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Abstract- This study proposes a prediction-based fair
wavelength and bandwidth allocation (PFWBA) scheme to
enhance the differentiated services for WDM-EPON. The
proposed PFWBA scheme is based on the dynamic
wavelength allocation (DWA) and prediction-based fair
excessive bandwidth allocation (PFEBA) which is our
previous work. The DWA can operate in coordination with
an unstable degree list of PFEBA to allocate the available
time slots of wavelength precisely. Simulation results show
the evaluation of ONU buffer size for the proposed PFWBA
scheme in terms of average packet delay, jitter performance
and average packet loss ratio.
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I. INTRODUCTION

Compared with the current access network
technologies, the passive optical network (PON) is a
promising solution for the full service access network,
since optical fiber can satisfy the increasing bandwidth
demand. Two standards organizations, International
Telecommunications Union Standardization Sector (ITU-
T) and Institute of Electrical and Electronics Engineers
(IEEE), have led the discussion of PON specifications.
The ITU-T recommends a series of ATM-based
Broadband PON systems (i.e., ATM-PON, BPON and
GPON). Furthermore, Ethernet PON (EPON) has been
discussed in IEEE 802.3ah as an extension of Gigabit-
Ethernet [1]. Although the EPON or ATM-based PON
provides higher bandwidth than traditional copper-based
access networks, the bandwidth of the PON needs to be
increased further. The WDM-PON architecture can adopt
wavelength-division multiple access (WDMA) to support
multiple wavelengths in either or both upstream and
downstream directions [2]. For employing the WDMA
technology, the passive arrayed waveguide grating
(AWG) is deployed in the WDM-PON architecture. The
AWG allows for spatial reuse of the wavelength channels;
thus, a multi-wavelength source at the OLT is used to
transmit multiple wavelengths to the various optical
network units (ONUs) [3]. However, the limitations of
WDM-PON are lack of mature device technologies, lack
of suitable network protocols to support the architecture,
and high overall cost of deploying optical modules [4]. To
integrate the advantages of EPON and WDM-PON to
provide high link capacity, and to lower the overall system
cost, a smooth migration to WDMA from EPON is
expected a promising solution for optical access network
technology.

The WDM-EPON is the expected solution which
employs EPON and WDM-PON systems to provide
additional link capacity and lower the cost of optical units.
The WDM-EPON manages different wavelength channels
in order to increase the available bandwidth of the EPON,
but not to increase the cost of the system [5], [6]. In the
WDM-EPON architecture, the optical line terminal (OLT)
node is upgraded as an array of fixed-tuned transceivers,
and reserves one control wavelength channel for the OLT
to forward broadcast frames to each ONU. For the ONU
node structure, the WDM-EPON adds tunable transceivers
which employ different tuning times and tuning ranges. In
the downstream direction, WDM-EPON broadcasts
control messages from the OLT to each ONU through the
entire bandwidth of one wavelength. Each ONU discards
or accepts the incoming frames depending on the packet
header addressing. In the upstream direction, WDM-
EPON adopts time-division multiple access (TDMA)
coupled with multi-point control protocol data unit
(MPCPDU) mechanism to avoid collision. The MPCPDU
involves both GATE and REPORT messages. The OLT
allocates upstream bandwidth to each ONU by sending
GATE messages which contains a timestamp, granted
timeslots and wavelengths indicating the periods during
which the ONU can transmit data. Each ONU can send
REPORT messages concerning the queue state to the
OLT, enabling the OLT to allocate the appropriate
upstream bandwidth, wavelengths and timeslots to each
ONU. With multiple ONUs sharing the same upstream
bandwidth and wavelengths to transmit data on the WDM-
EPON, any data collision lengthens the end-to-end delay
and degrades the system performance. Hence, the
bandwidth and wavelength allocation is a major concern
of research in the WDM-EPON, especially with the large
demand for bandwidth and critical applications [5], [6].

