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Abstract— Recently, the necessity of applications where many
users have to interact in a close manner over mobile Ad-Hoc
networks gains high popularity. Multicast communication is
essential in this type of applications to reduce the overhead of
group communication. For group-oriented multimedia
applications Quality of Service (QoS) provision is a basic
requirement, which makes an efficient QoS multicast routing
protocol a very important issue. This paper proposes a location-
based QoS multicast routing protocol via cooperation between
Network and MAC layers. Along with this protocol, a location
and group membership management scheme has been proposed.
Unlike some of multicast routing protocols, the proposed
approach limits maintaining the network topology to certain
nodes to reduce control overhead and reduce bandwidth
consumption. Our proposed protocol is scalable for large area
networks with large multicast members regardless of the network
density. Also, it achieves a significant reduction in processing
overhead compared to flat QoS algorithms.

Keywords-component; Ad-Hoc Networks; Multicast Routing;
Position-based; QoS.

L INTRODUCTION

A Mobile Ad hoc NETwork (MANET) is composed of
collection of mobile nodes that communicate with each other
over wireless links in the absence of any infrastructure or
centralized administration. The nodes of MANETs
intercommunicate through single-hop and multi-hop paths to
forward messages to other nodes, which require cooperation
between nodes to relay packets to their targets. MANETS are
useful in many application environments, where instant
deployment and dynamic reconfiguration are necessary and
wired infrastructure is not available. Examples of these
applications include disaster recovery efforts, military
battlefields, conferences and classrooms without the support of
a wired infrastructure, and communication among a group of
islands or ships. However, this type of networks characterized
by limited bandwidth, limited resources, dynamic mobility, and
high contention radio medium. These characteristics pose extra
challenges to the design of routing protocols.
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Group communication becomes increasingly important in
MANETSs because a lot of applications relay on cooperation
between a team. Thus, multicast plays an important role in this
type of communication. In multicasting, the same packet is
transmitted by the source to a group of zero or more nodes.
This is efficient in saving the bandwidth and improving the
scalability, which is essential in MANETs [1]. As a
consequence, multicast routing has received significant
attention over the recent days.

Multicast can be performed in MANETS routing protocols
using three approaches. These approaches are flooding,
proactive and reactive multicast [2]. Flooding is a simple
approach, each node receive a packet forward it to all its
neighbors. In proactive approach, the nodes are required to
maintain the network topology information in the form of
routing tables by exchanging the routing information
periodically. While, reactive approach are appropriate for
wireless environments, because they initiate a route discovery
process only when data packets need to be routed [3]. Once the
route is established, the route must be maintained until it is no
longer needed or the destination node becomes unaccessible.
This eliminates the overhead of maintaining routing tables for
routes not currently in use.

In Ad-Hoc wireless networks, routing protocols in general
can be classified based on the routing topology into two main
categories: topology-based and position-based [4].

Recently, the availability of small, inexpensive, low-power
Global Positioning System (GPS) receivers and techniques for
calculating relative coordinates based on signal strengths
realize the position-based routing for Ad-Hoc networks [5].
The position-based protocols use the nodes location and
mobility information to improve protocol robustness and
performance. In large scale networks, the performance of the
protocols that based on topology construction of the multicast
mesh or tree approaches gets poor with increasing the number
of nodes over vast network area. This is because of the large
overhead resulted from flooding the control and data packets to
the entire network.



The increasing popularity of using multimedia and real time
applications in different potential commercial in MANETS,
make it logical step to support Quality of Service (QoS) over
wireless network. QoS support is tightly related to resource
allocation and reservation to satisfy the application
requirements; the requirements include bandwidth, delay,
delay-jitter and packet to loss ratio. It is a challenge to support
QoS in MANETs due to rapidly changing environment,
centralized design of the medium access layer and limited
resources. So, combine QoS with Multicasting facing several
challenges, due to the difficulty in finding paths between the
source and all the destinations that satisfy certain QoS
requirements.

