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Abstract. This paper deals with a real-time scheduling method for holonic
manufacturing systems (HMS). In the previous paper, a real-time scheduling
method based on utility values has been proposed and applied to the HMS. In
the proposed method, all the job holons and the resource holons firstly evaluate
the utility values for the cases where the holon selects the individual candidate
holons for the next machining operations. The coordination holon secondly de-
termine a suitable combination of the resource holons and the job holons which
carry out the next machining operations, based on the utility values. Multi-agent
reinforcement learning is newly proposed and implemented to the job holons
and the resource holons, in order to improve their capabilities for evaluating the
utility values of the candidate holons. The individual job holons and resource
holons evaluate the suitable utility values according to the status of the HMS,
by applying the proposed learning method.

Keywords: Holonic Manufacturing Systems, Real-time Scheduling, Multi-
agent Reinforcement Learning, Coordination.

1 Introduction

Recently, automation of manufacturing systems in batch productions has been much
developed aimed at realizing flexible small volume batch productions. The control
structures of the manufacturing systems developed, such as FMS (Flexible Manufac-
turing System) and FMC (Flexible Manufacturing Cell), are generally hierarchical.
The hierarchical control structure is suitable for economical and efficient batch pro-
ductions in steady state, but not adaptable to very small batch productions with dy-
namic changes in the volumes and the varieties of the products.

Computer systems and manufacturing cell controllers have recently made much
progress, and individual computers and controllers are now able to share the decision
making capabilities in the manufacturing systems. The network architectures are
widely utilized for the information exchange in the design and the manufacturing.
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New distributed architectures of manufacturing systems are therefore proposed to
realize more flexible control structures of the manufacturing systems, which are
adaptable to the dynamic changes in the volume and the variety of the products and
also the unforeseen disruptions, such as malfunction of manufacturing equipment and
interruption by high priority jobs. They are so called as ADMS (Autonomous Distrib-
uted Manufacturing Systems) [1], BMS (Biological Manufacturing Systems) [2], and
HMS (Holonic Manufacturing Systems) [3] [4] [5] [6].

Distributed scheduling methods were proposed and applied to the real-time produc-
tion scheduling problems of the HMS, in the previous research [4]. The proposed
method was adaptable to the dynamic changes and the unforeseen disruptions, and it
was suitable for the improvement of the objective functions of the whole HMS such
as total make span. However, there were still remaining scheduling problems from the
viewpoint for the improvement of the objective functions of the individual compo-
nents of the HMS.

Therefore, a real-time scheduling method based on the utility values have been
proposed and applied to the HMS, in order to improve the objective function values of
the individual components of the HMS [5]. The holons in the HMS are divided into
three classes based on their roles in the manufacturing processes and the scheduling
processes.

(a) Resource holons: They transform the job holons in the manufacturing process. In
the scheduling process, they evaluate the utility values for the candidate job
holons which are processed by the resource holons in the next time period.

(b) Job holons: They are transformed by the resource holons from the blank materials
to the final products in the manufacturing process. In the scheduling process, they
evaluate the utility values for the candidate resource holons which carry out the
machining operations in the next time period.

(c¢) Coordination holon: It selects a most suitable combination of the resource holons
and the job holons for the machining operations in the next time period, based on
the utility values sent from the resource holons and the job holons.

Multi-agent reinforcement learning is newly proposed and implemented to the job
holons and resource holons, in order to improve their coordination processes. A
reinforcement learning method was proposed and applied to centralized scheduling
problems for semiconductor manufacturing processes [7]. In the present research, a
reinforcement learning is applied to the agent-based distributed scheduling processes
for the manufacturing processes of machine products.

2 Real-Time Scheduling Method for HMS [5]

2.1 Information for Real-Time Scheduling

It is assumed here that the individual job holons have the following technological

information.

M; : k-th machining operation of the job holon i. (i = 1,..,a), (k = 1,...5).

ACy : Required machining accuracy of machining operation M. It is assumed
that the machining accuracy is represented by the levels of accuracy
indicated by 1, 2, and 3, which mean rough, medium high, and high accu-
racy, individually.
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Riwn : m-th candidate of resource holon, which can carry out the machining opera-
tion My. (m = 1,...,.
W; : Waiting time until the job holon i becomes idle if it is under machining
status.
The individual resource holons have the following technological information.
Tiom : Machining time in the case where the resource holon Ry, carries out the

machining operation M.

MAC;,, : Machining accuracy in the case where the resource holon Ry, carries out
the machining operation M;,. MACy,, is also represented by the levels of 1, 2
and 3.

MCOy,, : Machining cost in the case where the resource holon Ry, carries out the
machining operation M;,.

Wit : Waiting time until resource holon Ry, becomes idle if it is under machining
status.

