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Abstract—A Mobile Ad hoc NETwork (MANET) is a 
temporary network formed by a number of mobile nodes 
without a centralized administration or wired infrastructure. 
Because of its dynamic nature and random topology, MANET’s 
routing protocol is different from other networks. The dynamic 
nature of these ad hoc networks makes support of QoS(Quality 
of Service) a challenging and difficult task where nodes may 
leave and join the network or move around anytime. In this 
paper, we present a new optimized protocol named as “Cluster 
based QoS routing for MANET” (CBQR) in support of QoS in 
MANET.  
 

Index Terms—Bandwidth, CBQR,  MANET, QoS  
1 

I. INTRODUCTION 
This paper considers a large number of mobile stations 

which are interconnected by a wireless network. The main 
feature of the multihop wireless network that differentiate it 
from the traditional cellular network is the infrastructure less 
networking i.e. each node in such wireless network can 
operate without any wired infrastructure or any centralized 
access point. 

Mobile Adhoc Network (MANET) is a wireless network 
with dynamic topology. In MANET each node is free to 
move randomly. In mobile adhoc network each node is 
considered to be equal to other nodes. Each node is capable 
of transferring the data between the arbitrary source and 
destination. Thus, each node in MANET can act as a source 
or destination or router. 

The next generation of applications running on the 
wireless networks should carry diverse multimedia 
applications such as video, audio and data etc. Thus, it is 
imperative that MANET provides quality of service (QoS) 
pertaining to bandwidth and delay sensitive applications. 
Routing and enabling QoS in MANET becomes extremely 
challenging especially because of its inherent dynamic nature 
coupled with constraints like limited bandwidth, limited 
battery power, etc. In this paper, we are providing a new 
Cluster Based QoS Routing Protocol for MANET, which not 
only deals with the bandwidth requirement over the wireless 
network but also takes care regarding the stale routes, storage 
overheads and limited battery power. 
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II. RELATED WORK 
According to the United Nations Consultative Committee 

for International Telephony and Telegraphy (CCITT) QoS is: 
"The collective set of service performance which determines 
the degree of satisfaction of a user of the service".  

With the increase in technological advancement in the area 
of wireless network, it becomes mandatory to consider the 
QoS factors in the routing protocols. To support QoS, 
information regarding various QoS factors such as delay, 
bandwidth, cost, loss rate, and error rate in the network 
should be available and manageable. However, getting and 
managing these in MANETs is very difficult because of the 
resource limitations and the complexity associated with the 
mobility of hosts. 

 
 

Fig. 1 Cluster representation of MANET 
 

The conventional protocols like link-state protocols are not 
suitable for the multihop wireless network as they require 
that each node has the information about whole of the 
network which is not possible for large networks. 
On-demand routing protocols also need flooding of data 
which will increase the communication overhead.  

In order to provide quality of service in the adhoc network 
the following models have been proposed: 
1) Integrated Services (IntServ) [1] 
2) Differentiated Services(DiffServ) [2] 
3) Ad-Hoc QoS on-demand routing (AQOR) [3] 
4) Dynamic Source Routing RSVP (DSRRSVP) [4] 
5) Flexible QoS Model for MANET(FQMM) [5] 
6) Service Differentiation in Wireless Adhoc Network 

(SWAN) [6] 
7) In-band Signalling in Adhoc Network (INSIGNIA) [7] 
8) Core Extraction Distributed Ad-hoc 

Routing(CEDAR)[8] 
Each of the above listed protocols has some issues related 

to optimize routing in adhoc network. These issues will be 
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compared in the subsequent section. 
In multihop wireless network the aggregation of several 

nodes in the form of a cluster (Fig. 1) with a cluster head [9] 
will provide a better way for routing as well as for the QoS 
provision over the network. Each node in the cluster will 
communicate with the help of cluster head. As Cluster head 
contains all the information about each node with in the 
cluster like available bandwidth, delay on the nodes etc. Thus, 
there is no need of maintaining large tables by each node 
which in turn reduces the storage overhead, saves the battery 
power. 

