CHAPTER 18

Concurrency Control

We saw in Chapter 17 that one of the fundamental properties of a transaction is iso-
lation. When several transactions execute concurrently in the database, however, the
isolation property may no longer be preserved. To ensure that it is, the system must
control the interaction among the concurrent transactions; this control is achieved
through one of a variety of mechanisms called concurrency-control schemes. In this
chapter, we consider the management of concurrently executing transactions, and we
ignore failures. In Chapter 19, we shall see how the system can recover from failures.

As we shall see, there are a variety of concurrency-control schemes. No one scheme
is clearly the best; each one has advantages. In practice, the most frequently used
schemes are two-phase locking and snapshot isolation.

Bibliographical Notes

[Gray and Reuter (1993)] provides detailed textbook coverage of transaction-
processing concepts, including concurrency-control concepts and implementation de-
tails. [Bernstein and Newcomer (2009)] provides textbook coverage of various aspects
of transaction processing including concurrency control.

The two-phase locking protocol was introduced by [Eswaran et al. (1976)]. The
tree-locking protocol is from [Silberschatz and Kedem (1980)]. Other non-two-phase
locking protocols that operate on more general graphs are described in [Yannakakis
et al. (1979)], [Kedem and Silberschatz (1983)], and [Buckley and Silberschatz
(1985)]. [Korth (1983)] explores various lock modes that can be obtained from the
basic shared and exclusive lock modes.

The locking protocol for multiple-granularity data items is from [Gray et al.
(1975)]. A detailed description is presented by [Gray et al. (1976)]. [Kedem and Sil-
berschatz (1983)] formalizes multiple-granularity locking for an arbitrary collection of
lock modes (allowing for more semantics than simply read and write). This approach
includes a class of lock modes called update modes to deal with lock conversion. [Carey
(1983)] extends the multiple-granularity idea to timestamp-based concurrency con-
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trol. An extension of the protocol to ensure deadlock freedom is presented by [Korth
(1982)].

The timestamp-based concurrency-control scheme is from [Reed (1983)]. A times-
tamp algorithm that does not require any rollback to ensure serializability is presented
by [Buckley and Silberschatz (1983)]. The validation concurrency-control scheme is
from [Kung and Robinson (1981)].

Multiversion timestamp order was introduced in [Reed (1983)]. A multiversion
tree-locking algorithm appears in [Silberschatz (1982)].

Degree-two consistency was introduced in [Gray et al. (1975)]. The levels of con-
sistency—or isolation—offered in SQL are explained and critiqued in [Berenson et al.
(1995)]; the snapshot-isolation technique was also introduced in the same paper. Seri-
alizable snapshot-isolation was introduced by [Cahill et al. (2009)]; [Ports and Grittner
(2012)] describes the implementation of serializable snapshot isolation in PostgreSQL.

[Fekete et al. (2005)] describes how to ensure serializable executions under snap-
shot isolation, by rewriting certain transactions to introduce conflicts; these conflicts
ensure that the transactions cannot run concurrently under snapshot isolation; [Jor-
wekar et al. (2007)] describes an approach, that given a set of (parameterized) trans-
actions running under snapshot isolation, can check if the transactions are vulnerable
to nonserializability.

Concurrency in B*-trees was studied by [Bayer and Schkolnick (1977)] and [John-
son and Shasha (1993)]. The techniques presented in Section 18.10.2 are based on
[Kung and Lehman (1980)] and [ Lehman and Yao (1981)]. The technique of key-value
locking used in ARIES provides for very high concurrency on B*-tree access and is de-
scribed in [Mohan (1990)] and [Mohan and Narang (1992)]. [Ellis (1987)] presents
a concurrency-control technique for linear hashing.

[Faerber et al. (2017)] provide a survey of main-memory databases, including cov-
erage of concurrency control in main-memory databases. Main memory concurrency
control is discussed in [Larson et al. (2011)] and [Neumann et al. (2015)]. While many
techniques for avoiding phantoms in validation based techniques perform a rescan of
indices to check if there are any new records that were missed in the earlier scan, [Neu-
mann et al. (2015)] take a different approach optimized for large in-memory scans
which are common in main-memory databases. In their technique, scan predicates are
recorded, and all updates performed by concurrent transactions are checked against
the scan predicates to check if they satisfy the predicate. Since updates are generally
far fewer than record reads, this approach is usually more efficient. The Bw-Tree data
structure [Levandoski et al. (2013)] provides latch-free access to indices that can be
main-memory resident, or resident on flash.