In this paper, we investigate the problem of QoS routing in
MANETSs using multicast communication. In view of the
advantages of location-based routing and due to the dynamic
network topology. We propose a novel location-based QoS
multicast routing protocol for MANETs. We use the
geographical positions of the nodes to forward the data packets
in order to provide robustness and scalability. Along with this
protocol, a location and group management scheme has been
proposed. We consider bandwidth and delay as QoS
parameters; the available bandwidth is measured on the link
between two successive nodes. The remainder of this paper is
structured as follows: section 2 gives an overview on related
work on multicast routing. Section 3 presents our model and
finally a conclusion will be proposed.

II.  RELATED WORK

Multicasting in MANETS is relatively unexplored research
area, when it is compared with unicast routing [6]. Over the
past few years, several QoS multicast routing protocols have
been proposed for Ad-Hoc networks such as [7] [8] [9] [10]
[11].

A recent survey that study the up-to-date QoS multicast
routing protocols is presented in [12]. Also, many position-
based multicasting protocols have been proposed including
[13] [14] [15] [16] [17]. On the other hand, few works have
been done in QoS position-based multicasting such as [18]
[19].

The Lantern-Tree-Based (LTB) in [8] is a bandwidth
constrain QoS multicast routing protocol. A lantern is defined
as one or more sub-paths with a total bandwidth between a pair
of two neighboring nodes. A lantern path is a path with one or
more lanterns between a source and a destination. The
multicast tree contains at least one lantern path between any of
its source-destination pairs. Lantern-tree protocol measures the
bandwidth as the available amount of free slots based on
CDMA-over-TDMA channel model at MAC layer, which
needs distributed time synchronization. One drawback of LTB
is the long time needed to find all the paths and to share and
schedule the time slots. Another drawback is the use of high

number of links, which increase the contention at the MAC
layer.

QoS Multicast Routing Protocol (QMR) [9] is a hybrid
scheme for supporting QoS routing. It is an on-demand mesh
protocol connects group members using QoS paths. QMR define
forwarding nodes that provide at least one path from each
source to each destination. CDMA-over-TDMA is used to
estimate the available bandwidth. A distributed admission
control is used to enable intermediate nodes to reject the routes
that not satisfy QoS requirement. The forwarding nodes are
updated when multiple sources sending to the multicast group
simultaneously. This prevents congestion and performs load
balancing in the network.

A cluster-based QoS multicast routing protocol is proposed
in [19]. This protocol partitions the network into square clusters
and the nearest node to cluster center is elected as a cluster-
head. A gateway node is selected between the adjacent clusters
to rely the packets when the adjacent clusters out of the
effective transmission range. The source node starts the
multicast session by sending PROPE packet to the cluster-head.
The gateway forward this packet to the proper neighbor cluster
until the destination or intermediate node with valid route to the
destination is reached. The destination or the intermediate node
selects the optimal route using best predecessor replacement
strategy [20], where the node chooses the next best predecessor
that satisfies the QoS constrains (delay, cost). When the source
receives the ACK reply packet, it starts data transmission. This
protocol only uses cluster-head, source, gateway and
destination nodes in routing. However, only the gateway is
responsible for packet forwarding. Thus, the gateway selection
becomes the key point of this protocol. Also, the paper doesn’t
mention the network structure and maintenance, which perhaps
produce significant traffic. Another drawback appears when the
network is sparse, in this case the gateway nodes may fail to
reach the neighbor cluster-head and then the route cannot be
established.

In [18], a Hypercube-based Virtual Dynamic back-bone
(HVDB) model for QoS-aware multicast communication is
proposed. The clusters are formed using mobility prediction
and location-based technique used in [21]. The structure is
abstracted into three tiers: mobile node (MN), hypercube tier
(HT) and mesh tier (MT). The network area is partitioned into
overlapped circular shape and a cluster-head (CH) is elected for
each circle. The CH is mapped to a hypercube node at the HT
tier. Each hypercube is mapped to as one mesh node at the
mesh tier. The nodes periodically send the local memberships
to its CH. Each CH periodically sends the group memberships
to all CHs within the hypercube and one of the CHs
periodically broadcasts the membership to all the clusters in the
network.



