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Abstract—Wireless video accounted for more than half of the 
total data traffic in cellular networks in 2015, and this is expected 
to further increase in the upcoming years. Device-to-Device 
(D2D) communication, introduced by the LTE-Advanced (LTE-
A) standard, allows direct communication between devices in 
cellular networks. Here, we introduce the DIStributed, Cached, 
and Segmented video download (DISCS) algorithm for 
improving the throughput of video transmission in cellular 
networks based on D2D communications. The algorithm splits 
video files into pieces, which are distributed over selected user 
equipment (UEs) in the cellular network, to cache and forward 
the pieces using D2D communication. We used the Discrete 
EVent System Specification (DEVS) formalism to build an LTE-
A network model and used the model to study the performance 
of DISCS. Simulation results show that DISCS achieves 
significant performance improvements in terms of the cell's 
aggregate data rate as well as the average data rate per user. 
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I. INTRODUCTION 

The demands for higher data rates in cellular networks 
have been continuously increasing due to the improvements 
on mobile devices, the services provided, and the increasing 
number of users [1]. As most of the licensed frequency bands 
are now allocated, it is difficult to provide sufficient resources 
to these demands. Furthermore, the data rates provided by 
radio links have been approaching their theoretical capacity. 
As such, it has become a main challenge for cellular networks 
operators to provide such high data rates for users. 

Due to the improvements on smart devices, wireless and 
mobile users recently tend to watch longer videos with higher 
resolution on their phones and tablets. Consequently, in 2015 
55 percent of the total mobile data traffic was due to wireless 
video traffic [2]. Furthermore, it is predicted that three-fourths 
of the world’s mobile data traffic will be video by 2020 [2]. 
This increase in video traffic will increase the data traffic and 
further complicate things for cellular networks operators. 
Hence, new techniques are needed to help serving the video 
traffic, which is becoming the majority of data traffic.         

Device-to-Device (D2D) communication is an innovative 
feature that was introduced by the LTE-Advanced (LTE-A) 
standard [3]. D2D enables direct communication between 
nearby user equipments (UEs) without routing the traffic 
through the Base Stations (BS) and the network infrastructure. 
Exploiting D2D transmission brings many benefits to 

communication in cellular networks. Capacity gains can be 
achieved by sharing spectrum resources between cellular and 
D2D users. Furthermore, data rate gains can be achieved 
due to proximity and potentially favorable propagation 
conditions. There have been various efforts to combine 
current standards with D2D communications in order to 
achieve such gains [4-7]. 

In [8-9], we proposed the Cached and Segmented Video 
Download (CSVD) algorithm for improving the throughput of 
video transmission in cellular networks, and showed that this 
method helps with the increasing data traffic. Our algorithm is 
based on the architecture proposed in [10], which exploits 
D2D communications for BS-assisted peer-to-peer (P2P) 
video transmission in cellular networks. The main idea is to 
cache popular video contents in the UE devices. If cached 
video files are requested, they will be sent to the requesting 
devices from the caching UEs over D2D links.  

Here, we present an improvement to such algorithm, 
namely, the DIStributed, Cached, and Segmented video 
download (DISCS). In DISCS, a video file is divided into 
pieces. The pieces of a video file are distributed over multiple 
Storage Members (SMs) to be cached and forwarded to the 
requesting UE. This provides further parallelism when 
transmitting video files and further load balancing among 
SMs, which speeds up the transmission process. Furthermore, 
in DISCS, the SMs will be required to receive and forward 
pieces when asked for assistance (as opposed to just 
forwarding pieces they already have) which helps 
accumulating video files faster in the distributed cache.     

We built a suite of models using the Discrete EVent 
System Specification (DEVS) formalism [11-12] and the 
CD++ DEVS toolkit to model an LTE-A cellular network that 
employs DISCS. System level simulations were performed to 
evaluate the performance of the DISCS algorithm with 
different parameters and under different simulation scenarios. 
Simulation results show that DISCS achieves significant 
improvements over the CSVD algorithm in terms of both the 
cell's aggregate data rate as well as the average data rate per user. 

The rest of this paper is organized as follows, In Section 2, 
we provide an overview of the related work. In Section 3, we 
present the DISCS algorithm. In Section 4, we describe the 
modeling of the LTE-A cellular network in DEVS. Simulation 
scenarios and results are presented in Section 5. The 
conclusions are stated in Section 6. 



II. BACKGROUND 

The high demand for video content in cellular networks 
has increased the data rate requirements [2]. One solution that 
has been implemented to increase the frequency efficiency and 
provide higher data rates is decreasing the size of cells [13]. 
However, there are some challenges for having small-sized 
cells. First, it becomes more difficult to handle mobility and 
control interference as the size of the cells decreases. Second, 
it becomes more costly to implement a high-capacity wired 
backbone as the number of cells increases. As such, 
innovative solutions are required to increase the provided data 
rates and help serving the video traffic that would take up a 
major portion of the overall traffic. 

