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Abstract 
 
Materials selection is a matter of great importance to engineering design and 
software tools are valuable to inform decisions in product development. When a 
pool of alternative materials is available for different parts, the question of what 
optimal material mix to select for a set of parts is not simple.  

In engineering problems, the designer decides about the part shape and material 
and their decision largely determines the part cost and weight. However, cost and 
weight are only possible to calculate when the part geometrical attributes and 
production process elements are defined. 

As a result of  the large number of permutations, exhaustive search is not possible 
to justify the use of an optimization procedure to determine the optimal solution. 
Another aspect of the optimization procedure is that it needs to deal with non-
differentiable objective functions and constraints. To solve this multi-objective 
optimization (MOO) problem, a new routine based on the direct multisearch (DMS) 
algorithm [1] is proposed.  

An example from industry has been solved using this new methodology based on 
DMS. Results from the Pareto front can help the designer to align the material 
selection for a complete set of materials with product attribute objectives, depending 
on the relative importance of each objective. The results illustrate the capacity of 
this DMS model to solve the optimization problem with reasonable computational 
time. 
 
Keywords: materials selection, multiple parts, automotive, direct search, 
multiobjective optimization. 
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1  Introduction 
 
Materials are the embodiment of products. Materials selection is the task of adapting 
material properties to specifications of that product or part. In engineering projects, 
most problems are related with weight of the product versus its cost of 
manufacturing. When choosing materials for an application it is important to 
evaluate alternatives in more than one objective, and the trade-off is often between 
the costs to produce a part versus its technical performance. Another issue in 
materials selection is when a set of parts is up for selection. The number of 
alternatives is high and the number of evaluations can be cumbersome. 

 

Good cost estimation is a necessary condition for the financial success of the 
company. Estimating high can result on loss of business and market share and low 
estimations can result on selling with a lower price resulting in bad results for the 
enterprise [2]. Dewhurst established some metrics for early cost estimation in 
product design intended to reduce costs in manufacturing, [3]. The attraction of cost 
as a metric for decision-making is the apparent simplicity of it: “an economic 
measure of the resources employed to undertake a set of actions, typically to yield a 
good or service” [4].  However, the estimation of a product cost is neither trivial nor 
a straightforward activity in the design process in particular in the conceptual phases 
of product design [5]. In this phase, there is a need for informed life cycle cost 
estimations [6]. A common rule of thumb is that about 70 to 90% of the cost of a 
product is determined by the design. In these early phases, engineers and designers 
are usually far less comfortable with cost when tasked with relating it to a set of 
specific technical or design changes. The difficulty arises from the fact that cost has 
traditionally been associated with accounting rather than the engineering field [4]. 

 

If one wants to estimate cost for bidding purposes, cost estimation must be 
absolute and any small inaccuracy in the estimation can make the difference 
between profit and loss. However, in an engineering design environment cost is a 
design dependent variable used for comparing and evaluating alternatives. Cost 
estimation can then be understood in a relative context. When the purpose is to 
guide the decision making process through the design phases the estimates can be 
less accurate [7]. 

 

In this paper we use process based cost modeling (PBCM) which is a tool to 
assess the resources needed for the manufacture of a component. The advantage of 
these methods is that they can be predictive, but, as they rely on the modeling of the 
manufacturing process, their use in the late stages of product development is 
preferable. The key for using process based cost models is to identify relevant cost 
elements, establish contribution factors and correlate process operations to the cost 
of the used factors [8].  

 

In the automotive industry the final weight of the vehicle is of most importance, 
so another fundamental aspect of materials selection is the weight of the set of parts 
resulting from materials selection. For simple applications, with a small number of 
parts, traditional materials selection techniques can be employed to aid the 
decisions. But if the number of parts increases, along with the number of alternative 
materials for each, a more automated process for materials selection must be 
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arranged. In this paper, multiple parts are evaluated at the same time inside a MOO 
process to provide non dominated solutions for multiple parts selection. 

