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Abstract— A green Internet is becoming a major concern
recently. The main concept of it is to improve energy efficiency in
the Internet for reduction of unnecessary energy consumption.
Generally, energy consumption of data network equipment in the
Internet is unknown although they use a substantial amount of
energy. In this area, there is a lack of deeper related studies with
a special focus on wired networking and it still remains to be
many challenges.

This paper aims at exploring an impact of data network
equipment for greening the Internet. We first introduce
backgrounds and motivations of green networking on aspect of
energy consumption. Secondly, we estimate energy consumption
and energy savings potential of data network equipment in
detail. Thirdly, we assess impacts of it based on IP traffic type
and propose new viewpoint on energy efficiency focused on the
QoS. Lastly, we propose the future works for green networking
from the perspective of QoS.

Keywords— energy efficiency, green networking, QoS, wired
network equipment

I. INTRODUCTION

Today, the Internet has been expended quickly but growing
greenhouse gas emissions and electrical requirements from it
has become key factors of limiting its expansion. To
overcome these problems, greening of the Internet has begun
to be studied with the goal of improving energy efficiency of
the current Internet, and that is now a real challenge for the
world’s industries and governments for the future internet.

The number of current used electronics is enormous and
most of them provide network connectivity. As home network
grows, appliances also tend embed computing and networking
functionalities. Besides, mobile devices are fastest-growing
and network connectivity has become nearly ubiquitous, thus
total energy consumption of network is forecasted to increase
significantly. Even though there have existed various
approaches to edge devices like end-user computers and data-
centers, which found on energy-saving mechanisms and
power management criteria, the current trend is moving a
focus to greatly increased energy consumption associated with
network functionality due to increasing IP traffic from excess
network-connectivity. A common opinion among networking
researchers is that for boosting the network energy efficiency,
wired data network must add energy managing mechanisms
by exploiting network-specific features like ad-hoc network
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that explicitly manages energy saving. These issues usually
referred to as green networking.

Network connectivity has become a part of daily life, but a
volume of energy that is used to provide it is largely unknown.
In particular, the aggregate energy consumption of wired data
network equipment that offers primarily such functionality is
more so. There are few reliable and practical figures of energy
consumption and energy savings potential of wired data
network equipment. Researchers’ interest in them is less than
wireless network, so researchers often even overlook their
importance.

The Internet relies very strongly on electronics. As the
Internet has extended, the future Internet might eventually be
constrained by energy density limitations rather than by the
bandwidth of the physical components. But, a subtle trade-off
between energy saving and performance exists. Therefore,
energy efficiency must be treated together with increasingly
diversified demands of services and sophisticated QoS support.

This paper aims at estimating energy consumption and
savings potential in the today’s wired data network equipment,
understanding impacts of them and providing comprehensive
view on green networking from top-down studying. In
particular, we are devoted to enterprise network equipment.
The paper is organized as follows. Section II states detailed
background of the concerns and reasonability of study on
greening networking. Section III includes an estimate of
energy consumption and savings potential for wired data
network equipment that primarily switches and routes IP
packet from a source to a destination. Section IV further gives
estimates of impacts of network equipment depending on
traffic type in an aspect of energy efficiency considering for
QoS and presents directions for future works related to our
estimations. Finally, the conclusions are drawn in section V.

II. BACKGROUND & MOTIVATION

Today, the reduction of energy consumption is the world's
major concern. This concern has a strong influence on
electronics designers and the ICT (Information and
Communication) sector, and more specifically the networking
field is also concerned. Residential and commercial buildings
account for approximately 32% of global energy use and
almost 10% of total direct energy-related CO, emissions.
Energy demands from the buildings sector will be more than
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double by 2050 [1]. Much of this growth is fuelled by the
rising number of residential and commercial buildings in
response to the expanding global population.

Appliances take a great share of building electricity use,
and are also of growing importance in the service sector in the
form of office equipment. Globally, network connectivity is
being added to appliances which would not previously have
had such functionality, and demand for the availability of
traditionally network-connected equipment is increasing.

In the USA which occupies the largest proportion of global
electricity consumption (27%, 2008 [2]), as shown in Figure 1,
buildings accounts for over 70% of the total electricity
consumption in 2006, and electronics account for about 11%
of building electricity use. Electricity consumption of
network-connected equipment forms about 52% of electronics
and about 0.6~0.7% of the total buildings’.

