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Abstract– The scalable extension of H.264, known as Scalable 
Video Coding (SVC), is recently finalized and adapted by the Joint 
Video Team. Video scalability is achieved in the temporal, spatial, 
quality (SNR), or any combination of these domains. One example 
of using scalability is in saving bandwidth when the same media 
content is required to be sent simultaneously at different 
resolutions to support heterogeneous devices and networks. 
Meanwhile, Quality of Experience (QoE) is the key criteria for 
evaluating the video service such as SVC. Unlike Quality of Service 
(QoS) metrics (such as bandwidth, delay, jitters, etc.), QoE is more 
accurate to reflect the user experience as it considers human visual 
system and its complex behaviour towards distortions in the 
displayed video sequence. In order to evaluate QoE, objective 
assessment tools may not correlate well with the human perceived 
video quality and at same time, subjective quality assessment 
methods are costly and time consuming.  
In this paper, we design an automatic QoE measuring tool for SVC 
video coding mechanism. The proposed module is based on PSQA 
(Pseudo Subjective Quality Assessment tool), which is a hybrid 
(objective/subjective) assessment tool. PSQA uses RNN (Random 
Neural Network) to capture the non-linear relation between the 
video coding as well as the network parameters affecting the video 
quality, and QoE. The results clearly show that our module can 
accurately estimate QoE for SVC video streams.   
Keywords: QoE, SVC, PSQA, No-reference tool, Random Neural Network  

I. INTRODUCTION 
One of the multimedia market trends is audiovisual service 

(TV or VoD) anywhere, at any time. To support such service, a 
Video Service Provider has to manage, store, and distribute 
content towards multiple kinds and scales of terminals, and 
over different and transient access technologies to reach the 
end user. To solve such issues, video scalability seems to be 
the most relevant solution. It encodes the video in multiple 
separated layers and this enables a large number of users with 
heterogeneous capability to view any desired video stream, at 
anytime, and from anywhere. One of the most well known 
scalable standards is the Scalable Video Coding (SVC) 
extension of H.264/MPEG-4 AVC video compression [1]. The 
scalability in SVC is achieved by taking advantage of layered 
approach already known from previous experiences with 
different video coding approaches.  It has three fundamental 
types of scalabilities: spatial, temporal, and quality (Signal-to-
Noise Ratio or SNR). A typical SVC stream includes one base 
layer and one or several enhancement layers. The removal of 
an enhancement layer still leads to reasonable quality of the 
decoded video at reduced temporal, spatial or/and SNR level. 
The base layer conforms to existing H.264/MPEG4-AVC 
profile, ensuring backward compatibility with existing 
receivers. Within SVC, Video Service Providers have the 
possibility to constitute a set of layer combinations to create the 

SVC video streams. This will allow them to target different 
spatial as well as temporal dimensions, in order to be aware of 
the user environment. To evaluate such combinations, and 
monitor the performance of the SVC encoding scheme, in term 
of user experience, there is a need to automatically estimate the 
Quality of Experience (QoE) of SVC video streams.  

QoE is defined in [2] as “the overall acceptability of an 
application or service, as perceived subjectively by the end 
user” QoE is different from Quality of Service (QoS) network 
indicators in terms of bandwidth, loss rate, jitter, which are not 
sufficient to get a precise idea about the visual quality of a 
received video sequence. QoE instead focuses on the overall 
experience of the end user. It depends on the global system 
behaviour, going from the source of a given service up-to the 
final user, including the content itself and the network 
performance.  

Besides evaluating the quality of SVC streams, QoE could 
be used in optimizing the SVC transmission (i.e., the number 
of layers to send to an end user) through networks. In fact, 
adapting the SVC streams to user environment may be 
beneficial in situations when several users with diverse 
characteristics have to be served or when a gateway has to 
convey the streams to a downstream network offering lower 
bandwidth or suffering from congestion or increased packet 
losses; often, wireless access networks are subject to such 
conditions. It is possible, with a MANE (Media Aware 
Network Element) (in context of IP transmission) [3] to adjust 
the number of layers sent to an end user. The MANE could be 
associated with a gateway or a router, and it has the ability to 
parse the video stream and differentiate between SVC layers. 
Based on the QoE feedbacks, the MANE can discard portions 
of the original bitstream whereby the base layer is always 
compliant to AVC. For instance, the MANE can take an action 
to drop some SVC layers when the overall QoE is going low.  