An example from industry has been solved using this methodology based on 
DMS, a case study for a sheet metal progressive stamping process. It solves the 
problem for 55 small stamping automotive parts, each with a given geometry and 
material grade already suggested by an experienced designer. The optimization tool 
must find, from a pool of different cold rolled material grades and different 
thicknesses available, the optimum material selection of each part over two 
objectives, cost and weight, with constraints relative to each part manufacturability, 
strength and stiffness. 

In this paper, the formulation necessary to calculate the objective functions and 
constraints is presented in the next section, followed by the optimization procedure, 
numerical results and conclusions.  

 
2  Formulation 
 
In this section, the objective functions are calculated using the process based cost 
modeling (PCBM) technique and the constraints are calculated using a design 
model, explained bellow. 
 
2.1 The process based cost model 
 
Process based cost models are a predictive way of estimating the production costs of 
a part, by assessing the major cost drivers and their relation with a product 
description, process and financial parameters.  

Each model is different, for each process, but all models share the same 
construction: an estimation of the necessary labor, energy, material, equipment, 
tooling, maintenance and building to produce a part in a process. All inputs and 
outputs are computed and product, process and financial inputs are worked to 
deliver an economic cost [4]. 

The initial set together with its cost and weight will create the baseline solution 
for this case.  

The annual manufacturing cost MC , of the set of parts is the sum of the 
manufacturing costs of each part, 

i
MC  calculated through the PCBM for sheet metal 

forming:  
 
 ( ) = i i

i
MC MC PV⋅∑  (1) 

where iPV  is the annual production volume of each part. The manufacturing unit 
cost of each part is given by:  

 

 labor energy equipment maintenanceMaterial tools buildingi i i i i i i
i

i

C C C C C C C
MC

PV

+ + + + + +
=  (2) 
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The costs drivers iC  are the allocated costs of labor per year, energy, equipment, 
tools, maintenance and building for the total production volume.  

The objective of the model is to feed the optimization routine with the 
manufacturing costs of all parts in the iterative search for the best solution. 

 
2.2 The design model 
 
The design model is where constraints are calculated. A design baseline solution is 
extremely important for the functionality of the model. The better the initial set of 
materials for each part regarding the technical performance is, the better results are 
expected. As with all optimization procedures, the optimization procedure follows a 
predefined objective to maximize or minimize subject to constraints. In this case, the 
constraints are design requirements verified, at each objective function evaluation, 
by comparing the performance of the set of parts proposed by the DMS algorithm, 
with the baseline set. 

The design model presented regulates the optimization process, not allowing the 
model to generate new reference sets that do not comply with the design model and 
is fully dependent on the initial set of materials provided. The optimization 
framework does not evaluate the technical performance of each part as regards to its 
conformity to technical specifications. However, simple engineering functions can 
be used to establish a relationship between the performance of the initial part, which 
is a design solution that fulfills the specifications, and the performance of the new 
part generated and evaluated at each evaluation of the optimization. 

Unlike PCBM model, the design model regulates each part independently. The 
model should be able to accept any technical constraint for each part individually 
and be able to compare the behavior of the new parts as regards the new materials 
and thickness suggestions with the initial ones. When a reference from the available 
pool of materials is presented, the design model evaluates if that part also suits the 
part specifications. 

Since the design is frozen to part shape changes, except for thickness and material 
properties, and it is assumed that the baseline solution fulfills the requirements, only 
calculations of equivalent stiffness, strength and stampability need to be performed, 
providing relative performance measures. In other words, the new generated parts 
are validated not because they fill a specification but because their technical 
behavior is similar to the behavior of the initial ones. In addition, the designer can 
insert any constraints applicable to each part. For this case, the following three 
inequality design constraints were used: part strength, part stampability and part 
stiffness. 

The strength of part in bending around the neutral axis is given by:  
 

 max
Mc YS YS IM
I SF SF c

σ = ≤ ⇔ ≤ ⋅  (3) 

where M  is the applied moment, c  is the maximum perpendicular distance to the 
neutral axis and I  is the second moment of area about the neutral axis. YS  is the 
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yield stress and SF  is a safety factor. For a rectangular flat section 2c t=  and 
31 12I bt= . So:  

 

 2YSM bt
SF

≤
 

(4) 

where t  and b   are the part thickness and width, respectively. If the part material 
and the part thickness can change from a generic iteration i  to a generic iteration  
j , for the same loading and safety factor an equivalent strength is achieved, if: 

 
 2 2

j j i iYS t YS t⋅ ≥ ⋅  (5) 

In these conditions, the part in iteration  j  has an equivalent strength higher than 
the same part in the incumbent solution i , even if materials and thicknesses have 
changed. Remember that the word incumbent is chosen because the method bases all 
constraints on a validated initial solution. 

