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Abstract—This paper presents a method to improve video qua-
lity at the receiver side of a streaming service when the network
path presents losses in bursts. Technologies that aggregate packets
into larger switched data units are typical scenarios for this
kind of loss behavior. Optical Burst Switched (OBS) networks
and Optical Packet Switched (OPS) networks are examples of
such technologies. Video quality is evaluated by means of a
no reference video quality metric (the Frame Starvation Ratio).
Results show that using video frame classification at the edge
node and service differentiation at the network, the playback
quality can be substantially improved.

I. INTRODUCTION

Video for streaming services is nowadays digitalized using
mainly coders from the MPEG family or proprietary (but
similar in concept) ones [1]. MPEG2 and MPEG4/H.264 are
the preferred solutions for digital compressed video.

In the MPEG standard, the decoding process for some video
frames depends on previously decoded frames, so the drop
of one frame has serious consequences on other frames [2].
This dependence among frames allows for a reduction on
frame size keeping the image quality, due to similarities among
frames close in time. However, as the frame size varies, the
corresponding bit rate is variable. Thus, MPEG video typically
leads to variable-bit-rate (VBR) traffic.

Video flows in a streaming service are assumed to be
uni-directional UDP-like transport layer flows from a server
farm. Due to the VBR nature of the video, the need for
high bandwidth (especially with high definition video) and the
growing demand of video contents, the server farm needs a
high speed optical core network to distribute videos to remote
users. In the short to medium term, Optical Burst Switching
(a.k.a. OBS) [3] is an optical technology suitable for this task.

In an OBS network the ingress node aggregates packets into
bursts. The bursts use an all-optical data plane to the egress
node where they are disassembled into their contained packets.
Bursts dropped by the network contain a sequence of packets
resulting in bursty packet losses.

The prevalent burst formation mechanisms (a.k.a. bursti-
fiers) in the literature are timer-based, size-based or a mixture
of both timer- and size- based [4][5]. In a timer-based burstifier
a timer of value T,,; is started on the arrival of a packet
to an empty burst formation queue (one for each Forwarding
Equivalence Class or FEC). When the timer expires, the burst
is scheduled for transmission on the output port. The timer-

based burstifier is the most frequently used in the literature as
it can easily guarantee a maximum delay for the traffic.

Optical buffering in the core nodes can be implemented
using Fiber Delay Lines, but usually it is nonexistent or scarce.
Therefore, burst losses in the core network will be the result
of output port contention that could not be solved by the core
node. In this paper, the optical core network is represented as a
black box as shown in Fig. 1, modeling the effect of interfering
traffic to the video flow using burst loss ratio p (independent
losses). This is a common assumption as the losses in the OBS
core network are less correlated than in a packet switched
network due to its bufferless nature [6]. The burst loss ratio
will be a network design parameter.

A dropped burst will contain packets from one or more
video frames. Video servers usually send all packets from a
frame back-to-back, so all these packets arrive at the burstifier
approximately at the same time. It is assumed that if a packet
from a frame enters into a burst created by a timer-based
burstifier, then the rest of the packets from the frame enter too.
Therefore, using a timer-based burstifier bursts will contain
one or more whole frames.

For video visualization, the number of frames that could
not be decoded due to losses and inter-frame dependencies
is a more representative quality metric than the number of
lost frames in the network. The number of lost frames is a
Quality of Service (QoS) metric related to the network. The
number of frames that could not be decoded is a Quality
of Experience (QoE) metric related to the network and the
subjective perception of quality of video on the user side.

The ingress node creates at least one burstifier per egress
node. This paper shows that if the network can provide
different loss ratios for bursts from different burstifiers a better
result in non-decodable frames can be obtained even at the
expense of more losses in the network. For this purpose,
the OBS core network must implement QoS differentiation.
It can be a relative QoS differentiation like the probabilistic
preemption-based mechanism proposed in [7] or an absolute
QoS differentiation like the early dropping and wavelength
grouping proposed in [8] or the probabilistic preemption-based
framework in [9]. With relative QoS, the burst loss ratios for
the different classes (burst types) will maintain a preset and
tunable ratio between them, but a maximum value for each
class will not be guaranteed. With absolute QoS, the burst
loss ratios for each individual class will not exceed a preset
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Fig. 1. General network scenario

and tunable value, different for each class.