In this paper, we propose an automatic QoE estimation 
module for the SVC coding scheme that supports SNR 
scalability. The QoE module is based on PSQA (Pseudo 
Subjective Quality Assessment) [4], which is an hybrid 
(subjective and objective) evaluation technique using a specific 
learning tool (Random Neural Network) to capture the non-
linear relationship between networks as well as video encoding 
parameters, and QoE. To the best of our knowledge this is the 
first work addressing automatic (and real-time) QoE measuring 
for SVC video coding. 

The remainder of this paper is structured as follows. The 
next section gives a summary of the QoE concepts and related 
works. Section III, presents our proposed QoE tool for SVC. In 
section IV we present and discuss the results obtained by the 
proposed tool. Finally, we conclude the paper in section V. 
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II. QOE CONCEPTS AND BACKGROUND 
A. QoE concepts 

There are several factors that can influence QoE for video 
applications. Characteristics such as frame rate, of a video 
stream, impact the fluidity of the video and a lower frame rate 
means “choppiness” that can degrade the perceived quality. In 
addition, spatial video resolution is another significant factor 
and depending on the limitations of the end device, the users 
may prefer the highest available resolution. Quantization is 
another important factor, related to the (lossy) compression of 
the video stream. Thus, during compression, some amount of 
information is thrown away and this will introduce certain 
distortion in the video that in turn will have an impact on QoE. 

In addition to the preceding remarks, the type of video 
content itself may have significant importance. For example, a 
documentary or news video might have lesser frame rate 
requirements, but better quantization requirements. On the 
other hand, a fast moving sports video will have higher frame 
rate requirements to ensure good QoE. Moreover, the network 
used to provide the service can significantly impact the video 
quality. For example, packet losses can strongly degrade the 
video perceived quality. Delays and jitter in the network can 
introduce, first, a long initial delay before video can start to 
play, and then, play-out disruptions and eventual data losses 
because of the late video packets that miss the play-out 
deadline. In addition, other parameters like network bandwidth 
impose limitations on the video characteristics because some 
quality of the video will have to be sacrificed, either by 
lowering the frame rate or by using more compression, to 
accommodate the video with the available bandwidth.  

B. Related Works 
Objective quality assessment tools, such as PSNR (Picture 

Signal to Noise Ratio), may not correlate well with the human 
perceived video quality and on the other hand the subjective 
quality assessment methods [5] are costly and time consuming. 
Thus, automatic QoE monitoring is highly desired. There has 
been considerable work in the literature to propose QoE 
models. Some signal based ones, such as in [6],[7] take full 
original video as a reference, or at least as a partial reference, 
to estimate the final QoE.  

Some no-reference models have been proposed. An 
“opinion model” is proposed in ITU G.1070 [8]. The work in 
[9] showed that it is possible to enhance this model and make it 
more precise by replacing, for example, packet loss rate with 
packet loss event rate.  A further extension is proposed in [10]. 

The full reference model is only applicable at the encoder 
where the original video sequence is available. As for the 
reduced reference model and no-reference model, especially 
the latter, they are extremely suitable for the wireless and an 
IP-based video service where the original reference sequences 
is absent. Nevertheless, synchronization between the original 
and impaired data is still necessary for the reduced reference 
metric. Thus, we choose the no-reference model for this paper. 

C. Pseudo Subjective Quality Assessment (PSQA) 
PSQA is a quality assessment tool that is a hybrid between 

subjective and objective evaluation techniques. The idea is to 
do subjective tests for several distorted videos and use the 
results of this evaluation to teach a RNN (Random Neural 
Network) the relation between the parameters that cause the 

distortion and the perceived quality. The PSQA methodology is 
shown in Figure 1 and is explained in the following text. 
 

 
Figure 1: PSQA methodology 

The procedure consists in first identifying the parameters 
that have an impact on QoE in the given context. These 
parameters may vary from one context to another and some 
examples of these parameters are: type of codec, packet loss 
rate, delay, jitter, etc.  A video database is then generated by 
simulating the identified parameters after choosing a set of 
representative values for each of them, together with an 
interval for the parameter, according to the conditions under 
which we expect the system to work. Then, a uniformly 
sampled subset S of this video database is subjectively 
evaluated by a panel of humans. After statistical processing of 
the answers (designed for detecting and eliminating bad 
observers whose answers are not statistically coherent with the 
majority), each video sequence in S receives a QoE value 
(often, this is a Mean Opinion Score, or MOS). It results in S 
configurations of the parameters and a corresponding QoE 
score or MOS.  Then some of the configurations are used for 
training the RNN and remaining ones are used for validation 
that, in turn, are not shown to RNN during training.  