A factor of how much the designer wants the new material to be better than the 
incumbent can easily be added for each part simply by the multiplication of a factor 
m
i
r , where index m  represents the constraint type. ForC , I  or hat shaped beams the 
same exercise can be created easily. 

For the equivalent stiffness, the exercise is also simple. The stiffness of a beam is 
given by: 
 
 1

3

C EIP
Lδ

=  (6) 

where P  is the load, δ  is the correspondent displacement, 
1
C  is the constant for 

the load supports, E  is the Young modulus and L  is the length of the beam. Then 
when comparing two different materials, if 

 
 3 3

j j i iE t E t≥  (7) 

then, the part made of the new material achieved in iteration j  has better 
stiffness than the initial part solution based on the incumbent material (iteration i ). 

To analyze the stampability of the new parts an analytical model can also be 
devised taking advantage of material comparisons using forming limit diagrams 
(FLD). A FLD is a graphical representation of the forming capability of a material 
where the stretching limits are a function of major and minor strains in the part [9-
11]. The shape of the curve is approximately constant for all steels, the curve moves 
up or down the major strain axis depending on the strain hardening exponent n  
characteristic of each material and thickness of the metal sheet. 0FLD  is the value of 
the major strain at plain strain conditions and can be calculated by: 
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 ( )
0

23.3 14.1
0.21

n t
FLD

+
=  (8) 

where n  is the strain hardening exponent and t  is the thickness of the sheet 
metal stamping in mm . 

Using this information, a forming limit diagram is drawn for each specific steel 
sheet material. Considering material i  and material j  the first has better stretching 
capability1 if: 
 
 ( ) ( )23.3 14.1 23.3 14.1i i j jn t n t+ ⋅ ≥ + ⋅  (9) 

For this paper, three constraints models were presented for design and process 
purposes, but the model is able to process much more if necessary. These constraints 
can also be introduced as objective functions in MOO, but since these constraints are 
used for every part, the number of objective functions would increase to the number 
of parts times the number of constraints plus the original objective functions. 

In this model, the user can introduce new constraints following the same 
procedure above, and can also relax existing constraints with the factor m

ir . The 
relaxing of some constraints for some parts is dependent on the decision of the 
designer/engineer. For example, a lightweight solution can be accepted if the 
strength of the part is kept equal to the incumbent one, meaning that for the strength 
constraint m

ir needs to be defined as 1. This factor can be applied to all parts and to 
each specific constraint. For the examples below,  

Table 1 shows the constraint factors used in the model. For this example, the 
designer is willing to accept, if necessary, a 20% reduction in stampability and 
strength and no reduction in stiffness. The objective is to get rid of sets that will not 
perform in terms of manufacturability or part performance under use conditions, 
while allowing the accommodation of some design flexibility. 

 
Case Constraints m

ir  

Test 
0.8
0.8
1

m
i

Stamping
r Strenght

Stiffness

⎧ ⎫ ⎧ ⎫
⎪ ⎪ ⎪ ⎪= =⎨ ⎬ ⎨ ⎬
⎪ ⎪ ⎪ ⎪
⎩ ⎭ ⎩ ⎭

 

 
Table 1 – Constraint relaxation factor for each attribute. 

 
3  Multi-objective optimization using Direct Multisearch 
 
Materials selection can be formulated as a MOO problem, as it involves the 
minimization of several conflicting objectives. In this case, the minimization of the 

                                                 
1 Note that for cup drawing this equation is not valid. 
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manufacturing costs of multiple parts and the weight of the set of parts is 
constructed. 

