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Abstract:    This paper dealt with composite scheduling problems which combine manufacturing scheduling problems and/or 
transportation routing problems. Two scheduling models were formulated as the elements of the composite scheduling model, and 
the composite model was formulated composing these models with indispensable additional constraints. A hybrid genetic algo-
rithm was developed to solve the composite scheduling problems. An improved representation based on random keys was de-
veloped to search permutation space. A genetic algorithm based dynamic programming approach was applied to select resource. 
The proposed technique and a previous technique are compared by three types of problems. All results indicate that the proposed 
technique is superior to the previous one. 
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1  Introduction 
 

The composite scheduling problems are com-
posed of manufacturing scheduling problems and/or 
transportation routing problems. In contemporary 
manufacturing, meeting promised delivery dates re-
quires production schedules that take into account 
elements such as transportation. Previously, sched-
uling focused on improvements in facility workloads 
and reduction to lower costs through mass production. 
Traditional optimization techniques for scheduling 
typically consider only the manufacturing constraints, 
and optimization techniques for transportation rout-
ing consider only the transportation constraints. 
These traditional techniques cannot provide schedules 
that accommodate customer demands for just-in-time 
delivery. 

It is difficult to develop optimization techniques 

for composite scheduling problems. Most of the 
studies concerning scheduling, which consider both 
manufacturing and transportation, have established a 
number of resource and transportation restrictions to 
systematize the problem from the viewpoint of com-
plexity. These approaches offer only specialized so-
lutions (Lee and Chen, 2001; Soukhal et al., 2005). 

The meta-heuristics approaches are applicable to 
solve such complex problems. Moon et al. (2004) 
proposed an advanced process planning and sched-
uling model. In this model, the transportation time 
between machine resources is considered, but the 
constraint of a number of transportation resources 
such as vehicle is not considered. Okamoto et al. 
(2006a) expanded the model by integrating the 
manufacturing process and transportation between 
plants and proposed a solution based on the genetic 
algorithm. Okamoto et al. (2006b) proposed a new 
integrated scheduling problem that considers the 
transportation resource. A genetic algorithm is also 
proposed for the problem. To address these concerns, 
an improved random number generation method was 
developed by Okamoto et al. (2009). 
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2  Mathematical models 
 

First, two scheduling models were formulated 
as the elements of the composite scheduling model. 
Then, the composite model was formulated by com-
posing them with indispensable additional  
constraints. 

2.1  Modeling for manufacturing scheduling 
problem 

The manufacturing scheduling problem is an 
extension of the job-shop scheduling problem. In this 
problem, the precedence constraints ( )kijr  can be 

given for any set of operation ( , )ki kjo o  in each job 

( ),kO  and each operation ( )kio  can be processed in a 
given processing time ( )kimp  by any machine ( )mM  
from a given set. The difficulty occurs when assign-
ing each operation to a machine and when ordering 
the operations on the machines, such that the maxi-
mal completion time max( )c  of all operations is 
minimized. 

The objectives and constraints are as follows: 
 

max ,
min max{ },kii k

c c=                                  (1) 

s. t. ( ) 0, , , ,kj kjm ki kij kjmc p c r x i j k− − ≥ ∀        (2) 

( )max{ , } min{ , } 0,

( , ), ( , ), , ( , ) ( , ),
ki ki lj lj ki lj kim ljmc p c p c c x x

k i l j m k i l j

− − − ≥

∀ ≠
 (3) 

( ) 0, , , ,ki kim kimc p x i k m− ≥ ∀                     (4) 

1

1, ( , ),
N

kim
m

x k i
=

= ∀∑                                  (5) 

{0,1}, , , ,kimx i k m∈ ∀                               (6) 
 

where k, j are the indices of jobs, k, j=1, 2, …, L, L is 
the total number of jobs; i, j are the indices of opera-
tions, i, j=1, 2, …, Jk, Jk is the total number of opera-
tions for Ok, Ok is the order (job) k; m, n are the in-
dices of machines, m, n=1, 2, …, N, N is the total 
number of machines; cmax is the maximal completion 
time (makespan); cki is the completion time of oki, oki 
is the operation i of Ok; xkim is the machine (Mm) as-
signment to oki, Mm is the machine m, and  
 

1, if  is assigned to ,
0, otherwise;

ki m
kim

o M
x

⎧
= ⎨
⎩

 

pkim is the processing time of oki on Mm, rkij is the 
precedence constraint between two operations, and 
 

1, if  precedes ,

0, otherwise.
ki kj

kij
o o

r
⎧⎪= ⎨
⎪⎩

 

 
Eq. (1) is the objective function that minimizes 

the makespan. Eq. (2) indicates precedence con-
straints. Eq. (3) means that multiple operations cannot 
be processed by the same machine simultaneously. 
Eq. (4) shows that all machines cannot start at nega-
tive time. Eqs. (5) and (6) ensure that only one ma-
chine is assigned to a process. 