[2] presents global energy consumption of network-
connected equipment in buildings (e.g., PC, Printer, Phones,
TV, game console, audio receiver, media player, STB, router,
gateway etc.) and savings potential of them. This is estimated
by the degree of market penetration of energy efficiency
technologies (e.g. 20.08 ~ 65%) as shown in Figure 2. It is
estimated that in 2008, total energy consumption by network-
connected equipment was 423.85TWh and it accounts for
2.3% of the global electricity consumption (18,603TWh).

Based on market trends, this is projected to increase to
646TWh in 2015 and 849TWh in 2020-double the 2008 level.
The green parts in Figure 2 implies that how much energy
saving is possible by energy efficient technologies. The lower-
end estimate of wasted energy is around 20%, as a result of
excess connectivity and/or the use of sub-optimal technologies
instead of cost-effective improved technology. This 20% of
energy could be saved by means of implementation of power
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Figure 1. Electricity consumption of the USA (2006), source : [3]
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Figure 2. Projected energy consumption and wasted by network-connected
equipment worldwide, source : [2]
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management and power-level reduction policies. The
maximum estimate (technical potential) is around 65% of
energy, assuming all network-connected products and
components are 1W power state lower, and implementation of
effective power management policies are on them. The
amount of energy wasted by excessive connectivity is
estimated between 85TWh and 275TWh in 2008, rising to
between 130TWh and 420TWh in 2015, and between
170TWh and 551TWh in 2020, an amount that is superior to
the entire electricity consumption of all network-connected
equipment in the USA in 2008 (about 169TWh).

This energy consumption is caused by the absence of
effective power management of network-connected equipment.
Greater quantities of new network-connected products are
entering the market and products are spending more time in
higher power modes due to network-related requirements and
a lack of effective power management strategies. Power
consumption in lower power modes is also increasing because
network interfaces require more power in standby modes in
order to maintain a network link and networks are tending
towards faster speeds and higher bandwidth, which increases
power in the absence of effective power management. So, it is
important to consider energy efficiency related to networking
functionality in electronics. Moreover, it is useful to
distinguish between edge devices and network equipment
(where the main function is to maintain network links)
because their function and energy-saving potential are quite
different. So far, edge devices have become an object of
attention in terms of energy efficiency and many related
researches have carried out, but network equipment hasn’t. In
this paper, we therefore discuss relatively unknown energy
consumption and savings potential by wired data network
equipment.

III. ENERGY CONSUMPTION AND SAVINGS POTENTIAL
FOR DATA NETWORK EQUIPMENT

In this paper, we specifically deal with the energy
consumption and the implication of wired data network
equipment whose primary purpose is to transport, route,
switch, or process network traffic, excluding edge devices
such as PCs, servers, other sources and sinks of IP traffic.

Figure 3 shows the typical access, metro and core device
density and energy requirements in today’s typical networks.
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Figure 3. Typical access, metro and core device density and energy
requirements in today’s typical networks deployed by telcos, source : [4]
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The power consumption of transport and core network
represents about 30% of the overall network requirement, and
access devices weigh for 70%. Even if power consumption of
an access device is approximately one-sixth of a core device,
the number of access devices is much more than core devices.
Thus power consumption of the today’s overall network is
driven by access networks.

To look at a scale of local and global energy consumption
of access network equipment, we estimated it by (1). Eg ne is
the global energy consumption of network equipment in BAU
(assuming that continuity is maintained considering the
current situation and trends) and ECO scenarios (assuming
that there is a push for ICT-based energy efficient solutions)
and it is sum of Ey., which is each country’s total energy
consumption of network equipment. E,,, can be calculated
with (2). E; is a country’s total consumption of electricity [1],
B; is the share of buildings in the total electricity of a country
[6], N is the share of network equipment in the buildings
electricity, which is assumed 0.7% based on the USA [3]. n
in (1) is the number of countries included and its value is 136.

Eg_ne = 7i1=1Enei (l)

Enei = E,: X B,: X N X w; (2)
1

w; = ISbl’ XI (3)
sbus

w; is weight, which the value is used for taking into
account levels of IT development varied by country. This
weight is determined by the IDI access sub-index in 2010. IDI
(The ICT Development Index) is one benchmark measure that
serves to monitor and compare developments in information
and communication technology (ICT) across countries. It was
developed by the International Telecommunication Union
(ITU) and aims to capture the evolution of the information
society as it goes through its different stages of development,
taking into consideration technology convergence and the
emergence of new technologies [7]. Ig, access sub-index of
the IDI captures ICT readiness, and includes infrastructure and
access indicators. We use I, the IDI access sub-index of a
country adjusted by Iy,  the IDI access sub-index of the USA,
which accounts for the largest amount of the world’s
electricity use.