Bibliography

[Bayer and Schkolnick (1977)] R. Bayer and M. Schkolnick, “Concurrency of Operating on
B-trees”, Acta Informatica, Volume 9, Number 1 (1977), pages 1-21.


https://doi.acm.org/10.1145/319758.319772
https://doi.acm.org/10.1145/357353.357355
db/conf/vldb/BuckleyS83.html
https://doi.acm.org/10.1145/319566.319567
https://doi.acm.org/10.1145/357353.357355
https://doi.acm.org/10.1145/800220.806700
db/conf/vldb/GrayLPT75.html
https://doi.acm.org/10.1145/568271.223785
https://doi.acm.org/10.1145/1620585.1620587
http://scholar.google.com/scholar?hl/en&q=Dan R. K. Ports and Kevin Grittner Serializable Snapshot Isolation in {PostgreSQL} 
https://doi.acm.org/10.1145/1071610.1071615
http://www.vldb.org/conf/2007/papers/industrial/p1263-jorwekar.pdf
http://dx.doi.org/10.1007/BF00263762
https://doi.acm.org/10.1145/151284.151286
https://doi.acm.org/10.1145/320613.320619
https://doi.acm.org/10.1145/319628.319663
db/conf/vldb/Mohan90.html
http://dx.doi.org/10.1007/BFb0032448
https://doi.acm.org/10.1145/22952.22954
http://dx.doi.org/10.1561/1900000058
http://scholar.google.com/scholar?hl/en&q=P. Larson and S. Blanas and C. Diaconu and C. Freedman and J. Patel and M. Zwilling High-Performance Concurrency Control Mechanisms for Main-Memory Databases 
http://https://doi.acm.org/10.1145/2723372.2749436
http://https://doi.acm.org/10.1145/2723372.2749436
http://scholar.google.com/scholar?hl/en&q=Justin Levandoski and David B. Lomet and Sudipta Sengupta The {BwTree}: A {B}-tree for New Hardware Platforms 
http://dx.doi.org/10.1007/BF00263762
http://dx.doi.org/10.1007/BF00263762

Bibliographical Notes 565

[Berenson et al. (1995)] H. Berenson, P. Bernstein, J. Gray, J. Melton, E. O’Neil, and
P. O’Neil, “A Critique of ANSI SQL Isolation Levels”, In Proc. of the ACM SIGMOD Conf.
on Management of Data (1995), pages 1-10.

[Bernstein and Newcomer (2009)]  P. A. Bernstein and E. Newcomer, Principles of Transaction
Processing, 2nd edition, Morgan Kaufmann (2009).

[Buckley and Silberschatz (1983)]  G. Buckley and A. Silberschatz, “Obtaining Progressive
Protocols for a Simple Multiversion Database Model”, In Proc. of the International Conf. on
Very Large Databases (1983), pages 74-80.

[Buckley and Silberschatz (1985)] G. Buckley and A. Silberschatz, “Beyond Two-Phase
Locking”, Journal of the ACM, Volume 32, Number 2 (1985), pages 314-326.

[Cahill et al. (2009)] M. J. Cahill, U. R6hm, and A. D. Fekete, “Serializable isolation for
snapshot databases”, ACM Transactions on Database Systems, Volume 34, Number 4 (2009),
pages 20:1-20:42.

[Carey (1983)] M. J. Carey, “Granularity Hierarchies in Concurrency Control”, In Proc. of
the ACM SIGMOD Conf. on Management of Data (1983), pages 156-165.

[Ellis (1987)] C. S. Ellis, “Concurrency in Linear Hashing”, ACM Transactions on Database
Systems, Volume 12, Number 2 (1987), pages 195-217.

[Eswaran et al. (1976)] K. P. Eswaran, J. N. Gray, R. A. Lorie, and I. L. Traiger, “The Notions
of Consistency and Predicate Locks in a Database System”, Communications of the ACM,
Volume 19, Number 11 (1976), pages 624-633.

[Faerber et al. (2017)]  F. Faerber, A. Kemper, P.-A. Larson, J. Levandoski, T. Neumann, and
A. Pavlo, “Main Memory Database Systems”, Foundations and Trends in Databases, Volume
8, Number 1-2 (2017), pages 1-130.

[Fekete et al. (2005)]  A. Fekete, D. Liarokapis, E. O’Neil, P. O’Neil, and D. Shasha, “Mak-
ing Snapshot Isolation Serializable”, ACM Transactions on Database Systems, Volume 30,
Number 2 (2005), pages 492-528.

[Gray and Reuter (1993)] J. Gray and A. Reuter, Transaction Processing: Concepts and Tech-
niques, Morgan Kaufmann (1993).