2.2  Modeling for transportation scheduling 
problem 

The transportation scheduling problem is an 
extension of the vehicle routing problem. In this 
problem, each task (Te) consists two activities: pickup 

P( )eT  and delivery D( ).eT  Each task can be assigned 
by any vehicle Vv from a given set. Generally, vehi-
cles spend time for transportation (dmn), since differ-
ent locations (Mm, Mn) have been assigned in activi-
ties P D( 1, 1, ).em ena a m n= = ≠  Not only does a vehicle 
move directly between locations for activities of a 
task, but it may also pass a location for other task. All 
vehicles (V1, V2, …, VW ) start from the depot, execute 
transportation tasks, and then return to the depot. The 
problem is to assign each task to a vehicle and to order 
the activities on the vehicles, such that the maximal 
completion time (tmax) of all tasks is minimized. Still, 
the number of active vehicles (w) is also minimized. 

The objectives and constraints are as follows: 
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{0,1}, , ,evy e v∈ ∀                               (13) 
 
where v is the index of vehicles, v=1, 2, …, W, W is 
the total number of vehicles; e, f are the indices of 
pickup and delivery tasks, respectively, e, f=1, 2, …, 
F, F is the total number of tasks; g, h are the indices of 
pickup and delivery activities, respectively, g, h ∈{P, 
D}; g

eT  is the pickup/delivery activity (g) of task e, 
dm is the transportation time from/to depot to/from Mm, 

g
ema  is the location assignment of ,g

eT  and  
 

1, if  located at ,
0, otherwise.

g
g e m
em

T Ma
⎧⎪= ⎨
⎪⎩

 

 
g
et  is the pickup/delivery time for ,g

eT evy  is the ve-
hicle (Vv) assignment to Te, and  
 

1, if  is assigned to ,
0, otherwise.

e v
ev

T V
y

⎧
= ⎨
⎩

 

 
Eq. (7) is the objective function that minimizes 

the makespan. Eq. (8) is the objective function that 
minimizes the number of active vehicles. Eq. (9) 
means that a vehicle must execute pickup activity in 
advance to delivery activity. Eq. (10) indicates that 
vehicles spend time for transportation between dif-
ferent locations. Eq. (11) shows that all vehicles 
cannot start from the depot at a negative time. 
Eqs. (12) and (13) ensure that only one vehicle is 
assigned to a task. 

2.3  Mathematical model for composite scheduling 

To compose multiple homogeneous scheduling 
problems, the model may not be changed, and the 
job/task sets of the problems may be simply merged. 

In this section, to compose heterogeneous 
scheduling models, additional constraints which 
express how to compose are necessary. The follow-
ing model is composition of production scheduling 
model and transportation scheduling model. The 
vehicle picks up a product of an operation from the 
assigned machine/location, and transports it to  
machine/location of the next operation to consume as 
material. 

Each transportation task (Te) is mapped to a set 
of operations (oki, okj) which have precedence con-

straints (rkij=1). The pickup activity P( )kijT  of the task 

can execute when the predecessor operation (oki) of 
the set is completed; the delivery activity D( )kijT  must 

complete before starting the successor operation (okj). 
The objectives and constraints are as follows: 

 

( ){ }D
max , , ,

min max ,kij m kij kjmi j k m
t t d r x= +            (14) 
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1 1 1 1
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where Tkij is the transportation task for product of oki 
as material of okj, g

kijT  is the pickup/delivery activity 

for product of oki and material of okj, g
kijt  is the 

pickup/delivery time for ,g
kijT  kijvy  is the vehicle 

( )vV  assignment to ,kijT  and  
 

1, if  is assigned to ,

0, otherwise.
kij v

kijv
T V

y
⎧⎪= ⎨
⎪⎩

 

 
Eqs. (23) and (24) indicate additional constraints 

to compose production scheduling and transportation 
scheduling. The rests of all equations are the same as 
the original model or replacements from original 
model. Objective functions Eq. (14) and Eq. (15) 
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are replacements of Eqs. (7) and (8), respectively. 
Eq. (16) is a replacement of Eq. (9). Eqs. (17), (18), 
and (19) are replacements of Eq. (10). Eqs. (20), (21), 
and (22) are replacements of Eqs. (11), (12), and (13), 
respectively.  
 
