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Overview 

Our recent paper “Proxy Functions for the Projection of Variable Annuity Greeks” outlined a 
methodology for statistically efficient and accurate estimation of the multi-period behavior of 
VA Greeks through the stochastically-projected run-off of the business. This will be useful for VA 
businesses that wish to evaluate the likely performance of hedging strategies and demonstrate 
hedge effectiveness to regulators.  

The case study in that paper highlighted the effectiveness of the methodology, but only 
considered the case of a vanilla put option. This short note extends the analysis of the previous 
case study by considering a more complex example: a lookback option. We show that the 
methodology can produce a similar quality of fitting performance for the lookback option as in 
the vanilla option case. We also discuss the methodology adjustments that are necessary for the 
Greeks fitting strategy in order to accurately fit to forms of path-dependent, exotic options such 
as lookbacks. 
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1. Introduction 

 

Our recent paper “Proxy Functions for the Projection of Variable Annuity Greeks” outlined a methodology for statistically efficient 
and accurate estimation of the multi-period behavior of VA Greeks through the stochastically-projected run-off of the business. 
This will be useful for VA businesses that wish to evaluate the likely performance of hedging strategies and demonstrate hedge 
effectiveness to regulators.  

The case study in that paper highlighted the effectiveness of the methodology, but only considered the case of a vanilla put 
option. This short note extends the analysis of the previous case study by considering a more complex example: a lookback option. 
We show that the methodology can produce a similar quality of fitting performance for the lookback option as in the vanilla 
option case. We also discuss the methodology adjustments that are necessary for the Greeks fitting strategy in order to accurately 
fit to forms of path-dependent, exotic option such as lookbacks. 

Section 2 describes the option used in the case study and its assumed valuation model. 

Section 3 develops the Greeks fitting methodology, and in particular highlights where it needs to be adjusted from the fitting 
strategy described in the previous paper. 

Section 4 provides out-of-sample validation test results and section 5 concludes. 
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2. Example liability and valuation model 

In this note we consider a specific problem of estimating market-consistent value, Delta, Rho and Vega for a 10-year lookback put 
option on an equity index. At maturity 𝑇, the option pays the difference between the highest value of the index over the life of the 
option (𝑆𝑇𝑀𝑎𝑥) and the index value at maturity (𝑆𝑇): 

𝑃𝑎𝑦𝑜𝑓𝑓 = 𝑆𝑇𝑀𝑎𝑥 − 𝑆𝑇 

To estimate the market-consistent value of this liability, we assume the equity index follows a Geometric Brownian Motion (Black-
Scholes model) under the risk-neutral measure. While such a model may appear unrealistically simple, such models are often used 
to value VA guarantees in practice. Furthermore, for the particular liability considered here, market-consistent value can be 
calculated using standard analytical formulae while Greeks can be calculated accurately using numerical differentiation of the 
value function. In the current exercise, such analytical values are useful as they provide a benchmark against which we can validate 
fitted proxy functions. 

3. Fitting methodology 

Our first consideration is to identify the risk factors that the option value (and its Greeks) depend on. Given our choice of Black-
Scholes valuation model, the value of the lookback option (and hence its Greeks) at some future time 𝑡 is a function of four risk 
factors: 

» The risk-free interest rate 𝑅𝑡 

» The volatility 𝜎𝑡 

» The current equity index 𝑆𝑡  

» The maximum value of the index achieved to date 𝑆𝑡𝑀𝑎𝑥  

For notational convenience we collect the risk factors together as a vector 𝑅𝐹𝑡 = (𝑅𝑡 ,𝜎𝑡 , 𝑆𝑡 , 𝑆𝑡𝑀𝑎𝑥). Our aim is to develop proxy 
functions for value 𝑉𝑡

𝑝𝑟𝑜𝑥𝑦�𝑅𝐹𝑡�, delta ∆𝑡
𝑝𝑟𝑜𝑥𝑦�𝑅𝐹𝑡�, rho 𝜌𝑡

𝑝𝑟𝑜𝑥𝑦�𝑅𝐹𝑡� and vega 𝒱𝑡
𝑝𝑟𝑜𝑥𝑦�𝑅𝐹𝑡� by fitting the function to 

estimated values at a selection of ‘fitting points’ 𝑅𝐹𝑖,𝑡 = �𝑅𝑖,𝑡 ,𝜎𝑖,𝑡 , 𝑆𝑖,𝑡 ,𝑆𝑖,𝑡𝑀𝑎𝑥�.  

