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Abstract-Cognitive radio characterizes an ambient aware and
software-defined radio system that is capable to autonomously
and intelligently adjust the system parameters. It has the poten-
tial to optimize the usage of all relevant resources for service-
driven wireless communications. We identify four types of re-
sources; these are the radio, the computing, and the radio and
user application resources. This paper presents their modeling,
including several models for each resource type. The modeling
serves as the basis for a joint resource management in a cognitive
radio system that may eventually trade-off one resource (type)
against the other(s). Two approaches for such a management are
presented: a distributed-cooperative and a centralized-
integrated. We finally discuss the applicability and utility of the
proposed models, and the potentials of a joint resource manage-
ment in cognitive radio in terms of user satisfaction and reve-
nues.

Keywords-cognitive radio; joint resource management; re-
source modeling; software-defined radio (SDR)

L INTRODUCTION

The current trend in commercial wireless communications is
towards user-centric and service-driven and away from RAT-
driven wireless communications. A beyond 3G (B3G), or hete-
rogeneous, system, where many radio access technologies
(RATS) coexist, offers a wide variety of user services and leve-
rages the introduction of particularized services. In such a
scenario, a RAT is chosen from among a set of suitable RATs
for the delivery or provision of a desired service, where the
RAT selection is a question of (radio) resource management.

B3G systems are dynamic: Users change their positions, pre-
ferences, demands, and so forth, network operators modify
(extend or diminish) their networks, terminal manufacturers
develop sophisticated radio terminals, and service providers
introduce new and personalized user services. In parallel with
that, new RATs or RAT enhancements, which offer higher
bandwidths at lower costs, are investigated and, eventually,
realized; recent examples are the introduction and extensions of
WLANSs, HSDPA and WiMAX.

Software-defined radio (SDR), which was introduced in the
early 90s [1], can manage and even exploit a dynamic and
heterogeneous radio environment. SDR facilitates the reconfi-
guration of radio equipment (SDR platforms) by means of
changing the RAT-specific software implementation (SDR
application) it executes. In other words, radio equipment that
follow the SDR approach are not (completely) hardware de-
fined, but rather (partially) software reconfigurable.
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The realization of software-defined radios has implications
on many players in the wireless world: Manufacturers need to
introduce reconfigurable radio equipment that can provide
sufficient computing capabilities for the many different radio
standards. Network operators should be able to provide and
manage a set of RATs for an adequate service delivery to each
of their subscribers. Service providers need to develop a high
variety of innovative and personalized user service at different
QoS (quality of service) levels to be competitive with third
parties, which may introduce their own products to the wireless
user [2].

Cognitive radio emerged as a follow-up concept to SDR [3].
Cognitive radio can be described as an ambient-aware radio
system that intelligently manages the available (radio) re-
sources in a multi-RAT scenario [4]. Although it can be rea-
lized without software-defined radio, i.e. assuming multimode
terminals, it is more powerful when implemented on top of
software-defined radio. This paper addresses reconfigurable
SDR equipment and, thus, a cognitive radio implementation
that is based on software-defined radio.

More recently the notion of spectrum sharing, referring to a
flexible spectrum usage between operators and systems,
emerged [5] [6]. For example, a licensed spectrum band may
be leased while not used by its owner. Therefore, the corres-
ponding regulatory issues are currently addressed. We believe
that this paves the path for an agile spectrum usage.

The prospective flexibility in the spectrum allocation makes
the research in software-defined and cognitive radios even
more interesting: Spectrum sharing increases the number of
bands that SDR equipment can access and so the variety of
possible platform configurations. Being able to more flexibly
choose the transmission band as well as the transmission tech-
nology facilitates a more efficient usage of radio resources.

Apart from the management of the scarce radio resources,
the limited and distributed computing capabilities of SDR
equipment have to be dynamically managed [7] [8]. Addition-
ally, a dynamic management of the available RAT implementa-
tions and service presentations (radio and user applications)
and their computing requirements and QoS repercussions is
necessary.

This paper introduces a modeling of the radio, the compu-
ting, and the radio and user application resources for their joint
management in cognitive radio. It extends our previous work
[8] in two ways: First, it also considers the radio and user ap-
plication resource management and provides a more general



framework for the joint resource management in cognitive
radio (section II). Second, it provides a modeling of the radio,
computing, and application resources as the basis for such a
management (section III). We discuss its applicability before
providing an outlook for future research (sections IV and V).