III. DESIGN OF THE PROPOSED PROTOCOL

A.  Overview

The physical area is partitioned into a number of equal-
sized cells. In each cell, a selection algorithm is executed to
determine a leader and backup nodes. The cell leader should be
powerful enough to take charge of its connecting nodes. This
leader is responsible for maintaining the positions of the nodes
inside the cell and their group memberships.

When a source node wants to send data to a group of
destinations, an efficient communication procedure is done
between cell leaders to provide the source with all the nodes
interested in this multicast session and their positions. Now the
source will be able to divide the group members into
manageable sub-groups and choose a coordinator for each sub-
group to start the multicast session. The QoS requirements that
have been taken into consideration in this paper are bandwidth
and delay.

The Network layer interacts with the MAC layer to estimate
the available bandwidth with no control overhead and with
considering the activities of the neighboring nodes, which
makes our protocol more practical.

B. Network Initialization

1. Network construction

Based on our assumption that the routing area is a two-
dimensional plane and the borders of the routing area are
previously known. The entire network is divided into several
non-overlapping hexagonal cells and each cell has a Cell
Identity (Cell_ID). The partitioning is created starting from the
left-down point of the routing area. Also, the size of the cell is
chosen to enable 1-hop communication among all the nodes
inside a given cell to reduce communication overhead. The
proposed self-mapping algorithm allows each node to
determine the cell where it resides during the life of the
network based on the information provided by the GPS device
equipped with each node. The structure of the network
structure is given in figure 1.

Figure 1: illustration of the network structure

2. Selection of cell leader

An election algorithm is developed to elect the nodes that
satisfy different metrics in order to keep the leader role to serve
the cell as much as possible. These metrics include the node
position with respect to the cell center, the residual energy,
CPU computing power, the available memory and mobility
speed. Inside each cell, Cell Leader (CL) and Cell Leader
Backup (CLB) nodes are elected. Each CL keeps information
about the identity and position of the nodes in the cell it is
responsible for, the membership of these nodes in different
multicast groups and information about the 6-neighboring cells
(including cell identity, identity and position of the CL and
CLB). While, the CLB node is responsible for keeping a copy
of the data stored in the CL node in order not to be lost when
the CL node becomes off or moves outside the cell.

C. Location Service Algorithm

This algorithm enables the source to map the geographical
positions of the destinations, this is done as follows:

The source node sends an invitation message to the CL
node where the source is located to ask for nodes that are
interested with this multicast group. This message needs only
one hop unicast operation. When the CL node in the local cell
receives this message, it checks its multicast table to check if
there are nodes interested in joining this multicast group, then it
reply by sending a reply packet directly to the source node. The
search for additional destinations is continued by sending an
invitation message to the CL of the 6-neighbor cells, and then it
propagated cell by cell until it covers the entire network. Figure
2(A) shows the initiate of location service algorithm by the
source.

When the CL node receives reply packets from all the cells,
it forwards the position and IDs of the destination nodes to the
source node. The source node waits for a predefined time to
aggregate the reply packets from the CL nodes in the network
in order to determine the nodes that want to participate in the
group. Figure 2(B) shows the behavior on intermediate node
when it receives an invitation packet to join a multicast session.

The intermediate nodes forward the location service packet
using Restricted Directional Flooding (RDF). In RDF, the
sender will broadcast the packet to all single hop neighbors
towards the destination. The node which received the sent
packet, compares its distance to the destination, with the
distance of the previous hop to the destination. If the receiver
node was closer to the destination, it retransmits the route
request message; otherwise, it will drop the packet [22] [23].
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Figure 2 (A): Initiation of location service algorithm
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D. Route Discovery Process

Multicasting in general refers to the communication with
multiple participants. In our model, we consider the special
case of point to multipoint communication, or source multicast.
In source multicast the same packet is sent from the source
node to a specified subset of nodes in the network (the
multicast group) [24].

In this model a QoS path which satisfies a given bandwidth
and delay requirements has to be found from the source to each
destination from the destination list. The bandwidth
requirement is represented in the request as an amount in Mb/s
which represents the available bandwidth on a link between
two successive nodes. The delay is represented as the number

of hops which is the upper limit of the delay value from the
source node to any destination. After executing the location
service algorithm, the source node partitions the destination list
into sub-groups and chose a coordinator for each sub_group.
After that, the search for a QoS path between the source and
each coordinator is started. When the request packet arrived to
each coordinator, a complementary route discovery process is
continued between each coordinator and all the destinations
that reside under the responsibility of this coordinator.

