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Abstract 
 
An adapter element provides a versatile and computationally efficient method for coupling several finite element 
(FE) analysis programs so that the unique modeling and analysis capabilities of each can be utilized simultaneously 
in the simulation of a complete system. FE software is coupled by (1) using each software's programming interface 
to embed an adaptor element, and (2) connecting the adapter elements using OpenFresco (Open-source Framework 
for Experimental Setup and Control). The theory underlying the adapter element is based on the penalty method and 
communication of information at the nodes of the adapter element connecting a master with a slave program. The 
implementation and accuracy are then demonstrated using a dynamic analysis of a structural model from 
earthquake engineering. 

 
Introduction 

 
The use of state-of-the-art finite element software provides an effective method for simulating 
the static and dynamic response of structures. However, such programs are often highly 
specialized, providing excellent modeling and analysis tools for certain research and engineering 
fields, but lacking necessary features in other areas. For the analysis and design of civil 
structures it is necessary to model and simulate complete systems, which may include complex 
behavior, not just individual components. Thus, there is increasing demand for coupling 
specialized programs to take advantage of their unique modeling capabilities. The ability to 
couple finite element analysis software provides additional flexibility and greater realism in 
simulating large engineering systems than may be possible with a single program. 
 
This paper discusses a new simulation method that employs more than one displacement-based 
structural finite element (FE) analysis program. Coupled simulations using multiple instances of 
the same finite element program is a special case. Although the theory presented in the paper 
uses symbols that are common for the finite element analysis using displacement fields, the idea 
can be generalized to finite element analysis for other problems, such as heat transfer, electrical 
potential, etc. The main part of this paper presents the theory for the adapter element and 
describes its implementation with LS-DYNA®'s new user-defined element interface (LSTC 2007) 
in conjunction with the Open-source Framework for Experimental Setup and Control 
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(OpenFresco) (Takahashi and Fenves, 2006; Schellenberg et al., 2007). An illustrative example 
is then presented from the field of earthquake engineering in which LS-DYNA is coupled with 
the Open System for Earthquake Engineering Simulation (OpenSees) (McKenna, 1997; Fenves 
et al., 2007). 

 
Philosophy of FE Software Coupling 

 
Where multiple finite element codes are coupled together, one of the programs is selected as the 
master, solving the complete structural system, while the other programs model and analyze 
different structural subassemblies, and thus, act as slaves. The master program can contain parts 
of the complete system, or none of the system. Each subassembly is acting as a superelement and 
is connected to the master program via interface degrees-of-freedom. The master program sends 
nodal displacements, at the interface degrees-of-freedom, and obtains forces and possibly the 
stiffness matrix for the same degrees-of-freedom. From the slave programs' points of view, the 
displacements at the interface are prescribed, and they return the corresponding nodal reactions. 
 
To connect the master and slave programs in terms of prescribed nodal displacements and 
corresponding reaction forces, an adapter element is developed based on the penalty method. In 
addition, a central coordinator program can be used to accommodate all the overhead, including 
data storage, communication methods, system control, optimization and transformation. 
 
The coordinator program or middleware used in this paper is the Open-source Framework for 
Experimental Setup and Control (Takahashi and Fenves, 2006; Schellenberg et al., 2007), a 
transparent and extensible framework for the research and deployment of hybrid simulation. The 
framework was originally developed to couple structural finite element analysis programs with 
multiple experimental specimens, in a modular and highly structured manner. For example, in an 
analysis, OpenFresco’s network communication protocols allow different parts of the structure to 
be analyzed numerically or tested experimentally while being geographically distributed at 
different sites. Extending this concept, it is feasible to analyze Part A of a large system in 
Program A, Part B in Program B, while  Part C is tested at Experimental Site C, and Part D at 
Experimental Site D. This means that the complete structure consisting of Parts A, B, C, and D is 
analyzed collaboratively in Programs A & B and physically tested at Experimental Sites C & D. 
The remainder of this paper focuses on discussing the coupling of multiple FE-programs. For a 
discussion of the coupling between analytical and experimental parts of a structure please refer to 
Schellenberg et al. (2007). 
 