In a reference scenario without differentiation, the ingress
node will have one burstifier per video. In the scenario with
differentiation, the ingress node will have more than one
burstifier per video and different QoS strategies will be applied
in the core OBS network. In this paper two scenarios will
be studied. This paper will study this two scenarios, as this
will allow to tune the video transport network for an objective
quality user experience.

The rest of the paper is organized as follows. Section
I introduces some important parameters of encoded video.
Sections III and IV present the analytical study of the two
proposed scenarios. Section V presents the validation of these
analytical results. Finally, section VI concludes de paper.

II. VIDEO CODIFICATION

The MPEG standard defines three types of video frames
[10]: intra-coded frames (I-frames), inter-coded or predicted
frames (P-frames) and bidirectional coded frames (B-frames).
I-frames can be decoded on their own. P-frames depend on the
previous I- or P-frame and B-frames depend on the previous I-
or P-frame and the following one of either type. The number
of frames per second (frame-rate) is constant, and its inverse
is the (constant) inter-frame time T;y.

I-, P- and B-frames are grouped into GoPs (Groups of
Pictures). A GoP is a sequence of frames beginning with an
I-frame up to the frame before the next I-frame. The GoP
structure is the pattern of I-, P- and B-frames used inside
every GoP. A regular GoP structure is usually described as
Gz By where x is the number of frames in the GoP and y
is the number of contiguous B-frames. For example, the GoP
structure could be G12B2 or IBBPBBPBBPBB. Different GoP
sizes and structures, even changes of the GoP structure in a
stream, are possible. However, most videos are coded using
only one GoP structure.

A GoP structure like IBBPBBPBBPBB is shown in presen-
tation order, the order in which the frames will be shown to
the user. However, as B-frames need the previous and the
following I- or P-frame in order to be coded/decoded, the
coding/decoding order will be different. The coding/decoding
order will be IbbPBBPBBPBBIBB for a G12B2 GoP structure,
where the frames in lower-case correspond to frames from
the previous or the next GoP. The last example is an open
GoP. In an open GoP the last B-frames depend on the I-frame
from the next GoP. In a closed GoP there is no dependence
with frames out of the GoP. A closed GoP ends with a P-
frame in presentation order, like for example in G9B3 or
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IBBBPBBBP. The transmission order of frames is usually the
coding/decoding order. This ordering decides which frames
are lost when a burst is dropped. In this paper the structure of
a GOP will be always considered in coding/decoding order,
not in presentation order.

The drop of one frame has serious consequences on other
frames. As the MPEG standard does not define a specific
coder/decoder behavior, a worst case scenario is assumed in
this paper, where the loss of one frame will prevent decoding
any other frame that depends on it.

As an example, Fig. 2 shows, on the left side, a frame that
has been dropped in the network. In the right side of the same
figure, all the frames that could not be decoded due to that loss
are marked with dashed lines. The loss of a P-frame triggers
the impossibility to decode all the following frames in the
GoP and the B-frames previous to it and after another I- or
P-frame.

A new burstifier management method is proposed in section
IV, where the different types of video frames are aggregated
using different burstifiers.

The Frame Loss Ratio (FLR) is defined as F}/F, where
F; is the number of lost frames in the network and F' is the
total number of frames. The Frame Starvation Ratio (F'SR)
is defined as F,,/F, where F,, is the number of frames
that could not be decoded due to losses and inter-frame
dependencies. It is clear that 'SR > FLR. 'SR is a no
reference (NR) metric [11], as no information from the original
video is needed in order to compute its value. Error Correction
schemes implemented by the decoder will reduce the F.SR
and improve the QoE at the user end, maintaining the F LR
or QoS metric. However, applying Error Correction schemes
is very specific on the decoder implementation and it can not
be introduced in a general analytical model as proposed in this

paper.
III. SCENARIO WITHOUT DIFFERENTIATION

The scenario where all the frames from a video flow use the
same burstifier, regardless of frame type, was partially studied
in [12]. An expression for FLR and F'SR was obtained, but
only an iterative and not formal way to compute F'SR was
presented. In this paper, an algebraic and systematic way to
compute F'SR is demonstrated.

