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SUMMARY & CONCLUSIONS 

The main goal of our study is precisely predicting the 
reliability performance of electronic boards throughout the 
warranty period by using short-term field return data.  We 
have cooperated with one of the Europe’s largest 
manufacturers and use their well-maintained data with over 
1000 electronic board failures.  Before using the field data for 
our model of warranty forecasting, we filter it to eliminate 
improper data, correlated to incomplete and poorly collected 
data.  Our model is based on a two-parameter Weibull 
distribution, chosen from many other distribution options 
regarding optimum curve fitting.  In the fitting process we use 
and compare “Bayesian”, “rank regression”, and “maximum 
likelihood” fitting techniques.  Our method has two steps.  In 
the first step, we investigate how the Weibull parameter  
changes by increasing the number of months of field data.  For 
this purpose we use an electronic board with 36 months (full 
warranty period) of field return data.  We develop a 
mathematical model of  as a function of the field data time 
interval and board dependent parameters.  In the second step, 
we make a warranty forecasting of a new electronic board 
using its 3-month field data by using the mathematical model 
developed in the first step.  The proposed method is evaluated 
by applying it to different electronic boards with 36 months 
(full warranty period) of field return data.  The predicted 
results from our method and the direct results from the field 
return data matches well.  This demonstrates the accuracy of 
our model. 

1 INTRODUCTION 

        In recent years, the importance of electronics reliability 
has grown significantly.  Getting more complex electronic 
systems and usage in large industrial fields requires high 
reliability.  This demand for high reliability reveals a 
requirement for an accurate and early reliability prediction to 
give feedback for the design and warranty precautions. 
       There are many suggested methods to predict reliability of 
electronics in the literature such as accelerated life tests, 
component based numerical and probabilistic simulations, and 
statistical methods.  Conventional accelerated reliability test 
do not meet the demands of today’s very rapid electronic 

product cycles they can be time consuming and expensive.  
Using simulations for components and systems is another 
option, which is time saving, but simulation test data never 
reflects the real-world performance of the product and results 
in accuracy problems for various failure mechanisms [1].  
Therefore, laboratory data based predictions can be deceptive 
for many applications.  This underlines the importance of 
using the product’s field return data for reliability analysis that 
is relatively accurate, cheap and time saving.  In this study, we 
perform warranty forecasting of electronic boards by 
exploiting field return data.  We have cooperated with one of 
the Europe’s largest manufacturers and use their well-
maintained data with over 1000 electronic board failures.   
      Considering the field-data based studies in the literature [2, 
3], one of the common issues is data reliability, correlated to 
incomplete and wrong records.  For this reason, a filtering 
process must be conducted [4].  In this study, we first make 
the data reliable by filtering it to eliminate incomplete and 
poorly collected data. 
       Conventional reliability prediction methods using field 
return data of a product has an important constraint.  They can 
only predict very near future reliability of a product since they 
assume that failure mechanisms of a product do not change.  
Indeed, a product, consisting of many components, has 
different failure mechanisms for different operating time 
intervals corresponding to “early failure”, “useful life”, and 
“wear out” regions.  For example, with conventional methods 
one cannot predict the product’s reliability performance for 
the useful life period by using the data from the early failure 
period.  In this study, we propose a new method to overcome 
this problem.  Our model is based on two-parameter Weibull 
distribution, chosen from many other distribution options 
regarding optimum curve fitting.   
      The main goal of our study is to precisely predict the 
reliability performance of electronic boards throughout the 
warranty period by using very short-term field return data.  
For electronic boards targeted in this study, warranty period is 
3 years, and we use the first 3 months field data.  In the fitting 
process we use “Bayesian”, “rank regression”, and “maximum 
likelihood” estimation techniques and compare them in terms 
of performance on the field return data.   
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        Our method has two steps.  In the first step, we 
investigate how the Weibull parameter  changes by 
increasing the number of months of field data.  For this 
purpose we use an electronic board with 36 months (full 
warranty period) of field return data.  We develop a 
mathematical model of  as a function of field data time 
interval and board dependent parameters.  In the second step, 
we make a warranty forecasting of a new electronic board 
given its 3-month field data.  We achieve this using the 
mathematical model developed in the first step.  The proposed 
method is evaluated by applying it to different electronic 
boards with 36 months of field return data.  The predicted 
results from our method and the direct results from the field 
return data matches well.  This demonstrates the accuracy of 
our model. 
       The paper is organized as follows.  We first introduce the 
filtering method of the field return data in Section 2.  Then, we 
give information about estimation methods showing their 
results and comparisons on the filtered field return data in 
Section 3.  Finally, we offer a warranty prediction method via 
change of  parameter of Weibull distribution with time in 
service and its mathematical model in Section 4. 