Wavelength and bandwidth allocation schemes can be
divided into two categories, Static Wavelength Dynamic
Time (SWDT) and Dynamic Wavelength Dynamic Time
(DWDT) which is also called Dynamic Wavelength and
Bandwidth Allocation (DWBA) [7]. In the SWDT, the
OLT allocates wavelengths statically and timeslots
dynamically. The ONUs are divided into different groups
according to the number of wavelengths, and each group
of ONUs shares a pre-defined wavelength. However, the
number of ONUs on each wavelength is identified in the
SWDT, which does not exploit the inter-channel statistical
multiplexing, thus lowering utilization. The DWBA
assigns the bandwidth and wavelength based on the
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requested bandwidth, wavelength loading and quality of
service (QoS) requirement by each ONU [6], [7]. The
DWBA can also exploit both inter-channel and intra-
channel statistical multiplexing. Therefore, the DWBA
scheme provides more efficient bandwidth allocation than
the SWDT scheme, allowing each ONU to share the
network resources, and improving QoS for end-users.

This study proposes a robust prediction-based fair
wavelength and bandwidth allocation (PFWBA) scheme,
which includes the dynamic wavelength allocation
(DWA) [7] and Early DBA (E-DBA) mechanism [8]. The
E-DBA mechanism for prediction-based fair excessive
bandwidth allocation (PFEBA) scheme is our previous
research. The E-DBA improves prediction accuracy by
delaying some REPORT messages of unstable traffic
ONUs, and assigns linear estimation credit to predict the
arrival of traffic during waiting time. The DWA can
operate in coordination with the unstable degree list to
allocate the wavelength available time precisely.
Furthermore, to improve the system performance, the
PFWBA scheme also considers the fairness of excessive
bandwidth reallocation among ONUs in the WDM-EPON
for differentiated traffic classes.

The rest of this paper is organized as follows. Section 2
describes related work of DWBA in WDM-EPON.
Section 3 presents the PFWBA scheme, which
incorporates the DWA and the E-DBA mechanism for
dealing with prediction and fairness allocation of
wavelength and bandwidth. Next, Section 4 presents the
simulation results of the proposed scheme. Conclusions
are finally drawn in Section 5.

II. RELATED WORK

The WDM-EPON can increase the number of
wavelengths by employing wavelength-division multiple
access (WDMA), so that multiple wavelengths may be
supported in either or both upstream and downstream
directions. In WDM-EPON, the OLT provides multiple
wavelengths for upstream and downstream, which are
shared by ONUs. Therefore, allocating the bandwidth and
wavelength efficiently is the key factor to satisfying
various QoS requirements for end-users. Recent studies on
wavelength and bandwidth allocation in WDM-EPON can
be classified as dynamic wavelength allocation (DWA)
and dynamic bandwidth allocation (DBA). The WDM-
EPON DWA concerns how the OLT allocates suitable
wavelength from multiple wavelengths to ONUs. The
WDM-EPON DBA is applied, after the OLT assigns
wavelengths to ONUs, in order to allocate bandwidth for
each ONU efficiently according to the QoS requirement
and network traffic.

Previously proposed DWA systems include the
sequential scheduling algorithm [9], which emulates a
virtual global first-in-first-out queuing for all incoming
requests, and assigns a suitable wavelength for each
request. This scheduling algorithm may suffer from
wasted bandwidth and poor fairness guarantee if some
ONUs have large round trip times (RTTs). To overcome
the wasted bandwidth problem, K.S. Kim et al. [10]
presents a batch scheduling system that provides priority

queuing by scheduling over more than one frame. The
batch scheduling system stores the bandwidth requests
arriving at OLT during the batch period in queues, and
schedules them at the end of batch period. The scheduling
delay of the batch scheduling system may increase when
the system load is very low and the batch period is short
[11]. M. McGarry et al. investigated another scheduling
algorithm for REPORT messages such as online
scheduling and offline scheduling [5]. In online
scheduling, the OLT follows a grant-on-the-fly manner to
allocation timeslots. The OLT allocates a transmission
window for each ONU as soon as the OLT receives
REPORT message from each ONU for the next cycle.
Unlike the online scheduling, the OLT follows a wait-for-
all manner in offline scheduling. The OLT allocates
transmission windows for all ONUs in a round-robin
manner after having received all REPORT messages from
all ONUs for the next cycle. The offline scheduling with
wait-for-all leads to a long waiting time and idle period
because of the long inter-scheduling cycle gap.