Caching popular video files at the BSs or mobile switches 
has been employed to help improve the transmission of video 
traffic in cellular networks [14]. When a popular file is cached 
at the BS, it will be available when requested by the UEs, 
which eliminates the need for requesting the video from the 
web and reduces the amount of traffic on the backhaul 
network. However, this solution does not reduce the amount of 
traffic between the BSs and UEs over cellular frequency links.  

Other researchers proposed that the users should cache on 
their devices the contents that are expected to be requested in 
the future. For instance, the authors in [15] proposed an 
adaptive popularity-based video caching strategy. The strategy 
enables strong collaboration between users and service 
environments for ensuring better quality of services to end-
users. Video contents are dynamically cached in home-boxes 
following users’ demands, allowing their delivery from 
optimal places. Although such approach helps reducing the 
amount of video traffic, cached contents can be only used 
locally by the caching devices, and cannot be exploited by 
others in the network.  

In [16], the authors proposed an approach where the 
content is cached on central servers close to the users. 
Furthermore, a central server can use simultaneous coded-
multicasting to satisfy the requests of several users with 
different demands with a single multicast stream. However, 
this scheme relies on a carefully designed placement phase in 
order to create coded-multicasting opportunities. Since the 
content placement is performed before the actual user 
demands are known, it has to be designed carefully such that 
these coded-multicasting opportunities are available 
simultaneously for all possible requests. 

The approaches above represent client-server models, 
which do not scale well for video content distribution in 
cellular networks with high number of users and limited 
resources. As such, there has been a need for P2P 
communication models. In particular, D2D communication 
presents a promising solution as it allows direct 
communication between UEs [4]. D2D communication 
depends on the participation of users for sharing contents. As 
such, it is important to find different approaches to motivate 
such user involvement. There has been much research on 
incentive mechanisms to motivate such user involvement in 
D2D communication [17-19]. 

Combining D2D communication and video caching has 
been proposed recently. The mobile content delivery network 

has been introduced recently as a distributed system where 
devices that are designated as caching servers are used to 
provide nearby users with cached contents on demand, and 
content delivery could take place over D2D links [20]. While 
this technology could help improving the data rates in cellular 
networks, it is costly as these designated devices need to be 
placed throughout the network, configured, and maintained. 

There has been some work on the use of D2D for P2P 
video communication in cellular networks [21-23]. All the 
previous works adapt algorithms that are similar to P2P 
streaming protocols on wired networks that involve the 
dissemination of buffer maps and video pieces between peers. 
While such protocols are suitable for communication on wired 
networks, they involve too much signaling and transmission 
(such as dissemination of buffer maps) to be appropriate for 
UEs with limited power and resources. Furthermore, the 
previous work considers small-scale networks (up to 10 UEs). 
The number of UEs of an LTE-A cell in urban areas is usually 
higher. Here, we show that using clustering and BS assistance, 
the potential of collaborative D2D communication between 
UEs is significant. 

The architecture, proposed in [10], employs D2D 
communication to improve the throughput of video 
transmission and overcome the problem of rapidly increasing 
wireless video traffic. In this architecture, the cell is divided 
into “clusters”. Each cluster contains a group of nodes that can 
exchange information with each other using D2D links. The 
nodes in each cluster can save video files. When a video file is 
requested by a UE, the BS will check to see if the file is stored 
in the virtual storage of that cluster. If the requested file is 
found, it will be transmitted from the UE that has the file to 
the requesting UE over a D2D link. The network model in 
[10] is oversimplified and the original architecture is limited; 
it assumes that the files are pre-cached in the nodes. As such, 
the architecture needs a complex and carefully designed 
placement phase. Since the content placement is performed 
before the actual user demands are known, it has to be 
designed carefully so that users make use of the cached 
content. The architecture also assumes that complete files are 
cached and exchanged between the network nodes. 
Furthermore, they did not define a messaging protocol 
between the UEs and BS to exchange such video files. Instead, 
a simple model was used to study the performance of the 
architecture analytically. 

In [8-9], we proposed the CSVD algorithm that is based on 
the architecture described above, but instead of caching 
complete files, the files are split into pieces and multiple 
copies of a file can be cached at multiple SMs. We assume 
that no files are cached in the beginning, and that files are 
stored upon request. The algorithm defines how the files are 
cached and exchanged among the UEs. Only selected UEs in 
each cluster are used for caching to reduce inter-cluster 
interference. A complete detailed protocol has been defined, 
including a variety of messages necessary for this communication, 
and a complete definition of the protocol is described. 

Here we extend our work in [8-9], and propose the DISCS 
algorithm. In DISCS, the pieces of a requested video file are 
distributed over multiple SMs to be cached and forwarded to 
the requesting UE. This provides further parallelism when 



transmitting video files and further load balancing among 
SMs, which speeds up the transmission process. Furthermore, 
in DISCS, the SMs will be required to receive and forward 
pieces when asked for assistance (as opposed to just 
forwarding pieces they already have), which helps 
accumulating files faster in the distributed cache. The DISCS 
algorithm will be described in details later in Section 3. 

