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Abstract. In this paper, we present an extension of Oracle, named STOC (Spatio-
Temporal Object Cartridge), to support spatio-temporal data management in a
practical way. The extension is developed as a PL/SQL package and can be inte-
grated into Oracle to offer spatio-temporal data types as well as spatio-temporal
operations for various applications. Users are allowed to use standard SQL to ac-
cess spatio-temporal data and functions. After an overview of the general features
of STOC, we discuss the architecture and implementation of STOC. And finally,
a case study of STOC is presented, which shows that STOC is effective to repre-
sent and query spatio-temporal data on the basis of Oracle.

1 Introduction

Nowadays, many applications show the demand on moving objects management.
However, traditional database systems, i.e., the relational DBMSs, can not deal with
spatio-temporal data efficiently. Therefore, it has been one of the most important
goals in recent research on spatio-temporal databases to design and implement a prac-
tical spatio-temporal DBMS.

Previous research on spatio-temporal databases were mainly focused on spatio-
temporal semantics[1-2], spatio-temporal data models [3-4], spatio-temporal indexes
[5] and spatio-temporal query processing [6-7], whereas little work has been done in
the implementation of practical spatio-temporal DBMSs owing to the complexity of
spatio-temporal data models and the lack of effective implemental techniques. Al-
though some commercial or open-source DBMSs [8-10] offer support for handling
special data types, it is still not feasible to use them to support spatio-temporal data.
Recently, the object-relational database technology has been paid a lot of attention in
spatio-temporal data model [11] and system implementation, due to its extensibility
on new data types and functions.

In this paper, we present an extension of Oracle, named STOC (Spatio-Temporal
Object Cartridge), to support spatio-temporal data management in a practical way.
The unique features of STOC can be summarized as follows:

(1) It is SQL-compatible and built on a widely-used commercial DBMS (see Sec-
tion 2), namely Oracle. Thus it can be easily used in real spatio-temporal database
applications and provides a practical solution for spatio-temporal data management
under current database architecture.
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(2) It supports various spatio-temporal data types (see Section 3.1), such as moving
number, moving bool, moving string, moving point, moving line, and moving region.
Combined with the ten types of spatio-temporal operations (See Section 3.2) sup-
ported by those new data types, users can represent many types of spatio-temporal
data involved in different spatio-temporal applications and query different spatio-
temporal scenarios.

(3) It can support real spatio-temporal applications (See Section 4). A case study con-
cerning moving taxi cars shows that the STOC system is able to store spatio-temporal
data captured by GPS and GIS technologies, and also able to represent different types of
spatio-temporal queries.

2 Overview of STOC

STOC (Spatio-Temporal Object Cartridge) is a spatio-temporal cartridge based on
Oracle and Oracle Spatial. The detailed implemental architecture of STOC is shown
in Fig.1. STOC extends spatio-temporal data types and operations using the PL/SQL
scripting language. Once installed, STOC becomes an integral part of Oracle, and no
external modules are necessary. Users can use standard SQL to gain spatio-temporal
support from Oracle. No external work imposes on users.
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Fig. 1. The Architecture of STOC

We design the spatio-temporal data type model in STOC in order to represent the
spatio-temporal objects and complex spatio-temporal changes. STOC extends two
categories of new data types into Oracle, namely spatio-temporal data types and tem-
poral data types (as shown in Fig.2). As Oracle has already supported spatial data
management from its eighth version, which is known as Oracle Spatial, we build
STOC on the basis of Oracle Spatial so as to utilize its mature technologies in spatial
data management. The spatio-temporal data types contain moving spatial types and
moving base types. The former refers to moving spatial objects in real world, while
the latter refers to those numeric, Boolean, or string values changing with time.
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Fig. 2. The Type System of STOC

3 Implementation of STOC
3.1 Moving Data Types in STOC

3.1.1 Moving Base Types (MBT)

MBT represents the base data types changing with time, including Moving Bool, Mov-
ing String and Moving Number, which are the essentials for describing spatio-
temporal changes.

Moving Bool and Moving String represent the discretely-changing Boolean values
and String values respectively. It consists of a set of period snapshots ordered by
time. A period snapshot is a <value, [from, to)> pair. The value of object is constant at
the period [from, to). We use the VARRAY data type to organize the set of period
snapshots, which is the same as follows.