Assuming a burst loss ratio p at the core OBS net-
work, bursts from different burstifiers do not interfere with
each other. It was shown in [12] that FFLR =p and
FSR = ¢/F, - FLR, where F}, = [Ty /T;y]| is the number

Fig. 2. Example of inter-frame dependence in a GoP



of frames per burst and ¢ (labeled as F[Xp,] in [12]) is the
average number of frames that can not be decoded due to
the loss of Iy, consecutive frames. Remember that T,,; is the
burst formation timer value and Ty is the inter-frame time.
On the following, ¢ is directly obtained (1), without iterative
computation methodologies as those presented in [12].

6=l (1)
j=1

¢[j] is defined as the number of frames that could not be
decoded due to losses and inter-frame dependencies when a
burst of Fy frames is lost where the first frame in the burst is
the j" frame of the GoP. As the GoP structure G By is very
different from open to closed GoPs, ¢[j] will vary.

A GoP has only one I-frame and it is always the first frame
(j = 1). We define ¢1[Tpy:] as ¢[j = 1]. The loss of a burst
started by an I-frame will cause all the GoP to not be decoded
and, in the case of open GoPs, even the last B-frames block
from the previous GoP will be useless. Equation (2) provide
1[Touz] for open and closed GoPs.

T {f%—;—‘ + vy open GoP

¢I [Tout] = (2)
Tout
T [mw closed GoP

A GoP has Gp = |(z —1)/(y+1)] P-frames inside be-
cause there has to be as many P-frames as complete B-
frames blocks in the GoP. The loss of a P-frame always
makes impossible to decode all the following frames in
the GoP. So, the number of frames that could not been
decoded when a burst started by a P-frame is lost will
depend on which P-frame is lost. In an open GoP, the P-
frames are the frames at position j =1 +i(y + 1); i = 1...Gp
and in a closed GoP, P-frames are the frames at position
J=2+0G—-1)(y+1)=1+i(y+1)—y; i=1.Gp. If the
i" P-frame is lost it will always cause that = 4+ y — i(y + 1)
frames will not been decoded. If T3, is large enough to reach
the I-frame from the next GoP, then all frames from the next
GoP will not be decoded.

Equation (3) provides ¢[j] for the case of a loss starting
by a P-frame. It is computed as ¢p[i; Tpyt] Where ¢ = 1...Gbp,
j=141i(y+1) for an open GoP and j=1+i(y+1)—y
for a closed one.

Tout + (] - 1)T1f
xTif

(bP[i;Tout] = ’V —‘ a:—l—y—i(y—!—l) (3)

In an open GoP, the B-frames are the frames at position
j=1+i(y+1)+k; i =0..Gp and in a closed GoP they
are at position j =1+ i(y + 1) —y + k; ¢ = 1...Gp. In both
cases k = 1...y. The loss of a B-frame does not affect any
other frame. As the timer 7,,; gets larger, more frames get
inside the lost burst whose first frame is a B-frame. Eventually,
an I-frame (if the frames are from the last B-frames block)
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or a P-frame (otherwise) will be lost too. This will cause
that other not dropped frames will not been decoded. For
the k™ B-frame from a B-frames block, this happens when
Tout > (y — k+1)Ty.

Equation (4) provides ¢[j] where Tg[k] = (y — k + 1)T}y,
T =Tou + (j — )Ty — 2T;¢ and T” = Ty — Tg[K]. Ob-
viously, ¢1[T”] and ¢p[i + 1;T"] use the different expressions
for open and closed GoPs introduced earlier.

if Tyt < Tglk]

|
W [&] oir vy —k+1s @

+ (1= | ]) ooli+ 1577 if T > TilH

Table I shows the values of ¢ for several GoP structures
and different Fj,.

IV. SCENARIO WITH DIFFERENTIATION

In this section, the results from the classification of different
frame types into separate burstifiers is evaluated analytically.
Fig. 3 shows this classification where each burstifier collects
frames from a single video frame type, creating I-bursts (bursts
containing only I-frames), P-bursts or B-bursts. As far as we
know, this method is an important contribution from this paper.