We used the DEVS formalism [11] to build a model for an 
LTE-A network that employs DISCS. DEVS provides a sound 
formal framework for modeling generic dynamic systems. 
DEVS includes hierarchical, modular and component-oriented 
structure and formal specifications for defining structure and 
behavior of a discrete event model. A DEVS model is 
composed of structural (Coupled) and behavioral (Atomic) 
components, in which the coupled component maintains the 
hierarchical structure of the system, while each atomic 
component represents a behavior of a part of the system.  

We used the CD++ toolkit [12] to implement our LTE-A 
network DEVS model. CD++ is an open-source simulation 
software written in C++ that implements the DEVS abstract 
simulation technique. We use the developed model to study 
the performance of the DISCS algorithm and compare it to the 
CSVD algorithm by running various simulations. In the 
following Section, we provide a detailed description of 
DISCS, and show how it operates. 

III. THE DISCS ALGORITHM 

Both the CSVD and DISCS are designed for scenarios 
where there is a high density of users in the cell, such as, 

• Sport events in which users want to download instant 
replays from this event, or videos of other events taking 
place at the same time. 

• Live concerts with detailed video feeds of the arena. 
• Massive religious events (i.e., a Pope’s Mass in St. 

Peter’s Basilica in the Vatican). 
• Large political events (i.e., election results or 

inauguration speeches). 
• University convocations. 

  
Fig. 1. Cell divided into 9 clusters 

As in the CSVD, the BS initially divides the cell into non-
overlapping subareas, each one of which will be a cluster. The 
BS then assigns UEs to clusters based on their locations [9]. 
The UEs that are in the central area of each cluster will be 
selected as SMs of that cluster. Only the UEs in the central area 
are chosen as SMs in order to prevent inter-cluster interference 
when the SMs transmit to other UEs in the same cluster using 
D2D links. Fig. 1 shows a cell that is divided into 9 clusters.   

After dividing the cell into clusters, the transmission phase 
starts. The UEs send their requests to download video files to 
the BS. The BS processes a download request, and responds 
differently depending on the case. We consider four different 
cases for DISCS: 

• Send With Assistance (SWA): if the file (or a part of it) 
is available in any of the SMs of the cluster, the BS will 
ask these SMs to send the pieces they have to the 
requesting UE over D2D links. 

• Send To a SM (STSM): if the requested file is not 
available in the distributed cache (or more copies need 
to be cached), and the requesting UE is a SM, the BS 
will send the file to that SM over a cellular link, and ask 
the SM to cache the video file. These files will be 
available for UEs in the cluster later. 

• Distribute to SMs (DTSMs): this new case proposed by 
DISCS is as follows. If a requested video is popular and 
it is not available in the distributed cache of the cluster, 
the BS will distribute the pieces among the SMs. The 
BS asks the SMs to cache the pieces (as the file is 
popular), and asks them to forward the received pieces 
to the requesting UE. 

• Send To a UE (STUE): otherwise, the BS will send the 
file directly to the requesting UE over a cellular link. 

In the following sections, we discuss the different cases 
described above in detail. 

A. Send With Assistance  

In this case, the download process will be as follows: 
1) The UE sends a Download Request message to the BS. 
2) As this file has already been sent before to an SM to 

cache it, the BS has a MetaInfo file that describes the 
parameters for the download session of this video file. Table 1 
shows the fields of the MetaInfo file.  

TABLE I.  METAINFO FILE 

Field Description 
File Size The file size in bytes 
Number of Pieces The number of pieces 
Piece size The piece size in bytes 
Last piece size Last piece size in bytes 
File name A string representation of the file 
Info A dictionary that describe the file 

The fields in the MetaInfo file represent the parameters for 
this download session. The BS then sends a Handshake 
message to the requesting UE. The Handshake message 
contains the MetaInfo file. 

3) The BS will check its database to find out which of the 
SMs have the pieces of the cached file. Then, the BS will send 
an Assistance Request message to these SMs asking for their 

UEs

BS

SMs

Cluster

Cell



assistance to send pieces to the requesting UE. The Assistance 
Request message has a field indicating the number and 
indexes of the pieces that the SM should send to the 
requesting UE. 

4) The SMs will send a Response message. The SMs will 
indicate whether they are available to assist with this 
download session or not. The Response message also contains 
a field that indicates the maximum number of outstanding 
assists the BS should send, i.e., the maximum number of 
assists this SM can handle at a time. 

5) The BS and the SMs starts sending the pieces to the 
requesting UE. Each time the BS wants an SM to forward new 
piece(s) of the file, it will send that SM an Assistance Request 
message indicating the piece(s) to forward. Each piece 
message has an index that identifies that piece. 

6) When an SM finishes sending piece(s), it will send an 
SM_Finished message to the BS, acknowledging the 
transmission of the piece(s). 

7) When the BS receives SM_Finished for the pieces from 
the SMs participating, and when it finishes sending its pieces, 
it will send a Done message to the requesting UE. 

8) When the requesting UE receives a Done message, it 
will send a BitField message to the BS indicating the pieces it 
has received. 