Therefore the energy consumption of network equipment is :

Ene = 4

PA(E X By X N X Iy X7—)
b

Sbus

The results are shown in Figure 4. According to that, the
global energy consumption by access network equipment is
around 57TWh in 2010. Approximately 9TWh costs in the
order of 0.9 billion dollars per year (at 9.8 cents per kWh from
all sector average in 2010 [19]) and requires one nuclear
reactor unit. A typical average nuclear power plant have two
reactors, each of which generates an average of 9TWh

ISBN 978-89-968650-2-5

1153

electricity per year [8] (an average life of a nuclear reactor is
40~60 years [20]). As shown in Figure 4, in 2010, the USA
access network equipment’s energy consumption per year is
an enormous amount that required more than two nuclear
reactors. Moreover, to look at a scale of savings by energy
efficient technologies just at a glance, we estimated local and
global energy consumption of it in BAU and ECO scenarios
between 2010 and 2020. In this work, as the growth of
network equipment is correlated with that of the network-
connected equipment, similar growth rates can reasonably be
applied to network equipment in general. So, the yearly
growth rate of the energy consumption of it is assumed to be
the same those in Figure 2. In here, we supposed that the
energy consumption of access network equipment grows
annually at 7.3% from 2008 to 2015 and at 6.3% from 2016 to
2020 and ECO scenarios are assumed to has 20% and 65%
energy savings potential (as the lower and upper limit) over
BAU.

As shown in Figure 4, the 2010 energy consumption of the
world’s access network equipment accounted for 0.3%
(56.6TWh) of the total world’s electricity consumption
(17,839TWh [1]) and it is forecasted to show growing trend
continually. In 2020, it is forecasted to increase by about
109.7TWh and this doubles in 2010. If the energy
consumption of the world’s access network equipment was
possible to save by 20% over BAU, it could save 11~22TWh
per year from 2010 to 2020. In the USA, it is possible to save
by 4~7TWh per year, then this is an amount needed almost
one nuclear reactor.

Access network equipment mainly consists of office
network switches and residential equipment. They account of
approximately 0.7% (2006) [3] and 1% (2008) [5] of power
use in buildings in the USA. In particular, the enterprise
network equipment is largely responsible for about 60% (42%
at switches, 6% at routers, 10% at security appliances and 2%
at WLAN [5]) of energy use in the global access network. As
a typical case, According to the energy use distribution in
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Figure 4. The energy consumption and costs by access network equipment
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Berkeley campus LAN reported by LBNL [5], switches and
routers are account for 87% of total energy use of campus
LAN. So, switches would account for most of energy use in
general enterprise network. This clearly implies why switches
are targeted leadingly for energy efficiency.

IV. AN IMPACT OF DATA NETWORK EQUIPMENT
BASED ON TRAFFIC TYPES

We devoted to analyze energy consuming factors in the
switching equipment which is the major cause (over 80%) of
energy consumption in a general enterprise network.
According to [9], typically, 60 % of power consumption in
networking equipment is associated with packet-processing
part and packet-processing support part such as memories
(DRAM (Dynamic Random Access Memory) and TCAM
(Ternary Content Access Memory). Figure 5 presents the
maximum switch power consumption happens at the packet
processing subsystem. This subsystem processes vast traffic
with functionality such as buffering, lookup, forwarding,
switching fabric and I/O. To increase power savings, the best
place to start is to reduce the power consumption associated
with packet processing.

The traditional network equipment doesn’t consume energy
proportional to traffic loads, because they consume constant
energy even during idle period. Total energy consumption of
the current typical switches (non-green network switches)
depends on the number of active ports, capacity of each port,
but doesn’t on port utilization. Current Ethernet switches
require both transmitters and receivers to operate continuously
on a link, thus consume energy all the time, regardless of the
amount of data exchanged. That is to say, they consume large
energy even at low loads, which means very low energy
efficiency.