In terms of WDM-EPON DBA, K.H. Kwong et al. [12]
proposed the WDM IPACT-ST scheme based on the
interleaved polling with adaptive cycle time (IPACT),
which is proposed for EPON access network [1]. The
WDM IPACT-ST applies IPACT to multi-channel PON,
where ONUs are equipped with fixed transceivers.
Nonetheless, the WDM IPACT-ST lacks the ability to
handle the excessive bandwidth, which is collected from
lightly-loaded ONUs. As an extension of the WDM
IPACT-ST, the excessive bandwidth reallocation (EBR)
[7], [13] redistributes the available excessive bandwidth to
heavily-loaded ONUs according to the proportion of each
request, and improves the performance in terms of packet
delay. However, EBR has some drawbacks, namely
unfairness and excessive bandwidth allocated to ONUs
over that requested. This is termed the redundant
bandwidth problem [12]. A.R. Dhaini et al. [7] proposed
the DWBA3 scheme, the extension of the EBR in the
WDM-EPON, which allocates the bandwidth for two
steps. The DWBA3 allocates first the guaranteed
bandwidth for heavily-loaded ONUs, and the requested
bandwidth for lightly-loaded ONUs. Finally, upon
receiving all REPORT messages, the DWBA3
redistributes the available excessive bandwidth to heavily-
loaded ONUs based on the proportion of each request in
next cycle. The upstream in different transmission cycle
for heavily-loaded ONUs increases the number of guard
time, which decreases the available bandwidth, and
increases the end-to-end delay.

The PFEBA [8] executes the DBA scheme after the
REPORT messages from unstable traffic ONUs are
received at the end of ONU,_,, instead of at the end of
ONUy in the standard DBA scheme. The operation
reduces the idle period in the standard DBA scheme, and
obtains more fresh information of unstable traffic ONUs
to enhance the accuracy of prediction in the following
cycle. Additionally, the bandwidth is allocated to each
ONU in the next cycle according to the unstable degree
list. The unstable degree list is calculated using variance
of historical traffic, and sorted in decreasing order of all
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ONUs. The DBA scheme of the PFEBA alleviates traffic
variance by shortening the waiting time before
transmitting data for unstable traffic ONUs, and thus
improves prediction accuracy.

III. Tue PROPOSED DYNAMIC WAVELENGTH AND
BANDWIDTH ALLOCATION

This study proposes a robust prediction-based fair
wavelength and bandwidth allocation (PFWBA) scheme,
which includes the dynamic wavelength allocation
(DWA) and E-DBA mechanism of the PFEBA scheme.
The E-DBA mechanism allocates the bandwidth to each
ONU according to the decreasing order of unstable degree
list and improves the prediction accuracy. Additionally,
the DWA mechanism selects the wavelength with the least
available time for each ONU to reduce the average delay
time. To reduce the prediction inaccuracy resulting from a
long waiting time, the DWA divides all ONUs into three
groups based on the unstable degree list. The DWA can
cooperate with the PFWBA scheme to select a suitable
wavelength, and reduce the delay time for each ONU.

A. PFEBA Scheme with Early DBA Mechanism

1) The Operation of Early DBA Mechanism

The E-DBA mechanism arranges the sequence of
transmitting REPORT messages to OLT by delaying some
unstable traffic ONUs of S, . The E-DBA mechanism
consists of two operations. First, the OLT executes the
DBA scheme after the REPORT messages from B, are
received at the end of ONUy-,, as illustrated in Fig. 1,
instead of ONUy in the standard DBA scheme. The
operation reduces the idle period in the standard DBA
scheme, and obtains the recent queue information for
unstable traffic ONUs to improve the prediction accuracy.
Second, the bandwidth request for each ONU is allocated
based on the traffic variation of all ONUs in decreasing
order, and Ay is updated by assigning some unstable
traffic ONUs with higher variations. This operation
alleviates variance by shortening the waiting time for
unstable traffic ONUs to enhance the prediction accuracy.