In order to validate the trained RNN, a comparison is done 
between the value given by the trained RNN at the point 
corresponding to each configuration in the validation set and to 
its actual MOS value; if they are close enough (having low 
mean square error), the training is validated. If the validation 
fails, a review of the chosen architecture and its configurations 
is needed. 

III. QOE AFFECTING PARAMETERS FOR SVC  
To Build PSQA for SVC, we need to identify clearly the 

parameters having an impact on the perceived quality of the 
video streams. These parameters could belong to the network 
QoS metrics (ex.  bandwidth, packet loss rate, jitter, etc.) 
or/and video encoding parameters (ex. IDR (Instantaneous 
Decoder Refresh) frequency, Quantization Parameters, number 
of layers, etc.). After that, the relevant parameters will have to 
be simulated, which will result in distorted video sequences. 
These distorted video sequences will be used to train the PSQA 
tool with the help of a panel of human observers. The trained 
PSQA will then be used in real time to estimate the subjective 
video quality.  

The next two subsections will describe the parameters that 
clearly affect the quality of the SVC video streams. It is 
important to note that these parameters are independent on the 
scalability type. Even though we considered quality scalability 
in our implementation, these parameters are still relevant for 
other types of scalability solutions (temporal, spatial, or a 
combination of those). Moreover, it should be noted that either 
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other parameters, such as frame rate, are assumed constant or 
are converted to other parameters, such as delay and jitter 
leading to a delayed packet are converted into loss.    

A. IDR Frequency 

 
Figure 2: Relation between IDR period and losses 

The frequency of IDR pictures (fIDR) is an essential factor 
for the final quality. An increase in fIDR means an increase in 
the number of IDR frames that in turn decreases the number of 
P-frames. Increased number of I frames are beneficial because 
an error will propagate only until the next I-frame arrives. 
Nevertheless, there are 2 problems with the increase of fIDR: first 
of all, an encoded I-frame is larger in size as compared to a P-
frame. Thus, the final size of the video will be increased. 
Furthermore, an increase in the number of I-frame involves 
more risk of error propagation. In fact, an error on an I-frame 
will be propagated on all the following P-frames (Figure 2). 

B. NALU loss rate for each layer 
The NALU (Network Abstraction Layer Unit) is the 

transport unit of video packet. A NALU can only transport 
information of one layer. The loss of a NALU affects only a 
single layer. However, it is important to mention that loosing a 
NALU belonging to the base layer has more impact on the 
video quality, than the loss of NALU belonging to other 
enhancing layers, as is explained in section IV. A loss of base 
layer NALU impacts the other layers as all the other layers in 
SVC use the base layer as reference and any error in this layer 
propagates to other layers, which reduce seriously the video 
quality. 

 
Figure 3: NALU format 

Usually, a NALU packet consists of one header (as AVC 
header), and a specific header extension (Figure 3). This 
extension has particular fields D, Q and T, which are used to 
identify the spatial, quality and temporal layers, respectively. 

We denote the NALU loss rate of a layer n as Ln with only 
layer 0, or base layer, having a different name as LBL. 

C. Measuring SVC QoE parameters 
In order to estimate QoE, the tool needs to be able to 

measure the identified parameters automatically and in real-
time. Usually, fIDR is a static value; it can be obtained when 
encoding the video stream. Another way of obtaining fIDR is by 
tracking the appearance of the IDR frames in the video stream. 
An IDR frame in turn can be identified by parsing the NALU 
headers that contain the information about whether its payload 
corresponds to an IDR frame or not. As said before, higher 
value of fIDR means higher resilience to the error propagation. 
Nevertheless, the size of the video will increase.   

On the other hand, the NALU loss rate for each SVC layer 
is obtained by relying on the RTP layer. Combined with RTP 
simple packetisation mechanism (Single NAL Unit) [3], we 
propose to use a multi-session RTP connection for each layer. 
In other words, for each layer, an independent RTP session is 
established, where one NALU is conveyed in one RTP packet. 
Thus, we can obtain the NALU loss rate for each SVC layer at 
the RTP level, either at the decoder side, or by enabling the 
RTCP protocol for a remote monitoring.  