B. Send To a SM case 

In this case, the file transfer starts by the SM sending a 
Download Request message to download a video file. After 
receiving the request, the BS will start a session with this UE. 
If this is the first time an SM requests this file, the BS creates a 
MetaInfo file that contains information about this transfer. The 
MetaInfo file is the same as in table 1. The BS also creates a 
Handshake message and sends it to the requesting SM. The BS 
then starts sending pieces directly to the SM over cellular link. 
The Save bit in the Piece message is always set to indicate that 
the SM should cache the received piece. The SM keeps a 
BitField to keep track of the received pieces. After sending all 
the pieces, the BS will send a Done message. When the SM 
receives the pieces and the Done message, it will send a 
message containing the BitField to the BS. 

C. Distribute to SMs case 

As mentioned above, this is the main contribution of the 
DISCS algorithm. In this case, a popular file (for instance, one 
requested n times) is requested by a non-SM UE. The BS 
distributes the video file pieces over SMs and asks them to 
cache the pieces and forward them to the requesting UE (as the 
file is popular, and distributing it will be beneficial for the 
cluster). The download process is as follows: 

1) The UE sends a Download Request message to the BS. 
2) The BS creates a MetaInfo file that describes the 

parameters for the download session of this video file (as in 
table 1). The BS then sends a Handshake message (containing 
the MetaInfo file) to the requesting UE. 

3) The BS then sends Assistance Request messages to the 
SMs of the cluster asking their help to send the pieces to the 
requesting UE. There is a field in the message that is set to 

indicate that this is a "receive and forward" request, i.e., the 
SM is needed to receive the piece, cache it, and forward it to 
the requesting UE. 

4) The SMs will send a Response message to indicate their 
availability for assistance, and to indicate the maximum 
number of outstanding assists the BS can send. 

5) The BS then starts distributing the pieces to the SMs. 
Each piece message has an index that identifies that piece. 

6) When an SM receives a piece, it will cache it, and send 
it to the requesting UE over D2D link. 

7) When an SM finishes sending piece(s), it will send an 
SM_Finished message to the BS, acknowledging the 
transmission of the piece(s). 

8) When the BS receives SM_Finished for all the pieces 
from the SMs participating, it will send a Done message to the 
requesting UE. 

9) When the requesting UE receives a Done message, it 
will send a BitField message to the BS indicating the pieces it 
has received. 

 
Fig. 2. DTSMs case. 

This case further helps accumulating popular video files in 
the distributed cache of the cluster. It also allows for more 
parallelism and load balancing among SMs when sending 
video files from the distributed cache of the cluster. This 
should increase the utilization of the D2D channel and speeds 
up the transmission, and consequently increase the average 
data rate. 

In addition to the data the BS needs to keep in its database 
for the CSVD (list of the clusters, list of the members and SMs 
of each cluster, and list of cached files/pieces), the BS keeps 
track of the number of times the files were requested recently.   

D. Send To a UE case 

In this case, the requesting UE is not an SM, and the file is 
not available in the cluster. Hence, the BS will transmit the 
file directly to the requesting UE over cellular links. This case 
is similar to STSM (case B). However, in this case, the Save 
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bit is always zero in the Piece message so that the piece will 
not be cached. 

E. The SVD algorithm 

We call our implementation of the conventional download 
process the Segmented Video Download (SVD), as video files 
are sent in pieces. In SVD, we do not use file caching or D2D 
communications. Instead, the files will be always sent as in 
STUE (case D above). 

IV. MODELING THE LTE-A NETWORK WITH DEVS 

Fig. 3 shows a DEVS coupled model definition of the 
LTE-A network we want to simulate. At the top level, we 
have a Cell coupled model, which contains the BS, 
Transmission Medium, and many UE coupled models. It also 
contains a Cell Manager atomic model. 

 
Fig. 3. DEVS model of the cellular network. 

The BS coupled model is in charge of modelling the BS in 
the cell. It has four atomic models; BS Queue, BS controller, 
Scheduler, and Transmitter. Messages are buffered at the BS 
Queue atomic model, which also checks the destination 
address of a received message. If it matches that of the BS, the 
message will be buffered, otherwise it will be discarded. The 
BS Controller processes received messages and it implements 
the algorithms above (for example, steps 2, 3, 5, and 8 in Fig. 
2). Every Transmission Time Interval (TTI), which is 1 ms, 
the BS processes received messages and asks the Scheduler to 
schedule the messages to be sent in the next TTI. Every TTI, 
the BS Controller also asks the Transmitter to send messages 
that were scheduled for transmission during this TTI.    

The UEs in the cell are modeled with the UE coupled 
models. A UE coupled model contains two atomic models; UE 
Queue, and UE Controller. Received messages are buffered at 
the UE Queue. The UE Controller is where the UE part of the 
algorithm is implemented.  

The Medium model receives a message sent from the BS or 
any UE and broadcasts it to the other receivers (BS/UEs) in the 
cell. As mentioned above, the queue of the BS and the UEs 
will use the destination address to recognize their messages. 

The Cell Manager atomic model initializes and sets the 
parameters of the cellular DLs and uplinks (ULs) between the 
BS and the UEs, as well as the D2D links between the UEs. 
Path loss and shadowing is considered here. The urban macro 
propagation model [24] was used for cellular links and the 
D2D channel model at 24 GHz, defined in [25], was used for 
D2D communication.  

