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Abstract—In this paper, two issues relating to modeling of a 
monotonicity-preserving Fuzzy Inference System (FIS) are 
examined.  The first is on designing or tuning of Gaussian 
Membership Functions (MFs) for a monotonic FIS.  Designing 
Gaussian MFs for an FIS is difficult because of its spreading and 
curvature characteristics.  In this study, the sufficient conditions 
are exploited, and the procedure of designing Gaussian MFs is 
formulated as a constrained optimization problem.  The second 
issue is on the testing procedure for a monotonic FIS.  As such, a 
testing procedure for a monotonic FIS model is proposed.  
Applicability of the proposed approach is demonstrated with a 
real world industrial application, i.e., Failure Mode and Effect 
Analysis.  The results obtained are analysis and discussed.  The 
outcomes show that the proposed approach is useful in designing 
a monotonicity-preserving FIS model. 

Keywords-Fuzzy Inference System, monotonicity property, 
Gaussian membership functions, sufficient conditions, 
monotonicity testing  

I.  INTRODUCTION 
Many real-world systems abide the monotonicity property 

between the input(s) and output(s) of a system.  Consider an 
Fuzzy Inference System (FIS), , that 
fulfils the condition of monotonicity between its output, , with 
respect to its input, .  The output monotonically increases or 
decreases as the input increases, i.e.,  

 or
, respectively, for .  The 

monotonicity property is an additional qualitative information/ 
knowledge that can be exploited to obtain an interpretable and 
optimized FIS model [1].  The importance of this line of study 
has been highlighted in a number of recent publications [1-8].  
But, there are only a few articles that address the problem of 
designing a monotonicity-preserving FIS model [2].  A useful 
foundation of the study is the sufficient conditions, which 
comprise a set of mathematical conditions derived with the 
assumption that  or , for the 
monotonic increasing or decreasing condition, respectively, via 
partial differentiation and the quotient rule [3].  

This paper attempts to address two issues related to 
modeling of a monotonicity-preserving FIS model.  A common 
issue in FIS modeling is how fuzzy Membership Functions 

(MFs) are designed and tuned.  One of the difficulties of 
designing Gaussian MFs is because of their spreading and 
curvature characteristics [4].  Although the sufficient conditions 
have been adopted as the condition for designing MFs [2, 5-7], 
it is not clear how a good MF design should be.  In [9], the use 
of computing with words in risk assessment has been reviewed, 
and it has been highlighted that designing MFs is a crucial 
problem.  Thus, in this paper, the sufficient conditions are 
further extended, and applied to designing Gaussian MFs.  As 
the design of Gaussian MFs is formulated as a constrained 
optimization problem, the extended sufficient conditions are 
used as the hard constraint for optimization.  An objective 
function is also used to compare a set of candidates (Gaussian 
MFs) with other available information.  In addition, a Genetic 
Algorithm (GA) is deployed to provide a solution for the 
optimization problem.   

The second issue is how the monotonicity property of an 
FIS model can be measured or evaluated.  From the literature, 
a monotonicity measure of data in neural network modeling 
was introduced by Daniels and Velikova [10].  However, the 
monotonicity measure in FIS modeling receives little 
attention.  Thus, a method to measure the degree of fulfillment 
of the monotonicity property of an FIS model is proposed.  
The monotonicity measure is important because the exact 
condition(s) for an FIS to satisfy the monotonicity property is 
unknown, and the mathematical proof of monotonicity is 
difficult [8].  There is a possibility for an FIS to be monotonic 
even when the sufficient conditions are not fulfilled.  Hence, 
the proposed monotonicity measure is useful to give an 
indication whether the designed FIS model is monotonic in 
practice.  The effectiveness of our proposed techniques is 
demonstrated using a real industrial application, i.e., Failure 
Mode and Effect Analysis (FMEA) with an FIS-based Risk 
Priority Number (RPN) [11-12] model.  This is a typical 
example for FIS-based risk assessment models [9] that require 
the monotonicity property [11].  