As solution to this problem, green technologies are devoted
to make its energy consumption nearly proportional to its
traffic load by approaches such as resource consolidation and
selective connectedness. Representatively, EEE (Energy
Efficiency Ethernet [21]) of ALR (Adaptive Link Rate)
solutions is already well advanced and addressed by IEEE Std.
802.3az and has shown important energy savings at low loads.
Network equipment in today’s Internet is being rapidly
replaced to high-end ones and EEE shows better energy
efficiency over high speed link. With such the trend, energy
consumption of switches would become proportional to its
traffic load. But green approaches of resource consolidation
and selective connectedness are required more sophisticated
mechanisms in terms of QoS. The current green networking
techniques have hardly taken into account QoS.

Packet Packet
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Figure 5. Typical switch power allocation , source : [9]
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In this context, that switches comprehend a volume and
characteristic of traffic on them and manipulate appropriately
could improve energy efficiency. Moreover, at the line
consuming second-largest energy, it is important that switches
consider a volume and characteristic of traffic to decide
sensitive factors like states (sleeping or idle), timers in green
techniques such as ALR. Further, the green networking
techniques need to focus on the quality of the user experience.
The current green networking techniques have hardly taken
into account QoS but should consider energy efficiency with
view of QoS in the future. Processing traffic by green levels
classified on the basis of characteristic of traffic could further
improve energy efficiency. For this, switches need to
understand and manage information about traffic
characteristic in an aspect of energy efficiency. This enables
to consider further QoS, and thereby could provide more
sophisticated energy efficiency. Also this information can be
utilized for smart decisions and exact predictions in the
resource consolidation and dynamic adaptation for green
networking, either.

For this approach, we made an effort to look specifically
impacts on network equipment based on Traffic types.
According to [10], annual global IP traffic is forecasted to
surpass the zettabyte threshold by the end of 2016. In 2016,
global IP traffic will reach 1.3 zettabytes per year or 110.3
exabytes per month. As a result, in 2016, global IP networks
will deliver 12.5 petabytes every 5 minutes and IP traffic per
capita will reach 15 gigabytes per capita, up from 4 gigabytes
per capita in 2011.

Figure 6 shows global IP traffic growth from 2011 to 2016.
In 2016, about 93% of the global IP traffic will be comprised
of the consumer traffic which includes IP traffic generated by
households, university population, and Internet cafes and the
consumer wired Internet traffic of them will account for the
majority (over 70%) of the IP traffic. Thus switching
equipment will require tremendous energy for processing
these huge amounts of IP traffic.

Internet Video, File Sharing, and Web, Email, Data and
they account for 99% of total. Especially, Internet video
streaming and downloads of them are beginning to take a
larger share of bandwidth and will grow to over 54% of all
consumer Internet traffic in 2016.
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Figure 6. Global IP traffic, 2011-2016, source : [10]
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Depending on the traffic types, volumes of traffic have very
big difference. Their characteristics and needs are different in
terms of energy efficiency as well. Thus, we put effort to
figure out impacts on network equipment by traffic types in an
aspect of greening network. We focused on consumer the
wired Internet traffic which is the majority of the Internet
traffic. We classified based on traffic types and estimated their
impacts from the viewpoint of greening.

In this work, we limited network equipment to enterprise
switching equipment which account for the majority of energy
consumption of access networks and used the forecast in 2016
in [10]. Also, with reference to a power benchmarking for
network devices in [11][12][13], we supposed that a switch
has a line card with 48 full-duplex 1Gbps ports and it
consumes average 3.3mWatts/IMbps when it transmits at
fully load with the aggregate bandwidth of 48000Mbps.

In (1), Eg, is the total enterprise switching equipment’s
energy consumption and S, is the share of it in the total access
network equipment, therefore 1 —S, —r is a share of the
residential customer premises equipment (r is a share of
routers, security appliances, WLAN and etc. of the enterprise
network devices and it is about 15% in 2008 [5]). We assumed
that S, is assumed about 40% by section III. T is the amount
of the traffic generated per hour and Eyg is the energy
consumption per MB. p is the energy proportionality formed
by Figure 7.

Figure 7 shows the power consumed by network equipment
against the load on it with a maximum load of G bps. Ideally,
the power consumed should be proportional to the load, with
the maximum power, M watts, being as low as possible. In
practice however, the behavior of network equipment follow
the line marked realistic, with the equipment consuming I
watts even under idle (no load) conditions. Thus, p is the

difference between the ideal and measured lines in Figure 7
tan @

tan®
the origin for the ideal and measured power. p = 1 implies

that the equipment has perfect energy proportionality and
p = 0 implies that the energy consumed by the equipment is
completely agnostic to offered load.