In addition to the atomic models above, many other passive 
classes where developed to model other components of the 
system such as classes to model the cellular DLs and ULs, 
D2D links, download sessions the BS has with UEs, cell 
clusters, exchanged message, etc. 

V. SIMULATION SCENARIOS AND RESULTS 

We implemented our DEVS model of the LTE-A network 
using the CD++ toolkit. System level simulations were 
performed to evaluate the performance of DISCS and compare 
it to the CSVD and SVD in terms of DL cell's aggregate data 
rate and average data rate per user. 

A. Simulation scenarios 

In the Simulations, we consider a single LTE-A cell. The 
urban macro propagation model [24] was used for cellular links 
with a DL operating carrier frequency of 900 MHz, and a 
transmission bandwidth of 10 MHz. According to [24], the 
propagation model (L) is given by,   

( ) ( )
( ) ( )

3

10

10 10

 

         

  40 * 1 4 *10 * * 

- 18 + 21  + 80 ,

L Dhb log d

log Dhb log f dB

−= −
           (1) 

where d is the BS-UE separation in kilometers, f is the carrier 
frequency in MHz, and Dhb is the BS antenna height in meters, 
measured from the average rooftop level. The path loss, PL, 
then can be calculated as, 

 PL = L+LogF,                                                                   (2) 

where LogF is a log-normally distributed shadowing with 
standard deviation of 10 dB. The received signal then can be 
calculated as, 

 - ( - - , ),
RX TX TX RX

P P MAX PL G G MCL=                           (3) 

where PRX is the received signal power, PTX is the transmitted 
signal power, GTX is the transmitter antenna gain, and GRX is the 
receiver antenna gain, and MCL is the minimum coupling loss.  

Considering Additive White Gaussian Noise (AWGN), the 
link data rate, R, can be calculated as,  

2
* log (1 ),RX

n

P
R B

P
= +                                              (4) 

where Pn is the noise power and B is the transmission 
bandwidth.  
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For D2D transmission, we used the D2D channel model at 
24 GHz, defined in [25]. According to that model, the path loss 
for D2D links, PLD2D, can be calculated as, 

 
2 10 2

60.05  1.95 *  10 log ( ) ,
D D D D

PL d LogF= + +          (5) 

where d is the transmitter-received distance in meters, and 
LogFD2D is a log-normally distributed shadowing with standard 
deviation of 4.3 dB. The data rate is calculated considering 
AWGN. Table 2 shows the simulation parameters we used. 

TABLE II.  SIMULATION SETUP 

Parameter Value 
Cellular Channel BW (MHz) 10 

Cell Range (m) 500 
BS antenna gain (dB) 12 

BS transmission power (dBm) 43 
UE antenna gain (dB) 0 

UE transmission power (dBm) 21 
Noise spectral density (dBm) -174 

Antenna height (m) 15 
Transmission model UTRA-FDD 

Carrier frequency (MHz) 900 
File size range (MB) 1-100 
Area configuration Urban 

Piece size (KB) 512 
Number of files 500 

D2D Channel BW (MHz) 60 
D2D Carrier frequency (GHz) 24 

D2D transmitter TX Power (dBm) 23 
D2D Large-scale fading std deviation (dB) 4.3 

UE receiver noise figure (dB) 9 
D2D TX/RX Height from Ground (m) 1.5 

 

In the beginning of each iteration of the simulations, the 
UEs are uniformly distributed throughout the cell. The cell is 
divided into 9 clusters. According to their location in the cell, 
UEs are assigned to clusters as shown in Fig. 1. Furthermore, 
the UEs in the central area of each cluster are marked as SMs. 
The central area of each cluster forms 1/4 of the total area of 
the cluster. Hence, roughly, one fourth of the UEs in each 
cluster will be SMs. Each iteration in the simulations is 
divided to two phases; a transient phase, followed by a steady 
state phase. At the beginning of the transient phase, there are 
no files cached in the clusters. As UEs download videos 
during the transient phase, video segments will accumulate in 
the distributed cache of each cluster. Each UE performs two 
requests during the transient phase. At the beginning of the 
steady phase, there will be many pieces in the distributed 
caches of the clusters that were cached during the transient 
phase. We present results for both phases. During each phase, 
each UE sends 2 download requests in total (i.e., each UE 
downloads 2 video files). A UE sends one request at a time, 
and after downloading the whole video file, it generates 
another request. Before each request, a UE waits for a random 
period using a Poisson distribution with mean of 10 seconds. 
At the end of each phase, we calculate the cell's aggregate data 
rate and the mean of the average data rate per user. The mean 
of the cell's aggregate data rate and the mean of the average 
data rate from all the iterations are calculated at the end of the 
simulations. The results show the mean values based on 40 
simulation runs along with the margin of error for 95% 
confidence interval.  