Frame type differentiation allows different loss ratios per
frame type and to obtain better quality results. As side effects,
burst size variability will get reduced and the total number of
bursts could increase. The first one has a positive impact on
the scheduler performance at the core switching nodes of the
network. The second one could have a negative impact on the
network and it must be studied further.

A QoS scheme capable of providing different loss rates for
these flows in the network is assumed. Let p', p* and p® be the
loss ratios in the network for the three flows from a streaming
movie. We use p” where 7 € {I, P, B} to designate any of the
burst loss ratios.

TABLE I
AVERAGE LOSSES DUE TO INTER-FRAME DEPENDENCE, ¢

F, | GI2B2 GI6B7 Gl6B14
1 3.83 3.25 2.81
2 7.33 6.37 4.62
3 10.5 9.37 6.37
4 11.5 12.25 8.06
5 12,5 15 9.68
6 13.5 17.62 11.25
7 14.5 20.12 12.75
8 15.5 22.5 14.18
9 16.5 23.5 15.56
10 175 24.5 16.87
I
—_——> I-Burst

BBPBBPI]H]—>BurSt

—)B B P BB P :|I[|—>P-Burst
:|I[|—>B-Burst

Fig. 3. All frames in the same burstifier (left) or in different burstifiers (right)



The average number of dropped 7-bursts is b] = b7p”,
where 0" is the number of 7-bursts that a video generates when
a burstifier with timer value 7, is used. The total number
of 7-frames in the video is F'™ = F; b7, where F} is the
number of 7-frames inside each 7-burst. Let GG be the number
of 7-frames inside a GoP (x = Gy + Gp + Gg) and M the
total number of GoPs in a video. Then F™ = G,.M. The
number of dropped 7-frames in the network from a video is
F7 = FJb] = Fyb™p™ = F"p". Equation (5) computes the
FLR.

Z FlT Z FTpT
FLR — ﬁ:TG{I,P,B} :TG{I,P,B} _
F > FT > FT
re{I,P,B} re{I,P,B}
MG:p" Z G-p"
_ 7€{l,P,B} _ 7€{I1,P,B} B
N > MG, > G,
re{I,P,B} re{I,P,B}
Z G.p”
re{I,P,B
T

The FLR depends on the burst loss ratio p” for each type
of bursts (a design parameter) and on the number of 7-frames
inside a GoP, that only depends on the GoP structure.

It is clear that each GoP structure GxBy has only one I-
frame, (G; = 1. The total number of P-frames inside a GoP is
Gp = |(z —1)/(y + 1)]. The total number of B-frames inside
aGoPis Gg =y [(x —1)/(y + 1)], because there have to be
y B-frames for each B-frames block in the GoP.

@7 is defined as the average number of frames that could
not be decoded due to losses and inter-frame dependencies
when a T-burst is lost. The number of frames from a video
that could not be decoded due to losses of 7-bursts and inter-
frame dependencies is 7 ;, and as in [12], it can approximated
by ¢"b]. The F'SR is finally obtained using the algebra in (6).

> > @7
FSR = @:TG{LRB} __ Te{l,P,B} _
F Z FT Z FT
Te{l,P,B} re{l,P,B}
s v % st
_ 7e{I,P,B} re{I,P,B} b B
- > FT S GM
re{I,P,B} re{I,P,B}
{%B}%GTPT
TE P,
N z ©)

Therefore, F'SR as F'LR depend on p” and G, but also
on ¢7 /F/. The values of G, and ¢7 /F} are the result of the
GoP structure used in the video coding process.

B is the average number of frames that could not be
decoded due to losses and inter-frame dependencies when a
B-burst (a burst containing only B-frames) is lost. B-frames
are the only ones that do not affect other frames, so ¢® = F?.
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' is the average number of frames that could not be
decoded due to losses and inter-frame dependencies when an
I-burst (a burst containing only I-frames) is lost. It is clear
that the loss of an I-frame affects all the frames in the GoP,
and on open GoPs it also affects to the last B-frames block in
the previous GoP. So, for open GoPs ¢' = (z + y)F} and for
closed GoPs ¢! = zF}.