This problem is combinatorial by nature and a MOO tool that does not rely on 
derivatives is needed. One of the methodologies available for this type of problems 
is the DMS, a solver for derivative-free multi-objective optimization, inspired by the 
search/pool paradigm of direct search methods of directional type and uses the 
concept of Pareto dominance to maintain a list of non-dominated points (see [11] for 
a more complete treatment) 

A constrained nonlinear MOO problem takes the form [12]: 
 

 

1

2

find x= .
.

s

x
x

x

⎧ ⎫
⎪ ⎪
⎪ ⎪⎪ ⎪
⎨ ⎬
⎪ ⎪
⎪ ⎪
⎪ ⎪⎩ ⎭

 (10) 

which minimizes: 
 
 ( )1 2min ( ) ( ), ( ),..., ( ) T

kF x f x f x f x≡  (11) 

subject to: 
  

 
( ) { }
( ) { }

1

2

1 1

2 2

0, 1,2,...,

0, 1,2,...,
l

l

g x l m

h x l m

≤ =

= =
 (12) 

where s  is the number of design variables, k  is the number of objective 
functions to be minimized and 1m  2m  are the number of constraint equations. Any or 
all functions ( )kf X , ( )

1l
g X  and ( )

2l
h X  can hold a nonlinear nature. In general, since 

in MOO there are often conflicting objectives for each objective function, the 
concept of Pareto dominance is used to characterize global and local optimality [1]. 
A feasible solution of X  is called a Pareto optimal if there exists no other feasible 
solution Y  such that ( ) ( )i if Y f X≤  for all { }1, 2,...,i k=  with ( ) ( )j jf Y f X<  for at least 
one j , { }1, 2,...,j k∈ . 

 
For this case, the process based cost model generates the values for the objective 

functions. Constraints are calculated inside the design module in each evaluation for 
validation purposes. In the global optimization model, Equations (10) to (12) take 
the form:  
 
 1 2

1 2

find  X= . . i

i

tt t
mm m

⎧ ⎫⎧ ⎫⎧ ⎫ ⎧ ⎫⎪ ⎪
⎨⎨ ⎬ ⎨ ⎬ ⎨ ⎬⎬
⎪ ⎪⎩ ⎭ ⎩ ⎭ ⎩ ⎭⎩ ⎭

 (13) 

where i  is the number of parts understudy, which minimize 
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 ( ) ( )1 ,  = sum of the manufacturing cost of each parti i i
i

f X MC t m= ∑  (14) 

 ( ) ( )2 , sum of the weight of each parti i i
i

f X W t m= =∑   (15) 

At a given iteration, the DMS produces new values for X  variables. For each 
part, the two objectives are calculated using the PCBM technique and the design 
model with the respective constraints. These constraints compare the technical 
performance of the new parts (with new X values) with the original set of parts (with 
the initial X values). Figure 1 shows the optimization procedure for each evaluation.  

An initial vector with design variables of all the parts is introduced, as the 
incumbent solution, and the initial value of the objective function is calculated. For 
each X, created by DMS, the design module determines the correspondent valid 
model solution and the PCBM module computes the value of the objective functions 
on each design valid solution. The design module is constructed with information 
from the baseline solution composed of all the incumbent references of material and 
thickness. If accepted, this new vector calculates the objective function inside the 
PCBM module and, if not, a penalization function is used. The optimization iterates 
and a Pareto front is presented.  

 
( ) ( )1 ,  i i i

i

f X MC t m=∑
( ) ( )2 ,i i i

i
f X W t m=∑

109 551 3 1 2

110 552 4 1 2

 X= . . . .
x tx x t t
x mx x m m

⎧ ⎫ ⎧ ⎫⎧ ⎫ ⎧ ⎫⎧ ⎫ ⎧ ⎫ ⎧ ⎫ ⎧ ⎫⎪ ⎪ ⎪ ⎪↔⎨⎨ ⎬ ⎨ ⎬ ⎨ ⎬⎬ ⎨⎨ ⎬ ⎨ ⎬ ⎨ ⎬⎬
⎪ ⎪ ⎪ ⎪⎩ ⎭ ⎩ ⎭ ⎩ ⎭ ⎩ ⎭⎩ ⎭ ⎩ ⎭⎩ ⎭ ⎩ ⎭X

 
 

Figure 1 – For each X, created by DMS, the Design module determines the 
correspondent valid model solution, the PCBM model compute the value of the 

objective functions on this valid model solution. 
 