Following on from our experience in developing Greeks proxy functions for vanilla options (Clayton, et al. 2013) we have made the 
following methodology choices in carrying out these fits: 

1. At each fitting point, we estimate each Greek using a ‘bump-and-revalue’ method, and then fit a proxy function to these 
estimates. Our previous paper indicates that this method provides superior fits to a potential alternative in which we 
estimate market-consistent value at each fitting point, fit a proxy function to this, and differentiate this function with 
respect to the relevant risk factor in order to calculate its Greeks. 

 In this paper, the bump-and-revalue estimate at fitting point 𝑅𝐹𝑖,𝑡 = �𝑅𝑖,𝑡 ,𝜎𝑖,𝑡 , 𝑆𝑖,𝑡 ,𝑆𝑖,𝑡𝑀𝑎𝑥� was defined by bumping 
 the relevant risk factor by a small amount 𝛿𝑥 (while leaving all other risk factors unchanged) to create a new fitting point, 
 revaluing the option and estimating the derivative as a finite difference. For example, to estimate delta, we create the 
 new fitting point 𝑅𝐹𝑖 ,𝑡

𝑆 𝑏𝑢𝑚𝑝𝑒𝑑 = �𝑅𝑖,𝑡 ,𝜎𝑖,𝑡 , 𝑆𝑖,𝑡 + 𝛿𝑥, 𝑆𝑖,𝑡𝑀𝑎𝑥� and define: 

Δ�𝑖,𝑡 =
𝑉��𝑅𝐹𝑖,𝑡

𝑆 𝑏𝑢𝑚𝑝𝑒𝑑� − 𝑉��𝑅𝐹𝑖,𝑡�
𝛿𝑥

 

 where 𝑉�  is the estimated value, estimated using risk-neutral Monte Carlo simulation. 

 In our previous paper, we estimated Greeks using bumped scenarios in which a number of risk factors are bumped 
 simultaneously (rather than stressing individual risk factors independently). This ‘cluster’ method enabled us to recycle 
 fitting scenarios at different time–steps and thus cut down on the total number of fitting scenarios required. In the 
 current context, we were unable to produce satisfactory fits using this method, due to the strong dependency between 
 the index 𝑆𝑡and the maximum to date 𝑆𝑡𝑀𝑎𝑥 . As a result we chose to separately bump each individual risk factor as 
 described above. 
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2. Proxy functions are fitted using a ‘local regression’ technique (sometimes referred to as LOESS), whereby we fit local 
polynomial functions at each point in the risk factor space, using a weighted least squares technique with more weight 
on placed on ‘nearby’ fitting points (Cleveland and Devlin 1988). For example, if we want to estimate the option delta at 
time 𝑡, we evaluate using a polynomial Δ𝑡

𝑝𝑟𝑜𝑥𝑦  whose coefficients have been chosen so as to minimize the weighted sum 
of squared residuals: 

�𝑤�
𝐷�𝑅𝐹𝑖,𝑡 ,𝑅𝐹𝑡�

ℎ
� �Δ�𝑖,𝑡 − Δ𝑡

𝑝𝑟𝑜𝑥𝑦�𝑅𝐹𝑡��
2

𝑖

 

 where Δ�𝑖,𝑡 is the estimated delta in scenario 𝑖. 𝐷�𝑅𝐹𝑖,𝑡 ,𝑅𝐹𝑡� describes the ‘distance’ between the evaluation point 𝑅𝐹𝑡
 and fitting point 𝑅𝐹𝑖,𝑡 , with the weight function 𝑤 �𝐷�𝑅𝐹𝑖,𝑡,𝑅𝐹𝑡�

ℎ
� typically chosen so as to put less weight on fitting points 

 that are further away from the evaluation point.1 Since the fitting space is adjusted dynamically to reflect a small 
 neighborhood around the chosen point, we can accurately estimate the function in that neighborhood using only low-
 order polynomials, for example linear functions or even constants. 

