteil, G. Ilosifidis, and L. Da Silva, “Learning-
based reservation of virtualized network resources,” IEEE
Trans. Netw. Service Manag., early access, Jan. 20, 2022,

doi: 10.1109/TNSM.2022.3144774.

C. Casetti et al, “ML-driven provisioning and management
of wvertical services in automated cellular networks,” IEEE
Trans. Netw. Service Manag., early access, Feb. 23, 2022,

doi: 10.1109/TNSM.2022.3153087.

R. Bolla, R. Bruschi, F. Davoli, C. Lombardo, and J. F. Pajo,
“Multi-site resource allocation in a QoS-aware 5G infrastructure,”
IEEE Trans. Netw. Service Manag., early access, Feb. 15, 2022,
doi: 10.1109/TNSM.2022.3151468.

R. Chen and J. Zhao, “Scalable and flexible traffic steering for ser-
vice function chains,” IEEE Trans. Netw. Service Manag., early access,
Jan. 14, 2022, doi: 10.1109/TNSM.2022.3143139.

D. Zheng, G. Shen, X. Cao, and B. Mukherjee, “Towards
optimal parallelism-aware service chaining and embedding,” IEEE
Trans. Netw. Service Manag., early access, Jan. 11, 2022,
doi: 10.1109/TNSM.2022.3142184.

X. Zhang, K. Salamatian, and G. Xie, “Improving open virtual
switch performance through tuple merge relaxation in software
defined networks,” IEEE Trans. Netw. Service Manag., Mar. 2022,
doi: 10.1109/TNSM.2022.3155592.

F. Fejes, S. Ndadas, G. Gombos, and S. Laki, “DeepQoS: Core-
stateless hierarchical QoS in programmable switches,” IEEE Trans.
Netw. Service Manag., vol. 19, no. 2, Jun. 2022, pp. 1842-1861,
doi: 10.1109/TNSM.2022.3152017.*

*Denotes article published in earlier issue but submitted and accepted for
the “Special Section on Smart Management of Future Softwarized Networks.”

of the NI workshop series.

[A18]

[A19]

[A20]

[A21]

[A22]

[A23]

[A24]

[A25]

[A26]

[A27]

[A28]

1947

O. Rottenstreich, A. Kulik, A. Joshi, J. Rexford, G. Rétvari, and
D. S. Menasché, “Data plane cooperative caching with dependen-
cies,” IEEE Trans. Netw. Service Manag., early access, Dec. 2, 2021,
doi: 10.1109/TNSM.2021.3132275.

P. Kumar, S. Bhushan, D. Halder, and A. M. Baswade, “fybrrLink:
Efficient QoS-aware routing in SDN enabled future satellite networks,”
IEEE Trans. Netw. Service Manag., early access, Nov. 23, 2021,
doi: 10.1109/TNSM.2021.3129876.

M. Hu, J. Li, C. Cai, T. Deng, W. Xu, and Y. Dong, “Software
defined multicast for large-scale multi-layer LEO satellite networks,”
IEEE Trans. Netw. Service Manag., early access, Feb. 15, 2022,
doi: 10.1109/TNSM.2022.3151552.

G. Davoli, W. Cerroni, D. Borsatti, M. Valieri, D. Tarchi, and
C. Raffaelli, “A fog computing orchestrator architecture with service
model awareness,” IEEE Trans. Netw. Service Manag., early access,
Dec. 7, 2021, doi: 10.1109/TNSM.2021.3133354.

H. Yu, T. Taleb, and J. Zhang, “Deterministic latency/jitter-
aware service function chaining over beyond 5G edge fabric,”
IEEE Trans. Netw. Service Manag., early access, Feb. 15, 2022,
doi: 10.1109/TNSM.2022.3151431.

P. K. Kashyap et al, “DECENT: Deep learning enabled
green computation for edge centric 6G networks,” IEEE
Trans. Netw. Service Manag., early access, Jan. 21, 2022,

doi: 10.1109/TNSM.2022.3145056.

E. Obiodu, A. Raman, A. Abubakar, S. Mangiante, N. Sastry,
and H. H. Aghvami, “DSM-MoC as baseline: Reliability assur-
ance via redundant cellular connectivity in connected cars,”
IEEE Trans. Netw. Service Manag., early access, Feb. 23, 2022,
doi: 10.1109/TNSM.2022.3153452.

M. F Silva, A. Pacini, A. Sgambelluri, and L. Valcarenghi,
“Learning long-and short-term temporal patterns for ML-driven
fault management in optical communication networks,” IEEE
Trans. Netw. Service Manag., early access, Jan. 28, 2022,
doi: 10.1109/TNSM.2022.3146869.