[Gray et al. (1975)] J. Gray, R. A. Lorie, and G. R. Putzolu, “Granularity of Locks and De-
grees of Consistency in a Shared Data Base”, In Proc. of the International Conf. on Very Large
Databases (1975), pages 428-451.

[Gray et al. (1976)] J. Gray, R. A. Lorie, G. R. Putzolu, and 1. L. Traiger, Granularity of Locks
and Degrees of Consistency in a Shared Data Base, Nijssen (1976).

[Johnson and Shasha (1993)] T. Johnson and D. Shasha, “The Performance of Concurrent
B-Tree Algorithms”, ACM Transactions on Database Systems, Volume 18, Number 1 (1993),
pages 51-101.

[Jorwekar et al. (2007)]  S. Jorwekar, A. Fekete, K. Ramamritham, and S. Sudarshan, “Au-
tomating the Detection of Snapshot Isolation Anomalies”, In Proc. of the International Conf.
on Very Large Databases (2007), pages 1263-1274.


https://doi.acm.org/10.1145/568271.223785
https://doi.acm.org/10.1145/568271.223785
http://scholar.google.com/scholar?hl/en&q=Philip A. Bernstein and Eric Newcomer Principles of Transaction Processing 
http://scholar.google.com/scholar?hl/en&q=Philip A. Bernstein and Eric Newcomer Principles of Transaction Processing 
db/conf/vldb/BuckleyS83.html
db/conf/vldb/BuckleyS83.html
https://doi.acm.org/10.1145/3149.3151
https://doi.acm.org/10.1145/3149.3151
https://doi.acm.org/10.1145/1620585.1620587
https://doi.acm.org/10.1145/1620585.1620587
https://doi.acm.org/10.1145/588058.588079
https://doi.acm.org/10.1145/588058.588079
https://doi.acm.org/10.1145/22952.22954
https://doi.acm.org/10.1145/22952.22954
https://doi.acm.org/10.1145/360363.360369
https://doi.acm.org/10.1145/360363.360369
http://dx.doi.org/10.1561/1900000058
http://dx.doi.org/10.1561/1900000058
https://doi.acm.org/10.1145/1071610.1071615
https://doi.acm.org/10.1145/1071610.1071615
http://scholar.google.com/scholar?hl/en&q=J. Gray and A. Reuter Transaction Processing: Concepts and Techniques 
http://scholar.google.com/scholar?hl/en&q=J. Gray and A. Reuter Transaction Processing: Concepts and Techniques 
db/conf/vldb/GrayLPT75.html
db/conf/vldb/GrayLPT75.html
http://scholar.google.com/scholar?hl/en&q=J. Gray and R. A. Lorie and G. R. Putzolu and I. L. Traiger Granularity of Locks and Degrees of Consistency in a Shared Data Base 
http://scholar.google.com/scholar?hl/en&q=J. Gray and R. A. Lorie and G. R. Putzolu and I. L. Traiger Granularity of Locks and Degrees of Consistency in a Shared Data Base 
https://doi.acm.org/10.1145/151284.151286
https://doi.acm.org/10.1145/151284.151286
http://www.vldb.org/conf/2007/papers/industrial/p1263-jorwekar.pdf
http://www.vldb.org/conf/2007/papers/industrial/p1263-jorwekar.pdf

566  Chapter 18 Concurrency Control

[Kedem and Silberschatz (1983)] Z. M. Kedem and A. Silberschatz, “Locking Protocols:
From Exclusive to Shared Locks”, Journal of the ACM, Volume 30, Number 4 (1983), pages
787-804.

[Korth (1982)] H. F. Korth, “Deadlock Freedom Using Edge Locks”, ACM Transactions on
Database Systems, Volume 7, Number 4 (1982), pages 632-652.

[Korth (1983)] H. F. Korth, “Locking Primitives in a Database System”, Journal of the ACM,
Volume 30, Number 1 (1983), pages 55-79.

[Kung and Lehman (1980)] H. T. Kung and P. L. Lehman, “Concurrent Manipulation of Bi-
nary Search Trees”, ACM Transactions on Database Systems, Volume 5, Number 3 (1980),
pages 339-353.

[Kung and Robinson (1981)] H. T. Kung and J. T. Robinson, “Optimistic Concurrency Con-
trol”, ACM Transactions on Database Systems, Volume 6, Number 2 (1981), pages 312-326.

[Larson et al. (2011)]  P. Larson, S. Blanas, C. Diaconu, C. Freedman, J. Patel, and M. Zwill-
ing, “High-Performance Concurrency Control Mechanisms for Main-Memory Databases”,
PVLDB, Volume 5, Number 4 (2011).