This paper is organized as follows.  In section II, a review 
on Gaussian MFs, FIS models, and the sufficient conditions are 
presented.  In section III, the proposed technique for optimizing 
Gaussian fuzzy MFs is explained.  In section IV, the proposed 
technique to measure the monotonicity property is described.  
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In section V, experimental results are presente
Finally, concluding remarks are given in sectio

 

II. BACKGROUND OF GAUSSIAN FUZZY
INFERENCE SYSTEMS, AND THE SUFFICIENT

A. Gaussian Fuzzy Sets 
A Gaussian MF (see Fig. 1) can be represe

 
where  is the center of the fuzzy set, and  p
width of the fuzzy set.  The -cut of a fuzzy 
that contains all the elements of the universe 
membership grade equals to or greater than 

 (Note that a Gaussian MF is a non-zero MF
 -cut of a fuzzy set, the width of the fu

determined.  From Fig. 1,  is   or 
determined by (2). 

  
 

Figure 1. A Gaussian membership funct

B. Fuzzy Inference Systems 
The fuzzy production rules for an -in

where , can be represented as follows. 
 

        . 

The AND operator in the rule anteced
product function.  For the  domain, its M

, …, and .  The upper and low
universe of discourse of  are and , res

output is obtained by using the weighted
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C. Sufficient Conditions 
The first derivative of an FIS 
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that all the components in the we
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III. OPTIMIZATION OF FUZZY M

A. Extension for Condition 1 
Conditions 1 and 2 can be in

modeling process [2, 5-7].  Condit
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fuzzy partition.  Condition 2 can b
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In this work,
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# 1.  for  

#2.  for  

Constraints #1 and #2 are the conditions of feasible 
Gaussian MFs design for a monotonic FIS model.  The search 
process can be achieved by various optimization techniques, 
e.g., a non-linear programming technique, GA, particle swarm 
optimization, or harmonic search. 

C. A Case Study on Failure Mode and Effect Analysis 
Failure Mode and Effect Analysis (FMEA) is a popular 

problem prevention methodology that can be interfaced with 
many engineering and reliability models [11].  FMEA uses a 
Risk Priority Number (RPN) model to evaluate the risk 
associated with each failure mode [11].  The RPN model 
considers three risk factors, i.e., severity (S), occurrence (O), 
and detect (D), and produces an RPN score (

) [11].  The three input factors are estimated by 
the domain experts in accordance with the scale from “1” to 
“10” based on a set of commonly agreed evaluation criteria, 
which are presented with the scale tables [11]. 

In this paper, the focus is on designing an FIS-based RPN 
model [11-12] that satisfies the monotonicity property.  The 
FIS-based RPN model considered S, O, and D as the inputs 
and the RPN as the output.  The Gaussian MFs of S, O, and D 
are generated from the respective scale tables.  As an example, 
Table 1 shows the scale table of S, which is used in a 
semiconductor manufacturing plant.  There are 5 linguistic 
terms; each is represented by a Gaussian MF.  The relationship 
between S, O, and D and the RPN are expressed with a set of 
fuzzy If-Then rules. 

Table 1. The scale table for Severity 

Rank 
Linguistic 
Terms  

Criteria 
Lower 
Limit 

Mid-point Upper 
Limit

10 
Very High 
(Liability) 

Failure will affect safety or 
compliance to law. 

9.5 10 - 

9~8 
High 
(Reliability / 
reputation) 

Customer impact. 
Major reliability 
excursions.  

7.5 8.5 9.5 

7~6 
Moderate 
(Quality / 
Convenience) 

Impacts customer yield.  
Wrong 
package/par/marking.   

5.5 6.5 7.5 

5~2 
Low (Special 
Handling) 

Yield hit, Cosmetic. 
1.5 3.5 5.5 

1 
None 
(Unnoticed) 

Unnoticed. 
- 1 1.5 

In our previous work [5-6, 11], it has been demonstrated 
that an effective FIS-based RPN model should satisfy the 
monotonicity property.  This is because the input attributes 
(i.e., the S, O, and D ratings) are defined in such a way that the 
higher the rating, the more critical the situation is.  The output 
(i.e., the RPN score) is a measure of the failure risk.  The 
monotonicity property is important to allow a valid 
comparison among all failure modes to be made.   

D. Gaussian MFs Design 
A qualitative scale table usually consists of several 

partitions, each with some criteria.  Each partition can have 
different width, and it can be represented using three points, 
i.e., the lower limit, the mid-point, and the upper limit.  The 
width of the  partition, , is defined as follows: 

(6) 

 
As an example, the scale table of S (Table 1) consists of 

five partitions, i.e., 1, 2-5, 6-7, 8-9, and 10.  The lower limit, 
the mid-point, and the upper limit for the second partition 
(  ), i.e., 2-5, are 1.5, 3.5, and 5.5, respectively, while 

 is 2.   