2) PFEBA Scheme

® Unstable degree list

The PFEBA calculates the variance of each ONU from
the historical traffic required, and sorts the variances in
decreasing order to obtain the unstable degree list. The
variance of ONUj,, V;, can be expressed as follows:
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Vi=—— (B -B) (1)
NH ne historical cycle
DBA Time
OLT
[
H
ONU; || ONU, i ONU;

i
I
i
I

ONUs

Reduce idle period

= REPORT Message
----------- » REPORT Message from unstable traffic ONUs ( 8, )

Figure 1. Operation with the proposed E-DBA mechanism
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where V:ﬁ;V" . The bandwidth prediction of each

ONU after obtaining the unstable degree list is described
as follows. Unlike the mechanism that piggybacks all
REPORT messages in the data timeslots, the E-DBA

mechanism shifts the REPORT messages of 5, between
the (N—-1)th and Nth ONU. The PFEBA requires the
recent queue information of unstable traffic ONUs to
avoid prediction inaccuracy, which degrades the system
performance.

®  Prediction based on unstable degree list

After the sequence of all ONUs from the unstable
degree list is uploaded, the PFEBA predicts the traffic
bandwidth required according to the unstable degree list.
The predicted request, R/,,, , for differentiated traffic
classes of all ONUs is defined as follows:

RY =Bl
{R,fnﬂ =(1+0a)B;

., c€E {AF,BE} &
, where B/, represents the requested bandwidth of ONU;
in the nth cycle, for differentiated traffic classes
ce {AF ,BE}, and o denotes the linear estimation credit
modified from the PFEBA [8]. To achieve a better
performance for a time-critical application, such as EF
traffic, the constant bit rate (CBR) bandwidth should be
assigned to the ONUs according to the rate of these
applications. Therefore, this study assigns the CBR
bandwidth to EF traffic.

[ ] Excessive bandwidth allocation

The PFEBA executes the EBR to assign uplink
bandwidth to each ONU after it has finished predicting the
bandwidth needed for each ONU. The PFEBA scheme can
provide fairness for excessive bandwidth allocation
according to the guaranteed bandwidth rather than
requested bandwidth [13], with no partiality or increase in
bandwidth utilization. The operation of fair EBR in the
PFEBA is described as follows. First, calculate the R,-,T:tal
of all ONUs. The available bandwidth, B.uume, can be
expressed as

B =C

capacity

x(T,

cycle

—-N-g—-N, -g)-Nx512 3)

, Wwhere represents the OLT link capacity
(bits/sec), Toee denotes the maximum cycle time; g is the
guard time; N is the number of ONUs, and Ny is the
number of ONUs in B, . The ONU; with the maximal
residue bandwidth, i.e. max(S;-R,)  is then selected
from unassigned ONUs. The granted bandwidth for
ONU, G/, is given as follows:
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, Where szm represents the sum of the differentiated
traffic load after being predicted from ONU; in the nth

S YS!

. l . . .
cycle; keunassigned 1S the proportion of available

bandwidth, Buuwe , granted to ONUi. The granted
bandwidth for EF, AF and BE classes are described as
follows:

G = REF

in+l

AF . Total EF AF
Gi,n+l - mln(Gi,nH - Gi,n+l 7Ri,n ) .

GPE = Gl _ GEF _ GAF

i,n+l i,n+l i,n+l in+l

)

_ Total . .
The process Bavailavle = Bavaitable = Oin+1 continues until

all ONUs has been assigned. Finally, the PFEBA arranges
the upload sequence of each ONU by unstable degree list.

B.  Dynamic Wavelength Allocation

The PFWBA defines the following global status
variables used in the scheme description:

1) CAT: Channel available times. CAT[i] = t indicates
that the wavelength 1; is available for transmission after
time t, where i = 1, 2, ..., w, and w is the number of
wavelengths.

2) RTT: RTTi] represents the round trip time (RTTs)
between the OLT and the ith ONU.