IV. RESULTS  
In order to train the RNN function for QoE Monitoring, 5 

different video sequences were considered (Table 1). We 
encoded the different videos by using the JSVM encoder [11]. 
For the decoder side, we used the openSVC soft [12].   

The resolution is 4CIF (704 x 576), frame rate is 30, and the 
values of QP are 34, 28, 24, respectively for layer 0 (Base 
Layer), 1 and 2 as shown in Table 2. Here, the QP parameter 
represents the SNR scalability. 
 

Video NAL 
number 

CITY 300 
CREW 300 
HARBOUR 300 
ICE 240 
SOCCER 300 

 
Fixed 
Parameter 

Value 

Resolution 704 x 576 (4CIF) 
Frame 
Rate 

30 

Layer/QP 0/34 1/28 2/24 
 

Table 1: Videos used for 
Training 

Table 2: Video parameters 

As NALU losses have a serious impact on the final quality 
of the video, pertinent values of loss rate have to be defined. To 
obtain these values, the loss rate is simulated by varying values 
from 0 to 10% (quality is already very bad at 10% loss). For 
IDR frequency, 3 values are defined: 75, 150 and 300. 

Parameter Set of values 
NALU loss rate for Base Layer (%) 0, 0.3, 0.5, 1, 3, 5, 10 
NALU loss rate for Layer 1 (%) 0, 0.3, 0.5, 1, 3, 5, 10 
NALU loss rate for Layer 2 (%) 0, 0.3, 0.5, 1, 3, 5, 10 
IDR Frequency 75, 150, 300 

Table 3: QoE affecting parameters values 

A large number of videos were created using different 
combinations of the above parameters and their values given in 
Table 3. The videos were reduced to 500 using uniform 
sampling. In the next step, using manual evaluation, around 
100 videos were selected for the subjective test session such 
that 25 videos corresponded to a MOS (Mean Opinion Score) 
score between 1 and 2, 25 videos between 2 and 3 and so on. A 
MOS scale shown in Table 4 was used for all quality 
evaluations. 

 

Table 4: Mean Opinion Score (MOS) 

It is necessary to reduce the number of videos because 100 
videos, of 10 seconds duration each combined with the time 
required to give quality scores, already correspond to around 
30 minutes. These 100 videos were evaluated by 5 humans 
using DSIS (Double Stimulus Impairment Scale) methodology 

MOS Quality Level of Impairment 
5 Excellent Imperceptible 
4 Good Perceptible but not annoying 
3 Fair Slightly annoying 
2 Poor Annoying 
1 Bad Very annoying 
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[5]. The obtained scores were then pre-processed, as in [4], to 
check for inconsistent scorers. Then the data was used to train 
the RNN. Moreover, after a first training, the significant 5% 
outliers were removed because we were interested only in a 
95%-level accuracy. Three RNN layers were used. The first 
layer has 4 neurons corresponding to the 4 inputs, the hidden 
layer has nh neurons and final layer has 1 neuron for the single 
needed output (quality). The number nh was chosen after 
several training iterations. The data set was divided into 2 sets 
with 80% points as training data and 20% as validation data. 
Only training data was used for training and validation set was 
not shown to RNN while training. The untrained RNN will 
obviously give high mean squared error (MSE) for both sets, 
whereas an over trained RNN, also undesirable, will give high 
MSE on the validation set. Based on these requirements, after 
several iterations, the chosen value of nh was nh = 5. 

 
From 
(i:j) 

To 
 (i:j) 

W+ W- 

0:0 
0:0 
0:0 
0:0 
0:0 
0:1 
0:1 
0:1 
0:1 
0:1 
0:2 
0:2 
0:2 
0:2 
0:2 
0:3 
0:3 
0:3 
0:3 
0:3 
1:0 
1:1 
1:2 
1:3 
1:4 

1:0 
1:1 
1:2 
1:3 
1:4 
1:0 
1:1 
1:2 
1:3 
1:4 
1:0 
1:1 
1:2 
1:3 
1:4 
1:0 
1:1 
1:2 
1:3 
1:4 
2:0 
2:0 
2:0 
2:0 
2:0 