In this paper, we attempt to search for a set of Gaussian 
MFs with their widths nearest to the widths of the partitions in 
the scale table.  The width of a Gaussian MFs can be defined 
using (2) with   [13-14].  The issue is on how to 
formulate a useful objective function.  In this paper, the 
investigation is focused on formulating an objective function, 
as in (7).  It is a measure of total similarity of the generated 
MFs corresponding to the partitions of scale table.  We further 
assume that  are mid-points for these partitions 
which need not to be optimized. 

  

 
(7) 

E. Genetic Algorithm 
The problem formulated can be solved using a GA, a 

population-based stochastic optimization technique.  Each 
potential solution set, in the form of , is 
represented as an individual.  The GA is used to search for the 
solution set with the best fitness value.  

Figure 2 shows the general procedure of the GA.  The hard 
constraints, i.e., constraints #1 and #2, are considered as 
penalties of the GA objective function to be minimized, as in 
(8).  We attempt to minimize (7), which is part of the GA 
objective function. 

 

 
(8) 

 
%Note: Initialize variable 

Initial population (each individual is ) 
While stopping criteria is not triggered  
{ 
Evaluate  each individual with (8) 
Record the best individual sets 
Crossover 
Mutation 
Evaluate the stopping criteria 
}

 
Figure 2. Pseudo-code of the proposed GA-based MFs optimization model 
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IV. A MEASURE FOR THE MONOTONICIT

From the literature, the measure of 
monotonicity for a data set, D is defined by (9
is to represent the monotonic relationship us
value from 0 to 1.  A value close to 1 indica
monotonic relationship among data.  A v
indicates a decreasing monotonic relationship
value near to 0.5 indicates no monotonic rel
data. 
 

 

 
In this paper, fulfillment of the monoton

an FIS model is measured by comparing the o
FIS model. Instead of indicate the monoton
decreasing relationship of a data set as in [1
indicates whether an FIS model observes t
property is proposed. The procedure is as follo

Let  be represented by an -d
.   is the output of , correspon

vector, = , .  Th
test is as follows. 

(A) Determine the upper and lower limits o
discourse for input(s), i.e., , and den
and , respectively. 

(B) Divide  into  divisions. The grid s
.   is denoted as 

matrix. 
(C) Compare  and 

, with a function 
.  Equation

adopted for a monotonic increasing
relationship, respectively. 

(D) Obtain the  between 
FIS model using (12).   

1
111

1
111

In short, first, all possible comparable set
generated.  The number of the monotonic p
The degree of monotonicity is obtained wi
example, the monotonicity property between
for an FIS-based RPN can be measured as foll

Comparable points in the form of [S,O,D
Examples of comparable points are [1,1,1] an

TY PROPERTY 
the degree of 

9) [10].  The aim 
sing a numerical 

ates an increasing 
value near to 0 
p among data.  A 
lationship among 

(9) 

nicity property of 
output pairs of an 
nic increasing or 
0], an index that 
the monotonicity 
ows. 

dimension matrix 
nd to a input(s) 
he test procedure 

f the universe of 
note  them as  

size of , 
a 

, 
n denoted  as 
n (10) or (11) is 
g or decreasing 

 

 
(10) 

 

 
(11) 

 and  for an 

 

 
 

(12) 

ts of  and  are 
pairs is counted.  
ith (12).  As an 
n S and the RPN 
lows. 

D] are generated.  
nd [2,1,1], [2,1,1] 

and [3,1,1],…, [ 9,1,1]  and [10, 1,
…and finally [ 9, 10, 10] and [ 10,
for [1,1,1] ( ) and [
compared, and their fulfillm
( ) are c
other comparable points.  In th
comparable points are generated be
same procedure can be applied to O
and the RPN.  In total, there are 2
points that have been generate
monotonicity property in the study. 