1. JOINT RESOURCE MANAGEMENT

The context of this paper is a cognitive radio system that
jointly manages all those resources that are required for SDR
communications. Apart from the radio resources, we identify
the application and computing resources. The limited amount
of any of these resources constrains the capacity of the wireless
access: Quality requirements and interference limit the availa-
bility of radio resources, the accessibility of applications con-
strains the service and QoS provisioning, whereas the compu-
ting capabilities restrain the execution of these applications.
The users become aware of these constraints through QoS
degradations or the lack of service versatility, among others.
The principal task of the joint radio resource management is to
make these limitations transparent to the wireless users and to
maximize the revenues of all parties (see section IV).

This section provides a general framework for a joint re-
source management in cognitive radio. Such a management can
be either distributed and cooperative or centralized and inte-
grated, the following definitions point out the differences.

e Cooperative resource management: The resource man-
agement entities interchange their individual objectives
and decisions, which are then adjusted for the sake of
the system’s overall benefit.

e Integrated resource management. Environmental in-
formation is jointly processed to derive the appropriate
actions that maximize the system’s overall benefit.

These definitions indicate that a cooperative resource man-
agement system consists of distributed and cooperative re-
source management entities, whereas an integrated resource
management system features one central entity, the integrated
resource management entity (Fig. 1, Table I). A cooperative
resource management may be easier to develop and implement,
whereas an integrated resource management may provide more
efficient results. One approach may be more appropriate than
the other under certain environmental conditions or manage-
ment policies; this, however, is not further analyzed here.

TABLE L ABBREVIATIONS

RRM,, Radio resource management for RAT n

JRRM Joint radio resource management

CRM,, Computing resource management for platform (type) m

JCRM Joint computing resource management

RARM; | Radio application resource management for RAT
implementation &

JRARM | Joint radio application resource management

UARM, | User application resource management for user applica-
tion (type) /

JUARM | Joint user application resource management

JARM Joint application resource management

IRM Integrated resource management

Figure 1. Cooperative/ integrated resource management (dashed/ solid lines).

We may logically separate and independently model the dif-
ferent types of resources, but we must not forget that they are
related to each other. In particular, a radio or user application
requires some amount of computing resources (radio or user
in Fig. 1). This amount depends on the particular implementa-
tion, being a function of the service and QoS (service environ-
ment — long cloud in the background) and the current radio

propriate implementations is finally a function of the available
computing resources (computing environment — cloud around

Only a joint resource management can account for such an
interrelation between resources of different types. A cognitive
radio system can, moreover, take advantage of this interrela-
tion: It can select the radio and user applications for each SDR
platform as a function of the radio, computing, application, and
service environments. We therefore argue for a cognitive radio
system that implements either a cooperative or an integrated
resource management. Resources can only be managed if their
states are known; this requires a resource modeling and is the
topic of the next section.

III.  RESOURCE MODELING AND ITS CONTEXT

This section pretends to establish a suitable system modeling
of the radio, the computing, and the two application environ-
ments. Subsections 4, B, and C assume a cooperative resource
management context, whereas D discusses the integrated re-
source management counterpart.

A. Radio Resources and the Radio Cycle

The management of radio resources is of utmost importance
in modern radio communications and is a hot topic in cognitive
radio as well [4]. This is primarily so because of the rising
number of wireless users and their increasing bandwidth de-
mands. Moreover, the fact that many radio frequency bands
are, over large time span, underused underlines the importance
and the potentials of a joint, or common, radio resource man-



agement in heterogeneous radio environments [9]. The recent
research therefore tries to make use of underused spectrum
bands, allowing licensed spectrum to be leased to secondary
users [5] [6]. The following modeling proposal assumes that
such a spectrum leasing is possible, whereas spectrum bands
may or may not be pre-assigned to certain RATs.

Fig. 2a shows the radio cycle. The radio scene analysis con-
tinuously updates the information about owned and leased
radio frequencies and their occupation. Therefore, a channel
model is necessary. Reference [6] illustrates how a frequency
band can be divided into channels. It shows two frequency
grids, one for a narrowband radio system and one for a wide-
band radio system. Since the grids overlap, the frequency grid
of the narrowband radio system specifies the channel band-
width. We adopt this approach, although we do not require that
the entire spectrum be divided into channels of equal band-
widths but rather that a channel’s bandwidth be a function of
the radio systems that may operate in the corresponding band.
It could, though, be necessary to merge adjacent channels to
make their amount tractable: the smaller the channels the more
flexible the spectrum allocation but the more complex the
JRRM. We do not address this issue here but rather assume that
the modeled spectrum portion is small enough.

