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Abstract— Evaluation of the spin lifetime in thin Silicon films 

is a challenge because of the necessity of performing appropriate 
averaging of the strongly scattering momenta depending spin 
relaxation rates. Here we discuss a two-level highly parallelized 
algorithm to calculate the spin lifetime. This algorithm is based 
on a hybrid parallelization approach, using the message passing 
interface MPI as well as OpenMP. Most efficient way to 
maximally utilize the computational resources is described. 
Finally, how an application of shear strain can dramatically 
increase the spin lifetime is shown. 
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I.  INTRODUCTION  
In modern days, supercomputers play a significant role in 

the field of computational sciences. It is becoming feasible to 
solve more and more complex problems, because high 
performance computational resources are accessible for 
practical calculations. MPI (Message Passing Interface) is a 
popular standard for writing message passing programs [1]. 
MPI provides the user with a programming model where 
processes communicate with each other by calling library 
routines to send and receive messages. OpenMP (Open Multi-
Processing) is an application programming interface (API) 
which supports multi-platform shared memory programming 
[2,3]. Moreover, the MPI and OpenMP programming models 
can be combined into a hybrid paradigm to exploit parallelism. 
This hybrid approach is suitable for clusters of symmetric 
multi-processor (SMP) nodes where MPI is needed for 
parallelism across nodes and OpenMP is used to implement 
loop level parallelism within a node. A lot of efforts have been 
directed to utilize the computational power in the most 
effective way [3,4]. Practically, all systems that belong to 
TOP500 supercomputers are based on multi-core CPUs [5]. A 
considerable part of algorithm in any computational problem 
can be parallelized by dividing the domain into independent 
parts, known as domain decomposition [6]. Each part can be 
calculated in a single MPI process without much efforts 
devoted to communication between separate MPI processes. 
Unfortunately, such an approach gets limited if each MPI 
process requires a high amount of memory or intensive 
communication. Indeed, need of a large memory requirement 
would depend on the problem being addressed as well as the 
algorithm that should be chosen. Fortunately, in some cases, 
the memory requirements are significantly reduced if the 
calculations are performed by sharing memory. However, as 
the number of cores per node is limited, the reduction of 

memory requirements can lead to an unacceptable increase of 
the total calculation time. Nevertheless, for the class of 
problems for which shared memory can significantly reduce 
the total amount of memory requirements, a combination 
between MPI and OpenMP approach is promising [3,4,6].  

Here, our problem is to find the spin lifetime ( ) in (001) 
ultra-thin Silicon films subjected to [110] uniaxial tensile 
stress ( xy). We take into account the main mechanisms 
determining the mobility in thin Silicon films, namely surface 
roughness (SR) and electron-phonon scattering (namely, 
longitudinal acoustic LA and transversal acoustic TA 
phonons), and analyze their role in spin relaxation. It belongs 
to a class of problems that use shared memory to reduce on-
node memory requirements in the combination with weakly 
coupled domain decomposition. 

Big efforts of researchers and workers involved in a high-
performance computing are directed to properly load 
balancing of the MPI jobs [7]. Since the domain of the 
considered problem can be divided to equivalent sub-domains, 
the amount of computational time for each MPI job differs 
insignificantly. Another important point pertaining to the load 
balancing is that all calculations are performed on the 
symmetric multiprocessor system (SMP). Thus, the problem 
of dynamic load balancing can be ignored. In the next section, 
a brief introduction of the problem statement and our solution 
approach is discussed. 

II. MODEL AND SIMULATION  
The unprimed electron subband energies and the wave 

functions are obtained with the two-band k·p Hamiltonian 
describing the [001] valley dispersion including spin. After 
that, the spin relaxation matrix elements is calculated. The SR 
and phonon mediated spin flip rates are then computed. Based 
on that, one can calculate the spin relaxation time by thermal 
averaging [8-12]: 

           (1) 
  

   (2)  

E is the electron energy, k1 is the in-plane wave vector 
before scattering, KB is the Boltzmann constant, T is the 
temperature, and EF is the Fermi level. The expression of SR 
mediated spin relaxation rate is given below. 