III. TERMINOLOGY FOR CBQR  
MN: Mobile Node 
R: Required Bandwidth, it signifies the minimum 

bandwidth required by a MN to transmit the data. 
AB: Overall Available Bandwidth at any node say MNi is 

initially set to its maximum limit say X. However, when ever 
a node MNi requires a percentage of bandwidth for 
transmission, it reserve it using ‘R’ parameter and AB is set 
to ABi = ABi – R 

AB: Available Bandwidth, When the data packet is sent to 
the destination or intermediate node it will reserve the 
bandwidth required by it, the maximum available bandwidth 
now is Min(Overall_Avail_Bandwidth i, 
Overall_Avail_Bandwidth j) 

DPH: Data Packet header (Fig. 2), use for the transmission 
of data between mobile nodes. 

 

Fig. 2 Data Packet Header Format 
Where: 
Packet id: is a unique number used to identify duplicate  
Source_add: contains the IP address of the sender of packet. 
Dest_ Add: contains the IP address of the destination node. 
List_of_Visited_Nodes: contains list of addresses of previously visited 
nodes. 
Time-To-Live(TTL): contains a count of number of intermediate nodes 
traversed, limited to some number eg. 16 
r(bps): contains the amount of traffic generated.(Req_Bandwidth) 
 

Member_Table: This table maintains the information 
about its neighboring nodes by broadcasting a 
Beacon_Request Packet. 
 

TABLE 1 MEMBER TABLE 
 

 
Gateway_Table: It maintains the information regarding the 

gateway node and the available bandwidth over those nodes. 
 

TABLE 2 GATEWAY TABLE 
IP Address Available Bandwidth 

  

IV.  CLUSTER BASED QOS ROUTING PROTOCOL FOR MANET  
CBQR is an algorithm which is based on the fact that 

nodes are aggregated in the form of clusters with the help of 
least cluster change(LCC) algorithm. At start the cluster head 
will be selected on the bases of lowest cluster-id to create a 

cluster and then the cluster head will be changed only under 
two conditions: a) When two clusterheads comes within the 
same cluster or b) if a node get disconnected from the other 
cluster. 

Each node in the cluster maintains a table called as 
member_table (table 1) containing the address of 
neighbouring node. This table is maintained in the decreasing 
order of their distance from this particular node. Each node 
also stores the address of the clusterhead. 

Clusterhead also maintains member_table as well as it also 
maintains a gateway_table which stores the address of 
gateway nodes in the decreasing order of distance from the 
centerhead node. This gateway_table stores address as well 
as the available bandwidth of the gateway nodes.  

Whenever a node generates a request to transfer the data to 
a particular node, it checks the destination node address in its 
member_table. If the matching node is found in the 
member_table, packet is transferred to that node. If no match 
is found, then the data packet will be sent to clusterhead. 
Clusterhead will again check for the match in its 
member_table. If no match is found, clusterhead will check 
for the node in the gateway_node table at which the required 
bandwidth is available. The data packet is sent to the node at 
which the required bandwidth is available. The node address 
will be copied to List_of_Visited_Nodes field of data packet 
header. This field will help in the prevention of loops. Using 
this field, same data packet will not be sent to a particular 
node more than once. Reduce the available bandwidth of the 
gateway node. This process will continue till the destination 
node is reached or if the count of visited nodes get increased 
than the count in TTL (Time to live) field. If this count 
becomes more than TTL the data packet is dropped and a 
message is sent to source node.    

The whole process of route finding is divided into the 
following phases: 
1) Check for the availability of destination node in the 

member_table. If destination node is available in the 
vicinity then send the data packet to the destination node. 

2) If no match is found in member_table then move the data 
packet to clusterhead. 

3) Check for the availability in the member_table of 
clusterhead. Again, if match found then send the data 
packet to the destination node.  

4) If no match is found then check for the gateway node at 
which the required bandwidth is available in the gateway 
table. If a node with required bandwidth is found, set 
available bandwidth = available bandwidth-required 
bandwidth. Add the address of gateway node to the list 
of visited nodes and send the data packet to the gateway 
node. 