A channel is described by a number of parameters, such as
owner, leaser, and occupation. If a channel is licensed, its
owner is the license holder; otherwise the owner is public. If a
channel is currently not leased, its leaser is the owner. The
occupation of a channel may take discrete values, such as fiee,
low, medium, high, and occupied, or continuous values, for
example, occupation percentage. This metric relates the actual
with the tolerable interference. Radio resources can then be
modeled as

Rr(f) = (<start ﬁ-equency [MHz]>, <end ﬁ'equency [MHz]>,
<owner>, <leaser>, <occupation [%]>), (1

where i€ Z (integer numbers) gives the channel number. The
channel numbering can be done arbitrarily; however, a logical
numbering, where channels x and (x+1) are adjacent, would be
useful for identifying adjacent channels. Here we assume that
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the RAT suitability for a given channel and the number of
(adjacent) channels that a RAT requires are known to the sys-
tem. It will be included in future versions. The above represen-
tation is simple and flexible: Additional channels and channel
information can be easily tracked just by extending channel
model (1) vertically (additional ’s) and horizontally (additional
vector elements).

Based on the momentary state of radio resources, primarily
described by the 5™ element of (1), the JRRM entity would be
able to identify over and underused spectrum within its range
(of channels 7) to eventually derive the appropriate actions that
would optimize the joint usage of radio resources.

B. Computing Resources and the Computing Cycle

Software-defined radio characterizes reconfigurable radio
equipment consisting of general-purpose processors, digital
signal processors (DSPs), and software-reconfigurable
processing entities, such as and field-programmable gate arrays
(FPGAs). Any processor has a limited amount of computing
resources, including processing capacity, inter-processor com-
munication bandwidths and energy. (Although base stations’
energy availability may be considered unlimited for practical
cases, optimizing their power consumption it is still an impor-
tant issue.) Management of computing resources is necessary
for switching from one radio standard or service to another, or,
in other words, for mapping another radio or user application to
a given SDR platform. An SDR platform is characterized by
the available and occupied computing resources, the RF circui-
try and all other features it provides for radio communications
and, possibly, non-radio specific computation.

Cognitive radio automates the reconfiguration process of
SDR platforms. It thus requires a computing resource man-
agement entity that processes the hardware information of its
surrounding. Fig. 2b shows the computing cycle. The compu-
ting scene analysis entity of this cycle captures the hardware
information and provides it in a suitable format to the JCRM
entity. A suitable format, or computing resource management
modeling, is proposed in continuation.
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Figure 2. The radio (a), computing (b) and application (c) cycles.



Matrix R*# models the available computing resources of
type “i” for SDR platform “5” (i, je N — natural numbers).
More precisely, R 7 is a X (i) times Y.(i) matrix of non-
negative real elements R* (X.(i), Y.(i)e N). We suggest the
computing cycle to consider at least the following computing
resources: processing powers, bandwidth capacities, memory
resources, and power availability.

The processing powers of the N(j) processing entities of
SDR platform “/ can, for example, be represented as

R =(C), T, ..., C'yy) [MOPS]. ¥
In [7] we discussed the suitability of million operations per
second, or MOPS, as a metric for characterizing the processing
powers of SDR platforms. Similarly, a platform’s bandwidth
capacities can be captured in mega-bits per second (MBPS) as

oo B/1 le,N(j)
j - i
L B0 ivpes). 3)
By Blngya v e

BY},, for instance, is the bandwidth capacity that is available for
the directed data transfer from the local data memory of pro-
cessor “1” to the local data memory of processor “2” of SDR
platform /. We assume direct memory access (DMA) or
pointer transfers, where processor internal bandwidths are
sufficiently high to be modeled as infinite.