@ is the average number of frames that could not be
decoded due to losses and inter-frame dependencies when
a P-burst (a burst containing only P-frames) is lost. P- and
B-frames depend on the correct decoding of the previous P-
frames in the GoP. So, all the frames counting from the first
P-frame in the burst to the end of the GoP for the last P-frame
in the burst will be not be decoded. An exception are the I-
frames from the affected GoPs as they do not depend on any
other frame.

Obtaining an equation for ¢F is not as simple as for ¢
and ¢P because it strongly depends on the GoPs structure and
the relation between the burstifier timer 7,,; and the video
inter-frame time T;;. These dependencies cause, for example,
that with a G12B2 GoP and 3T}y < T,u < 61 only two
different types of P-bursts will be created: one with the first
two P-frames in the GoP and the second one with the last P-
frame. If the video transmission would begin with the second
P-frame in the GoP it would only create one burst starting
with that P-frame and in the next GoP it would converge to
one of the other two types (see Fig. 4).

Taking this into account, in order to compute ¢* we define
#Pli] as the average number of frames that could not be
decoded due to losses and inter-frame dependencies when a
burst with only P-frames is lost, being the i™ P-frame from
the GoP the first frame in the burst.

If T, is less than the GoP duration, then for open GoPs
the loss of the i P-frame will cause that x +y — i(y + 1)
frames will not be decoded. For closed GoPs, this loss will
cause that x — 1 — (i — 1)(y+ 1) =z +y —i(y + 1) frames
will not be decoded. If Ty, is large enough to reach the first
P-frame from the next GoP, then all frames from the next GoP
except the I-frame will not be decoded. This happens when
Tout > a1y — TP[i], where T[i] = (i — 1)(y + 1)T;4. So,
for any GoP structure and any T, (7) computes ¢[i].

o= ([T - n vy ity + ) -
Pli
N CERE GRS NG

#P is expressed in (8) as the weighted average of ¢'[i],
where 6[i] is 1 if the i P-frame can be the first frame of

IBBPBBPBBPBBIBBPB...

< - <>
Tout Tout Tout
< <
Tout Tout

Fig. 4. P-bursts created with 3Ty < Tout < 6Ty for a G12B2 GoP
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a burst and 0 otherwise. Therefore, ¢F depends on the GoP
structure and the relationship between T5,,; and T;.

Gp
> 3l (i
oFf == ®)
2 ol

We define F}[i] as the average number of P-frames inside
a P-burst, being the i P-frame from the GoP the first
frame in the burst. If T, < (Gp+1—14)(y+1)Tyy =
Gp(y + 1) T;y — TT[i], then the P-burst has only P-
frames from the same GoP. If T, > Gp(y + 1) T;f —
TP[i], then some P-frames from the next GoP are lost.
So, for any GoP and any T,,;, (9) computes Flf [i], where
T" =Tout — |Tout/(xT;f)|2T;y and o = y + 1 for open
GoPs and o = 1 for closed GoPs.

Tout T/” 1 T/”—‘rTP[i]
Gp LwTifJ + ’V(yJFl)Tif—‘ if DTy = Gp
FPli] = )
Tt T///_aTi . T”/+TP[’£]
GP \‘-TTifJ + ’7 (y—‘rl)Tiff—‘ 7 > GP

(y+1)Tiy
F? is expressed in (10) as the weighted average of F} [i].

Gp
> oli] Fyld]
=1 (10)

Substituting the previous results into (5) and (6) we obtain
the FLR and F'SR as shown in (11) and (12), where QSI/Fg
is z +y for open GoPs and z for closed GoPs, and ¢ /Ff is
obtained from (8) and (10).

P+ {%J PP +y [Tﬁﬂ p°

FLR = (1D
X
A A (S A z—1] B
psp — A ] v s = (12)
T
1, 8 LL%J P {1;1" B
A s N e FLR

—1 —1
P+ LﬁJ PPy [ﬁw P°
V. RESULTS VALIDATION

The expressions for F'LR and F'SR for the two scenarios
were checked by simulation using traces of movie files from
[13] that use different GoPs and frame-rates. Several different
video traces and burst loss ratio p were used in the simulations.
Due to space constraints, only global results for the Lord of
the Rings Il (LOTR3) video trace and p = 0.01 will be
shown, although no significant difference was found with other
combinations.