The UEs generate requests to download video files from a 
list. The popularity of videos is generated according to a Zipf 
distribution to simulate a variable popularity of files, as it has 
been established that this is a good model for video files 
popularity [26]. Using this distribution, some files are 
requested more often than others are. The Zipf exponent, β, 
controls the relative popularity of the files. The size of the 
video files will be generated according to a logNormal 
distribution as in [27]. Unless stated otherwise, the number of 
UEs is 500, the Zipf exponent is 1.5, and the number of 
requests made by a UE during each phase is 2. 

B. Simulation results 

Fig. 4 shows the Cell's aggregate data rate versus the 
number of UEs in the cell, for the SVD, CSVD, and DISCS 
algorithms, respectively, in the steady state phase. Up to one 
copy of each piece of a file is cached in a cluster in the case of 
CSVD and DISCS. As Fig. 4 shows, CSVD and DISCS 
provide significant improvement over the SVD. The 
maximum aggregate rate achieved using the SVD is around 
130 Mbps, while with the CSVD and DISCS, aggregate rates 
of 490 Mbps and 690 Mbps can be achieved, respectively, at 
700 UEs. This significant improvement on the aggregate data 
rate is due to having more resources, i.e., the D2D channel 
with large bandwidth (60 MHz) available in each cluster, and 
used for D2D communication. 

 
Fig. 4. Cell's aggregate data rate vs. number of UEs (steady state phase). 2 

     requests per user and β = 1.5. 

Furthermore, DISCS achieves significant improvement 
over CSVD. This is because in CSVD, when a video file is 
cached in a cluster, it is always cached in one SM, while in 
DISCS, a cached file is distributed over many SMs in the 
cluster in the case of DTSMs. As such, when video files are 
transmitted from the distributed cache, multiple SMs will be 
sending pieces in parallel to the requesting UE in the case of 
DISCS. As such, the D2D channel will be further utilized and 
the aggregate data rate will increase.    

Fig. 4 also shows that with CSVD and DISCS, the 
aggregate data rate increases with increasing the number of 
UEs in the network. Increasing the number of UEs increases 
the number of requests for video files and the number of SMs 
in each cluster. This increases the number of cached files in a 
cluster and the number of requests that would be satisfied 
from the cluster cache. Hence, the D2D channel will be further 
utilized and the aggregate data rate will increase. With SVD, 
the aggregate data rate does not increase with the number of 
UEs in the cell. In SVD, each cell has fixed cellular resources 
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(a 10 MHz channel is used here) and as the number of UEs 
increases, the utilization of the cellular channel will increase, 
until it is fully utilized. As such, we can say from Figure 4 that 
with SVD, at 100 UEs, the cell is overloaded and the cellular 
channel is fully utilized.  

Fig. 5 shows the average data rate per user versus the 
number of UEs in the network for SVD, CSVD and DISCS, 
respectively (steady state phase). Up to one copy of each piece 
of a file is cached in a cluster in the case of CSVD and 
DISCS. As Fig. 5 shows, CSVD and DISCS provide 
important performance gains due to the transmission of video 
segments from the BS and SMs (distributed cache), as 
opposed to only transmitting video files from one source (the 
BS). This speeds up the transmission process and increases the 
average data rate. In the SVD, the average data rate decreases 
faster with increasing the number of UEs. For instance, the 
average data rate decreases from about 2 to 0.63 Mbps when 
the number of UEs increases from 100 to 300 UEs. This is 
because the fixed available frequency resources are divided 
over higher number of UEs. The improvement achieved by the 
CSVD and DISCS over the SVD increases when the number 
of UEs increases. This is because increasing the UEs also 
increases the available SMs and requested and cached files. 
Thus, more data will be transmitted from the cluster caches 
over D2D links rather than being sent from the BS over 
cellular links. As such, increasing the number of UEs will cause 
less decrease in the average data rate per user than in the SVD. 

 
Fig. 5. Average data rate per user versus the number of UEs (steady state    

     phase). 2 requests per user and β = 1.5. 

Fig. 5 also shows that DISCS achieves significant 
improvement over CSVD. This is because in the case of 
DISCS, many files will be sent in parallel from multiple SMs 
(as opposed to one SM). This causes further parallelism in 
sending video files and better load balancing between SMs, 
which speeds up the transmission of video files and increases 
the average data rate.    

As mentioned in the previous section, the simulations were 
divided into two phases. The first phase is the transient phase 
that starts with no video files saved in the distributed caches of 
the clusters, and the pieces of the video files accumulate in the 
distributed caches during this phase as requested by UEs. In 
the beginning of the steady phase, there will by many files in 
the clusters that were cached during the transient phase. Fig. 6 
and 7 show the aggregate data rates and average data rates, 
respectively, for the transient phase versus the number of UEs.     

 
Fig. 6. Cell's aggregate data rate vs. number of UEs (transient phase).  
              2 requests per user and β = 1.5. 

 
Fig. 7. Average data rate per user versus the number of UEs (transient 

     phase). 2 requests per user and β = 1.5. 