An SDR platform may have a global memory to store the
downloaded radio and user applications. The application map-
ping process then distributes the radio and user applications’
functions between the processors’ local memories for their
distributed processing. The memory availability for program
and data can be modeled as

RO =M\, My, ..., My, Myg) [MB],  (4)
where M’ through M7y, represent the processors’ local and
My the platform’s global memory resources in mega-bytes
(MB). Finally, the energy resources can be modeled as

R =P/ [mWPS] Q)

if we assume that the total energy of P/ milliwatt per second
(mWPS) is shared among all computing resources of SDR
platform .

Note that the above modeling permits to capture additional
computing resources R 7, i > 5. Also, matrices can be re-
moved or simply ignored when the corresponding resource
becomes unlimited for practical issues and does not require its
management any more. Focusing on the most relevant compu-
ting resources facilitates a more efficient JCRM.

C. Application Resources and the Application Cycle

Radio and user applications basically differ in their utility:
The radio application defines the radio functionality of an SDR

platform and eventually the transmission mode for service
delivery, whereas the user application facilitates use of the
service itself. In other words, the radio application defines how
data is transmitted and received over the wireless link (OSI
layers 1-3), whereas the user application defines how the ser-
vice is locally presented to the user (OSI layer 7). These appli-
cations will be modularly built out of independent processing
blocks to be processed following the distributed computing
concept and to be individually exchangeable for an easy distri-
bution of new functions.

Fig. 2c shows the application cycle. As suggested in Fig. 1,
the cognitive radio system may execute one such cycle for the
radio and one for the user application. Although the radio and
user applications have different functionalities and require-
ments, the same resource model R,"—a X.(i) times Y,(7)
matrix of R" elements (X,(i), Y,({)e N)—serves for both.

R\ = (¢, ¢, ..., i) [MOPS] 6)

represents the processing requirements of the M(j) functions of
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application “/”.
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captures the platforms’ bandwidth requirements, where b/}, for
example, is the bandwidth that is at least required for the data
transfer from function “1” to function “2” in the processing

chain, both pertaining to application *;”.
The memory requirements are summarized in

R = (m!\, m’s, ..., m'yy, mrig1) [MB], ¥

where m’| through m’ M) represent the functions’ program and
data memory requirements and m”y;. the application’s total
memory demand. The application’s energy requirement may
finally be written as

R =p’ [mWPS]. ©9)

The application resource modeling so far is in line with the
computing resource modeling. The application cycle, however,
needs to process information about the suitability of an applica-
tion for service and QoS delivery. This may be modeled as

RO7=(q", %, .y '), (10)

where ¢ /€ R" indicates the QoS that application “” can
achieve for service k and may be a function of the theoretically
achievable bit rate and BER, among others. For each service,
we suggest to define a reference QoS value, e.g. ¢”,i40, =1 for a
128 kbps UMTS implementation. Since we do not scale g7}, we
can choose this reference freely, facilitating the definition of
R, and accounting for future QoS enhancements.



S stands for the number of services that are considered. It will
grow with each new service that is introduced, requiring an
update of (10).

Because different RAT implementations or service presenta-
tions may require different amounts of resources (6)-(9) or
provide different QoS’s (10), we treat them as different radio or
user applications.

D. Integrated versus Cooperative Resource Management

The proposed modeling serves for characterizing the states
of the relevant resources for software-defined radio communi-
cations at each moment. It pretends to represent the available
resources in a suitable format for a joint resource management,
either cooperative or integrated. Fig. 3 shows the cognitive
cycles of the integrated resource management approach. The
scene analysis entities again collect and process information
but provide it to a central entity, the integrated resource man-
agement (IRM) entity. This entity then jointly processes the
system’s state information to make an integrated decision upon
its inputs, whereas the logically distributed resource manage-
ment entities of the cooperative approach coordinate their indi-
vidual decision.

IV. DISCUSSION

This section discusses the applicability and importance of a
resource modeling that accounts for the different types of re-
sources discussed in this article. One such applicability is a

cognitive radio system that jointly manages and intelligently
uses the limited amount of resources of any kind while ensur-
ing reliable radio communications (Figs. 1-3). Such a cognitive
radio systems would eventually try to maximize the benefits or
revenues of all involved parties. The wireless user is one of
these parties; though non-profitable, his satisfaction may be
revenue to others. Below we sketch some relationships be-
tween resource management and benefits.

The operators want to maximize the number of users they
can serve. Each user that is not admitted due to network capaci-
ty limits is lost revenue, directly because the user session can-
not be initiated and charged and indirectly because the user
may switch to another operator. Hence, JRRM is required [10].