  (3) 

Here, ik  denotes the ith subband wave functions, k2 is the 
in-plane wave vector of the electron after scattering,  is the 
angle between k1 and k2, i,j is the dielectric permittivity, L is 
the autocorrelation length, and  is the mean square value of 
the SR-fluctuations. =±1 is the spin projection to the [001] 
axis, and (x) is the Heaviside function. During the 
computational process, a multi-dimensional integral over the 
energy E and  is to be computed. The spin relaxation matrix 
elements are characterized by very narrow and sharp peaks 
which are resolved by using a very fine mesh. Additionally, 
for accurate calculations, the energy step value E is estimated 
to be upper-bounded by 0.5meV. The lower limit of the 
integral over E is zero, and we also identify that it is sufficient 
to set the corresponding upper limit to be 0.7eV. Thus, this 
particular simulation setup requires around 1400 points. The 
step value for , or , needs to be set smaller than 0.5°, 
where the lower and upper limits of the inner integral over  
are 0° and 360° respectively. Thus, this integral on before- and 
after-scattering directions at fixed energies requires almost 
1000 points each. All these cause the numerical spin 
relaxation time calculation prohibitively expensive. We have 
implemented a two-level parallelization algorithm (ref: 
Algorithm 1) [13]. At Level 1, all static wave functions and 
energy data are calculated and archived in a binary file as a 
file-based cache technique. This is known as the serialization 
process. At the second stage (Level 2), the spin lifetime is 
calculated by deserializing the cache and calculating the spin 
relaxation rates. Serialization and deserialization processes are 
performed by using the Boost Serialization library [14]. Next, 
we scrutinize the performance of the algorithm in every level 
and determine the most efficient way to utilize the resources. 
It is measured on the Vienna Scientific Cluster (VSC-2) which 
consists of 1314 nodes having high performance InfiniBand 
(IB) for network communications [15]. Each node of the 
cluster has 2 processors (AMD Opteron 6132 HE, 2.2 GHz 
and 8 cores) and 8×4GB main memory. 

 
Fig. 1. Dependence of the maximum memory/node for different 

values of E and different MPI×OpenMP configurations is shown. 

Algorithm 1: Spin relaxation rate 
Level 1: 

1 Divide the whole range of angle  into sub-domains 
for each MPI process. 

1.1 Divide the whole range of energy E into sub-
domains for each OpenMP thread. 

1.1.1 Calculate wave functions' derivatives at the 
interface  and . 

2 Collect all cached values at the first MPI process. 

3 Archive serialized cache to the binary file. 

Level 2:

4 Load serialized cache by the master MPI process. 

5 Divide the range of  into sub-domains for each MPI 
process. 

5.1 Divide the range of E into sub-domains for each 
OpenMP thread. 

5.1.1 Calculate (1) for a given range of values. 

6 Collect all calculated relaxation rates into the final 
relaxation rate. 

 
Fig. 2. Dependence of the total cache calculation time on 

different number of threads for fixed total core numbers is shown. 

A. Level 1 Performance: 

We begin with different configurations of MPI and 
OpenMP with certain number of cores, say 96. Three 
configurations are compared; 6 MPI jobs with 16 threads, 24 
MPI jobs with 4 threads, and finally 96 MPI jobs with a single 
thread (known as a pure MPI configuration). Since the first 
MPI process is responsible for the collecting of all results and 
serializing the cache, it executes longer than other processes in 
all three cases. We have examined in all three cases that the 
fluctuations in the whole load figure remain insignificant, and 
the time spent for collecting and serialization is around 2 
seconds. The IB throughput is much higher than the message 
size, and this is why the number of communication points does 
not influence the collection and serialization time. 

Fig. 1 shows the dependence of the maximum memory per 
node required for different values of E and different 



configurations of MPI×OpenMP. Since the load is distributed 
equivalently for different MPI×OpenMP configurations, load 
balancing is not required. We observe that the memory 
requirement per node increases when number of threads is 
reduced, because each thread needs to make more calculations 
in a fixed direction, thereby increasing the wave vectors' 
cache. If a single thread is used (i.e. full MPI configuration) 
the memory requirement becomes 5GB by considering 

E=5meV, which is around three times larger as compared to 
maximum threaded case (i.e. 6×16 MPI×OpenMP 
configuration). More realistic requirements are shown in Fig. 
1 when E=0.5meV. In the full MPI configuration scheme it 
requires 6.3GB memory, whereas in 6×16 MPI×OpenMP 
configuration it demands 2.6GB. It is further observed that 
even very accurate calculations (when E=0.2meV) require 
less than 10GB of memory. Thus, memory limitations are not 
an issue considering any modern supercomputer with this 
particular simulation setup. Now we investigate the 
calculation speed. 

 
Fig. 3. Dependence of the calculation time for a fixed threads 

count on total number of cores is shown.  

