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A Geometrical Center based Two-way Search Heuristic Algorithm for 
Vehicle Routing Problem with Pickups and Deliveries 

 
 

Kwangcheol Shin* 
 
 

Abstract: The classical vehicle routing problem (VRP) can be extended by including customers who 
want to send goods to the depot. This type of VRP is called the vehicle routing problem with pickups 
and deliveries (VRPPD). This study proposes a novel way to solve VRPPD by introducing a two-phase 
heuristic routing algorithm which consists of a clustering phase and uses the geometrical center of a 
cluster and route establishment phase by applying a two-way search of each route after applying the 
TSP algorithm on each route. Experimental results show that the suggested algorithm can generate bet-
ter initial solutions for more computer-intensive meta-heuristics than other existing methods such as 
the giant-tour-based partitioning method or the insertion-based method. 
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1. Introduction 
 
The vehicle routing problem (VRP) is a combinatorial 

optimization and nonlinear programming problem seeking 
to service a number of customers with a fleet of vehicles. 
VRP has been an important problem in the fields of trans-
portation, distribution and logistics since Dantzig and 
Ramser [1] first proposed the problem. The vehicle routing 
problem with pickups and deliveries (VRPPD) is an exten-
sion of the classical VRP. Recently, research on VRPPD 
has peaked essentially because pickup demands for pack-
aging and used product returns from customer locations 
have increased substantially due to environmental and gov-
ernment regulations, and the fact that integrating pickups 
with deliveries maximally utilizes vehicle capacity and 
saves money. So, VRPPD must take into account the goods 
that customers return to the delivery vehicle. This restric-
tion makes the planning problem more difficult and in-
creases travel distances or the number of vehicles. Re-
stricted situations, in which there are no interchanges of 
goods between customers and all delivery demands start 
from the depot and all pickup demands are brought back to 
the depot, are usually considered in VRPPD.  

The VRPPD model can be classified into three: Deliv-
ery-first and pickup-second; mixed pickups and deliveries; 
and simultaneous pickup and deliveries. The assumption of 

the delivery-first and pickup-second model is that all deliv-
eries must be made before any pickups. This assumption 
was due to the fact that vehicles were rear-loaded and be-
cause rearranging delivery loads onboard to accommodate 
new pickup loads was difficult. However, in recent days, 
most vehicles have side-loading as well as rear-loading 
functions. To accommodate new pickup loads, rearranging 
delivery loads onboard is no longer a requirement. Hence, 
the assumption that all deliveries must be made before any 
pickup can occur can be relaxed, allowing for the mixed 
pickups and deliveries model in which deliveries and pick-
ups may occur in any sequence on a vehicle route. When 
customers can simultaneously receive and send goods, it is 
referred to as simultaneous pickup and delivery. A VRPPD 
solution is feasible only if the following three conditions 
are satisfied: delivery-feasibility, pickup-feasibility and 
load-feasibility. Delivery-feasibility and pickup-feasibility 
mean that both the total delivery and the total pickup de-
mands on any vehicle route do not exceed the maximum 
capacity of the vehicle; and load-feasibility means that the 
maximum capacity of the vehicle is not exceeded at any 
point on the route. 

This study focuses on solving mixed pickups and deliv-
eries by applying the two-phase heuristic algorithm. The 
first phase selects cluster seed as the farthest node (cus-
tomers) among unclustered nodes and cluster nodes by 
using the notion of the geometrical center of a cluster. The 
result of the first phase satisfies the delivery-feasibility and 
pickup-feasibility since the total deliveries and pickups on 
any route is less than or equal to the maximum capacity of 
the vehicle. And the second phase of the algorithm applies 
the TSP algorithm on each cluster to find the shortest route 
regardless of load-feasibility and then finds routes that sat-
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isfy the load-feasibility by applying the direction sensitive 
two-way search algorithm. The result of the second phase 
satisfies all VRPPD constraints of load-feasibility as well 
as delivery-feasibility and pickup-feasibility. The experi-
mental results show that the suggested two-phase heuristic 
can generate better initial solutions than giant-tour-based 
partitioning or the insertion-based method for more com-
puter-intensive meta-heuristics.  

This study is organized as follows: Section 2 reviews the 
related literature on VRPPD and defines VRPPD, and Sec-
tion 3 explains the details of the suggested two-phase algo-
rithm. Section 4 discusses experimental results, and finally, 
Section 5 offers our conclusions and future direction.  