2 FILTERING 

       In order to obtain accurate results for warranty analysis, it 
is necessary that the field return data contain correct records in 
terms of assembly dates, return date, and number of sales and 
failures.  However, most of the time field-return data includes 
both obvious and hidden errors.  Obvious errors can be easily 
detected by looking at the failure record of an item.  These 
errors usually appear as wrong records on field return data.  
Frequently encountered hidden errors are missing records, 
which can affect warranty analysis badly since failed items in 
a product group are seen suspended (missing) in the warranty 
analysis.  In this case, a statistical process is needed to detect 
hidden errors. 
     In this section, a systematic approach, given in details in 
[5], to detect hidden errors in the field return data is used.  For 
this study statistical inferences are based on Weibull 
distribution and its beta ( ) parameter.  Weibull  parameter 
can take values in three region; 0<  < 1,  = 1,  > 1.  These 
three regions correspond to early failure, useful life and wear 
out regions respectively in the hazard rate curve [6].  It is 
logical to expect to see early failure and useful life in a 
warranty analysis of an industrial product especially for 
electronic systems. 
           To detect hidden errors, 54 months field return data, 
including failures in the product groups assembled in the first 
54 months, is analyzed by separating the field return data into 
different assembly time intervals.  Examined field return data 
includes only warranty records of three years.  Time intervals 
are expanded in the forward direction by adding six months 
intervals like 1-6 months, 1-12 months, etc., and then  values 
are observed.  Also field return data is analyzed in separate 
time intervals like 1-6 months, 7-12 months, etc.  Weibull  
values of these two analyses are given in Figure 1 and Figure 
2, respectively.  According to Figure 1 and Figure 2,  values 

of the first 18 months are significantly greater than 1.  On the 
other hand  values of the data covering the whole warranty 
period cannot be higher than 1.  Therefore it is clear that the 
first 18 months records in the field return data are problematic; 
they must be filtered.  In the next two sections, filtered field 
return data is used for our analysis.   

 
3 ESTIMATION METHODS 

       Our main purpose in this study is predicting the  
(Weibull parameter) values of the boards throughout their 3 
year warranty periods by using the  values of the data with 
time to failure (TTF) values less than or equal to 3 months.  
Therefore the  values for TTF  3 months is crucial and 
should be calculated accurately.  For this calculation we 
review and compare MLE, Bayesian, and rank regression 
methods.  We also give a brief background about the Weibull 
distribution.   

3.1 Estimation of parameters for Two-Parameter Weibull 
distribution 

      The Weibull distribution is one of the most popular and 
widely used models of failure time in life testing and 
reliability theory.  The estimation of the its parameters were 
considered by many authors such as Hossain and Zimmmer 
[7], Balakrishnan and Kateri [8], Teimouri et al.  [9], and 
references cited therein.  More details about the Weibull 
distribution can be found in Muthy et al.  [10] and Rinne [11]. 
      A Weibull distribution with the shape parameter  and 

Figure 2-Beta values for six month separate periods 

Figure 1- eta values in forward analysis. 
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the scale parameter  is denoted by ),(WE .  The 
cumulative density function (cdf) and probability density 
function (pdf) of a random variable ),(WEX :  are given 
as  

                       0,>,1=),;( xexF
x

  (1) 

and 
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The estimation of the parameters ,   can be obtained by 
using Classical (MLE and Rank R.) and Bayesian approaches. 