 
Fig. 4. Dependence of the size of cache on the precision of the 

calculations fixed by energy and angle steps for different xy values is 
shown. Sample thickness t=1.5nm. 

Fig. 2 demonstrates the dependence of the total cache 
calculation time on a different number of the parallel threads. 
For a 96 core application, the total calculation time reduces by 
30% while the number of OpenMP threads reduces from 16 to 
1. The performance decrease of the hybrid approach is due to 

data locality issues arising in shared-memory techniques. The 
profile of the calculation time with respect to the number of 
OpenMP threads for a larger number of cores remains similar. 
Fig. 3 shows the dependence of the calculation time on the 
total number of cores for a fixed threads count. As the MPI 
processes sub-domains are not correlated, the calculations in 
one domain cannot influence on the other. Therefore, an 
increment of the number of cores leads to the lossless 
reduction of the total calculation time. 

B. Level 2 Performance: 

Fig. 4 shows the size of  the cache calculated in Level 1 for 
different values of the energy and angle steps. This cache size 
depends significantly on the precision of calculation but 
weakly on the stress point. For example, when E=1meV and 

=1.875°, the cache size is close to 500MB. However, 
accurate calculations demand at least E=0.5meV and 

=0.5º. For such discretization parameters, the size of the 
serialized cache grows up to 3GB, causing restrictions on the 
number of parallel executed MPI jobs on a single node. Even 
smaller energy step ( E=0.2meV) makes the cache as big as 
7GB, and theoretically only three processes can work together 
on a single node causing a significantly loss of the 
computational resources. Fig. 5 shows maximum memory per 
node for 8 and 16 threaded MPI application. We find that the 
memory requirements are mainly determined by the size of the 
serialized cache, and the memory footprint of the algorithm 
itself can be neglected. Thus, doubling the MPI jobs per node 
requires double memory space. 

 
Fig. 5. Maximum required memory/node used by VSC-2 for 

different configurations is shown. Each MPI process loads 4GB 
cache. 

 
Fig. 6. Dependence of the total calculation time of the spin 

relaxation on total cores for 8 and 16 threads per MPI process. 



Fig. 6 shows the dependence of the total calculation time 
on the number of cores as well as the number of threads. This 
demonstrates that increasing the total number of cores at a 
fixed number of threads decreases the demand on computing 
time, which is further reduced when the number of threads is 
increased. Moreover, in contrast to Fig. 2 and Fig. 3, Fig. 6 
shows how increasing the thread numbers from 8 to 16 leads 
to decrease of the total calculation time for all values of the 
cores numbers. This approach is tested with 416 cores and 
requires only around 40 min for a single relaxation time data 
point (around 280 core-hours). 

III. SPIN LIFETIME  
Finally, we find an order of increment of the spin lifetime 

under application of shear strain xy in Fig. 7. We show the 
spin-flip caused by the intra- and inter-unprimed subband 
scattering. The major contribution to spin relaxation comes 
from the intersubband processes due to the presence of the 
spin hot spots characterized by the peaks of the intersubband 
spin relaxation matrix elements. It is further noticed that at 
higher stress the intrasubband component also becomes 
significant. The subband splitting between the unprimed 
valley pair is lifted by xy, and this lifting of the degeneracy is 
the crucial factor for spin lifetime enhancement [12,16-18]. 
Additionally, we observe that the spin lifetime is a factor of 
two longer for spins injected in-plane as compared to the time 
for spins injected perpendicular to the film. We point out that 
this factor remains preserved for both inter- and intra-valley 
scattering processes, and is independent of the considered 
scattering mechanisms [11,19].  

 
Fig. 7. The variation of the spin lifetime with its inter- and 

intrasubband components with xy is shown. The film thickness is 
t=1.36nm, T=300K, and the electron concentration is NS=1012cm-2. 

IV. CONCLUSION 
We have described a two-level parallelization scheme to 

calculate the Silicon spin lifetime. The computational trade-off 
with respect to accuracy with our simulation set up, memory 
consumption, and calculation time are analyzed in each level. 
We conclude that the cache calculation effectively can be 
performed in a pure MPI approach, however for the relaxation 
time calculations, combination of MPI and OpenMP approach 
solves the problem in the most efficient way. Finally, we have 

shown how shear strain can boost Silicon spin lifetime, and 
spin injection orientation has an additional impact.       

ACKNOWLEDGMENT  
The computational results presented have been partly achieved 
using the Vienna Scientific Cluster (VSC). 