[Lehman and Yao (1981)] P. L. Lehman and S. B. Yao, “Efficient Locking for Concurrent
Operations on B-trees”, ACM Transactions on Database Systems, Volume 6, Number 4 (1981),
pages 650-670.

[Mohan (1990)] C. Mohan, “ARIES/KVL: A Key-Value Locking Method for Concurrency
Control of Multiaction Transactions Operations on B-Tree indexes”, In Proc. of the Interna-
tional Conf. on Very Large Databases (1990), pages 392-405.

[Mohan and Narang (1992)] C. Mohan and 1. Narang, “Efficient Locking and Caching of
Data in the Multisystem Shared Disks Transaction Environment”, In Proc. of the International
Conf. on Extending Database Technology (1992), pages 453-468.

[Neumann et al. (2015)] T. Neumann, T. Miihlbauer, and A. Kemper, “Fast Serializable Mul-
ti-Version Concurrency Control for Main-Memory Database Systems”, In Proc. of the ACM
SIGMOD Conf. on Management of Data (2015), pages 677-689.

[Ports and Grittner (2012)] D. R. K. Ports and K. Grittner, “Serializable Snapshot Isolation
in PostgreSQL”, Proceedings of the VLDB Endowment, Volume 5, Number 12 (2012), pages
1850-1861.

[Reed (1983)] D. Reed, “Implementing Atomic Actions on Decentralized Data”, Transac-
tions on Computer Systems, Volume 1, Number 1 (1983), pages 3-23.

[Silberschatz (1982)]  A. Silberschatz, “A Multi-Version Concurrency Control Scheme With
No Rollbacks”, In Proc. of the ACM Symposium on Principles of Distributed Computing (1982),
pages 216-223.

[Silberschatz and Kedem (1980)]  A. Silberschatz and Z. Kedem, “Consistency in Hierarchi-
cal Database Systems”, Journal of the ACM, Volume 27, Number 1 (1980), pages 72-80.

[ Yannakakis et al. (1979)] M. Yannakakis, C. H. Papadimitriou, and H. T. Kung, “Locking
Protocols: Safety and Freedom from Deadlock”, In Proc. of the IEEE Symposium on the Foun-


https://doi.acm.org/10.1145/2157.322406
https://doi.acm.org/10.1145/2157.322406
https://doi.acm.org/10.1145/319758.319772
https://doi.acm.org/10.1145/319758.319772
https://doi.acm.org/10.1145/322358.322363
https://doi.acm.org/10.1145/322358.322363
https://doi.acm.org/10.1145/320613.320619
https://doi.acm.org/10.1145/320613.320619
https://doi.acm.org/10.1145/319566.319567
https://doi.acm.org/10.1145/319566.319567
http://scholar.google.com/scholar?hl/en&q=P. Larson and S. Blanas and C. Diaconu and C. Freedman and J. Patel and M. Zwilling High-Performance Concurrency Control Mechanisms for Main-Memory Databases 
http://scholar.google.com/scholar?hl/en&q=P. Larson and S. Blanas and C. Diaconu and C. Freedman and J. Patel and M. Zwilling High-Performance Concurrency Control Mechanisms for Main-Memory Databases 
https://doi.acm.org/10.1145/319628.319663
https://doi.acm.org/10.1145/319628.319663
db/conf/vldb/Mohan90.html
db/conf/vldb/Mohan90.html
http://dx.doi.org/10.1007/BFb0032448
http://dx.doi.org/10.1007/BFb0032448
http://https://doi.acm.org/10.1145/2723372.2749436
http://https://doi.acm.org/10.1145/2723372.2749436
http://scholar.google.com/scholar?hl/en&q=Dan R. K. Ports and Kevin Grittner Serializable Snapshot Isolation in {PostgreSQL} 
http://scholar.google.com/scholar?hl/en&q=Dan R. K. Ports and Kevin Grittner Serializable Snapshot Isolation in {PostgreSQL} 
https://doi.acm.org/10.1145/357353.357355
https://doi.acm.org/10.1145/357353.357355
https://doi.acm.org/10.1145/800220.806700
https://doi.acm.org/10.1145/800220.806700
https://doi.acm.org/10.1145/322169.322176
https://doi.acm.org/10.1145/322169.322176
https://doi.ieeecomputersociety.org/10.1109/SFCS.1979.22
https://doi.ieeecomputersociety.org/10.1109/SFCS.1979.22

Bibliographical Notes 567

dations of Computer Science (1979), pages 286-297.

Credits

The photo of the sailboats in the beginning of the chapter is due to ©Pavel Nes-
vadba/Shutterstock.






	Concurrency Control
	Bibliographical Notes



<<
  /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