Moving Number represents the changing numerical values with time. Moving
number is a set of moving number period snapshots ordered by time. Moving number
period snapshot is a quadruple <t_type, num, chR, [from, to)>. The t_type is the
change type of moving number snapshot, when it equals to 0 meaning discrete
change, or equals to / meaning continuous change. The num is the value at the begin-
ning of this period. The [from, to) is the valid period about this snapshot. The chR
represent the change rate of value in this period. If the change of moving number is
discrete, chR is always 0.

3.1.2 Moving Spatial Types (MST)

MST represent the spatial data types changing with time, including Moving Point,
Moving Line and Moving Region, which are the cores of moving objects. MST object
is a three-dimension object with spatial space (two-dimension) and temporal space
(one-dimension).

Figure 3 shows the definition for moving point using PL/SQL. The ¢_type is the
change type of moving point, when it equals to 0 meaning discrete change, or equals
to / meaning continuous change. The srid is the coordinate system id for moving
point. STOC supports the coordinate systems for Oracle Spatial, such as NULL (user-
defined coordinate system), 8307 (WGS-84 coordinate system). Those coordinate
systems are described in MDSYS.CS_SRS system table. M_point_units is a set of
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CREATE OR REPLACE TYPE M POINT U AS OBJECT
(point mdsys.SDO_GECMETRY,
<RX NUMBER, --changeRateofX
<RY NUMBER, --changeRateofY
period Tipel:iocl) H
CREATE OR REPLACE TYPE M POINT U ARRAY IS VARRAY (102400) OF M POINT U;
CREATE OR REPLACE TYPE M POINT AS OBJECT
(t type NUMBER,
srid NUMBER,
m point units M POINT U ARRAY) ;

Fig. 3. Defining Moving Point using PL/SQL

moving point period units ordered by time. Moving point period unit is a quadruple
<point, cRX, cRY, [from, to)>. The point is the start position at the beginning of the
period for the moving point. The cRX and cRY represent the change rates for x-axis
position and y-axis position respectively. The [from, to) is the valid period for this
moving point unit.

Since moving line only supports the discrete change, similar to moving bool and
moving string, moving line is a set of moving line period units ordered by time. Each
moving line period unit indicates the position for moving line and its valid period.

T i Moing
CUPE ST gion Dnits VARRAY of Moving Region Units

|| | -

Moving Region Unit

region S5DO_GEOMETRY;

CRX1 NUMBER;

cRY1 NUMBER;

Standard Data Table

cRXZ2 NUMBER;

cRYZ NUMBER;

period T_PFERIOD;

Fig. 4. Data Structure of Moving Region

The data structure of moving region is shown in Fig.4. In this data structure, the
t_type is the change type of moving region; the srid is the coordinate system id; the
m_region_units is a set of moving region period units ordered by time. The moving
region period unit is a six-tuple. The period is the valid period. On the one hand, if
moving region changes discretely, the region stores the location information of mov-
ing region in this period. On the other hand, if the change is continuous, the region
stores the MBR of moving region at the beginning of this period. The cRXI, cRYI,
cRX2, cRY2 represent the bottom-left and top-right points’ change rates for x-axis
position and y-axis position respectively.

3.2 Spatio-Temporal Operations in STOC

STOC provides the following types of spatio-temporal operations to support various
spatio-temporal queries. All the operations are implemented by PL/SQL and as mem-
ber functions of spatio-temporal data types.
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Object data management operations: for moving object, add or delete the specific
period unit to manage the data of moving object.

Object attribute operations: get the attributes of moving object. For example, get
the max/min value of moving number; get the change type, coordinate system and
speed for moving point.

Temporal dimension project operations: get the temporal information of moving
object, such as valid periods or start time about moving object.

Value dimension project operations: project the moving object to value dimension
to get the value range of moving object. For moving bool/ moving string/moving
number, return the set of its values. For moving point, if it changes discretely, return
the set of points, if it changes continuously, return the segments of trajectory. For
moving line, return the set of lines. For moving region, if it changes discretely, return
the set of regions, or return the region where the moving MBR passed.

Temporal selection operations: return the value of moving object at specific
instant, period or periods.