0.096701 
0.024633 
0.002058 
0.000367 
0.000365 
0.367032 
2.036930 
0.002047 
0.000649 
0.000648 
0.135111 
0.632614 
0.053647 
0.000026 
0.000026 
0.325495 
0.747832 
0.083876 
0.002404 
0.002398 
0.027058 
2.353470 
0.050469 
0.000974 
0.000967 

5.872150 
1.741510 
4.198560 
3.388390 
3.329620 
0.531753 
0.539114 
0.669375 
0.373859 
0.363866 
1.648410 
0.304190 
1.486570 
0.854922 
0.888809 
1.526620 
0.452583       
0.831486       
1.385160 
1.345570 
1.091710 
2.157500 
0.218778 
0.000119 
0.000120 

Table 5: Weights for the RNN function 
In Table 5 we provide the details of the trained RNN and 

details of training are provided later in this section. Some very 
compressed details are given here to understand it (please see 
[4][13], for more details on RNN.): the output of the network is 
a fraction where the numerator is the sum in h of the “state” ∂h 
of hidden neuron h, weighted by W+(h, o), the positive weight 
from h to the single output neuron o; the denominator is the 
sum of the rate of neuron o and the sum of the ∂h weighted by 
the W-(h, o). State ∂h is in turn equal to a similar fraction using 
layers 0 and 1. 

 In Table 5, there are three layers indexed 0, 1 and 2 with 4, 
5 and 1 neurons respectively. The weights connecting the 
neurons in different layers are denoted as W+ and W-. The 4 
inputs to the RNN are fIDR, LBL, L1 and L2 normalised as 
follows: fIDR/300, LBL/10 L1/10 and L2/10; the values are set to 
1.0 if more than 1.0. The service rates at the input layer are 1.0, 
for hidden layer are computed from weights [4] and for the 
single output neuron, it is 0.01. In the table, (i, j) means the jth 
neuron in layer i. The RNN is trained such that it gives (1 – 

normalized MOS) as output. Let us denote the RNN output as 
qinv then the predicted MOS = 5(1 - qinv) on a MOS scale from 
1 to 5. 

The final results obtained are shown in Figures 4, 5 and 6. 
Figure 4 shows that the video quality is very sensitive to losses 
in the base layer and the value of MOS quickly decreases to 1.0 
with an increase in NALU loss rate of base layer. Even a loss 
rate of around 1%, of base layer NALUs, degrades the value of 
MOS to be lower than 3 out of 5 that, in turn, corresponds to 
the impairment in the video quality as slightly annoying (Table 
4).  This fast degradation with NALU loss rate of base layer is 
because all the other layers in SVC use the base layer as 
reference and any error in this layer propagates to other layers. 
In addition, it can be seen that MOS decreases slightly with 
increasing value of fIDR, IDR frame frequency. This is because 
a high value of fIDR means that a particular error has higher 
chances of propagating to a large number of frames until an 
IDR frame arrives and refreshes the decoder. For example a 
value of fIDR = 300 means that an error occurring in 1st frame 
can propagate up to maximum 299 frames that in turn would 
mean around 10 seconds of video that has 30 frames per 
second. 

 
 

Figure 4: PSQA scores vs. LBL and fIDR with L1 = 0% and L2= 0% 

    
Figure 5: PSQA scores vs. LBL and L1 with fIDR=300 and L2= 0%. 

Figure 5 shows the value of MOS predicted by PSQA with 
varying LBL and L1.  It can be seen that the quality is more 
sensitive to an increase in NALU loss rate of base layer as 
compared to that of layer 1. Whereas, it can be seen in Figure 6 
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that QoE is, relatively, only slightly more sensitive to an 
increase in L1 as compared to L2. This is due to the fact that 
base layer in SVC is the most sensitive to the losses as 
compared to other layers.  If there is no loss in base layer, and 
there is a loss in other layers, then decoder has a better chance 
of error concealment as compared to the case when the data 
from the base layer itself is lost.    

Figure 7 shows the scatter plot with estimated MOS vs real 
MOS obtained from the subjective tests. The diagonally plotted 
line corresponds to the case when the estimated value of MOS 
is equal to the real value of MOS. Thus, points lying close to 
the line would indicate the precision of the estimation tool. As 
seen in Figure 7, the scatter plot shows a good accuracy of the 
estimation (also reflected by the overall mean square error of 
about 0.0071 on the MOS scale from 0 to 1.0). 