Several approaches may be used to exchange data between coupled codes. Most researchers 
utilize a file system (Wang et al. 2006; Kwon 2007). When data exchange is required, the slave 
programs write the model definition and states to a file, and their analysis is terminated. The 
master program then reads from the file to complete the analysis step.  The slaved programs must 
restart and read pertinent information about past states and the current step from the file before 
continuing to the next analysis step.  Others have made program-specific modifications to the 
software to be coupled, with communication via network socket connections (Fraunhofer SCAI 
2007; Dassault Systèmes, 2007). This requires access to the source code for the software being 
coupled.  For the approach proposed herein, data exchange takes place between adapter 
elements, embedded by the user into each finite element program using their published 
programming interfaces (e.g., user-defined elements), by means of open-source coordination 
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middleware. Thus, all of the connected programs run concurrently. This increases computational 
efficiency significantly. It also makes it possible for users to customize the coupling.  
 

 
Theory of Adapter Element  

 
A linear structure, consisting of nd free degrees-of-freedom, has been discretized in space, and 
thus, leads to the following system of equations in matrix form. 
 
 FdK =  (1) 
 
where vector dnRd ∈ , dnRF ∈  and matrix dd nn ×∈ RK . For the finite element approximation 
 

 el

n

el

el

kK A
1=

=   

 [ ]ntielextel

n

el

el

,,
1

ffF −=
=
A   

 

where the symbol A  refers to the direct assembly operator, elk  is the element stiffness matrix, 

fel,ext  is the external element force vector, and fel,int  is the internal element force vector. 
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where D is the elasticity matrix, B is the strain-displacement matrix, 0σ  is the initial stress, and 

Ωel  is the domain of Element elE . 

 
Assuming that matrix K is symmetric positive definite, the original problem in Equation (1) can 
be written in variational form, i.e., find displacement vector d that makes the potential stationary 
 

 Π d( )=
1

2
dTK d − dTF   

 
In order to couple the slaved subassemblies to the master program, the displacements at the 
interface degrees-of-freedom are to be prescribed, i.e., for degree of freedom i, di = d i , ∀i ∈Nadpt . 

The size of the set of degrees-of-freedom adptN  is adptn . This means that a constraint needs to be 

appended to the system. The additional linear constraint can be expressed as 
 
 ( ) 0ddQdg =−= g  (2) 

 

for a specified vector adptn
g Rd ∈  and matrix dadpt nn ×∈ RQ , and 
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 Qij =
1 i = j ∈Nadpt

0 otherwise

⎧ 
⎨ 
⎩ 

  

 
If the penalty method is adopted, the penalized potential is defined as 
 

 ( ) ( ) gκgdd T

2

1+Π=Πκ   

 
where κ  is a positive definite penalty matrix, which can physically be interpreted as very stiff 
spring constants. An intuitive choice for the penalty matrix is 
 

 κ ij =
ki i = j

0 otherwise

⎧ 
⎨ 
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where ki > 0 is the penalty stiffness at the [ ]

iadptN -th degree of freedom whose displacement is 

prescribed. 
 
Note that the penalized potential is still quadratic in d . Finding a displacement vector d  that 
makes the penalized potential Πκ  stationary provides a solution to the constrained problem. The 
stationary point of Πκ d( )  is referred to as dκ  since it will generally not coincide with the 
solution d  of the exact constrained system. The stationary condition requires the first variation 
of Πκ  to vanish 
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or, equivalently, 
 
 [ ] g

TT dκQFdQκQK +=+ κ  (3) 

 
If the errors in the approximate solution are defined as ed = dκ − d, then by rigorous analysis of 
the penalty method, it can be shown that ed → 0  as κ min → ∞ , with linear convergence in 

1 κ min , where minκ  is the smallest eigenvalue of the penalty matrix κ . 

 
Alternatively, starting from the original problem statement of Equation (1), one can apply no 
constraint (Equation 2), but define an additional adapter element Eadpt  connecting all the nodes 

that are related to the degrees-of-freedom in the set adptN . Its stiffness matrix is defined as 

[ ] κk =adptel , and its element internal force vector is defined as [ ] gadptintel dκf −=, . The adapter 

element and all other nel elements form a new system, for which the global stiffness matrix and 
force vector are assembled as: 
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Finally, since FdK
~~ =κ  from Equation (3), the solution for this new system is exactly dκ . In 

other words, the adapter element method is equivalent to the penalty method. 
 
For nonlinear structures, the theory is similar but the equilibrium equations are written in the 
residual form. 
 