 
 
4  Numerical example 
 
This section presents the results achieved when the initial set of parts of the example 
case (the baseline solution) is subject to the optimization procedure aiming to 
associate new material references (material grades and thicknesses) to the parts that 
minimize the manufacturing costs and total weight, while simultaneously keeping 
the technical requirements of each part. Table 2 shows some parameters necessary to 
estimate the manufacturing cost of each part by PCBM. 

The design variables are the material reference grade and thickness. The DMS 
provides a text file list of X values:  

 
 with 0,1 , 1, ... , 110

s s
X x x s⎡ ⎤ ⎡ ⎤= ∈ =⎢ ⎥ ⎢ ⎥⎣ ⎦ ⎣ ⎦  (16) 

A correspondence to the physical model is given by the design module: 
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 Part Number 1 

… 

55 
Design 

variables 
Material Reference 7 31 

Gage [ ]mm  0.85 0.75 

Parameters 
and inputs 
necessary 

for part cost 
calculation 

Complexity [1 / 2 / 3]  2 1 
Part width [ ]mm  350 922 
Part length [ ]mm  350 1106 

Final Surface Area 2[ ]m  0.1225 1.019 

Proj. Surface Area 2[ ]m  0.1470 1.223 
Cutting Perimeter [ ]mm  240 638 

Number of hits 5 3 
Material Class 2 1 

 
Table 2 – Parts description inputs for the PCBM. 

 
 109 551 3 1 2

110 552 4 1 2

 X= . . . .
x tx x t t
x mx x m m

⎧ ⎫ ⎧ ⎫⎧ ⎫ ⎧ ⎫⎧ ⎫ ⎧ ⎫ ⎧ ⎫ ⎧ ⎫⎪ ⎪ ⎪ ⎪↔⎨⎨ ⎬ ⎨ ⎬ ⎨ ⎬⎬ ⎨⎨ ⎬ ⎨ ⎬ ⎨ ⎬⎬
⎪ ⎪ ⎪ ⎪⎩ ⎭ ⎩ ⎭ ⎩ ⎭ ⎩ ⎭⎩ ⎭ ⎩ ⎭⎩ ⎭ ⎩ ⎭

 (17) 

in which 
i
t  and 

i
m  are the coil (part) thickness and material grade for each part, 

respectively. The material grades are the ones available in the market for cold rolled 
steel. In this case, 36 different materials (different grades) are available: 

 
 { }1, ..., 36

i
m ∈  (18) 

 
The thickness for each part can vary from 0.5 to 2 mm in steps of 0.05 mm. 

From 1.5 to 2 mm, the step is 0.1 mm: 
 

 { } { }0.5, 0.55, ..., 1 1.6, 1.7, ..., 2
i
t ∈ ∪  (19) 

The number of alternatives available for each part is then 936, a matrix of 36 by 
26. After this translation made by Equations (17) to (19), the design module can deal 
with the proposed value of X  and validate  each of the 55 parts. If a part is 
validated, then the value of X  is unchanged, if not, then for the same thickness is 
kept, the next closest material is chosen and the new pair ( ),

i i
t m  is evaluated. This 

procedure goes till a satisfactory pair is selected. If not found, the pair will resume to 
the incumbent solution, which is self-satisfactory. In the end, a valid model of 
design variables (materials and thicknesses for each part) can be evaluated by the 
PCBM module.  

The valid model solution are calculated in Design Model, the PCBM compute the 
objective functions from Equations (18) and (19). Results for that evaluation are 
written in a text file and sent back to the DMS procedure for a new evaluation.  

The non-dominated solutions computed by DMS, for the example, are presented 
in Figure 2 and values for selected sets are presented in Table 3. The comparison 



10 

between the incumbent solution and the Pareto front generated from the 
optimization routine is of the most importance. The incumbent solution represents 
the current materials selection techniques and considers the sum of the 
manufacturing costs of the materials for the initial set of parts. The results show that 
alternatives can provide a less costly solution, maintaining the weight of the set 
almost unchanged. 