The service providers also compete for users. This requires
the introduction of innovative and computing feasible services
that attract as many wireless users as possible (keyword: per-
sonalized services). The JUARM facilitates the selection of a
user service presentation and the management of their steadily
increasing number.

Once the first radio applications will become available, there
will be no limit in designing new or optimized software-
implementations of RATs. Many different parties may partici-
pate in this design and each one of these parties wants to sell its
product. The JRARM will manage the growing amount of
radio applications and be responsible for proposing the one to
execute on an SDR platform at a given time instant.
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Figure 3. The cognitive cycles of the integrate resource management approach.



The JCRM is necessary for providing the desired user ser-
vice and QoS whenever possible and as long as desired. Each
consumed MOPS or MBPS, for instance, consumes power and
costs money. Hence, computing efficient mappings of user and
radio applications are very important for direct and indirect
revenues.

We conclude that many parameters influence the selection of
the radio resources, the radio and user applications, and the
computing resources that execute these applications. In the
previous paragraphs we have pointed out some relations be-
tween revenue and resource management for each resource
type independently. Because of the correlation between the
resources of different types, we believe that a joint resource
management could achieve the greatest benefit. Consider there-
fore the following scenarios.

A. Scenario I

The first scenario pretends to show the importance of a joint
resource management, where the usage of the different types of
resources is optimized without the users being aware of it. We
assume a B3G context, where several radio access technologies
coexist and offer a wide variety of different user service at
different QoS levels. Moreover, more than one RAT may be
suitable for providing a particular service and QoS. A future
wireless user will likely not be interested in the specific air
interface that provides the service, as long as it is affordable
and of good quality. In such a service-driven wireless commu-
nications world RATs can be flexibly chosen, giving the cogni-
tive radio system the control it needs for an efficient resource
management: It can, for example, distribute the radio and com-
puting loads as a function of the radio, computing, application,
and service environments. It can also trade-off the different
types of resources against each other.

B. Scenario Il

This scenario focuses on two users communicating with each
other. User 4 has established a voice session with user B using
the GPRS RAT. During their conversation they decide to
switch to a video conference without interrupting the current
session. They both notify the network of the desired service
upgrade using some protocol, for example sending a message
from their terminals. The cognitive radio system realizes that
user 4 could be given the desired services at an adequate QoS
using either UMTS or WLAN. The WLAN implementation
requires less computing resources than the corresponding
UMTS implementations. User 4’s remaining battery capacity
suggests a WLAN implementation. User B, however, is not
within the reach of a WLAN hot spot. Hence, the system de-
cides to access the WCDMA air interface. Since being hand-
held mobile terminals, which have a small display, a 128 kbps
data rate would be enough. A 128 kbps UMTS transceiver
implementation is downloaded from the application environ-
ment to the mobile terminal of user B, whereas user 4 receives
the WLAN processing chain. Each radio application is mapped
to the available computing resources of the corresponding SDR
platform in real-time and without interrupting the voice call.

Once both terminals execute the new radio and user applica-
tions, they can smoothly switch to a videoconference.

V. CONCLUSIONS AND OUTLOOK

This paper discusses the importance of a joint resource man-
agement in cognitive radio and formalizes the cooperative and
integrated resource management framework. We have identi-
fied four types of resources: radio, computing, and radio and
user application resources. Each resource type itself consists of
different resources; we have discussed some of them and pre-
sented a modeling, which facilitates an easy extension to ac-
count for additional resources. Finally, we have discussed the
potentials of a cognitive radio system that jointly manages the
usage of all relevant resources for software-defined radio
communications and, thus, have justified the need for such a
modeling.

More research is necessary before a cognitive radio system
that implements a joint resource management becomes feasi-
ble. First of all, we need to be able to formalize the users’ satis-
factions or disappointments. Apart from typical performance
issues, such as observed bit-rate and BER, economical aspects,
such as price-performance ratio, have to be considered as well.
Furthermore, we need policies that concretize the particular
objective of a joint resource management implementation.
These policies should be fair to all parties in a competitive
world. All these aspects and many others need to be solved to
be able to wisely trade-off one resource (type) against the oth-
er(s). On the other hand, the cognitive radio system could fig-
ure this out by itself during its learning process. Therefore, it is
essential to keep track of the state of all relevant resources to
be able to process the consequences of decisions.