The PFWBA considers the unstable degree list when
scheduling the wupload sequence after collecting all
REPORT messages from the ONUs in order to improve
the prediction accuracy. First, the PFWBA divides all
ONUs into three levels based on the variance of all ONUs
and allocates the wavelength for each ONU group by
group, which is determined as follows:

Group 1, if ONU, € S,
Group 2, V,>V and ONU , ¢ 3, .
Group 3, otherwise

The wavelength scheduling process is described as
follows:

1) Schedule the PFWBA from Groupl
according to the unstable degree list.

to Group3

2) Select the requested frame in the same Group with the
minimum  transmission time, and schedule its
transmission.

3) Transmission time = RTT[i]+ g + transmission timeslots

, where g is the guard time, and the transmission
timeslots are obtained from the PFEBA.

4) Choose the earliest available wavelength transmission
time CATIi].

5) Update the CATIi] is as CAT[i] = transmission time +
CATi].

6) Repeat the above operation until the requested frames
in the same Group are scheduled, and schedule the
requested frames in the following Group.

TABLE I
SIMULATION SCENARIO

Number of ONUs 32 or 64
Number of wavelength lor2
Upstream/downstream link capacity 1 Gbps
OLT - ONU distance (uniform) 10-20 km
Maximum cycle time 2 ms
Guard time Sus
Control message length 0.512 us

IV. PERFORMANCE ANALYSIS

The performance evaluation of ONU buffer size for the
proposed PFWBA scheme was compared in terms of
average packet delay, jitter performance and average
packet loss ratio. The results were examined by the
OPNET simulation tool in different buffer situation. The
duration time of simulation in OPNET is designed as 30
seconds. Table 1 summarizes the simulation scenario. The
service policy was first-in first-out. For the traffic model
considered here, an extensive study shows that most
network traffic can be characterized according to self-
similarity and long-range dependence (LRD) [14]. This
model was adopted to generate highly bursty BE and AF
traffic classes with the Hurst parameter of 0.7. The packet
sizes were uniformly distributed between 64 and 1518
bytes. Additionally, high-priority traffic was modeled by a
Poisson distribution, and the packet size was fixed to 70
bytes [15]. The traffic profile was as follows: 20% of the
total generated traffic was considered as high priority, and
the remaining 80% was equally distributed between low-
and medium-priority traffic [16].

1) 10M buffer situation

Figure 2 compares the average packet delay, EF jitter
performance and average packet loss ratio of the PFWBA
with different numbers of wavelengths and ONUs vs.
traffic loads in the 10M buffer situation. Simulation
results show that lowering the number of wavelengths and
increasing the number of ONUs lengthen the average
packet delay, as shown in Fig. 2(a). Figure 2(b) compares
the jitter performance of the PFWBA for EF traffic with
different numbers of wavelengths and ONUs vs. traffic

loads, respectively. The delay variance ¢ is calculated as
N _
(@ ~dy’
1

o == , where the 4" represents the EF delay

time of packet j, and N is the total number of received
EF packets. Simulation result shows the PEWBA with two
wavelengths and 64 ONUs with the highest delay variance
when the traffic load exceeded 90%. The reason is that the
number of ONUs with higher variance is increased when
the traffic load exceeds 90% which causes the prediction
model suffer serious inaccuracy and deteriorates system
performance. The average packet loss ratio is shown in
Fig. 2(c) with a 10M buffer limit.

2) Infinite buffer situation

Figure 3 compares the average packet delay and jitter
performance of the PFWBA with different numbers of
wavelengths and ONUs vs. traffic loads in infinite buffer
situation. Simulation results show that the average packet



Proceedings of APCC2008 copyright © 2008 IEICE 08 SB 0083

Average Packet Delay

1000

--<0--- PFWBA 1W 320NUs

---a-- PFWBA 1W 640NUs
100 —o— PFWBA 2W 320NUs
—a— PFWBA 2W 640NUs

Delay (ms)
=]

0.1
10 20 30 40 50 60 70 80 90 100

Traffic load (%)
(2)

EF Jitter (10M buffer)

05
045 | --<--- PFWBA 1W 320NUs
04 ---4--- PFWBA 1W 640NUs
—o—PFWBA2W320NUs [ -4
0.35 :

| —&— PFWBA 2W 640NUs

Delay Variance (ms?)