 
 

2. Literature Review and Definition 
 
The literature on VRPPD can be classified into three 

main categories by following its model: delivery-first and 
pickup second; mixed pickup and delivery; and simultane-
ous pickup and delivery.  

 
2.1 Delivery-first and pickup second 

 
The original problem addressed in VRPPD is referred to 

as classical VRPPD in the literature where the delivery and 
pickup demands are different, and on a route all the deliv-
ery demands have to be served before pickup demands. 
The reason for this route constraint was the inconvenience 
caused by ‘mixed’ loads for rear-loaded vehicles. Exact 
methods for the classical VRPPD were proposed by Toth 
and Vigo [2] and Mingozzi et al. [3]. Heuristics for deliv-
ery-first and pickup second have been studied in various 
ways and can be found in the works of Deif and Bodin [4], 
Goetschalckx and Jacobs-Blecha [5], Thangiah et al. [6], 
Duhamel et al. [7], Toth and Vigo [8], and Brandão [9].  

 

2.2 Mixed pickup and deliveries 
 
Problems that allow serving pickup demands before all 

delivery demands are served on a route are referred to as 
mixed VRPPD. The reasons for relaxing the route con-
straint are that nowadays most vehicles have side-loading 
and rear-loading functions, and the fact that allowing 
mixed loads on a route reduces costs. As far as we know, 
all available algorithms developed for mixed cases are heu-
ristics such as those in the works of Min [10], Dethloff [11-
12], Angelelli and Mansini [13], Tang and Galvão [14-15], 
and Nagy and Salhi [16-17]. Most heuristics are based on 
classical procedures including insertion methods, edge and 

vertex exchanges, and customer relocations. 
 

2.3 Simultaneous pickup and delivery 
 
Both the classical and mixed VRPPD require that deliv-

ery and pickup customers be different. However, in today’s 
context a customer may have both delivery and pickup 
demands. Problems that address this situation are referred 
to as vehicle routing problems with simultaneous delivery 
and pickup (VRPSDP). VRPSDP was introduced by Min 
[10]. Heuristics to solve the problem were developed by 
Dethloff [11], Chen and Wu [18], and Tang and Galvão 
[15].  

 
2.4 Problem definition 

 
This study focuses on solving mixed pickups and deliv-

eries. The vehicle routing problem with pickup and deliv-
ery, VRPPD, is defined as follows: Let ),( AVG =  be a 
complete and directed graph with vertex set },,1,0{ nV = , 
where vertex 0 represents the depot, and each remaining 
vertex represents a customer. The arc set is defined as 

},,:),{( jiVjijiA ≠∈= . A fleet of m identical vehicles 
of capacity Q is based at the depot. Each customer i has a 
non-negative pickup demand ip  and a non-negative de-

livery demand id , satisfying 0>+ ii dp  for all i. Initially, 

all delivery demands are located at the depot and ultimately 
all pickup demands must arrive at the depot. The VRPPD 
consists of designing at most m vehicle routes starting and 
ending at the depot, such that each pickup and each deliv-
ery is performed by one vehicle, the total load of a vehicle 
along a route never exceeds Q, and the total routing cost is 
minimized. 

A VRPPD solution is feasible only if three conditions 
are satisfied: delivery-feasibility, pickup-feasibility and 
load-feasibility. Delivery-feasibility and pickup-feasibility 
mean that both the total delivery and the total pickup de-
mands on any vehicle route do not exceed Q. Load-
feasibility means that Q not be exceeded at any point on 
the route.  

 
2.5 Methods for finding Initial solutions 

 
To get the final solution of a VRPPD, generally two 

steps are required the first procedure to get initial solutions 
and the second procedure to optimize the initial solutions.  

This study focused on the first procedure and there are 
two frequently used algorithms to find an initial solution. 
The first one is the giant-tour partition-based method on 
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the concept of multiple giant-tours [21]. The giant-tour 
partition was used in the work of [17] and its time com-
plexity is O(n2). The second one is the insertion-based heu-
ristic algorithm that first makes routes by using the Clarke-
Wright insertion algorithm [23] for delivery nodes only, 
and then applying the 1-INS algorithm [24] in order to in-
sert pickup nodes one by one into the routes. The time 
complexity of the second one is O(n4). 

To get better initial solutions of VRPPD, this study sug-
gested a novel way by introducing a two-phase heuristic 
routing algorithm which consists of a clustering phase and 
uses the geometrical center of a cluster and route estab-
lishment phase by applying a two-way search of each route 
after applying the TSP algorithm on each route. As the ex-
perimental result section shows, the suggested algorithm 
can generate better initial solutions than other existing 
methods such as the giant-tour-based partitioning method 
or the insertion-based method. 