The simulator generates bursts from the video trace ac-
cording to the burstification parameters. As stated before, the
optical core network is represented as a black box modeling
the effect of interfering traffic to the video flow as a burst loss
ratio. The receiver node computes the F'LR and based on the
arriving frames and the GoP structure it also calculates the
FSR. For each iteration, the simulator randomly selects the
first frame from the movie and it uses the video trace in a
circular way until the whole movie has been transmitted.

Fig. 5 shows F'SR for the scenario without differentia-
tion, for the movie trace file LOTR3 that used G12B2 and
Tt = 40ms and for Tokyo Olympics (TOK) that uses G16 57
and T;; = 33.33ms. The 95% confidence intervals are also
presented. The analytical results match quite well with the
simulations for both videos. As the timer value T,,; grows,
more frames are inside each burst. Frames that were not going
to be decoded if the first frame of the burst were lost, are now
inside the burst and are lost. This makes the F'SR tend to the
FLR and therefore to the burst loss ratio p.

In order to obtain comparable results, the scenarios with
differentiation use the same average burst loss ratio p as the
scenario without differentiation. That is, (b} + b + b)/(b" +
b +0B) = (b'p + b p? + bBpB) /(B + b° + bB) = p. This burst
loss ratio can be achieved using different combinations of the
T-burst loss ratios p”. The studied combinations are:

o The three ratios p” are equal to the burst loss ratio p. This
scenario is labeled in Fig. 6 and Fig. 7 as equal ratios-
Sim. for simulation values and equal ratios-Analytical for
analytical results.

o I- and P-bursts are not dropped (p' = p® = 0) and all
losses are from B-bursts. This is labeled as I,P no loss-
Sim. for simulation values and I,P no loss-Analytical for
analytical results in Fig. 6 and Fig. 7.

o I-bursts are not dropped (p' = 0) and losses are equally
split between P- and B-bursts. Labeled as I no loss-
Sim. for simulation values and [ no loss-Analytical for
analytical results in Fig. 6 and Fig. 7.

Number of frames in the burst (F,)
1 2 3 4 5 6 7 8 9 10 11 12

Frame Starvation Ratio (%)

—— G16B7-Sim. ®-q.
15 L [J G16B7-Analytical @@
: sx-t G12B2-Sim.
: O  GI12B2-Analytical ‘ ‘ ‘
0 50 100 150 200 250 300 350 400 450

Timer T, (ms)

Fig. 5. Analytical and simulation comparison of F'SR for different GoP
structures and p = 102
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Fig. 6 compares simulation and analytical results for F'LR.
The results verify the correctness of (11). In most scenarios,
frame type separation into different burstifiers results in higher
FLR compared to the scenario where all frames get into the
same burstifier. As the timer 7,,; grows, more B-frames are
aggregated into each burst and less B-bursts are created. When
all the losses are only from B-bursts the result will be a higher
F LR (higher number of frames lost) than when the losses are
shared among the three types of bursts. However, as the loss of
B-frames does not affect the decoding process of other frames,
the 'SR can be reduced even with higher F'LR.

Fig. 7 shows the F'SR for the same scenarios. Analytical
and simulation results match quite well. The F'SR values
improve (get lower) for scenarios where the losses of I- or
P-bursts are reduced. Keeping the same proportion of losses
in the network, a higher priority (lower loss ratio) for I-bursts
and P-bursts at the expense of higher loss ratio of B-bursts
provides a better result in frames that could not be decoded.
Therefore, the F'SR video quality metric can be improved
using frames differentiation.

VI. CONCLUSIONS

This paper has shown how to compute the Frame Starvation
Ratio for the case of a network where losses take place
in bursts, like for example an OBS network. However, the
results are general enough and apply to any technology with
bursty losses or any technology that aggregates traffic into
larger frames (for example some Optical Packet Switching
architectures). Reducing the burst size to one packet, the
results apply also to any packet switched technology.

Using frame type classification and aggregation at the edge
of the network and providing different priorities in the end-to-
end path, the video quality at the receiver side can be improved
even at the expense of higher network losses. The methodology
described allows a network designer to select the video GoP
structure and burstifier timeout value (or aggregation time for
OPS or other technology) at the edge node that provides an
objective quality result measured as the proportion of frames
that were not shown to the user.