 
3  Hybrid genetic algorithm 
 

A hybrid genetic algorithm is developed to solve 
the composed scheduling problems. Since decision 
variables of two problems ( , )g

ki kijc t  constrain to each 

other in Eqs. (23) and (24), it is difficult to be solved 
by decomposing to original problem.  

The hybrid genetic algorithm has two parts em-
ploying a new approach. Firstly, a sequence of op-
erations must be made. An encoding using improved 
random keys is developed for this part. Secondly, the 
starting/completion time of operations is obtained by 
the sequence generated by assigning resources for 
each operation. 

3.1  Sequencing operations 

An improved representation based on random 
key (Bean, 1994) is used for the operation sequence. 
A random keys vector represents the sequence (or a 
priority list) of all operations, but the strength of the 
characteristics of each sequence is different. There-
fore, even if a random keys vector that represents a 
good sequence is generated, the characteristics might 
not be succeeded to the next generation. 

For example, a sequence vector [o1, o2, o3]= 
[0,2,1] represents a sequence. All of the sequence 
vectors are “permutations”. If the vector length is n , 
the permutation can be mapped (n−1)-dimensional 
polytope (known as Permutohedron) in an 
n-dimensional space. The random keys vector (for 
example, [x1, x2, x3]) in a random keys space (Fig. 1a) 
can be mapped to a sequence space (Fig. 1b).  
 
 
 
 
 
 
 
 
 

In the improved representation, a random keys 
vector [x1, x2, …, xn] is normalized before crossover 
operation by the following procedures: 

1. The initial random key is generated in the 
range of −1≤xi≤1. 

2. To map (n−1)-dimensional polytope, in other 

words, to keep 
1

0,
n

ii
x

=
=∑  update kx ←  

1

1 .
n

k ii
x x

n =
− ∑  

3. To normalize vector length, in other words, 

to keep 2
1

n
ii

x X
=

=∑  (X is a constant), update 

2
1

.
n

k k ii
x x X x

=
← ∑  

3.2  Selecting resources 

To generate a better combination of selected 
resources, our approach combines resource assign-
ment for each operation from two parents. If the result 
of tentative scheduling is a scalar value, the dynamic 
programming can be applied simply. However, the 
result of scheduling contains a set of completion times 
for each resource; it is not one scalar value. 

So a genetic algorithm based dynamic pro-
gramming approach is applied for this part. This ap-
proach is very simple. The representation is a simply 
set of resources for each operation. The uniform 
crossover is used to generate candidates of resource 
assignment. 

3.3  Genetic algorithm 

Overall algorithm is based on Bean (1994)’s 
algorithm (Fig. 2). Immigration, meaning the genera-
tion of new members of the population at each new 
generation, is used instead of the traditional mutation 
operator. 

 
 

 
 
 
 
 
 
 
 
 

Best

Keep elite

Crossover

Generate new 
boundary 

Fig. 2  Generation model based on Bean (1994)’s algorithmFig. 1  Random key space (a) and sequence space (b)
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The boundary of search space is actually shown 
by the precedence constraint, though the initial search 
space has no boundary (Fig. 3). By repeating an 
arithmetic-type crossover for real number represen-
tation of parents (P in Fig. 3), the boundary search 
space becomes difficult to search by generated new 
child (C in Fig. 3). To avoid this, an operation se-
quence at search space boundary in the immigration 
should be generated (Fig. 4). 
 
 
 
 
 
 
 
 
 
 
 
 
 
function edgeSeq(O: set of operations): Sequence 
begin 

S: sequence←randomOrder{o|pred(o)=∅; o∈O}; 
R: set←O; 
while R≠∅, do 
begin  

repeat 
z: operation←shift(S); 

until z∈R 
while pred(z)∩R≠∅, do  
begin 

z←randomSelect(pred(z)∩R); 
end 

edgeSeq←[edgeSeq, z]; 
R←R−{z}; 
S←[randomOrder(succ(z)), S]; 

end 
end 
 
 
 
 
4  Numerical experiments 
 

The proposed technique and previous one (Oka-
moto et al. 2006b), without a local search procedure, 
are compared by three types of problems: manufac-
turing scheduling problem (M), transportation routing 
problem (T), and composite problem (C). Three dif-

ferent sizes (the number of operations) of problem 
datasets are prepared for each type of problem. 

Each experiment runs 100 times. Table 1 shows 
the rate that each algorithm found the best (known) 
solution. All results indicate that the proposed tech-
nique is better than the previous one. Originally, the 
previous technique was improved by adding a local 
search procedure, and it is possible to add it even by 
the proposed technique. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
5  Conclusions 
 

The composite scheduling problem was formu-
lated. To solve this problem, the solution space to 
search consists of operation sequences and resource 
selections as well as manufacturing, scheduling, and 
transportation routing problems. Two new approaches 
were developed to search each solution space. The 
proposed technique produces better results than the 
previous one based on the numerical experiment  
performed. 