Quantification operations: return whether or not the moving bool/moving string
always/sometimes equals to the specific bool/string in valid time.

Moving Boolean operations: return the logical relation between two moving bool
object. It is used to support the complex logical query. For not operation, the result is
false when the moving bool is true in one period and vice versa. For and operation,
the result is false when at least one moving bool is false in one period, or the result is
true when both moving bool objects are true in the same period. For or operation, the
result is true when at least one moving bool is true in one period, or the result is false
when both moving bool objects are false in the same period.

Temporal relation operations: return the temporal relations between each period
unit of moving object and specific instant, period. The temporal relations are defined
in [12].

Object relation operations: return the relations between moving object with mov-
ing object or non-moving object which may change with time. The data type of return
value is moving string. For moving bool/moving string, return equal or not equal.
For moving number, return greater than, less than or equal. For moving spatial type,
return the spatial relations defined in [13].

Distance operations: return the distance between moving object with moving ob-
ject or non-moving object which may change with time. The data type of return value
is moving number.

4 Case Study: A Traffic Information System

To demonstrate the functions of STOC, we use a traffic dataset to study the effective-
ness of STOC. The dataset was also used in BerlinMOD [14].

4.1 Create BerlinMOD Database

The schema for BerlinMOD database is shown in Fig.5. The information about mov-
ing cars is stored in table dataScar. Table QueryPoints /QueryRegions /Querylnstants
/QueryPeriods / QueryLicences record the query conditions for position of point
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datascar (Licence: Varchar?,

Model: Varchar2, Type:Varchar?, Trip: M Point);
QueryPoints (Id: NUMBER, Pos: SDO GEOMETRY) ; -
QueryRegions (EE: NUMBER, Region: SDO GEOMETRY) ;
QueryInstants (EE: NUMBER, Instant: Tifnstant);
QueryPeriods (Id: NUMBER, Period: T Period);
QueryLicences (19: NUMBER, Licence: Varchar?2) ;

Fig. 5. Database Schema of BerlinMOD

(SDO_GEOMETRY data type), position of region (SDO_GEOMETRY data type),
instant (T_Instant data type), period (T_Period data type), and the license of car (Var-
char?2 data type). The id is the prime key for each query table.

4.2 Spatio-Temporal Queries

STOC supports the various kinds of spatio-temporal queries referred by [11, 14].
According to the query conditions and types, those can be divided into six types of
spatio-temporal, which are (1) temporal range query, (2) spatial range query, (3) spa-
tio-temporal range query, (4) spatio-temporal distance query, (5) spatio-temporal
topology query and (6) spatio-temporal aggregate query.

Q1 (Temporal Range Query): Where have the vehicles whose licenses are from
QueryLicences been at each instant in Querylnstants?

SELECT LL.Licence AS Licence, II.Instant AS Instant, C.Trip.at_instant
(II.Instant) AS Pos

FROM dataScar C, Querylicences LL, QueryInstants II

WHERE C.Licence = LL.Licence AND C.Trip.at_instant (II.Instant) IS NOT
NULL;

Q2 (Spatial Range Query): Which license numbers belong to vehicles that have
passed the points from QueryPoints?

SELECT PP. Pos AS Pos, C.Licence AS Licence

FROM dataScar C, QueryPoints PP

WHERE sdo_geom.relate(C.Trip.get_trajectory), 'ANYINTERACT' .
PP.Pos,0.005)="TRUE' ;

Q3 (Spatio-Temporal Range Query): Which vehicles traveled within one of the
regions from QueryRegions during the periods from QueryPeriods.

SELECT RR. Region AS Region, PP. Period AS Period ,C.Licence AS Licence

FROM dataScar C, QueryRegions RR, QueryPeriods PP

WHERE C.Trip.at_period(PP.Period) IS NOT NULL AND sdo_geom.relate
(C.Trip.at_period(PP.Period) .get_trajectory()

, '"ANYINTERACT',RR.region, 0.005)="'TRUE';

Q4 (Spatio-Temporal Distance Query): What are the pairs of licence numbers of
“trucks”, that have ever been as close as 10m or less to each other?