5) Now gateway node will again check for the destination 
node in the member table and the process of finding the 
destination node will repeat from step 1 to step 5 till the 
destination node is reached or no of visited nodes 
reaches time_to_live 

 
Algorithm for finding a node in the member_table 

FindMember(Data Packet DP) 
For(i=1 to member_table_size)  
{ 

Packet 
ID 

Source
_add 

Dest_
add 

List_of_Visited
_node 

TTL R(bps)

  S. No. IP Address 
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If ( ( IP(member_table[i]) == IP(DPH.Dest_Add)) 
{ 

  Send the Data Packet to Dest_add; 
  exit(); 

} 
       } 

       Send the data packet to clusterhead; 
 
 

Algorithm for finding a gateway node in gateway_table 
at clusterhead  
Gateway (Data Packet  DP, AB) 

For(i=0 to member_table_size)  
{ 

If(Not_Visited(IP(gateway_table[i]),DPH.List_of_Visited
_Nodes)  & (AB>=R)  
     { 

          Send the packet to gateway_node; 
          AB=AB-R; 
         List_of_Visited_Nodes 
        =List_of_Visited_Nodes+IP(gateway_table[i]); 
       TTL = TTL +1; 
        exit(); 

      } 
       
} 
 
Algorithm for checking whether a node is visited previously 
or not 
Not_Visited(Gateway node address, List of Visited 
nodes) 

for ( i = 0  to i < SIZE[List_of_Visited_Nodes] ) 
{ 

if ( List_of_Visited_Nodes[i] == Node_Address) 
{ 

return false; 
} 

else 
{ 

return true; 
 } 
} 

V. ANALYSIS AND CONCLUSION  
Dynamic and unpredictable topology, limited bandwidth, 

limited resources in terms of battery and storing capacity are 
the major characteristics of MANET, and with the increase 
popularity of the mobile applications, it has become very 
important to provide quality in terms of bandwidth and delay. 

A brief comparison of various QoS based routing protocol 
is given below: 
 

TABLE 3 COMPARISON TABLE 
S.no. Protocol Advantage/Disadvantage 
1 IntServ This protocol provides a high level of 

assurance in fixed network, limited QoS 
support for infrastructure less networks. It 
requires a high processing power. Also this 
protocol does not support fast QoS 
changes.  

2 DiffServ This protocol can be easily implemented 
with MANET but has low level of 
assurance. It does not guarantee service on 

end to end basis. 
3 DSRRSVP Easy to implement with DSR routing but 

this can be implemented to a small network 
with low mobility. 

4 FQMM FQMM is the first QoS model for 
MANET.This model is hybrid of both 
IntServ and DiffServ.Problems of DiffServ 
and IntServ are present. 

5 INSIGNIA INSIGNIA is the first signalling protocol 
proposed for MANET. Information is 
carried out in IP option of IP data packet. 
Tis protocol does not send error and 
rejection messages. 

6 AQOR AQOR deals with bandwidth and end to 
end delay. This protocol includes three 
main steps: on demand route discovery, 
signaling function and hop to hop routing. 
This protocol does not deal with the latency 
delay.  

6 CEDAR CEDAR was proposed to reduce the 
control overhead.This model has 3 main 
components: core extraction, link state 
propagation, and route computation. It can 
perform only under centralized network. 

7 SWAN This protocol uses rate control of TCP and 
UDP traffic to maintain manageable levels 
of congestion in the network. It uses 
admission control for real time traffic and 
varies the rate of TCP traffic based on 
feedback from MAC layer to maintain 
delay and bandwidth bounds for real time 
traffic. 
The throughput of this protocol is very low. 
This protocol does not scale well with high 
mobility. 
 

8 CBQR CBQR is a table driven routing protocol to 
provide support to a critical QoS parameter 
i.e. bandwidth efficiently. With the help of 
clusterhead it reduces storage space 
requirement. Also This protocol helps in 
avoiding loops with the help of list of 
visited nodes parameter. 