3.2   MLE Estimation 

In this part, we consider the maximum likelihood estimates 
(MLE) of the parameters for the Weibull distribution.  Let 

nXX ,...,1  be a independent random sample from Weibull 
distribution with parameters ),( .  Then the likelihood 
function is  
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Taking the natural logarithm, we get the log-likelihood 
function 
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The MLEs of the parameters  and  (denoted by and r 
espectively) are the set of values of the model parameters that 
maximizes the likelihood function given in (2) based on the 
samples .,...,1 nxx  These estimates are derived from the 
following equations 
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Then, the MLE of ,  is given by  

                                            (3) 

and the MLE of ,   is the solution of the following non-
linear equation 
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can be obtained as the solution of the nonlinear equation of 
the form =)(H  where  
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Since, is a fixed point solution of the nonlinear equation (4), 
its value can be obtained using an iterative scheme like: 

),(= )(1)( jj H  where )( j
 is the j th iterate of .  The 

iteration procedure should be stopped when 
1)()( jj

 is 

sufficiently small.  After  is obtained,  is obtained from 
equation (3). 

3.3 Bayesian Estimation 

       Bayesian approach has a number of advantages over the 
conventional frequentist approach where data is a repeatable 
random sample - there is a frequency. Bayes theorem is a 
consistent way to modify our beliefs about the parameters 
given the data that actually occurred.  In the Bayesian 
inference, the most commonly used loss function is the 
squared error (SE) loss function, ,)(=),( 2L  
where  is an estimate of .  This loss function is 
symmetrical and gives equal weight to overestimation as well 
as underestimation. 
        In this part, we consider the Bayes estimates of the 
parameters of Weibull distribution under the SE loss function 
when the parameters  and  are both unknown and 
random variables. 
        The Bayesian approach assumes that the parameters  
and  are random variables rather then being fixed as in 
classical approach.  In this study, we assume that  has 
exponential distribution with the hyper-parameter  and the 
parameter  has uniform distribution in .),( ba  That is the 
prior distribution of  is ,1=)( /e  0>  and the 

prior distribution of  is =)(  
.1
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posterior density function of  and  is given by  
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The Bayes estimate of a given measurable function of  and 
, say ),(g  under the SE loss function is its posterior 

mean.  Therefore, the Bayes estimate of ),(g  under the 
SE loss function 
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        It is not possible to compute the above equation 
analytically.  Different approaches are available in the 
literature such as Lindley’s approximation, Tierney-Kadane 
method, or Markov chain Monte Carlo (MCMC) method.  The 
Lindley’s approximation can be applied to obtain the Bayes 



estimates of  and .  The bayesian estimate of  is 
obtained using one of these approximation when 

,=),(g  similarly for  when .=),(g  
Morever, the hyper-parameters can be obtained using method 
of moments. 

3.4 Linear Rank Regression 

        One of the simplest method for parameter estimation is 
that of probability plotting.  This methodology involves 
plotting the failure times to determine the fit of the data to a 
given distribution by using the linear rank regression, which is 
a simple technique that engages replacing the data with their 
corresponding ranks [12].  With this method only the position 
where the failure occurred is taken into account, and not the 
exact time-to-suspension.  This shortfall is significant when 
the number of failures is small and the number of suspensions 
is large and not spread uniformly between failures,  as with 
these data.  Therefore, in this study we do not use rank 
regression method; we only consider maximum likelihood 
(MLE) or Bayesian estimation methods to estimate the 
parameters instead of using least squares.  A comparison of 
the  MLE and Bayesian methods follows. 

3.5 Comparison of MLE and Bayesian Methods 

       We compare the methods on different sample sizes.  The 
comparison is shown in Table 1.  We select exponential 
distribution with a hyperparameter for the prior fuction of 
the Bayesian method.  The hyperparameter is calculated as 
the arithmetic mean of the TTF values.  As shown in the 
second row of the table (bold), for very large sample sizes, 
MLE and Bayesian methods give very close results.  This is 
expected considering that the larger the sample size the more 
accurate the estimation.  However decreasing sample sizes 
results in very different  values.  While  values of the 
Bayesian method remains almost the same (that is the sign of 
accuracy),  values of the MLE method changes 
significantly.  In the Bayesian approach, the uncertainty about 
the parameter is represented by a probability density function 
which may result in more accurate estimates.  As a result, in 
this study we prefer to use Bayesian method to estimate  
values of the data with TTF  3 months. 