 ( ) ( ) κκκ dQκQdFdκQFdFFR0 rr
T

g
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where ( )κdFr

~
 is the assembled resisting force vector from all elements, including the adapter 

element, and Fr dκ( )  is the assembled resisting force vector from all regular elements. 
Alternatively, the equilibrium equations can be expressed as follows: 
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where rel  is the residual force vector of Element elE , 

 
 rel = fel ,ext − fel,int   
 
For the adapter element, its internal force vector is defined as 
 
 [ ] ( ) [ ]( )gadptelgadptel ddκddQκf −=−= κκ ,,int  (4) 

 
where [ ]

adptel κ,d  is the displacement vector of the adapter element. 

 
If there is no external load applied at the nodes of the adapter element, which is the case for 
coupled simulation by design, then zero residual leads to 
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so the reaction force of all the regular elements can be calculated as 
 

 [ ]
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In other words, if nel regular elements are treated as a superelement, the element reaction force 
vector can be extracted using Equation (5). The adapter element method for coupling different 
FE-codes solves two issues essential for coupled simulation: prescribing nodal displacements 
and obtaining nodal resisting forces. 
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Table 1: Coupled simulation examples 

 
 

Table 2: Adapter element details 
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Implementation of Coupled Simulation Using Adapter Elements 
 
Table 1 shows several examples of coupled simulations. The first is a cantilever column. The 
master structure contains no parts of the complete structure except for the node on top of the 
column. The column is a subassembly, which is divided into four elements, and it is analyzed in 
a slave program. The interface from the master program to the subassembly is the top node, 
where the adapter element attaches. The other three nodes are interior nodes to the subassembly. 
 
The second example is a moment frame combined with a shear wall. The moment frame is 
analyzed in the master program; and the shear wall is a subassembly analyzed in the slave 
program. The moment frame is connected to the shear wall through three interface nodes. 
Therefore, a generic 3-node superelement representing the shear wall is introduced in the master 
structure. The adapter element is also a 3-node element, but in the substructure space. 
 
The third example is a 4-story braced frame. The second and third stories represent the 
subassembly to be analyzed in the slave program. This means that in the master structure, there is 
a generic 4-node superelement representing these two stories. The two top nodes of such element 
are connected to the fourth story, and the two bottom nodes are connected to the first story. The 
adapter element is then a 4-node element in the substructure space connecting the four corners. 
 
Table 2 provides details about the corresponding adapter elements used in the coupled 
simulations illustrated in Table 1. For example, the 4-story braced frame, as illustrated in Figure 
1, has a superelement in the master structure representing the subassembly that is being analyzed 
in the slave program. For given element displacements, the superelement returns element forces. 
To impose the same displacements on the subassembly, an adapter element is connected to the 
nodes that are related to these prescribed degrees-of-freedom. Since the adapter is an element, it 
will also obtain element displacements and return element forces. 
 
The sequence of operations and data exchange necessary to achieve the coupling is shown in 
Figure 2. First the superelement obtains element displacements [ ]supereld . Then it sends these 

displacements via a TCP/IP connection to the adapter element through the OpenFresco 
middleware. The adapter element then combines the received displacements gd  with its own 

element displacements [ ]
adptel κ,d  from the subassembly. Subsequently, the element force vector 

of the adapter element [ ]
adptel int,f  is updated using Equation (4) and returned to the subassembly. 

The element internal forces of the subassembly comprising all the regular elements int,1 el

n

el
el fA =  

are updated using Equation (5) and sent via an OpenFresco TCP/IP connection back to the 
superelement. Finally, the superelement saves them as element forces [ ]

superel int,f  and returns them 

to the master structure. Note that both the superelement in the master structure and the adapter 
element in the subassembly can be implemented as user-defined elements (LSTC 2007). 
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Figure 1: Master structure and subassembly in a coupled simulation 
 

 

 
Figure 2: Implementation of coupled simulation using adapter elements 

 
 

Demonstration of a Coupled Simulation Using Adapter Elements 
 

This section demonstrates how adapter elements can be used in a coupled simulation and 
assesses the accuracy of such approach. In the illustrative example presented, the software 
framework Open System for Earthquake Engineering Simulation (OpenSees), is used as the 
master program. Other FE-programs can be employed in a similar manner. LS-DYNA v971 
(LSTC 2007) is used as the slave program, analyzing the subassembly. 
 