T. V. Phan and T. Bauschert, “DeepAir: Deep reinforcement learn-
ing for adaptive intrusion response in software-defined networks,”
IEEE Trans. Netw. Service Manag., early access, Mar. 2022,
doi: 10.1109/TNSM.2022.3158468.

S. Sadrhaghighi, M. Dolati, M. Ghaderi, and A. Khonsari, “Monitoring
OpenFlow virtual networks via coordinated switch-based traffic mir-
roring,” IEEE Trans. Netw. Service Manag., early access, Feb. 7,
2022,

A. Raghuramu et al, “Metered boot: Trusted framework for
application usage rights management in virtualized ecosystems,’
IEEE Trans. Netw. Service Manag., early access, Mar. 2022,
doi: 10.1109/TNSM.2022.3159191.

Giovanni Schembra received the Ph.D. degree from the University of Catania in 1995.

He is currently an Associate Professor with the University of Catania. From September 1991 to
August 1992, he was with the Telecommunications Research Group, Cefriel, Milan, Italy. His
research interests include management and orchestration in 5G&B networks, SDN, NFV, traffic
modeling, Tactile Internet, and machine learning for networking. Since 2017, he has been serving
the NetSoft workshop series as the General Workshop Co-Chair and as a TPC Member, and was
the Organizer Co-Chair of the workshops STET 2018, NI 2019, and NI 2020. He serves the IEEE
TRANSACTIONS ON NETWORK AND SERVICE MANAGEMENT in the Editorial Board and, since
2018, he has been a Guest Editor of the IEEE TNSM Special Issues regarding Management of
Future Softwarized Networks, and a Leader of Special Issues regarding Network Intelligence for
Computer Communications (Elsevier). He is a member of NI ETI and of the steering committee


https://doi.org/10.1109/TNSM.2022.3157888
http://dx.doi.org/10.1109/TNSM.2022.3150978
http://dx.doi.org/10.1109/TNSM.2022.3149243
http://dx.doi.org/10.1109/TNSM.2022.3144774
http://dx.doi.org/10.1109/TNSM.2022.3153087
http://dx.doi.org/10.1109/TNSM.2022.3151468
http://dx.doi.org/10.1109/TNSM.2022.3143139
http://dx.doi.org/10.1109/TNSM.2022.3142184
http://dx.doi.org/10.1109/TNSM.2022.3155592
http://dx.doi.org/10.1109/TNSM.2022.3152017
http://dx.doi.org/10.1109/TNSM.2021.3132275
http://dx.doi.org/10.1109/TNSM.2021.3129876
http://dx.doi.org/10.1109/TNSM.2022.3151552
http://dx.doi.org/10.1109/TNSM.2021.3133354
http://dx.doi.org/10.1109/TNSM.2022.3151431
http://dx.doi.org/10.1109/TNSM.2022.3145056
http://dx.doi.org/10.1109/TNSM.2022.3153452
http://dx.doi.org/10.1109/TNSM.2022.3146869
http://dx.doi.org/10.1109/TNSM.2022.3158468
http://dx.doi.org/10.1109/TNSM.2022.3159191

1948 IEEE TRANSACTIONS ON NETWORK AND SERVICE MANAGEMENT, VOL. 19, NO. 3, SEPTEMBER 2022

Wolfgang Kellerer (Senior Member, IEEE) received the Dr.-Ing. (Ph.D.) and Dipl.-Ing. (mas-
ter’s) degrees from the Technical University of Munich, Germany, in 1995 and 2002, respectively,
where he is a Full Professor, heading the Chair of Communication Networks with the Department
of Electrical and Computer Engineering. He was with the European Research Laboratories,
NTT DOCOMO for ten years in leading positions, contributing to research and standardiza-
tion of LTE-A and 5G technologies. In 2001, he was a Visiting Researcher with the Information
Systems Laboratory, Stanford University, Stanford, CA, USA. His research has resulted in over
200 publications and 35 granted patents. He was awarded with an ERC Consolidator Grant
from the European Commission for his research project FlexNets “Quantifying Flexibility in
Communication Networks” in 2015. He currently serves as an Associate Editor for the IEEE
TRANSACTIONS ON NETWORK AND SERVICE MANAGEMENT and an Area Editor for the IEEE
COMMUNICATIONS SURVEYS AND TUTORIALS. He is a member of ACM and VDE ITG.