 
CBQR is a table driven routing protocol has handled the 

core issues of QoS parameter i.e. bandwidth efficiently. 
CBQR make use of clusterhead which reduce the 
requirement of storage space in the member nodes in cluster. 
Each member node does not required to maintain the 
information regarding whole of the network, rather they 
require just storing the information about nodes in the 
vicinity plus information regarding the clusterhead. It also 
reduces the bandwidth consumption over the network as the 
initial data communication is between the clusterhead and 
gateway node. If destination node is associated with 
clusterhead then the data packet is forwarded to that node 
otherwise it is forwarded to the next clusterhead through 
gateway node. This also reduces the delay in hop to hop 
transfer of data packet. The CBQR thus provides the 
reduction in data processing, saves the battery backup, 
reduces the delay in transmission of data packet, and avoid 
loops.  

REFERENCES 
[1] R. Braden, D. Clark, and S. Shenker, “Integrated services in the 

Internet architecture: an overview,” 1994, IETF RFC 1633. 
[2] S. Blake, D. Black, M. Carlson, E. Davies, Z.Wang, andW. Weiss, “An 

architecture for differentiated services,” 1998, IETF RFC 2475. 
[3] Qi Xue , Aura Ganz “Ad hoc QoS on-demand routing (AQOR) in 

mobile ad hoc networks ”.  Journal of Parallel and Distributed 
Computing,(63), 154-165, 2003. 



International Journal of Computer Theory and Engineering, Vol. 2, No. 5, October, 2010 
1793-8201 

 

 
786

[4] M. Mirhakkak, N. Schult, D. Thomson, “A new Approach for 
providing Quality-of-Service in a Dynamic Network Environment”, 
The MITRE Corporation, Network and Communications Engineering 
Department, Reston, Virginia. 

[5]  Hannan XIAO, Winston K.G. SEAH, Anthony LO and Kee Chiang 
CHUA “ Flexible Quality Service Model for Ad-HOC Networks”. In 
proceedings of the IEEE  Vehicular Technology Conference, Tokio, 
Japan, May 2000. 

[6] SWAN Project: http://comet.columbia.edu/swan, 2002. 
[7] [ACLZ99]G-S. Ahn, A.T. Campbell, S-B. Lee, and X. Zhang, 

“INSIGNIA”, Internet Draft, draft-ietf-manet-insignia-01.txt,Oct 1999. 
[8] R. Sivakumar, P.Sinha, and V. Bharghavan.CEDAR: A Core 

Extraction Distributed Ad Hoc Routing Algorithm, In IEEE JSAC, 
Special Issue on Ad hoc Networks aand Applications, Vol 3 N 8, 
august 1999. 

[9] C.-C. Chiang, H.K.Wu, W. Liu, and M. Gerla, “Routing in Clustered 
Multihop, Mobile WirelessNetworks with Fading Channel," 
Proceedings of IEEE SICON'97, pp. 197-211, April 1997. 

[10] C. E. Perkins and E. M. Royer, “Ad-hoc On-Demand Distance Vector 
Routing," Proceedings of 2nd IEEE Workshop on Mobile Computing 
Systems and Applications, February 1999. 

[11] D. B. Johnson and D. A. Maltz, “Dynamic Source Routing in Ad-Hoc 
Wireless Networks,"Mobile Computing, ed. T. Imielinski and H. Korth, 
Kluwer Academic Publishers, pp. 153-181,1996. 

[12] Elizabeth M. Royer, C-K Toh, Review of Current Routing Protocols 
for Ad Hoc Mobile Wireless Networks, IEEE Personal 
Communications, Vol. 6, April 1999,pp. 46-55. 



<<
  /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 0
  /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
    /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
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /FangSong_GB2312
    /FelixTitlingMT
    /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
    /FZSTK--GBK1-0
    /FZYTK--GBK1-0
    /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
    /Gulim
    /GulimChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KaiTi_GB2312
    /Kartika
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LiSu
    /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
    /MicrosoftYaHei
    /MingLiU
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MVBoli
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NSimSun
    /OCRAExtended
    /OldEnglishTextMT
    /Onyx
    /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
    /PMingLiU
    /PoorRichard-Regular
    /Pristina-Regular
    /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
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /STCaiyun
    /Stencil
    /STFangsong
    /STHupo
    /STKaiti
    /STLiti
    /STSong
    /STXihei
    /STXingkai
    /STXinwei
    /STZhongsong
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /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
    /YouYuan
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /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 1.50000
  /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 1.50000
  /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 <<
    /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 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.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