2.2 Real-Time Scheduling Process Based on Utility Values

A real-time scheduling process based on the utility values have been proposed, in the
previous research [5], to select a suitable combination of the job holons and the re-
source holons which carries out the machining operation in the next time period.

At the time ¢, all the ‘idling’ holons have to select their machining schedules in the
next time period. The following procedure is proposed for the individual holons to
select their machining schedules.

(1) Retrieval of status data

The individual ‘idling’ holons firstly get the status data from the other holons which
are ‘operating’ or ‘idling’. The ‘idling” holons can start the machining operation in the
next time period.

(2) Selection of candidate holons

The individual ‘idling’ holons select all the candidate holons for the machining opera-
tions in the next time period. For instances, the job holon i selects the resource holons
which can carry out the next machining operation Mj. On the other hand, the resource
holon j select all the candidate job holons which can be machined by the resource holon j.

(3) Determination of utility values

The individual ‘idling’ holons determine the utility values for the individual candi-
dates selected in the second step. For instances, the job holon determines the utility
values, based on its own decision criteria for all the candidate resource holons which
can carry out the next machining operation. The utility values are given as follows.

JUV(j) (0 <JUV(j)< 1): Utility value of the candidate resource j for the job holon i.
RUV;(i) (0 <RUV(i)< 1): Utility value of the candidate job i for the resource holon j.

(4) Coordination

All the ‘idling’ holons send the selected candidates and the utility values of the candi-
dates to the coordination holon. The coordination holon determine a suitable combination
of the job holons and the resource holons which carry out the machining
operations in the next time period, based on the utility values. The decision criteria of the
coordination holon is to maximize the total sum of the utility values of all the holons.
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Table 1. Objective functions of holons

Objective functions Objective function values
Efficiency of resource holon X Machining time / Total time
Machining accuracy of Y(Machining accuracy of resources —
resource holon Required machining accuracy of jobs)
Flow-time of job holon Y(Machining time + Waiting time)
Machining cost of job holon Y(Machining cost of resources)

2.3 Evaluation of Utility Values

The utility values are evaluated based on the decision criteria of the individual holons,
and various decision criteria are considered for the holons. Therefore, it is assumed
that the individual holons have one of the objective functions shown in Table 1 for
evaluating the utility values.

The following procedures are provided for the resource holons to evaluate the util-
ity values. Let us consider a resource holon j at a time ¢. It is assumed that 77}, ME;,,
and MA;, show the total time after the resource holon j starts its operations, the
efficiency, and the evaluated value of machining accuracy of the resource holon j,
respectively. If the resource holon j selects a candidate job holon i for carrying out the
machining operation M;, the efficiency and the evaluated value of the machining
accuracy are estimated by the following equations.

ME;j (D) = (ME}, - TTj + Ty ) | (T + Tyg + W) . (H
MA; () = MA;, + (MACy; — ACy) . 2)

where, the resource holon j can carry out the machining operation M;, of job holon
i (] = Rikm)'

As regards the job holons, the following equations are applied to evaluate the flow-
time and the machining costs, for the case where a job holon i selects a candidate
resource holon j (= Ry,,) for carrying out the machining operation M. It is assumed
that JT;, and JC;, give the total time after the job holon i is inputted to the HMS and
the machining cost, respectively.

T () = JTis + Tigg + Wiy (3)
JCi1() =JCiy + MCOy, . “4)
The objective functions mentioned above have different units. Some of them shall

be maximized and others shall be minimized. Therefore, the utility values are normal-
ized from O to 1.
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Step1 Real-time scheduling process Step3 Obtainment of reward r

(1) Observation of status s and calculation of O(s,a)

(3) Determination of action a based

on value Q(s, a)
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Fig. 1. Application of multi-agent reinforcement learning

3 Application of Multi-agent Reinforcement Learning

139

A multi-agent reinforcement learning is newly proposed and implemented to the job
holons and resource holons, in the present research, in order to improve their coordi-
nation processes. In the reinforcement learning method [8], an agent must be able to
sense the status of the environment to some extent and must be able to take actions
that affect the status. The agent also must have a goal or goals relating to the status of

the environment.

Figure 1 summarizes the multi-agent reinforcement learning procedure proposed
here. The individual job holons and resource holons carry out the following four steps
to obtain their suitable decision criteria for evaluation of the utility values by applying

the multi-agent reinforcement learning.

Stepl. The individual job holos and resource holons carry out the real-time schedul-
ing process described in section 2.2, when their previous machining opera-
tions are finished. The real-time scheduling process (1) and (3) are modified
as following for implementation of the multi-agent reinforcement learning.

(1) Retrieval of status data

The individual ‘idling’ holons get the status data from the other holons which
are ‘operating’ or ‘idling’, and observe the status s of the manufacturing sys-

tems.
(3) Determination of utility values

The individual job holons and resource holons execute the action a based on
the value Q(s, a), to evaluate the utility values for all the candidate machin-

ing operations in the next time period.