Traffic load (%)
(b)

Average Packet Loss Ratio

12%
--<--- PFWBA 1W 320NUs
10% | - PFWBA 1W 640NUs
—o— PFWBA 2W 320NUs
< 8% —&— PFWBA 2W 640NUs

6%

Ratio (%,

4%

2%

0%

10 20 30 40 50 60 70 80 90 100
Traffic load (%)

()
Figure 2. 10M buffer situation (a) Packet Delay (b) Jitter
Performance (c) Packet Loss Ratio

Average Packet Delay

1000

L
--<-- PFWBA 1W 320NUs 320,949
---&c-- PFWBA 1W 640NUs

100 —o— PFWBA 2W 320NUs 635"
—a— PFVWBA 2W 640NUs

Delay (ms)

10 20 30 40 50 60 70 80 90 100
Traffic load (%)

(a)

EF Jitter (infinite buffer)

0‘1’: [ —<—PFWBA 1W320NUSs
A PFWBA 1W 640NUs
& 94 [ —— pFwBA 2w 320NUs 4
E035 | s PFWBA 2W 640NUs ol
2 03|
5 025 [

Delay Vari
o

o .0

- 0N

10 20 30 40 50 60 70 80 90 100
Traffic load (%)

(®)
Figure 3. Infinite buffer situation (a) Packet Delay (b) Jitter
Performance

delay is slight higher than 10M buffer situation, as shown
in Fig. 3(a). The result shows that the 10M buffer is
enough for each ONU which has the similar results shown
in [6]. The EF delay variance, shown in Fig. 3(b), is the
same as the 10M buffer situation. The reason is that the

PFWBA allows the high-priority traffic to be transmitted
first. Therefore, the buffer situation will not affect the EF
jitter performance.

V. CONCLUSIONS

The proposed PFWBA scheme integrates an efficient
dynamic wavelength allocation and E-DBA mechanism of
the PFEBA to improve the prediction accuracy and system
performance. Simulation results show that the PFWBA
can reduce the overall end-to-end delay in differentiated
traffic.

REFERENCES

[1] IEEE 8023ah task force home Auvailable:
http://www.ieee802.0rg/3/efm.

[2] N.J. Frigo, P.P. lannone, P.D. Magill, T.E. Darcie, M.M. Downs,
B.N. Desai, U. Koren, T.L. Koch, C. Dragone, H.M. Presby, and
G.E. Bodeep, “Wavelength-division multiplexed passive optical
network with cost-shared components”, [EEE Photonics
Technology Letters, vol. 6, no. 11, pp. 1365-1367, Nov. 1994.

[3] S.J. Park, C.H. Lee, K.T. Jeong, H.J. Park, J.G. Ahn, and K.H.
Song, “Fiber-to-the-home services based on wavelength division
multiplexing passive optical network”, Journal of Lightwave
Technology, vol. 22, no. 11, pp. 2582-2591, Nov. 2004.

[4] A. Banerjee, Y. Park, F. Clarke, H. Song, S. Yang, G. Kramer, K.
Kim, and B. Mukherjee, “Wavelength-division-multiplexed passive
optical network (WDM-PON) technologies for broadband access: a
review [Invited]”, Journal of Optical Networking, vol. 4, no. 11, pp.
737-758, Nov. 2005.

[5] M. McGarry, M. Maier, and M. Reisslein, “WDM Ethernet passive
optical networks”, IEEE Communications Magazine, vol. 44, no. 2,
pp. 15-22, Feb. 2006.

[6] M. McGarry, M. Maier, and M. Reisslein, “An evolutionary WDM
upgrade for EPONs”, Technical Report (Arizona State University),
2005.

[71 A.R. Dhaini, C.M. Assi, M. Maier, and A. Shami, “Dynamic
Wavelength and Bandwidth Allocation in Hybrid TDM/WDM-
EPON Networks”, Journal of Lightwave Technology, vol. 25, no. 1,
pp. 277-286, Jan. 2007.