 
 

3. The Suggested Two-phase Heuristic Algorithm 
 

In this section, the suggested two-phase heuristic algo-
rithm with the notion of geometrical center to produce an 
initial solution will be explained in detail. 

 
3.1 The notion of geometrical center 

 
In our algorithm, we introduce the notion of a geometri-

cal centre (GC) of a cluster as follows: Let 
},,,{ 10 ki vvvl =  be cluster i, where vj is a member of 

cluster i. GC of li can be defined as: 
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3.2 The first phase: make clusters satisfying delivery-

feasibility and pickup-feasibility 
 
The proposed algorithm works in the manner of cluster 

first and route second. The objective of the first phase is to 
make clusters that satisfy delivery-feasibility and pickup-
feasibility. To achieve this objective, the proposed algo-
rithm finds the farthest node from the depot among unclus-
tered nodes as a seed for cluster generation. And then the 
geometric center (GC) of the cluster (if there is only a node 
in a cluster, the center of the cluster is the same as the loca-
tion of the node) is calculated. Find the closest node from 

the center of the cluster among unclustered nodes and in-
clude the node into the cluster, if the inclusion does not 
violate delivery-feasibility and pickup-feasibility, and up-
date the center of the cluster. If the inclusion of a node into 
the cluster violates either delivery or pickup feasibility, 
stop to expand the cluster and find the farthest node from 
the depot among unclustered nodes again and repeat the 
above processes until there are no unclustered nodes left. 
Table 1 shows the pseudo code of the first phase. 
 

3.3 The second phase: establish routes satisfying 
load- feasibility 

 
The second phase is for route establishment and uses the 

result of the first phase since the result of the first phase 
satisfies the delivery-feasibility and pickup-feasibility. To 
build up the route that satisfies the load-feasibility, at first, 
the proposed algorithm applies the TSP (Traveling Sales-
man Problem) algorithm without discriminating delivery 
and pickup customers. In the case the TSP algorithm does 
not satisfy the load-feasibility, the suggested algorithm 
adopts another process to satisfy load-feasibility by skip-
ping the nodes, which causes violation of load-feasibility, 
and visiting the skipped nodes when enough space for the 

Table 1. Pseudo code of the first phase 
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demands of the skipped nodes is available. This process for 
satisfying load-feasibility causes longer travel distances. 
We apply this process in clockwise and counter-clockwise 
directions since the route of VRPPD is sensitive to its di-
rection and we select the one that has shorter travel dis-
tance as the final result. 

Figures 1 and 2 show an example of the process. The 
routing result of VRPPD is sensitive to the clockwise or 
counter-clockwise direction of the vehicle. The left side of 
Figure 1 depicts the result of applying the TSP algorithm 
on a cluster and the right side shows the result of satisfying 
the load-feasibility if the capacity of the vehicle is 7 tons 
and each demand of pickup and delivery is 1 ton. Figure 1 
shows that the vehicle should detour in order to not violate 
the load-feasibility by skipping some nodes and that it 
should visit these nodes when space for the demands of the 
nodes is available. Figure 2 shows another routing result of 
visiting customers of reverse direction and in this case, 
satisfying the load-feasibility is not needed. We select the 
second one as the final result of the second phase since the 
travel distance of the second one is shorter than the first 
one. 

Table 2 shows the pseudo code part of the second phase. 
(Full code of the second phase is just to change line 2 of 
the procedure with counter_clockwise_TSP( il ) and com-

pare the travel distance of each cluster and select the 
shorter one as the final result.) 
 

3.4 Analysis of the suggested algorithm 
 
The time complexity of the first phase is O(n2) for find-

ing the farthest node among unclustered nodes takes O(n) 
and repeat this process until there are no unclustered nodes 
left. The second phase adopts the Lin-Kernighan heuristic 
[19] to solve the TSP which has O(n2.2) of time complexity. 
So, if we let l be the number of clusters and kl be the num-
ber of nodes in cluster l, the complexity of the second 
phase is O(lkl

2.2). If there is just a route (the worst case), 
then l is equal to 1 and kl is equal to n and the time com-
plexity goes to O(n2.2). As a result, the overall time com-
plexity of the suggested algorithm is O(max(n2,n2.2)) 
=O(n2.2).  
 
 

4. Experimental Results 
 
The algorithms of this study were written in Java and 

executed on an IBM® PC of Intel® Core®2 Quad CPU 
2.83GHz and 4GB RAM.  