Where, s and a represent the status and the actions in the reinforcement

learning method, respectively.
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Step2. The real-time scheduling process are repeated until all the machining opera-
tions of the job holons are finished by the resource holons in the HMS.

Step3. The individual job holons and resource holons obtain the reward r based on
their own objective function values, and calculate the value Q(s, a).

Step4. Stepl to Step3 are repeated for the new job holons to be manufactured in the
manufacturing systems, in order to converge the value Q(s, a) of the individ-
ual job holons and resource holons.

In these steps, the status s, the action a and the reward r are given as follows.

(1) Statuss

The status s observed by the job holons and the resource holons is represented by the
following equation, in the present research.

s = (81, S2, 53, S4) . (%)

where, s, (p =1, 2, 3, 4) are the number of ‘idling’ holons, that have the objective
functions of efficiency, machining accuracy, flow-time, and machining cost, respec-
tively. This means that the learning process of the individual holons are carried out
based on the numbers and the types of the ‘idling’ holons.

(2) Actiona

The individual job holons and resource holons select the parameter n (= 1/5, 1/3, 1, 3,
or 5) in the following equation to evaluate the utility values.

uv =(Uv)". (6)

where, UV is the utility value calculated by the individual job holons and resource
holons described in section 2.3. UV’ is the modified utility value by applying the
action a based on the status s.
&greedy method [8] is applied for the individual job holons and resource holons to
determine the action a.
(3) Reward r
The individual job holons and resource holons obtain the reward r based on their own
objection values. Three different methods are considered to calculate the reward r.
Type 1. Reward calculated by the objective function values of individual holons
The individual job holons and resource holons obtain the reward r, given by
following equations, based on their own objective functions.
(a) For the case that the objective function is efficiency

rp="(ay-by) /by . @)

(b) For the case that the objective function is either machining accuracy,
flow time or machining cost

ry=(by-ay)/by. (8)

where, a, and b, are the objective function values obtained by applying the
proposed method with the reinforcement learning, and ones obtained without
the reinforcement learning.

Type 2. Reward calculated by the objective function values of holons which have
same objective function



A Study on Real-Time Scheduling for Holonic Manufacturing Systems 141

The individual job holons and resource holons obtain the reward r, given by
following equations.

T
r,=2 1,/ T. )
L=

where, p and 7 are the types of objective functions and the total number of
holons with p-th type of objective functions, respectively. r;, is calculated by
Eq. (7) and (8) based on the types of objective functions.

Type 3. Reward calculated by the objective function values of all holons
The individual job holons and resource holons obtain the reward r, given by
following equations.

4
rq=(1/4)pz::1rp. (10)

where, , is calculated by Eq. (9).

The value Q(s, a) is determined by applying the monte carlo method [8]. The individ-
ual job holons and resource holons save the n rules (s, a,) (t =0, 1, ..., n-1) between
the time when they obtain the reward » and the time when they obtain the new reward
r. The rule (s, a) means the set of status s and action a. The value Q(s, a) is calculated
by the following equations.

SumReward(s,, a,) <— SumReward(s;, a,) + r . (1D

0(s, a) <« SumReward(s, a) | RewardCount . (12)

where, SumReward(s, a) is the cumulative rewards in the case where the action a is
applied in the status s. RewardCount is the total number in the case where the rule (s,
a) get the reward r.

4 Case Study

Some case studies have been carried out to verify the effectiveness of the proposed
methods. The HMS model considered in the case studies has 10 resource holons. The
individual resource holons have the different objective functions and the different
machining capacities, such as the machining time Ty,,, the machining accuracy MA-
Cim» and the machining cost MCOj,,.

As regards the job holons, 3 cases are considered in the case study, which have 16
job holons, 20 job holons and 30 job holons. The individual job holons have the dif-
ferent objective functions and the machining sequences. It is assumed that the same
job holons are inputted to the HMS after the resource holons finish all the manufac-
turing processes. 12 cases are considered, in the case study, by changing the machin-
ing capacities of the resource holons.

€is set to 0.2 for the &-greedy method.
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Fig. 2. Improvement ratio

Figure 2 shows the best result for the case where the reward is calculated by using
Type3 described in section 3. In the figure, the horizontal and vertical axes show the
episode and the improvement ratio A, respectively. The episode means here the num-
ber of repetitions of all the manufacturing processes of the inputted jobs. The im-
provement ratio A, means the ratio between the objective function values of all the
holons obtained by the proposed method and the ones by the conventional method in
the case z. A, is calculated by following equation.

v
;iz:/z—:l'uh/v' (9

where, 1, and v are the improvement ratio of the objective function values of the
holon 4 and the total number of holons, respectively. The 4, is calculated by the fol-
lowing equation based on the type of the objective functions.