This full text paper was peer reviewed at the direction of IEEE Communications Society subject matter experts for publication in the IEEE Globecom 2011 proceedings.

4
] 35¢f ]
8
& 3r %:z - i 3 . T
E equal ratios-Sim. — ™,
e 25+ equal ratios-Analytical -E ™~ 5 -
> scenario without differentiation M- 2
3 I no loss-Sim. -~
@ 27 I no loss-Analytical -A- ]
£ LP no loss-Sim. -X-
= 1.5 LP no loss-Analytical & .
= _@._@_@_@—@5 &

1 L™ ! ! ! ! ! !

0 20 40 60 80 100
Timer T, (ms)

120 140 160

Fig. 7. Simulation and analytical results for F'SR

ACKNOWLEDGMENT

This work was supported by the Spanish Ministry of Science
and Innovation through the research project INSTINCT (TEC-
2010-21178-C02-01). The authors want to thank Spanish
thematic network FIERRO (TEC2010-12250-E).

REFERENCES

[1] P. Seeling and M. Reisslein, “Evaluating multimedia networking mech-
anisms using video traces,” Potentials, IEEE, vol. 24, no. 4, pp. 21-25,
Oct.-Nov. 2005.

[2] O. A. Lotfallah, M. Reisslein, and S. Panchanathan, “A framework for
advanced video traces: evaluating visual quality for video transmission
over lossy networks,” EURASIP J. Appl. Signal Process., 2006.

[3] C. Qiao and M. Yoo, “Optical burst switching (OBS) - a new paradigm
for an optical internet,” J. High Speed Netw., vol. 8, pp. 69-84, March
1999.

[4] J. Choi, J. Choi, and M. Kang, “Dimensioning burst assembly process
in optical burst switching networks,” IEICE Transactions on Communi-
cations, vol. E88-B, no. 10, pp. 3855-3863, October 2005.

[5] X. Yu, Y. Chen, and C. Qiao, “A study of traffic statistics of assembled
burst traffic in optical burst switched networks,” in Proceedings of SPIE
Opticomm, July 2002, pp. 149-159.

[6] X. Yu, J. Li, X. Cao, Y. Chen, and C. Qiao, “Traffic statistics and per-
formance evaluation in optical burst switched networks,” IEEE Journal
of Lightwave Technology, vol. 22, no. 12, pp. 2722— 2738, Dec. 2004.

[7]1 C. W. Tan, G. Mohan, and J.-S. Lui, “Achieving multi-class service
differentiation in WDM optical burst switching networks: a probabilistic
preemptive burst segmentation scheme,” Selected Areas in Communica-
tions, IEEE Journal on, vol. 24, no. 12, pp. 106-119, Dec. 2006.

[8] Q. Zhang, V. Vokkarane, J. Jue, and B. Chen, “Absolute QoS differen-
tiation in optical burst-switched networks,” Selected Areas in Commu-
nications, IEEE Journal on, vol. 22, no. 9, pp. 1781-1795, Nov. 2004.

[9] M. H. Phung, K. C. Chua, G. Mohan, M. Motani, and T. C. Wong, “An

absolute QoS framework for loss guarantees in optical burst-switched

networks,” Communications, IEEE Transactions on, vol. 55, no. 6, pp.

1191-1201, June 2007.

D. Heyman and T. Lakshman, “Source models for VBR broadcast-video

traffic,” IEEE/ACM Transactions on Networking, vol. 4, no. 1, pp. 40—

48, February 1996.

M. Fiedler, T. Hossfeld, and P. Tran-Gia, “A generic quantitative rela-

tionship between quality of experience and quality of service,” Network,

IEEE, vol. 24, no. 2, pp. 36—41, March-April 2010.

F. Espina, D. Morato, M. Izal, and E. Magaifia, “The effect of burst for-

mation timers on video streaming over optical burst switched networks,”

in Proceedings of BROADNETS, September 2008.

G. V. der Auwera, P. T. David, and M. Reisslein, “Traffic characteristis

of H.264/AVC variable bit rate video,” Arizona State University, Tech.

Rep., March 2007.

[10]

(1]

[12]

[13]




<<
  /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 1.7
  /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