 
Part set Cost 

[€] 
Weight 
[Ton] 

Incumbent € 25,153,891 20,378 
Min Cost € 24,158,739 20,503 

Min Weight € 24,220,570 20,378 
 

Table 3 – Pareto front results for different objectives, 1st case, bold indicates 
minimum results in one objective  

2.415 2.416 2.417 2.418 2.419 2.42 2.421 2.422 2.423

x 10
7

2.036

2.038

2.04

2.042

2.044

2.046

2.048

2.05

2.052
x 10

7

f1

f2

 
 

Figure 2 – Pareto front for the numerical test. Cost 1f  in € and weight 2f  in kg. 
 
 
 

5  Conclusions 
 
In this paper, an application based on the DMS algorithm is proposed for the 
solution of multiple part materials selection considering the manufacturing costs and 
weight of the whole set of parts. The solutions obtained shows that, from an original 
incumbent solution, different materials combinations to each part can alter the 
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materials selection procedure for each part. From the Pareto front, the designer can 
align its materials selection procedure for a complete set of materials with product 
attribute objectives, depending on the relative importance of each objective. The 
results also illustrate the capacity of this DMS model to solve the optimization 
problem with reasonable computational time. 
 
Acknowledgements  
 
The authors thanks the financial support of Fundação para a Ciência e Tecnologia, 
Portugal, for financing the work under the MIT-Portugal Program.  
 
References 
 
[1] Custodio, A.L., Madeira, J.F.A., Vaz, A.I.F. and Vicente, L.N., Direct 

Multisearch for Multiobjective Optimization. SIAM Journal on Optimization, 
21(3): 1109-1140, 2011. 

[2] Niazi, A., Dai, J.S., Balabani, S. and Seneviratne, L., Product Cost Estimation: 
Technique Classification and Methodology Review. Journal of Manufacturing 
Science and Engineering, 128(2): 563-575, 2006. 

[3] Dewhurst, P. and Boothroyd, G., Early Cost Estimating in Product Design. 
Journal of Manufacturing Systems, 7(3): 183-191, 1988. 

[4] Field, F., Kirchain, R. and Roth, R., Process cost modeling: Strategic 
engineering and economic evaluation of materials technologies. JOM, 59(10): 
21-32, 2007. 

[5] Elgh, F. and Cederfeldt, M., Cost-based producibility assessment: analysis and 
synthesis approaches through design automation. Journal of Engineering 
Design, 19(2): 113 - 130, 2008. 

[6] Newnes, L.B., Mileham, A.R., Cheung, W.M., Marsh, R., Lanham, J.D., 
Saravi, M.E. and Bradbery, R.W., Predicting the whole-life cost of a product 
at the conceptual design stage. Journal of Engineering Design, 19(2): 99 - 112, 
2008. 

[7] Esawi, A.M.K. and Ashby, M.F., Cost estimates to guide pre-selection of 
processes. Materials & Design, 24(8): 605-616, 2003. 

[8] Kirchain, R.E., Cost Modeling of Materials and Manufacturing Processes. 
Encyclopedia of Materials: Science and Technology, pp1718-1727 (Elsevier, 
Oxford, 2001). 

[9] Ivoditov, V., Perkas, M., Shelest, A. and Yusupov, V., Stampability 
parameters of automotive steel. Russian Metallurgy (Metally), 2007(4): 304-
309, 2007. 

[10] Graf, A. and Hosford, W., Calculations of forming limit. Metallurgical and 
Materials Transactions A, 24(11): 2497-2501, 1993. 

[11] Ko, D.-C., Cha, S.-H., Lee, S.-K., Lee, C.-J. and Kim, B.-M., Application of a 
feasible formability diagram for the effective design in stamping processes of 
automotive panels. Materials &amp; Design, 31(3): 1262-1275. 

[12] Rao, S.S., Engineering optimization: theory and practice. (Wiley, 1996). 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /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 true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG ()
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