Christian Jacquenet (Senior Member, IEEE) graduated from the Ecole Nationale Supérieure de
Physique de Marseille, a French school of engineers. He joined Orange in 1989, and he is currently
the Referent Expert of the “Networks of the Future” Orange Expert community. Until recently, he
was the Director of the Strategic Program Office for advanced IP networking within Orange Labs.
He is also the Head of Orange’s IPv6 Program that aims at defining and driving the enforcement
of the Group’s IPv6 strategy and which yielded the deployment of IPv6 networks and services in
most European and African Orange affiliates since 2010. He leads development activities in the
areas of network automation (including SDN, automated service delivery procedures combined
with artificial intelligence techniques, and intent-based networking), and IP networking techniques.
He authored and coauthored several Internet standards in the areas of dynamic routing protocols
and resource allocation techniques, as well as numerous papers and books about IP multicast,
traffic engineering, and automated IP service delivery techniques. He also holds over 30 patents
in the areas of advanced home and IP networking techniques.

Noriaki Kamiyama (Member, IEEE) received the M.E. and Ph.D. degrees in communications
engineering from Osaka University in 1994 and 1996, respectively. From 1996 to 1997, he was
with the University of Southern California as a Visiting Researcher. He joined NTT Multimedia
Network Laboratories in 1997, and he has been with NTT Network Technology Laboratories since
2016. He was also with Osaka University as an Invited Associate Professor from 2013 to 2014 and
an Invited Professor in 2015. Since 2017, he has been a Professor with Fukuoka University. Since
2021, he has been a Professor with Ritsumeikan University. He has been engaged in research
concerning content distribution systems, network design, network economics, traffic measurement
and analysis, and traffic engineering. He received the Best Paper Award at IFIP/IEEE IM 2013.
He is a member of ACM and IEICE.

Barbara Martini has been an Associate Professor of Software Engineering from Universitas
Mercatorum, Italy, since January 2022 and an Affiliate Researcher with Scuola Superiore
Sant’Anna, Italy, since 2003. She was the Head of Research with the Italian University
Consortium for Telecommunication (CNIT) and worked as a Software Designer, a Developer, and
a Product Integrator for two large telco companies, Italtel and Marconi Communications (currently,
Ericsson), from 1999 to 2003. Her research interests include network virtualization and orches-
tration in SDN/NFV/5G environments, service platforms for next-generation networks, network
control/management architectures, and security solutions for multidomain IP/optical networks, and
NFV deployments. She has been involved in several national/EU research projects, the recent ones
5GPPP 5GEx, SGTRANSFORMER, and SGROWTH, and in several FIRE projects (OFELIA,
Fed4FIRE+, TRIANGLE, and 5GINFIRE) with leading roles. She coauthored over 110 papers in
international journals and conference proceedings. She serves as a TPC member in many IEEE
conferences, as an OC member in many flagship conference in IEEE computer and network engineering, and as an editor for
IEEE, Wiley, and Frontier journals.

y .
Ea !

\
y



IEEE TRANSACTIONS ON NETWORK AND SERVICE MANAGEMENT, VOL. 19, NO. 3, SEPTEMBER 2022 1949

Rafael Pasquini (Senior Member, IEEE) received the M.Sc. and Ph.D. degrees in computer engi-
neering from the State University of Campinas in 2006 and 2011, respectively. From 2015 to
2017, he was a Visiting Researcher with the Department of Network and Systems Engineering,
KTH Royal Institute of Technology. Since 2011, he has been an Associate Professor and leads the
Distributed Systems and Networks Research Group, Department of Computer Science, Federal
University of Uberlandia, where he serves as the Head of ICT since 2021. His research interests
include network management, slicing of softwarized infrastructures, machine learning, cloud com-
puting, and software defined networks. Within such research topics, he is involved in research
projects with industry and academia, the most recent ones are NECOS, SFI2, and ADMITS,
serves in the organization of conferences around the topic of softwarized networks, and serves
as an Associate Editor for IEEE TRANSACTIONS ON NETWORK AND SERVICE MANAGEMENT
and its special issues about slicing and network softwarization.

Dimitrios Pezaros (Senior Member, IEEE) received the B.Sc. and Ph.D. degrees in computer
science from the University of Lancaster, U.K., in 2000 and 2005, respectively.

He is currently a (Full) Professor of Computer Networks, the Founding Director of the
Networked Systems Research Laboratory (netlab), and an Interim Director of the CyberDefence
Lab, School of Computing Science, University of Glasgow. He was a Visiting Professor with the
Department of Informatics and Telecommunications, University of Athens from 2018 to 2019. He
has published widely and is leading research in computer communications, network and service
management, resilience and accountability of future virtualized networked infrastructures, explor-
ing technologies, such as software-defined networking and network function virtualization. He
has received significant funding for his research by public funding agencies, such as EPSRC, EC,
FAA, and LMS, and industry, such as BT, EDF, Huawei, and NXP. He is a Chartered Engineer,
a Fellow of BCS and IET, and a Senior Member of ACM. He currently serves as an Associate

Editor on the editorial board of IEEE TRANSACTIONS ON NETWORK AND SERVICE MANAGEMENT.