 

V. EXPERIMENTAL RESUL

Figure 3 depicts the objective f
of generations of the GA.  Figur
Gaussian MFs of S using the 
iterations.  Figure 5 depicts the p
MFs using Condition 1. From the r
proposed techniques can be used t
set of optimized Gaussian MFs, 
Condition 1.  From Figure 4, it can
of each Gaussian MF is close to the

 
Figure 3 Objective function versus the numb

MFs design proc
 

 
Figure 4 Projection of the M

 

 

1], …, [1,1,2] and [ 2,1,2,], 
, 10, 10].  The RPN scores 
2,1,1] ( ) are 
ment of monotonicity 
checked. The same goes to 
his study, a total of 900 
tween S and the RPN.  The 

O and the RPN, as well as D 
2700 ( ) comparable 
d for evaluation of the 

LT AND DISCUSSIONS 
function versus the number 
re 4 depicts the optimized 
best individual after 300 
projection of the Gaussian 
results, it is obvious that the 
to automatically generate a 

which are able to fulfill 
n be observed that the width 
 scale table of S.  

 
ber of generations of the GA-based 
cedure 

 

MFs for Severity 
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Figure 5 Optimized MFs for Severity

 

Table 2 shows the scale table of D of the
model.  There are 6 linguistic terms, each is 
Gaussian MF.  

Table 2 The scale table for Detec

Rank Linguistic 
Terms Criteria Low

Lim

10 Extremely 
Low No Control available. 9

9 Very Low Controls probably will not 
Detect 

8

8~7 Low 
Controls may not Detect 
excursion until reach next 
functional area. 

6

6~5 Moderate 
Controls are able to Detect 
within the same functional 
area 

4

4~3 High 
Controls are able to Detect 
within the same 
machine/module. 

2

2~1 Very High 

Controls will Detect 
excursions before next lot is 
produced.  Prevent excursion 
from occurring 

-

 

Figure 6 depicts the optimized Gaussian
table D using the best individual after 300 i
Figure 6, it can be seen that the width of each
is close to the scale table of D.  Figure 7 depic
of the MFs using Condition 1. 

Figure 6 Projection of the MFs for Dete
 

Figure 7 Optimized MFs for Detect. 
 

In order to validate the Gaussian MFs de
proposed techniques, a data set collecte
semiconductor manufacturing process, i.e., 

 

y. 

e FIS-based RPN 
represented by a 

ct 

wer 
mit 

Mid-
point

Upper 
Limit 

.5 10 - 

.5 9 9.5 

.5 7.5 8.5 

.5 5.5 6.5 

.5 3.5 4.5 

- 1 2.5 

n MFs for scale 
iterations.  From 

h of Gaussian MF 
cts the projection 

 
ect. 

 

esigned using the 
ed from a real 

the test handler 

process, is used for experimentatio
the surface plots of the RPN versus 
10 and 1, respectively.  Note that m
obtained. 

 
Figure 8 RPN versus S and O for the tes

 

 
Figure 9 RPN versus S and O for the tes

 
However, it is not straight

monotonicity relationship between 
The surface plot may not be an effe
As such, we propose to test the mo
procedure in section IV.  Here
generated, and the degree of mono
results are summarized in Table 3.  
of monotonicity is 1.  This vindicate
relationships between the RPN and
words, the monotonicity property is

 

Table 3 The scale tab

Data set  
 

#

Test handler 2700 2700 

VI. SUMM

In this paper, the monotonicity 
has been investigated, and a nove

 

on.  Figures 8 and 9 depict 
S and O, while D is kept at 

monotonic surface plots are 

 

t handler process, while D=10 

 

st handler process, while D=1 

forward to evaluate the 
the RPN and S, O, and D.  
ctive method in this regard.  
onotonic relationship using 
e, comparable points are 
otonicity is obtained.  The 
As can be seen, the degree 

es the monotonic increasing 
d S, O, and D.  In another 
s guaranteed. 

le for Severity 

 
 

 
 

1 

MARY 
property of an FIS model 

el technique for designing 
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Gaussian MFs for a monotonic FIS model has been proposed.  
The technique shows how a set of Gaussian MFs can be 
generated from a qualitative scale table.  The proposed 
technique is useful, as it allows the Gaussian MFs design 
procedure for a monotonic FIS model to be automated.  The 
proposed method can be applied to various FIS modeling 
problems that involve a qualitative scale table, e.g., assessment 
and decision problems, as well as education assessment 
problem [7]. 