We tested our solution for the CVRP on the Augerat A, B, 
and P benchmark dataset [20]: for the instances in class A, 
both customer locations and demands were random. The 
instances in class B were clustered instances. The instances 
in class P were modified versions of instances from the 
literature. To generate test data for the case of mixed pick-
ups and deliveries of three VRPPD problems for each VRP 
instance, every second (50%), fourth (25%) or tenth (10%) 
customer on the list was set to a pickup node and assigned 
a supply demand equal to the original delivery demand.  

For the comparisons, we implemented two algorithms 
that are used frequently in VRPPD literatures. The first one 

Fig. 1. Example of the route establishment process  
(Clockwise direction) 

 
 

Fig. 2. Example of the route establishment process  
(Counter clockwise direction) 

Table 2. Pseudo code of the second phase 
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is the giant-tour partition-based method on the concept of 
multiple giant-tours [21]. To make the results of the giant-
tour partitioning load feasible, the method of reinserting 
the depot [22] is used. The giant-tour partition was used in 
the work of [17] and its time complexity is O(n2). The sec-
ond one is the insertion-based heuristic algorithm which 
first make routes by using the Clarke-Wright insertion al-
gorithm [23] for delivery nodes only, and then applying the 
1-INS algorithm [24] withα andβ value as 1.5 and 1, re-
spectively, in order to insert pickup nodes one by one into 
the routes. The time complexity of the second one is O(n4). 

Table 3 summarizes the results in terms of average rout-
ing cost, which are accumulated distances of all vehicles, 
and computational time, respectively. As Table 3 shows, 
the suggested algorithm gives the best results except for 
10% of pickup nodes in A and B dataset. As averages, the 
suggested algorithm gives better solution qualities than 
giant-tour partition by 6%, 2% and 6% and insertion by 4%, 
1% and 6% for each dataset, respectively. With regards to 
the computing time, since all of these methods have poly-
nomial time complexities, all methods take less than a sec-
ond on average as Table 3 shows. This means that these 
methods can be used before applying subsequent com-
puter-intensive optimizing procedures without time related 
burdens. 

 
 

5. Conclusion 
 
In this study, we focused on generating an initial solution 

for the vehicle routing problem with pickups and deliveries 
(VRPPD). We suggested a two-phase heuristic algorithm 
which at first clusters routes by using the notion of the 
geometrical center of each router and then we applied the 

two-way search algorithm just after applying the TSP 
algorithm on the results of the first phase. The suggested 
algorithm shows better results over existing algorithms 
such as the giant-tour partition-based method and the 
insertion-based method. Based on the experimental results, 
the suggested method can be applied to generate initial 
solutions for VRPPD.  
 

 
References 

 
[1]  Dantzig GB and Ramser JH (1959). The truck dis-

patching problem. Manage Sci 6: 80-91. 
[2]  Toth P and Vigo D (1997). An exact algorithm for 

the vehicle routing problem with backhauls. Trans-
port Sci 31: 372-385. 

[3]  Mingozzi A, Giorgi S and Baldacci R (1999). An 
exact method for the vehicle routing problem with 
backhauls. Transport Sci 33:315-329. 

[4]  Deif I and Bodin L (1984). Extension of the Clarke 
and Wright algorithm for solving the vehicle routing 
problem with backhauling. In: Kidder A (ed). Pro-
ceedings of the Babson conference on software uses 
in transportation and logistic management, Babson 
Park, FL, USA, pp 75-96. 

[5]  Goetschalckx M and Jacobs-Blecha C (1989). The 
vehicle routing problem with backhauls. Eur J Oper 
Res 42:39-51. 

[6]  Thangiah SR, Potvin J-Y and Sun T (1996). Heuris-
tic approaches to vehicle routing with backhauls and 
time windows. Comput Oper Res 23:1043-1057. 

[7]  Duhamel C, Potvin J-Y and Rousseau J-M (1997). A 
tabu search heuristic for the vehicle routing problem 
with backhauls and time windows. Transport Sci 
31:49-59. 