 
Sample Size  from MLE  from Bayesian 
538 0,39526 0,381216 
177  0,471275 0,432028 
73  0,55383 0,442491 
56  0,72817 0,501102 
42  0,750407 0,415987 

Table 1- Beta values for different sample sizes for MLE and 
Bayesian methods; TTF  3 months.  

4 WARRANTY FORECASTING 

       Conventional reliability prediction methods using field 
return data have an important constraint.  They can only 

predict very near term reliability of a product.   
       Field return data of an electronic board can be used to get 
some inferences about reliability of next generation boards, 
which have similar components and production methods.  We 
call these similar boards a family.  While doing prediction 
about next generation boards, it is expected to get fast 
reliability prediction in early phase of products.  For this 
reason a new method is offered in this section.  The method, 
we introduce, consists of two steps.  Firstly, we investigate 
how the  parameter of Weibull distribution changes with 
increasing time and failures.  We calculate  values via 
Bayesian estimation method, whose performance is better than 
MLE method as pointed in previous section.  Then we fit a 
curve to denote  as a function of service time, namely time to 
failure (TTF).  Due to this fitting, we obtain 2 parameters and 
examine change of  values of another similar electronic board 
with time.   
        In this study, we base our analysis and methods on the 
two-parameter Weibull distribution and its parameter  since 
we see that estimated values of the Weibull  parameter 
don’t change considerably with TTF values in the warranty 
analysis of field return data.  Also  affects hazard rate 
function directly.   

4.1 Analysis of change of   Beta in warranty analysis 

        To determine the change of , we analyze filtered field 
return TTF data.  Due to the filtering, we now have the data 
obtained in the last   36 months (initially 54 months).  This is 
irrelevant from the warranty duration which is also 36-month.  
We perform warranty analysis for 1, 2, 3, 6, 9, 12, 18, 24, 30, 
36 month TTF in Reliasoft Weibull++ program using Weibull 
distribution.  For each month (1, 2, 3, 6, 12, 18, 24, 30, 36) we 
examine the  parameter.  In the method, n-month TTF 
analysis refers to the analysis of field return records which 
have 1, 2, 3, 4, ,,,, n-1, n month TTF value.  Namely, 36 
months analysis involves all the filtered data since the 
warranty has 36 months.  Result of the analysis for an 
electronic board, Board-B, is given in Table 2 and Figure 3.  
As seen from Figure 3,  of filtered field return data has a 
logarithmic growth model which approaches 1 (useful life 
region) toward to the end of the warranty period as expected 
for an electronic board whose wear out region is assumed to 
be 10-15 years. 
 

Month Beta  
1 0.332 
2 0.369 
3 0.381 
6 0.436 
9 0.489 

12 0.551 
18 0.648 
24 0.699 
30 0.588 
36 0.588 

Table 2- Beta values for different time to failures analysis 



 

4.2 Warranty forecasting with curve fitting 

      In the second step, we fit  values to a curve to implement 
 as a function of time as seen in Figure 3 .Here, we use 

logarithmic curve fitting using the least square method.  The 
equation of the curve is obtained as; 
         , t >0 (Month)  (5) 
      As a result of our experiments with different real field 
return data, we know that  curves of products in the same 
family have similar trends and close values to each other.  
Therefore with this motivation, we make two definitions.  We 
define parameter a as product dependent parameter since it is 
closely correlated with  values in early months.  Parameter b 
is defined as technology dependent parameter since change of 
b create slight differences in equation (5) and this situation is 
more suitable for the evaluation of electronic board in terms of 
technology change.  For this reason it is reasonable to assume 
that technology dependent parameter may be same for a 
family.  Therefore we assume that b is fixed and a is variable 
for products in a family. 
       Fitting results of Board-B for a and b are 0.149 and 5.77 
respectively.  Therefore we expect that  equation of family 
including Board-B is .  Due to this 
equation, change of  with time can be estimated 
approximately from the early warranty data.  If we know b for 
a family, we can calculate a in (5) from  values obtained by 
early warranty analysis with the proposed method in section 
(4.1).  Two experimental results are given by Figure 4 and 
Figure 5.  These graphics show a comparison of real  values 
of Board-F and Board-E and their estimated curves from 
Board-B,  (t) = .  The values of a are 
calculated directly from their 3-month analyses, since by the 
third month there are usually an adequate number of record to 
get a healthy estimations.  Parameter a is calculated for Board-
E as 0.1339 and for Board-F as 0.1266. 