We estimated impacts on the total switches in enterprise
network based on traffic types by (5) and the results are
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presented in Figure 8. Also, we normalized as shown in
Figure 9 on a basis of Figure 8. In Figure 9, we set the average
level is O at average traffic volume and each figures are the
relative values of it.

Internet traffic is possible to be more specifically
distinguished to application-level classification by IP address,
port number, connection duration, packet size, packet arrival
time, and others, and they can be classified by aspects of
energy efficiency as Figure 8 and Figure 9. This view is
possible to classify with more sophisticated green QoS levels
based on traffic type. The current green approaches by the
dynamic adaptation involve only local decisions. The
classified green information based on energy efficiency could
help them make precisional decisions and predictions about
network state and idle/sleep modes, as aware of information
about patterns and loads of traffic. Thus, it could support
sophisticated energy management by using knowledge in an
aspect of QoS. Moreover this could be used to build an energy
efficient virtual network by inserting in L2 or L3 header of
PDU. This approach could also introduce to building virtual
networks at global level because Ethernet has extended to
backbone network. We remain to develop specifically
advanced these in the long term.

V. CONCLUSION

In this paper, we analyzed impacts of data network
equipment for the green Internet and presented future works
for the green networking. For this work, we introduced
motivation and background of the concern about greening the
Internet in view points of energy resource and also presented
importance and reasonability of study on energy efficiency of
data network equipment. Moreover, we explored detailed
energy consumption and savings potential of data network
equipment by top-down approach. Then, we stated the current
research trends for the green networking and presented
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limitations in aspects of QoS and a lack of the global view
point in them. In this context, we further estimates impacts of
data network equipment depending on traffic types and
proposed directions for future works related to our estimates.
So far, the studies of energy efficiency in the green
networking field have focused on dimensioning discreetly
components in hardware or controlling network interface by
local decision. Moreover few works exist from the global
viewpoint which have based on network topology and traffic
characteristic. Our traffic classification based on energy
efficiency is possible to treat more sophisticatedly trade-off
between energy efficiency and QoS. Also these could help
precise decisions and predictions of existing green techniques
as using the knowledge in an aspect of QoS. Further, this
classification can be used in building L2/L3 virtual networks
considering for both energy efficiency and QoS. For this work,
we need to undertake more precise measurement and
modeling, and they remain as our future works.

Greening the Internet is inevitable due to with the energy
depletion and environmental threats. Therefore, the green
networking solution should be transparent to users and be
undertaken to do more elaborate works for QoS support. It
should also be developed with a comprehensive view at both
local and global - which opens a number of interesting
questions that are so far all unexplored.

ACKNOWLEDGMENT

This research was supported by Next-Generation
Information Computing Development Program through the
National Research Foundation of Korea (NRF) funded by the
Ministry of Science, ICT & Future Plannig (No. 2011-
0029927).

REFERENCES

[1]  IEA, “Energy Technology Perspectives 20127, 2012.

[2]  BIO Intelligence, “Estimate of energy wasted by network-connected
equipment Final Report”, Jun., 2011.

[3] B. Nordman “What the Real World Tells Us about Saving Energy in
Electronics”, presentation, at the 1st Berkeley Symposium on Energy
Efficient Electronic Systems(E3S), Jun. 11, 2009.

[4] R. Bolla, R. Bruschi, F. Davoli, F. Cucchietti, “Energy Efficiency in
the Future Internet: A Survey of Existing Approaches and Trends in
Energy-Aware Fixed Network Infrastructures”, IEEE Communications
Surveys & Tutorials, VOL. 13, NO. 2, pp. 223 — 244, May., 2011.

[S] Lawrence Berkeley National Laboratory, “Data Network Equipment
Energy Use and Savings Potential in Buildings”, 2010 ACEEE
Summer Study on Energy Efficiency in Buildings, Jun., 2010.

[6] The United States in consultation with MEF Partners, “Technology
Action Plan Buildings Sector Energy Efficiency”, Dec., 2009.

[7]  ITU “Measuring the Information Society 20127, 2012.

[8] M. Gupta, S. Sigh, “Greening of the Internet”, in Proc. The ACM
conference on Applications, technologies, architectures, and protocols
for computer communications (SIGCOMM '03), Karsrhue, Germany,
pp. 19-26, Aug., 2003.