The forwarding of route request packet to each destination
is done using RDF. Using RDF increases the probability of
having a path satisfying the needed number of hops in addition
to giving opportunity of finding multi-segment paths satisfying
the required bandwidth. Figure 3 shows the behavior of
intermediate node when it receives a route discovery packet
between the source and coordinators.
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Figure 3: Route discovery between the source and coordinators

E. Route Reply Process

By the end of route discovery phase, different routes have
been discovered between the source node and the coordinators
of each sub-group and between the coordinators and the rest of
the destinations in its sub_group. The request packets that reach
the coordinator and the destinations comes from the paths that
satisfy the delay bound. So, the coordinator needs to select a
route that has the needed end-to-end bandwidth.



If the first route arrived to the coordinator satisfies the
requested bandwidth at all the path nodes, then the coordinator
select this route to be the optimal route, then it sends back this
route to the source to inform him to start the data transfer
because it is the route with less delay due to its early arrival.
Otherwise, the coordinator waits for the second route and
checks if that route satisfies the bandwidth requirement, if this
is true, then it will be selected. If not, the coordinator will
search for a segment that is parallel to the link that does not
satisfy the bandwidth in the previous route in order to satisfy
the requested bandwidth. If a parallel segment is found, then it
will take the required amount of the bandwidth and splits the
data on that branch node into two parallel paths. This process is
continued path by path until a best route is chosen.

When the route reply traverses back from the coordinator to
the source (or from the destinations to the coordinator), each
node along the chosen paths reserves the amount of the
bandwidth that is considered to be used in the route and relies
the message to the node send to it in route discovery. During
constructing the routes between the coordinator and its
destinations, the source node start forwarding the data over the
QoS route to coordinator. When the coordinator receives the
data packets from the source node, it sends a copy of the data
packet to each member of the sub-group. The same steps are
done to select a route that satisfies the required end to-end
bandwidth between the coordinator and each destination.

In our model the nearest node to the source will be chosen
as the coordinator of the sub-group. The source will
communicate with the coordinator in order to transfer data to
all the sub-group members.

F. Multicast group Membership management

When the multicast session is held, the proposed protocol
allows new members to join the held session. Also, any current
member can leave the session without affection the constructed
multicast tree. This feature adds more flexibility to the protocol
to support dynamic movement of the network nodes. The
join/leave requests are handled as follows:

When any member of the sub-group decides to leave the
multicast group and move away, it sends a packet to the
coordinator through its upstream nodes. When the coordinator
node receives this packet, it checks if this node does not have
downstream nodes, then it is removed from the destination list
of the coordinator and is excluded from future forwarding
computations. Otherwise, the coordinator should reconstruct
new routes to the affected members of the sub-group by
resending a Sub-QoS-RREQ packet. After that, the information
associated with this multicast group member has to be removed
from the coordinator and other members in the sub-group.
Lastly, if the leaving node is the sole node in the sub-group, the
source suspends sending data to this sub-group.

When new node wants to join the multicast session, the new
node sends a join request packet to the CL of the cell where
this node resides in order to add itself to the required multicast
group. The CL use information about the previously joining
nodes, to inform the new joining node the address of the
nearest node that can connect it with the multicast group. When
no multicast members available inside the same cell,
communication is started between the CL and some
neighboring CL (nearest to the new node) to select the node
that can pass data to the new node. The new joining node waits
for a period of time to collect the replies for the join packets,
and then it choose the best route that connects it to the
multicast group within the number of hops limitations. If this
route satisfies the needed bandwidth, it will be considered as
the final route to the new node. Otherwise, a new join packet is
sent to the coordinator in order to begin a RDF to search for
QoS-path to the new member.