[8] LS. Hwang, Z.D. Shyu, L.Y. Ke, and C.C. Chang, “A novel early
DBA mechanism with prediction-based fair excessive bandwidth
allocation scheme in EPON”, Computer Communications, vol. 31,
no. 9, pp. 1814-1823, Jun. 2008.

[91 F.T. An, K.S. Kim, D. Gutierrez, S. Yam, E. (S.T.) Hu, K.
Shrikhande, and L.G. Kazovsky, “SUCCESS: A next-generation
hybrid WDM/TDM optical access network architecture”, Journal
of Lightwave Technology, vol. 22, no. 11, pp. 2557-2569, Nov.
2004.

[10] K.S. Kim, D. Gutierrez, F.T. An, and L.G. Kazovsky, “Batch
scheduling algorithm for SUCCESS WDM-PON”, GLOBECOM -
IEEE Global Telecommunications Conference, vol. 3, pp. 1835-
1839, 2004.

[11] K.S. Kim, D. Gutierrez, F.T. An, and L.G. Kazovsky, “Design and
performance analysis of scheduling algorithms for WDM-PON
under SUCCESS-HPON architecture”, Journal of Lightwave
Technology, vol.23, no. 11, pp. 3716-3731, Nov. 2005.

[12] K.H. Kwong, D. Harle, and 1. Andonovic, “Dynamic bandwidth
allocation algorithm for differentiated services over WDM-
EPONS”, 9" [EEE Singapore International Conference on
Communication Systems, pp. 116-120, 2004.

[13] J. Zheng, “Efficient bandwidth allocation algorithm for Ethernet
passive optical networks”, IEE Proceedings Communications, vol.
153, no. 3, pp. 464-468, June 2006.

[14] W. Willinger, M.S. Taqqu, and A. Erramilli, “A bibliographical

guide to self-similar traffic and performance modeling for modern

high-speed networks”, in Stochastic Networks, 1996. F. P. Kelly, S.

Zachary and 1. Ziedins (eds.), Oxford University Press, Oxford, pp.

339-366, 1996.

S. Blake, D. Black, M. Carlson, E. Davies, Z. Wang, and W. Weiss,

“An Architecture for Differentiated Services”, IETF RFC 2475,

Dec. 1998.

[16] X. Bai and A. Shami, “Modeling Self-Similar Traffic for Network
Simulation”, Technical report, NetRep-2005-01, April 2005.

page.

[15]




<<
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /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
    /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
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /CMBX12
    /CMBX5
    /CMBX6
    /CMBX7
    /CMBX8
    /CMBX9
    /CMBXSL10
    /CMBXTI10
    /CMCSC10
    /CMCSC8
    /CMCSC9
    /CMDUNH10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /CMFI10
    /CMFIB8
    /CMINCH
    /CMITT10
    /CMMI10
    /CMMI12
    /CMMI5
    /CMMI6
    /CMMI7
    /CMMI8
    /CMMI9
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /CMR12
    /CMR17
    /CMR5
    /CMR6
    /CMR7
    /CMR8
    /CMR9
    /CMSL10
    /CMSL12
    /CMSL8
    /CMSL9
    /CMSLTT10
    /CMSS10
    /CMSS12
    /CMSS17
    /CMSS8
    /CMSS9
    /CMSSBX10
    /CMSSDC10
    /CMSSI10
    /CMSSI12
    /CMSSI17
    /CMSSI8
    /CMSSI9
    /CMSSQ8
    /CMSSQI8
    /CMSY10
    /CMSY5
    /CMSY6
    /CMSY7
    /CMSY8
    /CMSY9
    /CMTCSC10
    /CMTEX10
    /CMTEX8
    /CMTEX9
    /CMTI10
    /CMTI12
    /CMTI7
    /CMTI8
    /CMTI9
    /CMTT10
    /CMTT12
    /CMTT8
    /CMTT9
    /CMU10
    /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
    /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
    /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
    /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