 

 
        In Figure 4 and 5, discrete points represents real  values 
obtained from whole field return data analysis in terms of TTF 
(1, 2, 3, ,,,) as in the first step of this section.  Curves in Figure 
4 and 5 are derived from equation (5).  It is clear from these 
figures that as expected there is a significant match with real 
values in the warranty period.  The most important advantage 
of this method is the ability to work with past products 
warranty data and early warranty data of next generation 
products.  An additional result that shows consistency of our 
method is given in Figure-6, which shows result of the 
analysis conducted for another electronic board, Board-K, not 
a member of the family of Board B-E-F.  The estimated curve 
of Board-K is obtained from the same process used for other 
boards by using the same value for b.  There is a substantial 
difference between real beta values and the estimated curve in 
the Figure-6.  This happens mainly because Board-K is not a 
member of the family of Board B-E-F.  As a future work, we 
improve our model to be applicable for different electronic 
products.   
 

 
Figure 6- Comparison of estimated curve and real values for 
Board-K 

      In our method, the main challenge is accurately calculating 
the  values from early field return data.  In this section we 
calculate the  values from a large field data to show the 
consistency of our method.  But in the offered situation 
namely in the case of early warranty returns, data size (sample 
size) may not be sufficient relative to the whole field data, 
which affects the estimated  values in warranty analysis.  
Such a difference in the  values will cause a difference in 
parameters of the equation in (5).  In this situation, we propose 
to use Bayesian estimation method that gives more accurate 
results in the case of low sample size as discussed in section 
(3.5).  Table I illustrates this by comparing MLE and Bayesian 
methods for different sample sizes. 
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Figure 3- Beta values and their fitted curve for Board-B 

Figure 4- Comparison of estimated curve and real values for 
Board-E 

Figure 5- Comparison of estimated curve and real values for 
Board-F 
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5 CONCLUSION 

       The main goal of our study is precisely predicting the 
reliability performance of electronic boards throughout the 
warranty period by using very short-term field return data. For 
electronic boards targeted in this study, warranty period is 3 
years, and we use field data of their first 3 months. 
Conventional reliability prediction methods can only predict 
very near future reliability of a product since they assume that 
failure mechanisms of a product do not change.  In this study, 
we propose a new method to overcome this problem.  The 
proposed method is evaluated by applying it to different 
electronic boards with field return data of 36 months (full 
warranty period).  The predicted results from our method and 
the direct results from the field return data matches well. This 
demonstrates the accuracy of our model.    

REFERENCES  

1.  Y.  Hong, W.Q.  Meeker, “Field-Failure and Warranty 
Prediction Based on Auxiliary Use-Rate Information”, 
Technometrics, vol.52, (May) 2010, p 148. 
2.   M.R.  Karim, K.  Suzuki, “Analysis of Warranty Claim 
Data: A Literature Review”, International Journal of Quality 
& Reliability Management, vol.  22, 2005, p 667-686. 