4. Out-of-Sample Validation Testing 

In the specific case of a lookback put option, we have chosen to fit and validate proxy functions at years 1, 5 and 9. We assumed a 
total fitting scenario budget of 100,000 scenarios per point in time. This consists of 25,000 ‘base’ scenarios and three sets of 
25,000 of ‘bump’ scenarios (corresponding to the three different Greeks). At each time step of interest, base fitting points were 
sampled to cover a wide range of plausible values, as follows: 

» Risk-free interest-rates and volatilities were sampled uniformly, over a range tailored to reflect the range of plausible values at 
the time step of interest. For example, at year 5, the risk-free rate was sampled in the range [1%,9%] and volatility sampled in 
the range [15%,35%]. 

» Conditional on a particular risk-free rate and volatility sample, the equity index was sampled assuming a uniform distribution 
covering the 1%-99% quantiles as implied by the corresponding Black-Scholes model. 

» Conditional on a particular volatility and equity index sample, the maximum index achieved to date was sampled assuming a 
uniform distribution covering the 1%-99% quantiles as implied by the corresponding Black-Scholes model. 

At each time step, an additional 200 points were chosen as out-of-sample validation points. At each validation point, ‘actual’ 
market-consistent values were calculated using standard analytical formulae while Greeks were calculated accurately using 
numerical differentiation of the analytical value. 

 

 

 

 

 

 

 

 

 

 

 

 

                                                                 
1 ℎ is a ‘bandwidth’ parameter which controls how quickly the weight decays as a function of the distance i.e. how localised the weighting is. 
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Figures 1, 2 and 3 compare proxy vs. actual values for all three methods at times 1, 5 and 9 years, respectively. 

Figure 1: Quality of fit at year 1: proxy vs. actual in 200 validation scenarios across the fitting space 

 
Figure 2: Quality of fit at year 5: proxy vs. actual in 200 validation scenarios across the fitting space 
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Figure 3: Quality of fit at year 9: proxy vs. actual in 200 validation scenarios across the fitting space 

 
 
Figures 1-3 show the quality of fit to value, Delta, Rho and Vega of the lookback put option. As can be seen from Figure 1, proxy 
functions perform extremely well in estimating both, value and Greeks at year one. At years 5 and 9 the quality of fits deteriorates 
slightly, however proxy functions still provide reliable estimates. The deteriorating quality of fit can be explained by the increasing 
non-linearity (complexity) of the true functions that are being estimated as the option approaches maturity.  

Interpolation in time 
According to the fitting methodology described above, the number of fitting scenarios scales with the number of time steps at 
which we want to fit proxy functions. However, in order to project a hedge portfolio we need to be able to evaluate Greeks at 
every time where the portfolio is rebalanced, which may be as frequently as daily. In order to avoid creation of fitting scenarios at 
each daily step, which would be computationally infeasible, we can fit less frequently (e.g. at annual steps) and used an 
interpolation to calculated value and Greeks at intermediate times. As an example, below we present the proxy validation at year 
4.5 using linear interpolation proxy function results between years 4 and 5. 
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Figure 4: Quality of fit at year 4.5: proxy vs. actual in 200 validation scenarios across the fitting space 
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5. Summary & Conclusions 

This short note has extended the case study presented in the earlier paper on multi-period fitting of Greeks by considering the case 
of a more complex path-dependent form of option – a lookback option. We have found that very similar levels of quality of fit can 
be achieved for the Greeks of this type of option throughout its run-off, despite their greater complexity.  