IV. CONCLUSION

We have designed a robust and scalable position-based
multicast routing protocol for MANETs with multiple QoS
constraints. This protocol uses a hierarchical scheme to utilize
the limited network resources. Based on the location
information of the mobile nodes, our protocol explores the
QoS paths in an efficient way. This approach is efficient in
providing QoS capability with significant reduction in control,
storage and processing overhead. Also, it is scalable for large
area networks with large number of multicast members. The
protocol performance will be evaluated using simulation. The
simulation of proposed protocol is under way by using
Glomosim simulator.

REFERENCES

[1] H. Tebbe, A. J. Kassler, and P. M. Ruiz, "QoS-aware mesh construction
to enhance multicast routing in mobile ad hoc networks," in Proceedings
of the first international conference on integrated internet ad hoc and
sensor networks InterSense '06, Nice, France, ACM 2006, p. .

[2] J. Luo, L. Xue, and D. Ye, "Research on multicast routing protocols for
mobile ad-hoc networks," Elsevier-Computer Networks , vol. 52 , p.
988-997, December 2008.

[3] Y. Tseng, C. Shen, and W. Chen, "Mobile ip and ad hoc networks:An
integration and implementation experience," Dept. of Comput. Sc.i and
Inf. Eng., Nat. Chiao Tung Univ, Hsinchu, Taiwan, Technical report
2003.

[4] C. Murthy, R. Siva, and B. S. Manoj, Ad Hoc Wireless Networks:
Architectures and Protocols. USA: Prentice Hall, 2004.

[5] I Stojmenovic, "Position based routing in ad hoc networks," IEEE
Commmunications Magazine, vol. 40, no. 7, pp. 128-134, July 2002.

[6] Y. Ko and N. Vaidya, "Geocasting in Mobile Ad Hoc Networks:
Location-Based Multicast Algorithms," in Proc. of IEEE WMCSA, 1999.

[7] H. Tebbe and A. Kassler, "QAMNet: Providing Quality of Service to Ad

hoc Multicast Enabled Networks," in Ist International Symposium on
Wireless Pervasive Computing (ISWPC), Phuket, Thailand, 2006.



[8] Y.-S. Chen and Y.-W. Ko, "A Lantern-Tree Based QoS on Demand
Multicast Protocol for A wireless Ad hoc Networks," IEICE Transaction
on Communications, vol. E§7-B, pp. 717-726, 2004.

[91 M. Saghir, T. C. Wan, and R. Budiarto, "Load Balancing QoS Multicast
Routing Protocol in Mobile Ad Hoc Networks AINTEC, Bangkok,
Thailand, Lecture Notes in Computer Science, Ed. K. Cho, P. Jacquet,"
Bangkok, Thailand, Lecture Notes in Computer Science, Ed. K. Cho, P.
Jacquet, Springer-Verlag, vol. 3837, pp. 83-97, AINTEC 2005.

[10] D. Promkotwong and O. Sornil, "A Mesh-Based QoS Aware Multicast
Routing Protocol," Springer — Verlag Berlin / Heidelberg, vol. 4658/, pp.
466-475,2007.

[11] H. Wu and X. Jia, "QoS multicast routing by using multiple paths/trees
in wireless ad hoc networks," Elsevier, Ad Hoc Networks , vol. 5, p. 600—
612,2007.

[12] A. A. Hashim, M. M. Qabajeh, O. Khalifa, and L. Qabajeh, "Review of
Multicast QoS Routing Protocols for Mobile Ad Hoc Networks," ZJCSNS
International Journal of Computer Science and Network Security, vol. 8,
pp. 108-117, December 2008.

[13] A. Mizumoto, H. Yamaguchi, and K. Taniguchi, "Cost-Conscious
Geographic Multicast on MANET," In proc. IEEE SECON, Santa Clara,
CA, USA., pp. 44-53,2004.

[14] H. Fuessler, J. Widmer, M. Mauve, and W. Effelsberg, "A hierarchical
approach to position-based multicast for mobile ad-hoc networks ,"
Springer, Wireless Networks, vol. 13, no. 4, pp. 447-460, August 2007.

[15] S. Basagni, I. Chlamtac, and V. R. Syrotiuk, "Location aware,
dependable multicast for mobile ad hoc networks," Elsevier Computer
Networks, vol. 36, no. 5-6, pp. 659-670, August 2001.