As shown in Figure 3a, the model consists of two columns, Element 1 and 3, connected by a 
spring, Element 2. Lumped masses are placed at the top of each column. The bases of the two 
columns are fixed. Element 1 is the superelement for the column representing the 6-node, 5-
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element subassembly in Figure 3c. The adapter element (the red square in Figure 3b) is a 2-node 
element connecting to the top and bottom nodes of the subassembly. For comparison, the 
complete structure is also analyzed with LS-DYNA. The structure is subjected horizontally to the 
north-south component of the ground motion recorded at a site in El Centro, California during 
the Imperial Valley earthquake of May 18, 1940. The ground acceleration history is shown in 
Figure 4 with a time interval of 0.02 sec and a peak acceleration of 0.32 g. 
 
From the simulations, the displacement histories in the horizontal direction at Node 3 are 
compared and shown in Figure 5: (1) from the coupled simulation (OpenSees + LS-DYNA), and 
(2) from the single-program simulation (LS-DYNA). As can be seen, the two displacement 
histories are essentially identical, which illustrates the feasibility and accuracy of coupled 
simulations using adapter elements. 
 

 
a) Master structure b) Adapter c) Subassembly 

Figure 3: Master structure, adapter and subassembly in demonstration simulation 
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Concluding Remarks 
 

The OpenFresco framework middleware for communication between finite element analysis 
programs provides a useful and effective set of modules for coupling structural analysis software. 
The adapter elements developed herein illustrate a novel application of user-defined elements, 
offering an effective means for users to couple different FE-programs. Coupling is important in 
the simulation of large structural systems that require the unique modeling capabilities of 
different analysis programs. An example demonstrates the implementation and accuracy of the 
adapter element concept. The approach avoids the need to repetitively shutdown/restart programs 
and read/write data files, thereby substantially reducing the time needed for coupled simulations 
compared to current approaches used for coupling software. 
 

Acknowledgements 
 

Funding for this work was provided in part by the National Science Foundation through a 
subaward from the NEES Inc consortium under Cooperative Agreement CMS0402490. The 
authors appreciate the assistance of Prof. Yoshikazu Takahashi of Kyoto University, Dr. Frank 
McKenna of UC Berkeley, and Dr. Jim Day of LSTC. The findings and conclusions are those of 
the authors alone, and may not reflect those of the sponsors. 
 

 
References 

 
Dassault Systèmes (2007). Abaqus Analysis User's Manual, ABAQUS, Inc., Dassault Systèmes. 
 

Fenves, G. L., McKenna, F., Scott, M. H., and Takahashi, Y. (2004). "An object-oriented software environment for 
collaborative network simulation. " Proceedings of 13th World Conference on Earthquake Engineering, Vancouver, 
Canada. 
 

Fraunhofer SCAI (2007). MpCCI Documentation, Part V, User Manual, Fraunhofer Institute for Algorithms and 
Scientific Computing SCAI, Germany. 
 

Kwon, O.-S., Nakata, N., Park, K.-S., Elnashai, A., and Spencer, B. (2007). User Manual and Examples for UI-
SIMCOR and NEES-SAM, University Of Illinois, Urbana-Champaign. 
 

LSTC (2007). LS-DYNA® Keyword User's Manual, Livermore Software Technology Corporation, CA, US.  
 

McKenna, F. T. (1997). "Object-oriented finite element programming: frameworks for analysis, algorithms and 
parallel computing." Ph.D. Thesis, University of California, Berkeley. 
 

Schellenberg, A., Mahin, S. and Fenves, G. (2007). "Software Framework for Hybrid Simulation of Large Structural 
Systems." Proceedings, Structures Congress, ASCE, Long Beach, CA.  
 

Takahashi, Y. and Fenves, G. (2006). “Software Framework for Distributed Experimental-Computational 
Simulation of Structural Systems,” Earthquake Engineering and Structural Dynamics, 35(3), 267-291. 
 

Wang, T., Nakashima, M., and Pan, P. (2006). "On-line hybrid test combining with general-purpose finite element 
software." Earthquake Engineering and Structural Dynamics, 35, 1471–1488. 
 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 1.4
  /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 false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 Adobe PDF documents for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