However, some adjustments to the fitting strategy are necessary, and this may entail a greater total scenario budget for the fitting 
process. This will be an ongoing area of further research. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

 10 JANUARY 2014 

ENTERPRISE RISK SOLUTIONS 
 

MULTI-PERIOD MODELING OF GREEKS USING LEAST SQUARES MONTE CARLO 

References 

Clayton, Aurey, Steven Morrison, Craig Turnbull, and Naglis Vysniauskas. Proxy Functions for Projection of Variable Annuity Greeks. 
Moody's Analytics, 2013. 
Cleveland, W S, and S J Devlin. "Locally-Weighted Regression: An Approach to Regression Analysis by Local Fitting." Journal of the 
American Statistical Association, 1988: 83 (403): 596-610. 
Morrison, Steven, Craig Turnbull, and Naglis Vysniauskas. Multi-year projection of market-consistent liability valuations. 2013. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

© 2014 Moody’s Analytics, Inc. and/or its licensors and affiliates (collectively, “MOODY’S”). All rights reserved. ALL INFORMATION CONTAINED HEREIN IS PROTECTED BY LAW, 
INCLUDING BUT NOT LIMITED TO, COPYRIGHT LAW, AND NONE OF SUCH INFORMATION MAY BE COPIED OR OTHERWISE REPRODUCED, REPACKAGED, FURTHER 
TRANSMITTED, TRANSFERRED, DISSEMINATED, REDISTRIBUTED OR RESOLD, OR STORED FOR SUBSEQUENT USE FOR ANY SUCH PURPOSE, IN WHOLE OR IN PART, IN ANY 
FORM OR MANNER OR BY ANY MEANS WHATSOEVER, BY ANY PERSON WITHOUT MOODY’S PRIOR WRITTEN CONSENT. All information contained herein is obtained by 
MOODY’S from sources believed by it to be accurate and reliable. Because of the possibility of human or mechanical error as well as other factors, however, all information 
contained herein is provided “AS IS” without warranty of any kind. Under no circumstances shall MOODY’S have any liability to any person or entity for (a) any loss or damage in 
whole or in part caused by, resulting from, or relating to, any error (negligent or otherwise) or other circumstance or contingency within or outside the control of MOODY’S or any of 
its directors, officers, employees or agents in connection with the procurement, collection, compilation, analysis, interpretation, communication, publication or delivery of any such 
information, or (b) any direct, indirect, special, consequential, compensatory or incidental damages whatsoever (including without limitation, lost profits), even if MOODY’S is 
advised in advance of the possibility of such damages, resulting from the use of or inability to use, any such information. The ratings, financial reporting analysis, projections, and 
other observations, if any, constituting part of the information contained herein are, and must be construed solely as, statements of opinion and not statements of fact or 
recommendations to purchase, sell or hold any securities. NO WARRANTY, EXPRESS OR IMPLIED, AS TO THE ACCURACY, TIMELINESS, COMPLETENESS, MERCHANTABILITY OR 
FITNESS FOR ANY PARTICULAR PURPOSE OF ANY SUCH RATING OR OTHER OPINION OR INFORMATION IS GIVEN OR MADE BY MOODY’S IN ANY FORM OR MANNER 
WHATSOEVER. Each rating or other opinion must be weighed solely as one factor in any investment decision made by or on behalf of any user of the information contained herein, 
and each such user must accordingly make its own study and evaluation of each security and of each issuer and guarantor of, and each provider of credit support for, each security 
that it may consider purchasing, holding, or selling. 

http://www.moodysanalytics.com/~/media/Insight/Regulatory/Solvency-II/Thought-Leadership/2013/2013-27-11-Dynamic-Hedge-Projection-Multi-Period-Modeling-Greeks.ashx
http://www.moodysanalytics.com/~/media/Insight/Regulatory/ORSA/Thought-Leadership/2013/2013-01-04-Multi-year-projection-of-market-consistent-liability-values.ashx


  

 11 JANUARY 2014 

ENTERPRISE RISK SOLUTIONS 
 

MULTI-PERIOD MODELING OF GREEKS USING LEAST SQUARES MONTE CARLO 

 


	1. Introduction
	2. Example liability and valuation model
	3. Fitting methodology
	4. Out-of-Sample Validation Testing
	Interpolation in time

	5. Summary & Conclusions
	References


<<

  /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 1.4

  /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 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 ()

  /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 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