[9] Hewlett-Packard  Development  Company,

Networking Business white paper”, May, 2011.

Cisco, “Cisco Visual Networking Index: Forecast and Methodology,

2011-2016”, May,. 2012.

P. Mahadevan, P. Sharma, S. Banerjee, P. Ranganathan, “A Power

Benchmarking Framework for Network Devices”, LNCS, Vol.5550,

(in proc. IFIP International Federation for Information Processing 2009)

pp.795-808, 2009.

“Energy  Efficient
[10]

[11]

ISBN 978-89-968650-2-5

[12]
[13]
[14]

[15]

[16]

[17]

[18]

(191

[20]

(21

1156

GeSI, “Fixed Network Operators Energy Efficiency Benchmark”, Mar.,
2012.

Cisco White Paper, “Cisco Ethernet Power Study of Cisco and
Competitive Products”, 2008.

EC DG INFSO, “Impacts of Information and Communication
Technologies on Energy Efficiency”, final report, Sept., 2008.

A.P. Bianzino, C. Chaudet, D. Rossi, J.-L. Rougier, “A Survey of
Green Networking Research”, IEEE Communications Surveys &
Tutorials, VOL. 14, NO. 1, pp.3-20, Jan., 2012.

K. Hooghe, M. Guenach, “Towards energy-efficient packet processing
in access nodes”, in Proc. Global Telecommunications Conference
(GLOBECOM 2011), Houston, Texas, USA, pp. 1 — 6, Dec., 2011.

P. Reviriego, J.A. Maestro, J.A. P. Hernandez, D. Larrabeiti, “Burst
Transmission for Energy-Efficient Ethernet”, IEEE Internet Computing,
Vol 14, No. 4, pp.50-57, Jul.-Aug., 2010.

K. He, Y. Wang, X. Wang, W. Meng, B. Liu, “GreenVLAN : An
Energy-Efficient Approach for VLAN Design”, in proc. Computing,
Networking and Communications (ICNC 2012), pp. 522-526, Jan. 30 -
Feb. 2, 2012.

U.S. EIA website : http://www.eia.gov/oiaf/aeo/tablebrowser/#release=
AEO02013&subject=0-AE02013 &table=8-AE02013 &region=0-0&cas
es=ref2013-d102312a, Electricity Supply, Disposition, Prices and
Emissions, AEO 2012 Reference case

Website: http://www.world-nuclear-news.org/RS_Is_there life
after_sixty 0302121.html

IEEE  P802.3az  Energy Efficient
http://www.ieee802.org/3/az/index.html

Ethernet  Task  Force

Yuhwa Suh is a doctor student in the Internet
Convergences and Networking Laboratory at Soongsil
University in South Korea. She received B.S. and M.S.
degrees in computer science and engineering from
Soongsil University in 2003 and 2005, respectively. She
worked as a researcher at National IT Industry
Promotion Agency in South Korea. Her research
interests include Greening the Internet, VLAN, Ad-
hoc/Sensor Networks and Multicast.

Jongseok Choi is a doctor student in the Internet
Convergences and Networking Laboratory at Soongsil
University in South Korea. He received M.S. degree in
computer science and engineering from Soongsil
University in 2012 and B.S. degree in Computer
Science from Bucheon University in South Korea in
2010 . His research areas include Greening the Internet,
WLAN, Mobile Network.

Changho Seo has been working as a professor at the
Department of Applied Mathematics at Kongju
National University in South Korea, since 2000.
He received B.S., M.S. and Ph.D. degrees from Korea
University, Korea in 1990, 1992 and 1996 in the
Department of Mathematics at Korea University,
respectively. His research areas include Cryptography,
Information Security and System Security.

Yongtae Shin has been working as a professor at the
School of Computer Science and Engineering of
Soongsil University in South Korea, since 1995. He is
also the founder of DigiCAP Inc., which is a leader of
the DRM and CAS solution and service providers in
South Korea. He received M.S. and Ph.D. degrees in
computer science from the University of lowa. His
research areas include DRM, BCN, Wireless Networks,
QoS, Network Security.

February 16~19, 2014 ICACT2014




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomDGR-Bold
    /NimbusRomDGR-BoldItal
    /NimbusRomDGR-Regu
    /NimbusRomDGR-ReguItal
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