[16] K. Chen and K. Nahrstedt, "Effective location-guided overlay multicast
in mobile ad hoc networks ," International Journal of Wireless and
Mobile Computing, vol. 3, no. Special Issue on Group Communications,
2005.

[17] M. Mauve, H. Fuessler, J. Widmer, and T. Lang., "“Position—based
multicast routing for mobile ad—hoc networks," Department of Computer
Science, University of Mannheim, Technical Report TR-03-004 2003.

[18] G. Wang, J. Cao, L. Zhang, K. Chan, and J. Wu, "A Novel QoS
Multicast Model in Mobile Ad Hoc Networks," Proceedings. 19th IEEE
International  Parallel and  Distributed — Processing  Symposium
(IPDPS'05), vol. 4, no. 8, pp. 206b-206b, April 2005.

[19] T.-F. Shih, C.-C. Shih, and C.-L. Chen, "Location-Based Multicast
Routing Protocol for Mobile Ad Hoc Networks," WSEAS Transactions
on Computers, vol. 7, no. 8, pp. 1270-1279, August 2008.

[20] C.C. Shih and T. F. Shih, "Cluster-Based Multicast Routing Protocol for
MANET," WSEAS Transactions on Computers, vol. 6, no. 3, pp. 566-
572, March 2007.

[21] S. Sivavakeesar, G. Pavlou, and A. Liotta, "Stable clustering through
mobility prediction for large-scale multihop iintelligent ad hoc
networks," Proc. IEEE 2004 Wireless Communications and Networking
Conference (WCNC 2004), vol. 3, pp. 1488-1493, Mar 2004.

[22] S. Kalhor, M. Anisi, and Haghighat, "A new position-based routing
protocol for reducing the number of exchanged route request messages in
Mobile Ad-hoc Networks’," in Proceedings of The Second International
Conference on Systems and Networks Communication (ICSNC) IEEE,
2007.

[23] Y. Ko and N. Vaidya, "Location-Aided Routing (LAR) in mobile ad hoc
networks," Wireless Network (WINET), ACM, vol. 6 , no. 4, pp. 307-321,
2000.

[24] X. X. a. X. Wang, "An Efficient Geographic Multicast Protocol for
Mobile Ad Hoc Networks," in Proceedings of the 2006 International
Symposium on a World of Wireless, Mobile and Multimedia Networks
(WoWMoM'06) IEEE , 2006.

[25] K. Bu'r and C. Ersoy, "Ad hoc quality of service multicast routing,"
Elsevier Computer Communications, vol. 29, no. 1, pp. 136-148,
December 2005.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Algerian
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /BangseeAlpona
    /BaskOldFace
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BlackadderITC-Regular
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /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
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /DejaVuSans
    /DejaVuSans-Bold
    /DejaVuSans-BoldOblique
    /DejaVuSansCondensed
    /DejaVuSansCondensed-Bold
    /DejaVuSansCondensed-BoldOblique
    /DejaVuSansCondensed-Oblique
    /DejaVuSans-ExtraLight
    /DejaVuSansMono
    /DejaVuSansMono-Bold
    /DejaVuSansMono-BoldOblique
    /DejaVuSansMono-Oblique
    /DejaVuSans-Oblique
    /DejaVuSerif
    /DejaVuSerif-Bold
    /DejaVuSerif-BoldItalic
    /DejaVuSerifCondensed
    /DejaVuSerifCondensed-Bold
    /DejaVuSerifCondensed-BoldItalic
    /DejaVuSerifCondensed-Italic
    /DejaVuSerif-Italic
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /FelixTitlingMT
    /FencesPlain
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /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
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /MaturaMTScriptCapitals
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSOutlook
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MT-Extra
    /MVBoli
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /OCRAExtended
    /OldEnglishTextMT
    /Onyx
    /OpenSymbol
    /Origin
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /Playbill
    /PoorRichard-Regular
    /Pristina-Regular
    /Prothoma
    /Raavi
    /RageItalic
    /Ravie
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /ShowcardGothic-Reg
    /Shruti
    /SnapITC-Regular
    /Stencil
    /SutonnyMJ
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Suggested"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