As expected, more improvement is achieved by CSVD and 
DISCS in the steady state phase. This is because in the steady 
state phase, there are more cached files in the clusters. Hence, 
more video files will be sent from the distributed cache, which 
increases the D2D channel utilization and speeds up the video 
transmission. However, good improvements are still achieved 
by both algorithms over SVD in the transient phase.     

 
Fig. 8. Average data rate per user versus Zipf exponent (steady state phase).  

     500 UEs, 2 requests per user. 

The Zipf distribution has one parameter, namely the Zipf 
exponent. This exponent controls the relative popularity of 
files. When the Zipf exponent increases, the content reuse 
increases. This is because higher β means that the popularity of 
the first files in the list will increase, and they will be requested 
more often. The impact of the Zipf distribution exponent on the 
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performance of the CSVD and DISCS is shown in Fig. 8. As 
can be seen, the average data rate increases by increasing the 
Zipf exponent. As the number of popular files increases, the 
content reuse increases because more files will be cached and 
delivered later from the distributed cache rather than from the 
BS. This speeds up the transmission process and increases the 
average data rate. The increase in the average data rate will 
eventually slow down. This is because in our scenario, each 
UE requests only two video files. Increasing the number of 
requests made by each UE further increases content reuse and 
improves the average data rate. This is because cached files 
will be further used by the later requests.  

VI. CONCLUSION 

Wireless video accounted for more than half of the total 
data traffic in cellular networks in 2015, and this is expected 
to further increase in the upcoming years. This made it 
challenging for cellular networks operators who are already 
struggling to cope up with the increasing demands for higher 
data rates. As such, new techniques are needed to help serving 
the video traffic that is becoming the majority of the data 
traffic. In our previous work, we proposed the Cached and 
Segmented Video Download (CSVD) algorithm to improve 
the throughput of video transmission in cellular networks. The 
algorithm caches video segments in selected user equipment 
(UEs) in the network, and employs Device-to-Device (D2D) 
communication between UEs in cellular networks to exchange 
video segments.  

In this work, we propose an improved algorithm, namely, 
the DIStributed, Cached, and Segmented video download 
(DISCS). In DISCS, the pieces of a video file are distributed 
over multiple Storage Members (SMs) to be forwarded to the 
requesting UE. This provides further parallelism when 
transmitting video files and further load balancing among 
SMs, which speeds up the transmission process. We use the 
Discrete Event System Specification (DEVS) formalism to 
model an LTE-A cellular network that implements DISCS. 
The model is used to study the performance improvement 
achieved by DISCS over CSVD in terms of cell's aggregate 
video transmission rate as well as average data rate per user. 
Simulation results show that DISCS achieves significant 
improvements over the CSVD. 

REFERENCES 

[1] ICT Data and Statistics Division, Telecommunication Development Bureau, ITU. 
"ICT facts and figures." Feb. 2016 [Online]. Available: 
https://www.itu.int/en/ITU-D/Statistics/Documents/facts/ICTFactsFigures2015.pdf. 

[2] Cisco. "Cisco visual networking index: global mobile data traffic forecast 
update." Feb. 2016 [Online]. Available: 
http://www.cisco.com/c/en/us/solutions/collateral/service-provider/visual-
networking-index-vni/mobile-white-paper-c11-520862.html. 

[3] S. Parkvall and D. Astely, “The evolution of LTE towards IMT-
Advanced,” Journal of Communications, vol. 4, No. 3, pp. 146-154, 
Apr. 2009. 

[4] A. Asadi, Q. Wang, and V. Mancuso, “A survey on device-to-device 
communication In Cellular Networks,” IEEE Communications Surveys 
and Tutorials, vol. 16, no. 4, pp. 1801-1819, Nov. 2014. 

[5] B. Kaufman and B. Aazhang, “Cellular networks with an overlaid device 
to device network,” in Proc. of Asilomar Conference on Signals, 
Systems and Computers, 2008, pp. 1537–1541. 

[6] K. Doppler et al., “Device-to-device communication as an underlay to 
LTE-advanced networks,” IEEE Communications Magazine, vol. 47, no. 
12, pp. 42–49, Dec. 2009. 

[7] K. Doppler et al., “Device-to-device communications: functional 
prospects for LTE-Advanced networks,” in Proc. of IEEE ICC 
Workshops, 2009, pp. 1–6. 

[8] A. Al-Habashna, G. Wainer, G. Boudreau, and R. Casselman. 
"Improving wireless video transmission in cellular networks using D2D 
communication." Canada. Provisional patent P47111. May 2015. 

[9] A. Al-Habashna, G. Wainer, G. Boudreau, and R. Casselman, "Cached 
and segmented video download for wireless video transmission," in 
proc. ANSS, 2016, pp. 1-8. 

[10] N. Golrezaei, P. Mansourifard, A. F. Molisch, and A. G. Dimakis, 
“Base-station assisted device-to-device communications for high-
throughput wireless video networks,” IEEE Transactions on Wireless 
Communications, vol. 13, no. 7, pp. 3665-3676, Jul. 2014. 

[11] B. Zeigler, H. Praehofer, and T. Kim, Theory of modeling and 
simulation. San Diego: Academic Press, 2000. 