Both previous and proposed techniques are se-
parated to search operation sequence space and re-
source selection space. It contributes to the simplifi-
cation of the technique; however, these solution 
spaces are actually interdependent. In a future study, a 
reasonable solution space that combined both solution 
spaces will be developed for a more efficient search. 
 
References 
Bean, J.C., 1994. Genetics and random keys for sequencing 

and optimization. ORSA Journal on Computing, 6:154- 
160. 

Lee, C.Y., Chen, Z.L., 2001. Machine scheduling with trans-
portation considerations. Journal of Scheduling, 

Boundary of precedence constraint

Inf
ea

sib
le 

sp
ac

e

P

P
C

Crossover

Immigration

Immigration

Fea
sib

le 
sp

ac
e

Fig. 3  Characteristics of search space 

Fig. 4  Pseudo code to generate operation sequence at 
search space boundary 

Table 1  Results of numerical experiments 

Rate 
Type Size Proposed 

 technique (%) 
Okamoto et al. 

(2006b) (%) 
M 10 100 100 
M 20 100 100 
M 50 100 94 
T 20 100 100 
T 40 100 95 
T 100 82 73 
C –30* 100 96 
C –60* 92 67 
C –150* 74 51 

* The number of transportation operations could be changed 



Okamoto et al. / J Zhejiang Univ-Sci A (Appl Phys & Eng)   2010 11(12):953-958 
 
 

958 

4(1):3-24.  [doi:10.1002/1099-1425(200101/02)4:1<3:: 
AID-JOS57>3.0.CO;2-D] 

Moon, C., Kim, J.S., Gen, M., 2004. Advanced planning and 
scheduling based on precedence and resource constraints 
for e-plant chains. International Journal of Production 
Research, 42(15):2941-2955.  [doi:10.1080/002075404 
10001691956] 

Okamoto, A., Gen, M., Sugawara, M., 2006a. Integrated data 
structure and scheduling approach for manufacturing and 
transportation using hybrid multistage operation-based 
genetic algorithm. Journal of Intelligent Manufacturing, 
17(4):411-421.  [doi:10.1007/s10845-005-0014-9] 

Okamoto, A., Gen, M., Sugawara, M., 2006b. Integrated 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

scheduling problem of manufacturing and transportation 
with pickup and delivery. International Journal of Lo-
gistics and SCM Systems, 1(1):19-27. 

Okamoto, A., Gen, M., Sugawara, M., 2009. Integrated 
scheduling using genetic algorithm with quasi-random 
sequences. International Journal of Manufacturing 
Technology and Management, 16(1/2):147-165.  [doi:10. 
1504/IJMTM.2009.021507] 

Soukhal, A., Oulamara, A., Martineau, P., 2005. Complexity 
of flow shop scheduling problems with transportation 
constraints. European Journal of Operational Research, 
161(1):32-41.  [doi:10.1016/j.ejor.2003.03.002] 

 
 
 

Journals of Zhejiang University-SCIENCE (A/B/C) 

Latest trends and developments 

These journals are among the best of China’s University Journals. Here’s why: 
 

 JZUS (A/B/C) have developed rapidly in specialized scientific and technological areas. 
JZUS-A (Applied Physics & Engineering) split from JZUS and launched in 2005 
JZUS-B (Biomedicine & Biotechnology) split from JZUS and launched in 2005 
JZUS-C (Computers & Electronics) split from JZUS-A and launched in 2010 

 
 We are the first in China to completely put into practice the international peer review system in 

order to ensure the journals’ high quality (more than 7600 referees from over 60 countries,
http://www.zju.edu.cn/jzus/reviewer.php) 

 
 We are the first in China to pay increased attention to Research Ethics Approval of submitted 

papers, and the first to join CrossCheck to fight against plagiarism 
 

 Comprehensive geographical representation (the international authorship pool enlarging
every day, contributions from outside of China accounting for more than 46% of papers) 

 
 Since the start of an international cooperation with Springer in 2006, through SpringerLink, 

JZUS’s usage rate (download) is among the tops of all of Springer’s 82 co-published Chinese 
journals 

 
 JZUS’s citation frequency has increased rapidly since 2004, on account of DOI and Online

First implementation (average of more than 60 citations a month for each of JZUS-A & 
JZUS-B in 2009) 

 
 JZUS-B is the first university journal to receive a grant from the National Natural Science 

Foundation of China (2009–2010) 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /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 true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