Our QoE estimation tool is interesting because it can be 
used to provide real-time QoE feedback that in turn can be 
used for network dimensioning, SVC layer adaptation and QoE 
optimization. For example when the QoE value becomes low 
then the enhancement layers can be discarded at the sender, or 
at some other control point. In addition some bandwidth, thus 
freed, can be used to adaptively apply more error correction to 
the base layer, in order to protect it from network losses.  

 
 

Figure 6: PSQA scores vs. L1 and L2 with fIDR =300 and LBL = 0%. 

 

 
Figure 7: PSQA scores vs. scores given by real users 

V. CONCLUSION 
In this paper, we designed an automatic QoE measurement 

tool for SVC. After describing the parameters that affect the 
quality of SVC streams and their relationship with QoE, we 
presented how to capture this non-linear relation with PSQA. 
The results showed that our QoE estimation is very accurate 
and the obtained scores are very close to those given by real 
users. Despite the fact that SVC scalability used in our 
implementation is based on SNR, the parameters affecting the 
QoE are the same for other scalability methods. Indeed, from 
the obtained results, it is clear that the most affecting parameter 
is the loss of NALU belonging to the base layer.  

To the best of our knowledge, this automatic QoE tool 
measurement is the only one addressing the SVC video 
encoding technique. This tool is interesting not only for 
measuring the quality of the transmitted flow, but also to 
optimize the network resources and for network dimensioning. 
Adaptation points like MANE can rely on QoE feedbacks to 
adapt the SVC layers transmitted to end-users, or to increase 
the network protection for the base layer NALUs (by 
increasing the FEC redundancy). Investigating issues related to 
MANE actions and QoE feedback will constitute excellent 
directions for future works. Furthermore, we intend to improve 
the accuracy of our QoE estimation tool by adding more 
parameters to it. 
 

VI. REFERENCES 
[1] T. Wiegand, G Sullivan, J. Reichel and M. Wien, joint Draft 9 of 

SVC Amendment, Joint Video Team, JVT-V201, Marrakech, 
Morocco, Jan 2007.  

[2] ITU-T SG12, “Definition of Quality of Experience”, COM12 – 
LS 62 – E, TD 109rev2 (PLEN/12), Geneva, Switzerland, 16-25 
Jan 2007.  

[3] S. Wenger, Y. Wang and T. Schierl, “RTP Payload Format for 
SVCVideo”, IETF Internet Draft, draft-ietf-avt-rtp-svc-20.txt, 
Dec 2009.  

[4] S. Mohamed and G. Rubino, “A study of Real-Time Packet 
Video Quality using Random Neural Networks”, IEEE 
Transaction on Circuits and Systems for Video Technology, vol. 
12, 12, pp 1071-1083, Dec 2002. 

[5] ITU-R Recommendation BT.500-11, “Methodology for the 
subjective assessment of the quality of television pictures”, June 
2002. 

[6] C.J. van de B. Lambrecht and O. Verscheuren “Perceptual 
Quality measure using a spatio-temporal model of the human 
visual system”, in Proc. SPIE, vol. 2668, pp. 45°-461, 1996. 

[7] Yubing Wang, “Survey of objective video quality 
measurements”, Technical Report WPICS-TR-06-02, EBU 
Technical Review, Feb. 2006. 

[8] ITU-T Telecommunication G. 1070, “Opinion model for video-
telephony applications”. Apr 2007. 

[9] K. Yamaghachi and T. Hayashi, “Parametric Packet-Layer Model 
for monitoring Video Quality of IPTV services”, In Proc. Of ICC 
2008. 

[10] F. You, W. Zhang, and J. Xiao, “Packet Loss Pattern and 
Parametric Video Quality Model for IPTV,” ICIS’09. In Proc. Of 
2009 Eight IEEE/ACIS International Conference on Computer 
Information Science, 2009, Washington, DC, USA. 

[11] JSVM, http://ip.hhi.de/imagecom_G1/savce/downloads/SVC-
Reference-Software.htm  

[12] OpenSVC, http://sourceforge.net/projects/opensvcdecoder/ 
[13] E. Gelenbe, “Random neural networks with negative and positive 

signals and product from solution”, Neural Computer, vol. 1, pp. 
502-511, 1989.  

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



<<
  /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 1.6
  /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