[12] G. Wainer, Discrete-event modeling and simulation: a practitioner's 
approach. Boca Raton: CRC/Taylor & Francis Group, 2009. 

[13] V. Chandrasekhar, J. Andrews, and A. Gatherer, “Femtocell networks: a 
survey,” IEEE Communications Magazine, vol. 46, no. 9, pp. 59–67, 
Sep. 2008. 

[14] H. Ahlehagh and S. Dey, “Hierarchical video caching in wireless cloud: 
Approaches and algorithms,” in Proc. IEEE ICC, 2012, pp. 7082–7087. 

[15] S. A. Chellouche et al., “Home-box-assisted content delivery network 
for Internet video-on-demand services,” in Proc. IEEE ISCC, 2012, pp. 
544–550. 

[16] M. A. Maddah-Ali and U. Niesen, “Decentralized caching attains 
orderoptimal memory-rate tradeoff,” IEEE/ACM Transactions on 
Networking, vol. 23, no. 4, pp. 1029-1040, Aug. 2015. 

[17] Y. Zhang, L. Song, W. Saad, Z. Dawy, and Z. Han, "Contract-based incentive 
mechanisms for device-to-device communications in cellular networks," IEEE 
JSAC, vol. 33, no. 10, pp. 1-12, Oct. 2015. 

[18] L. Gao, J. Huang, Y. Chen, and B. Shou, “Cooperative spectrum 
sharing: a contract-based approach,” IEEE Transactions on Mobile 
Computing, vol. 13, no. 1, pp. 174–187, Jan. 2014. 

[19] L. Duan, T. Kubo, K. Sugiyama, J. Huang, T. Hasegawa, and J. 
Walrand, “Motivating smartphone collaboration in data acquisition and 
distributed computing,” IEEE Transactions on Mobile Computing, vol. 
13, no. 10, pp. 2320–2333, Oct. 2014. 

[20] H. J. Kang et al., “Mobile caching policies for device-to-device (D2D) 
content delivery networking,” in  INFOCOM WKSHPS, 2014, pp. 299 - 
304. 

[21] L. Keller et al., "MicroCast: cooperative video streaming on 
smartphones," in proc. MobiSys, 2012, pp. 57-70. 

[22] P. Eittenberger, M. Herbst, U. Krieger, "RapidStream: P2P streaming on 
android," in proc. IEEE International Packet Video Workshop, 2012, pp. 
125-130. 

[23] V. Siris and D. Dimopoulos, "Multi-source mobile video streaming with 
proactive caching and D2D communication ," in IEEE WoWMoM, 2015, 
pp. 1-6.   

[24] 3GPP TR36.942, "Evolved universal terrestrial radio access; RF system 
scenarios," Dec. 2015. 

[25] A. Al-Hourani, S. Chandrasekharan, and S. Kandeepan, “Path loss study 
for millimeter wave device-to-device communications in urban 
environment,” in  Proc. ICC, 2014, pp. 102-107. 

[26] M. Cha et al., “I tube, you tube, everybody tubes: analyzing the world’s 
largest user generated content video system”. in Proc. ACM SIGCOMM 
conference on Internet measurement, 2007, pp. 1–14. 

[27] S. Ahsan et al., "Characterizing internet video for large-scale active 
measurements," Submitted to the Networking and Internet Architecture, 
arXiv preprint arXiv:1408.5777v1, Aug. 2014.

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /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
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /DoulosSIL
    /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
    /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
    /KristenITC-Regular
    /KrutiDev040Bold
    /KrutiDev040BoldItalic
    /KrutiDev040Condensed
    /KrutiDev040Italic
    /KrutiDev040Thin
    /KrutiDev040Wide
    /KrutiDev060
    /KrutiDev060Bold
    /KrutiDev060BoldItalic
    /KrutiDev060Condensed
    /KrutiDev060Italic
    /KrutiDev060Thin
    /KrutiDev060Wide
    /KrutiDev070
    /KrutiDev070Condensed
    /KrutiDev070Italic
    /KrutiDev070Thin
    /KrutiDev070Wide
    /KrutiDev080
    /KrutiDev080Condensed
    /KrutiDev080Italic
    /KrutiDev080Wide
    /KrutiDev090
    /KrutiDev090Bold
    /KrutiDev090BoldItalic
    /KrutiDev090Condensed
    /KrutiDev090Italic
    /KrutiDev090Thin
    /KrutiDev090Wide
    /KrutiDev100
    /KrutiDev100Bold
    /KrutiDev100BoldItalic
    /KrutiDev100Condensed
    /KrutiDev100Italic
    /KrutiDev100Thin
    /KrutiDev100Wide
    /KrutiDev120
    /KrutiDev120Condensed
    /KrutiDev120Thin
    /KrutiDev120Wide
    /KrutiDev130
    /KrutiDev130Condensed
    /KrutiDev130Thin
    /KrutiDev130Wide
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-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
    /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
    /MTExtraTiger
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /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
    /SILDoulosIPA
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /SymbolTiger
    /SymbolTigerExpert
    /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
    /Tiger
    /TigerExpert
    /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 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /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 <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