REFERENCES 
[1] MPI 1.1 Standard, http://www-unix.mcs.anl.gov/mpi/mpich. 
[2] L. Dagum, R. Menon, "OpenMP: an industry standard API for shared-

memory programming", proc. in IEEE Computational Science and 
Engineering, pp. 46-55 (1998). 

[3] G. Jost, H. Jin, D. an Mey, and F. F. Hatay, "Comparing the OpenMP, 
MPI, and Hybrid Programming Paradigms on an SMP Cluster", NAS 
Technical Report NAS-03-019, pp. 1-10 (2003). 

[4] R Rabenseifner, G. Hager, and G. Jost, "Hybrid MPI/OpenMP Parallel 
Programming on Clusters of Multi-Core SMP Nodes", proc. in 
Euromicro International Conference on Parallel, Distributed and 
Network-based Processing, pp. 427-436 (2009). 

[5] Top500 supercomputers, http://www.top500.org/lists/2017/11/. 
[6] S. Tang, B.-S. Lee, and B. He, "Speedup for Multi-Level Parallel 

Computing", proc. in International Parallel and Distributed Processing 
Symposium Workshops & PhD Forum, pp. 537-546 (2012). 

[7] O. Pearce, T. Gamblin, B. R. de Supinski, M. Shulz, and N. M. Amato, 
“Quantifying the Effectiveness of Load Balance Algorithms”, proc. in 
26th ACM international conference on Supercomputing, pp. 185-194 
(2012). 

[8] D. Osintsev, V. Sverdlov, and S. Selberherr, "Reduction of Momentum 
and Spin Relaxation Rate in Strained Thin Silicon Films", proc. in 
European Solid-State Device Research Conference, pp. 334-337 (2013). 

[9] J. Ghosh, D. Osintsev, V. Sverdlov, and S. Selberherr, "Variation of 
Spin Lifetime with Spin Injection Orientation in Strained Thin Silicon 
Films", ECS Transactions, vol.66:5, pp. 233-240 (2015). 

[10] J. Ghosh, D. Osintsev, V. Sverdlov, and S. Selberherr, "Enhancement of 
Electron Spin Relaxation Time in Thin SOI Films by Spin Injection 
Orientation and Uniaxial Stress", Journal of Nano Research, vol.39, pp. 
34-42 (2016). 

[11] J. Ghosh, D. Osintsev, V. Sverdlov, and S. Selberherr, "Dependence of 
Spin Lifetime on Spin Injection Orientation in Strained Silicon Films", 
proc. in Joint International EUROSOI Workshop and International 
Conference on Ultimate Integration on Silicon, pp. 285-288 (2015). 

[12] V. Sverdlov and S. Selberherr, "Silicon Spintronics: Progress and 
Challenges", Physics Reports, vol.585, pp. 1-40 (2015). 

[13] J. Ghosh, D. Osintsev, V. Sverdlov, J. Weinbub, and S. Selberherr, 
"Evaluation of Spin Lifetime in Thin-Body FETs: A High Performance 
Computing Approach", Lecture Notes in Computer Science, vol.9374, 
pp. 285-292 (2015). 

[14] “Boost Serialization Library”, www.boost.org/libs/serialization/. 
[15] Vienna Scientific Cluster, http://www.vsc.ac.at/systems/vsc-2/. 
[16] J. Ghosh, D. Osintsev, V. Sverdlov, and S. Selberherr, "Intersubband 

Spin Relaxation Reduction and Spin Lifetime Enhancement by Strain in 
SOI Structures", Microelectronic Engineering, vol.147, 89 (2015). 

[17] J. Ghosh, V. Sverdlov, and S. Selberherr, "Influence of Valley Splitting 
on Spin Relaxation Time in a Strained Thin Silicon Film", proc. in 
International Workshop on Computational Electronics, pp. 1-4 (2015). 

[18] V. Sverdlov, J. Ghosh, D. Osintsev, and S. Selberherr, "Modeling silicon 
spintronics", proc. in Recent Advances in Mathematical Methods in 
Applied Sciences, pp. 195-198 (2014). 

[19] J. Ghosh, D. Osintsev, V. Sverdlov, and S. Selberherr, "Injection 
Direction Sensitive Spin Lifetime Model in a Strained Thin Silicon 
Film", proc. in Simulation of Semiconductor Processes and Devices, pp. 
277-280 (2015). 

 

 



<<
  /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