(a) For the case that the objective function is efficiency

=byla;. (14)

(b) For the case that the objective function is either machining accuracy, flow time or
machining cost

,uhza;,/bh. (15)

where, a;, and b, are the objective function values of the individual holons 4 obtained
by the proposed method and the previous conventional method. As shown in the fig-
ure, the improvement ratio A, is converged until the episode reaches to 100.

Figure 3 shows the average improvement ratio Aaverage, of the best case and the
worst case. Following equation gives the daverage, which means the average of im-
provement ratio A, until the episode reaches to win the case z.

w
Aaverage,= X lﬂe,,imdg/ w. (16)

episode=

where, Apisoqe 1 the improvement ratio A, at the episode.
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Fig. 4. Comparison of rewarding methods

Figure 4 shows the comparison of the cases using Typel, Type2 and Type3 re-
warding methods described in section 3, from the view point of Aaverge. Aaverge

means the average of Adaverage, in the all 12 cases. Adaverge is calculated by the fol-
lowing equation.

12
Aaverage = Z] Aaverage. [ 12. (17)
=

As shown in Fig. 4, all cases are effective to improve the objective function values in
comparison with previous method without reinforcement learning. It means that the
individual job holons and resource holons obtain the suitable decision criteria for
evaluation of utility values. However, as shown in the figure, the value Q(s, a) does
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not converge in the case using Typel where the reward is calculated by the objective
function values of individual holons. The individual job holons and resource holons
most improve their objective function values in the case using Type3 where the re-
ward is calculated by the objective function values of all holons.

5

Conclusions

New systematic methods are proposed here to improve the coordination process
among the job holons and the resource holons based on the multi-agent reinforcement
learning. The following remarks are concluded.

ey

2

3)

The real-time scheduling process are modified for implementation of multi-agent
reinforcement learning in order to obtain the suitable decision criteria for evalua-
tion of utility values.

The status, the action and the reward are defined for the individual job holons and
the resource holons to evaluate the suitable utility values based on the status of
the HMS.

Some case studies of the real-time scheduling have been carried out to verify the
effectiveness of the proposed methods in comparison with the previous method.
It was shown, through case studies, that the proposed methods are effective to
improve the objective function values of the individual holons. The objective
function values of individual holons are improved most effectively in the case
where the reward is calculated by the objective function values of all holons.

References

1.

Moriwaki, T., Sugimura, N.: Object-oriented modeling of autonomous distributed manufac-
turing system and its application to real-time scheduling. In: Proc. of the ICOOMS 1992,
pp- 207-212 (1992)

Ueda, K.: An approach to bionic manufacturing systems based on DNA-type information.
In: Proc. of the ICOOMS 1992, pp. 303-308 (1992)

. Hendrik, B., Jo, W., Paul, V., Luc, B., Patrick, P.: Reference architecture for holonic manu-

facturing systems: PROSA. Computers in Industry 37, 255-274 (1998)

Sugimura, N., Tanimizu, Y., Iwamura, K.: A Study on real-time scheduling for holonic
manufacturing system. CIRP journal of manufacturing systems 33(5), 467—475 (2004)
Iwamura, K., Okubo, N., Tanimizu, Y., Sugimura, N.: Real-time scheduling for holonic
manufacturing systems based on estimation of future status. International journal of produc-
tion research 44(18-19), 3657-3675 (2006)

Iwamura, K., Nakano, A., Tanimizu, Y., Sugimura, N.: A study on real-time scheduling for
holonic manufacturing systems — simulation for estimation of future status by individual
holons. In: Mafik, V., Vyatkin, V., Colombo, A.W. (eds.) HoloMAS 2007. LNCS (LNAI),
vol. 4659, pp. 205-214. Springer, Heidelberg (2007)

Fujii, N., Takasu, R., Kobayashi, M., Ueda, K.: Reinforcement learning based product dis-
patching scheduling in a semiconductor manufacturing system. In: Proc. of the 38th CIRP
International seminar on manufacturing systems, CD-ROM (2005)

Sutton, R., Barto, A.: Reinforcement learning: An introduction. MIT Press, Cambridge
(1998)



	A Study on Real-Time Scheduling for Holonic Manufacturing Systems – Determination of Utility Values Based on Multi-agent Reinforcement Learning
	Introduction
	Real-Time Scheduling Method for HMS [5]
	Information for Real-Time Scheduling
	Real-Time Scheduling Process Based on Utility Values
	Evaluation of Utility Values

	Application of Multi-agent Reinforcement Learning
	Case Study
	Conclusions
	References



<<
  /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 0.1000
  /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 0.76
    /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 /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /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 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 <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 <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