On the other hand, the use of a monotonicity measure in 
FIS modeling has been proposed in this paper.  The usefulness 
of the proposed techniques has been demonstrated with a real 
industrial case study, i.e., an FIS-based RPN model for 
FMEA.  Promising results have been obtained.   

For further work, the use of other  values can be 
examined.  Besides, other techniques such as nonlinear 
programming, particle swam optimization, and harmony 
search can be adopted for optimization purposes.  
Applicability of the monotonic FIS models to other domains, 
e.g. education assessment, can be investigated too. 

 
ACKNOWLEDGMENT 

The financial support provided by a Fundamental Research 
grant (No. FRGS/02(10)/752/2010(38)) and USM RU Grant 
(No. 814089) for this work is highly appreciated. 

REFERENCES 
[1] E.V. Broekhoven and B.D. Baets, “Only Smooth Rule Bases Can 

Generate Monotone Mamdani–Assilian Models Under Center-of-Gravity 
Defuzzification,” IEEE Trans. Fuzzy Syst., vol.17, no.5, pp.1157-1174, 
2009. 

[2] V.S. Kouikoglou and Y.A. Phillis, “On the monotonicity of hierarchical 
sum-product fuzzy systems,” Fuzzy Sets Syst., vol.160, no.24, pp.3530-
3538, 2009. 

[3] J.M. Won, S.Y. Park, and J.S. Lee, “Parameter conditions for monotonic 
Takagi-Sugeno-Kang fuzzy system,” Fuzzy Sets Syst., vol.132, no.2, 
pp.135-146, 2002. 

[4] P. Lindskog and L. Ljung, “Ensuring monotonic gain characteristics in 
estimated models by fuzzy model structures,” Automatica, vol.36, no.2, 
pp.311-317, 2000. 

[5] K.M. Tay and C.P. Lim, “On the Use of Fuzzy Inference Techniques in 
Assessment Models: Part I: Theoretical Properties,” Fuzzy Optim Decis 
Making, vol.7, no.3, pp.269-281, 2008. 

[6] K.M. Tay and C.P. Lim, “On the Use of Fuzzy Inference Techniques in 
Assessment Models: Part II: Industrial Applications,” Fuzzy Optim Decis 
Making, vol.7, no.3, pp.283-302, 2008. 

[7] K.M. Tay and C.P. Lim. “A Fuzzy Inference System-Based Criterion-
Referenced Assessment Model,” Expert Syst. Appl., vol.38, no.9, pp. 
11129-11136, 2011. 

[8] H. Seki, H. Ishii, and M. Mizumoto, “On the Monotonicity of Fuzzy-
Inference Methods Related to T–S Inference Method,” IEEE Trans. Fuzzy 
Syst, vol.18, no3, pp.629–634, 2010. 

[9] J. Liu, L. Martínez, H. Wang, R.M. Rodríguez and V. Novozhilov, 
“Computing with words in risk assessments,” Int. J. Comput. Int. Sys., 
vol.3, no.4, pp. 396-419, 2010. 

[10] H. Daniels and M. Velikova, “Monotone and partially monotone neural 
network,” IEEE Trans. Neural Netw., vol.21, no.6, pp.906-917, 2010. 

[11] K.M. Tay and C.P. Lim, “Enhancing the Failure Mode and Effect 
Analysis methodology with Fuzzy Inference Techniques,” J. Intell. Fuzzy 
Syst., vol.21, no.1-2, pp.135-146, 2010. 

[12] J.B. Bowles and C.E. Peláez, “Fuzzy logic prioritization of failures in a 
system failure mode effects and criticality analysis,” Reliab. Eng. Syst. 
Safe., vol.50, no.2, pp. 203-213, 1995. 

[13] J.S.R. Jang, C.T. Sun, and E. Mizutani, Neural-Fuzzy and soft 
Computing. Prentice-Hall,1997. 

[14] C.T. Lin and C.S. Greoge Lee, Neural-fuzzy systems: a Neural-fuzzy 
synergirm to intelligent systems. Prentice-Hall,1996.  

1224



<<
  /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 /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /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 false
  /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 false
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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 true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks true
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (Japan Color 2001 Coated)
      /DestinationProfileSelector /WorkingCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 400
        /LineArtTextResolution 1200
        /PresetName <FEFF005B9AD889E367905EA6005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed true
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