REFERENCES

[1] J. Mitola III, “The software radio architecture,” I[EEE Commun. Mag.,
vol. 33, no. 5, pp. 26-38, May 1995.

[2] J. M. Pereira, “Beyond software radio, towards reconfigurability across
the whole system and across networks,” Proc. IEEE VTC-F’99, pp.
2815-2818.

[3] J. Mitola, “Cognitive radio: an integrated agent architecture for software
defined radio,” Ph.D. dissertation, Royal Institute of Technology (KTH),
Stockholm, Sweden, May 2000.

[4] S. Haykin, Cognitive radio: brain-empowered wireless communications,
1IEEE JSAC, vol. 23, no. 2, pp. 201-220, Feb. 2005.

[51 P. Leaves et al., “Dynamic spectrum allocation in composite reconfigur-
able wireless networks,” JEEE Commun. Mag., vol. 42, iss. 5, pp. 72—
81, May 2004.

[6] Y. Xing, et al., “Dynamic spectrum access in open spectrum wireless
networks,” IEEE JSAC, vol. 24, no. 3, pp 626-637, March 2006.

[71 V. Marojevic, X. Revés, A. Gelonch, “Computing resource management
for SDR platforms,” Proc. PIMRC 2005, Berlin, Sept. 11-14, 2005, pp.
685-689.

[8] V. Marojevic, X. Revés, A. Gelonch, “Cooperative Resource Manage-
ment in Cognitive Radio,” Proc. ICC 2007, Glasgow, June 24-28, 2007,
pp. 5939-5944.

[91 J. Perez-Romero, et al., “Common radio resource management: func-
tional models and implementation requirements,” Proc. PIMRC 2005,
Berlin, 11-14 Sept. 2005, pp. 2067-2071.

[10] L. Giupponi, et al., “Towards balancing user satisfaction and operator

revenue in beyond 3G cognitive networks,” Proc. 15" IST Mobile and
Wireless Summit, Myconos, 4-8 June 2006.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /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
    /BCCYR
    /BCCYRBold
    /BCSYMA
    /BCSYMABold
    /BCSYMB
    /BCSYMBBold
    /BCSYMX
    /BCSYMXBold
    /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
    /Dcsl10
    /Dcsltt10
    /Dcss10
    /Dcssbx10
    /Dcssi10
    /Dctcsc10
    /Dcti10
    /Dctt10
    /Dcu10
    /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
    /Euex10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /Eufb10
    /EUFB5
    /Eufb5
    /EUFB7
    /Eufb7
    /EUFM10
    /Eufm10
    /EUFM5
    /Eufm5
    /EUFM7
    /Eufm7
    /EURB10
    /Eurb10
    /EURB5
    /Eurb5
    /EURB7
    /Eurb7
    /EURM10
    /Eurm10
    /EURM5
    /Eurm5
    /EURM7
    /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
    /Eusb10
    /EUSB5
    /Eusb5
    /EUSB7
    /Eusb7
    /EUSM10
    /Eusm10
    /EUSM5
    /Eusm5
    /EUSM7
    /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
    /HYSMyeongJoStd-Medium-Acro
    /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
    /KozMinPro-Regular-Acro
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Lasy10
    /Lasy5
    /Lasy6
    /Lasy7
    /Lasy8
    /Lasy9
    /Lasyb10
    /Latha
    /LatinWide
    /Lcircle10
    /Lcirclew10
    /Lcmss8
    /Lcmssb8
    /Lcmssi8
    /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
    /Line10
    /Linew10
    /Lithos-Black
    /Lithos-Regular
    /Logo10
    /Logo8
    /Logo9
    /Logobf10
    /Logosl10
    /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
    /Msam10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /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
    /MSungStd-Light-Acro
    /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
    /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
    /rblmi
    /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
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /STSongStd-Light-Acro
    /Swiss721BT-BlackExtended
    /Sylfaen
    /SylfaenARM
    /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
    /Umb10
    /Umbx10
    /Umbxsl10
    /Umbxti10
    /Umitt10
    /Umr10
    /Umsltt10
    /Umti10
    /Umtt10
    /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 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 true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /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 true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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

  /Description <<
    /ENU (Based on PDF Specification 4.01b, May 2007)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