Table 3. Experimental Results 

Giant-tour partition Insertion Centroid two-way Giant-tour partition Insertion Centroid two-way

10% 1148.5 1092.1 1101.6 1.6 32.0 15.3

25% 1085.8 1035.0 1023.3 1.8 41.4 19.7

50% 1019.5 1045.5 919.1 2.0 88.3 25.2

Average 1084.6 1057.5 1014.7 1.8 53.9 20.1

10% 997.4 960.7 986.0 1.6 34.1 16.5

25% 896.7 909.2 876.2 1.7 43.0 20.4

50% 814.2 816.9 787.7 2.1 88.9 27.8

Average 902.8 895.6 883.3 1.8 55.3 21.6

10% 669.3 658.2 636.3 2.3 48.5 31.3

25% 637.9 625.0 604.8 2.7 68.5 44.1

50% 623.5 650.1 574.7 3.4 171.0 74.9

Average 643.6 644.4 605.2 2.8 96.0 50.1

Solution quality (distance) Computing time (milli second)

Augerat A

Augerat B

Augerat P



242   A Geometrical Center based Two-way Search Heuristic Algorithm for Vehicle Routing Problem with Pickups and Deliveries 

[8]  Toth P and Vigo D (1999). A heuristic algorithm for 
the symmetric and asymmetric vehicle routing prob-
lems with backhauls. Eur J Oper Res 113:528-543. 

[9]  Brandão J (2006). A new tabu search algorithm for 
the vehicle routing problem with backhauls. Eur J 
Oper Res 173:540-555. 

[10]  Min H (1989). The multiple the vehicle routing prob-
lem with simultaneous delivery and pick-up points. 
Transport Res Part A 5:377-386. 

[11]  Dethloff J (2001). Vehicle routing and reverse logis-
tics: the vehicle routing problem with simultaneous 
delivery and pick-up. Oper Res Spektrum 23:79-96. 

[12]  Dethloff J (2002). Relation between vehicle routing 
problems: An insertion heuristic for the vehicle rout-
ing problem with simultaneous delivery and pickup 
applied to the vehicle routing problem with back-
hauls. J Oper Res Soc 53:115-118. 

[13]  Angelelli E and Mansini R (2002). The vehicle rout-
ing problem with time windows and simultaneous 
pick-up and delivery. In: Klose A, Speranza MG, 
Van Wassenhove LN (Eds). Quantitative Ap-
proaches to Distribution Logistics and Supply Chain 
Management, Springer-Verlag, Berlin, pp. 249-267. 

[14]  Tang FA and Galvão RD (2002). Vehicle routing 
problems with simultaneous pick-up and delivery 
service. Opsearch 39:19-33. 

[15]  Tang FA and Galvão RD (2006). A tabu search algo-
rithm for the vehicle routing problem with simulta-
neous pick-up and delivery service. Comp Opns Res 
33:595-619. 

[16]  Nagy G and Salhi S (1998). The many-to-many loca-
tion-routing problem. TOP 6:261-275. 

[17]  Nagy G and Salhi S (2005). Heuristic algorithms for 
single and multiple depot vehicle routing problems 
with pickups and deliveries. Eur J Opl Res 162:126-
141. 

[18]  Chen JF and Wu TH (2006). Vehicle routing prob-
lem with simultaneous deliveries and pickups. J Opl 
Res Soc 57:579 - 587. 

[19]  Lin S and Kernighan B (1973). An effective heuristic 
algorithm for the traveling salesman problem. Opns 
Res 21: 498-516. 

[20]  Augerat P (1995). Approche polyèdrale du problème 
de tournées de véhicules. PhD thesis, Institut Na-
tional Polytechnique de Grenoble-Inpg. http://www. 
branchandcut.org/VRP/data/, accessed 1 April 2009. 

[21]  Salhi S, Sari M, Saidi D and Touati N (1992). Adap-
tation of some vehicle fleet mix heuristics. Omega 20, 
653-660.  

[22]  Mosheiov G (1994). The travelling salesman prob-
lem with pick-up and delivery. Eur J Oper Res 
79:299-310. 

[23]  Clarke G and Wright J (1964). Scheduling of vehi-
cles from a central depot to a number of delivery 
points. Opns Res 12: 568-581.  

[24]  Nagy G and Salhi S (1999). A cluster insertion heu-
ristic for single and multiple depot vehicle routing 
problems with backhauling. J Opl Res Soc 50: 1034 - 
1042.  

 
 
 

 
Kwangcheol Shin 
He received his B.S. in 1996 and M.S. 
in 1998, both from ChungAng 
University, Korea. He also completed 
his Ph.D. degree in Computer Science 
and Engineering at the same University 
in 2004. Currently, he is a research 
professor of the Department of 

Information and Communications Engineering at Korea 
Advanced Institute of Science and Technology (KAIST), 
Daejeon, Korea. His research interests include RFID and 
Sensor Network. 
 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /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 <>
    /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.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