-

Roberto Riggio (Senior Member, IEEE) received the Ph.D. degree from the University of
Trento, Italy. He is an Assistant Professor with the Polytechnic University of Marche, Ancona,
Italy. He was a Postdoctoral Fellow with the University of Florida, a Researcher/Chief Scientist
with CREATE-NET, Trento, the Head of Unit with FBK, Trento, a Senior 5G Researcher with
i2CAT Foundation, Barcelona, Spain, and a Senior Researcher with RISE AB, Stockholm, Sweden.
His research interests revolve around optimization and algorithmic problems in networked and
distributed systems. His current fields of applications are edge automation platforms, intelligent
networks, and serverless computing. From 2018 to 2020, within the EU Horizon 2020 5G-
CARMEN, he coordinated the first world-wide cross-country validation of 5G for connected,
cooperative, and automated mobility across the Bologna to Munich 5G Corridor. He has received
several awards, including the IEEE INFOCOM Best Demo Award in 2013 and 2019 and the
IEEE CNSM Best Paper Award in 2015. He serves on the TPC/OC of leading conferences in

the networking field and is an Associate Editor for the International Journal of Network Management (Wiley), the Wireless
Networks (Springer), and the IEEE TRANSACTIONS ON NETWORK AND SERVICE MANAGEMENT.

e 47

Hongke Zhang (Fellow, IEEE) received the Ph.D. degree in communication and information
system from the University of Electronic Science and Technology of China, Chengdu, China, in
1992. He is currently a Professor with the School of Electronic and Information Engineering,
Beijing Jiaotong University, Beijing, China, where he currently directs the National Engineering
Center of China on Mobile Specialized Network. His current research interests include architecture
and protocol design for the future Internet and specialized networks. He currently serves as an
Associate Editor for the IEEE TRANSACTIONS ON NETWORK AND SERVICE MANAGEMENT and
IEEE INTERNET OF THINGS JOURNAL. He is an Academician of China Engineering Academy.



1950

IEEE TRANSACTIONS ON NETWORK AND SERVICE MANAGEMENT, VOL. 19, NO. 3, SEPTEMBER 2022

Mohamed Faten Zhani (Senior Member, IEEE) is an Associate Professor with the Department
of Software and IT Engineering, Ecole de Technologie Supérieure, Montreal, Canada. He has
coauthored several book chapters and research papers published in renowned conferences and
journals, including IEEE/IFIP/ACM CNSM, IEEE/IFIP IM/NOMS, IEEE INFOCOM, IEEE
TRANSACTIONS ON CLOUD COMPUTING, and IEEE JOURNAL ON SELECTED AREAS IN
COMMUNICATIONS. His research interests include cloud computing, network function virtualiza-
tion, software-defined networking, and resource management in large-scale distributed systems.
He recently received the IEEE/IFIP IM 2017 Young Researchers and Professionals Award as a
recognition for outstanding research contribution and leadership in the field of network and ser-
vice management. He served as the general or technical program chair of several international
workshops and conferences. He is an Associate Editor of IEEE TRANSACTIONS ON NETWORK
AND SERVICE MANAGEMENT and International Journal of Network Management (Wiley), and a

Managing Editor of the IEEE SOFTWARIZATION NEWSLETTER. He is the Co-Founder and the Vice-Chair of the IEEE Network
Intelligence Emerging Technology Initiative and a Cluster Lead at the IEEE P1916.1 SDN/NFV Performance Standard Group.

Thomas Zinner (Member, IEEE) received the Ph.D. degree in computer science from the
University of Wiirzburg in 2012. He has been an Associate Professor with the Department of
Information Security and Communication Technology, NTNU, Norway, since 2019 and currently
leads the Networking Research Group. He was a Visiting Professor and the Head of the Research
Group INET, TU Berlin from 2018 to 2019. From 2013 to 2018, he was the Head of the Research
Group on Next Generation Networks, Chair of Communication Networks, University of Wiirzburg.
His research interests cover cognitive network management and network softwarization with par-
ticular focus on performance and security aspects. He is the recipient of several best paper awards,
the DASH-IF “Excellence in DASH Award” in 2020 and the ITC “Rising Scholar Award” in 2019.
He is a member of ACM and has served as the Technical Program Chair for ITC 2018. He has
been involved in the organization and technical program committees of many conferences and
workshops, including ITC, Netsoft, IM/NOMS, CNMS, and ACM CoNEXT.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Helvetica
    /Helvetica-Bold
    /HelveticaBolditalic-BoldOblique
    /Helvetica-BoldOblique
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryITCbyBT-MediumItal
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Recommended"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