S.  Wu, “Warranty Data Analysis: A Review” Quality and 
Reliability Engineering International, vol.  28, (Dec.) 2012, p 
795–805. 
4.  W.R.  Blischke, M.R.  Karim, D.N.  Murthy, Warranty 
Data Collection and Analysis, New York, Springer, 2011. 
5.  S.V Comert, H.  Yadavari, M.Altun, E.N.  Erturk, 
“Reliability Prediction of Electronics Board by Analyzing 
Field Return Data”, European Safety and Reliability 
Symposiums, (Sept.) 2014. 
6.  P.  O’Connor, A.  Kleyner, Practical Reliability 
Engineering, West Sussex, John Wiley&Sons, 2012. 
7.  A.M.  Hossain, W.J.  Zimmmer, “Comparison of 
Estimation Methods for Weibull Parameters: Complete and 
Censored Samples”, Journal of Statistical Computation and 
Simulation, vol.  73(2), 2003, p 145-153. 
8.  N.  Balakrishnan, M.  Kateri, “On the Maximum 
Likelihood Estimation of Parameters of Weibull Distribution 
Based on Complete and Censored Data”, Statistics and 
Probability Letters vol.78, 2008, p 2971 2975.   
9.  M.  Teimouria, S.M.  Hoseinib, S.  Nadarajah, 
“Comparison of Estimation Methods for the Weibull 
Distribution”, Statistics, vol.  47(1), 2013, p 93-109. 
10.  D.N.P.  Murthy, M.  Xie, R.  Jiang, Weibull Models, New 
York, Wiley, 2004. 
11.  H.  Rinne, TheWeibull distribution: A Handbook, Boca 
Raton, CRC Press 2009. 
12.  T.P.  Hettmansperger, Statistical Inference Based on 
Ranks, New York, Wiley, 1984. 

BIOGRAPHIES 

Vehbi Comert 
Department of Electronics and Communication Engineering 
Istanbul Technical University, Electrical-Electronics Faculty 
ITU Ayazaga Campus Maslak, 34469 Istanbul TURKEY 

Email: comertsa@itu.edu.tr 
 
Vehbi Comert is a research assistant and M.sc student at 
Department of Electronics and Communication at the Istanbul 
Technical University. He received BSc degree in Electronics 
Engineering at the Istanbul Technical University in 2013. 
 
Mustafa Altun 
Department of Electronics and Communication Engineering 
Istanbul Technical University, Electrical-Electronics Faculty 
ITU Ayazaga Campus Maslak 
34469 Istanbul TURKEY 
Email: altunmus@itu.edu.tr 
 
Mustafa Altun received his BSc and MSc degrees in 
electronics engineering at Istanbul Technical University in 
2004 and 2007, respectively. He received his PhD degree in 
electrical engineering with a PhD minor in mathematics at the 
University of Minnesota in 2012. Since 2013, he has been an 
assistant professor of electronics engineering at Istanbul 
Technical University. He has served as a researcher and a 
principal investigator of various TUBITAK (The Scientic and 
Technological Research Council, Turkey) and NSF (The 
National Science Foundation, USA) research projects. He is 
an author of more than 20 peer reviewed papers, and the 
recipient of the prestigious Werner von Siemens Excellence 
and TUBITAK Career awards. 
 
Mustafa Nadar 
Department of Mathematics Engineering 
Istanbul Technical University, Arts and  Sciences Faculty 
ITU Ayazaga Campus Maslak, 34469 Istanbul TURKEY 
Email: nadar@itu.edu.tr 
 
Mustafa Nadar received his BSc and MSc/MA degrees in 
Statistics at Middle East Technical University/Penn State 
University in 1989 and 1993/1996, respectively. He received 
his PhD degree in Statistics at Penn State University in 
2000.  Between 2000-2011 and 2011-2013 he was an 
assistant/associate professor in the Department of 
Mathematics at Gebze Institute of Technology. Since 2013, he 
has been an associate professor of Statistics at Istanbul 
Technical University. He is an author of more than 10 peer 
reviewed paper. 
 
Ertunç Nedim Ertürk 
Arcelik R&D, Electronics Evaluation 
34950 Cayirova, Tuzla/ISTANBUL TURKEY 
Email: ertunc.erturk@arcelik.com 
 
Ertunc Nedim Erturk received his BSc in Physics Engineering 
at Istanbul Technical University in 2010 and still continues to 
master program in the same department. He has been working 
at Arcelik White Good Appliances as R&D Engineer in R&D 
Center since 2010. He is specialized in reliability of electronic 
components and optical measurements. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /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 400
  /MonoImageMinResolutionPolicy /OK
  /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

  /CreateJDFFile 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 (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