SELECT Vl1.Licence AS Licencel, V2.Licence AS Licence2

FROM dataScar V1, dataScar V2

WHERE Vl1.Licence < V2.Licence AND V1.Type = ‘'truck' AND V2.Type =
'truck' AND V1.Trip.distance_m Point(V2.Trip,0.005).get_min number()<=10;
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QS (Spatio-Temporal Topology Query): What are the pairs of licence numbers of
“trucks”, that have meet each other?

SELECT Vl1.Licence AS Licencel, V2.Licence AS Licence2

FROM dataScar V1, dataScar V2

WHERE Vl.Licence < V2.Licence AND V1.Type = 'truck' AND V2.Type =

'truck' AND V1.Trip.relation_m Point (V2.Trip,0.005) . sometimes
(‘EQUAL’ )='TRUE’ ;

Q6 (Spatio-Temporal Aggregate Query): Which points from QueryPoints have
been visited by a maximum number of different vehicles?
CREATE VIEW visited_car(pp_id ,licence) AS
SELECT PP.ID AS Pos , c.licence
FROM QueryPoints PP, dataScar C
WHERE sdo_geom.relate(C.Trip. get_trajectory(), 'ANYINTERACT',
PP.Pos,0.05)="TRUE' ;
CREATE VIEW PosCount AS
SELECT vc.pp_id AS Pos_id , COUNT(*) AS Hits
FROM visited_car vc
GROUP BY vc.pp_id ;
SELECT N.Pos_id, N.Hits
FROM PosCount N
WHERE N.Hits = (SELECT MAX(Hits) FROM PosCount );

5 Related Work

Early work in implementing spatio-temporal database systems employed a layered
approach [16, 17], which aimed at implementing an additional spatio-temporal layer
on top of standard relational DBMS. Since the relational DBMS has little built-in
spatio-temporal support, generated query may become very complex and potentially
difficult to optimize for the underlying representation of spatio-temporal data. The
object-relational approach, which refers to extending an extensible DBMS with spa-
tio-temporal plug-ins, has been the most focused approach in recent years, since this
makes it feasible to implement a spatio-temporal DBMS completely. Now major
database vendors have provided techniques for this extensibility, including Oracle and
IBM. And some extensions have been developed for spatial/temporal/spatio-temporal
data management. The typical examples are Informix Timeseries Datablade [18] and
Informix Geodetic Datablade [19]. The Timeseries Datablade is designed for captur-
ing single attribute that changes over time, in which the temporal data types are very
restricted. The Geodetic DataBlade is a spatio-temporal extension provided by Infor-
mix, but it is only designed for specific GIS applications.

There are also some research prototypes developed by other researchers. SEC-
ONDO [20] realizes the abstract moving object data types and operators defined in
[11] and supports spatio-temporal queries and analysis by employing Berkeley DB as
data storage. Nonetheless, SECONDO is unable to combine with existing DBMSs and
is not compatible with SQL. SpADE [21] is built on MySQL, with the extension of a
moving object module and an index module. However it only supports a limited set of
spatio-temporal queries, namely the range query and the nearest neighbors query.
Hermes [22] is based on the trajectory database of Oracle in support of range query,
nearest neighbors query and similar trajectory query of moving point. But it does
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not support moving regions and spatio-temporal analysis query. TrajStore [23] only
focused on spatio-temporal range query on massive datasets, thus can not suit for
different spatio-temporal applications.

6 Conclusions

In this paper, we present a spatiotemporal extension of Oracle called STOC, aiming at
providing practical support of spatiotemporal data management for various commer-
cial applications. STOC is developed using the cartridge technology provided by
Oracle, which enables us to add new data types as well as functions and indexing
methods into the kernel of Oracle. The most valued feature of STOC is that it is SQL-
compatible and allows users to develop spatio-temporal applications upon Oracle.

Acknowledgements

This work is supported by the National High Technology Research and Development
Program ("863" Program) of China (No. 2009AA12Z204), the National Science
Foundation of China (no. 60776801), the Open Projects Program of National Labora-
tory of Pattern Recognition (20090029), the Key Laboratory of Advanced Information
Science and Network Technology of Beijing (xdxx1005), and the USTC Youth Inno-
vation Foundation.

References

1. Sistla, P., Wolfson, O., et al.: Modeling and Querying Moving Objects. In: ICDE,
Birmingham, UK (1997)

2. Bohlen, M., Jensen, C., Skjellaug, B.: Spatio-Temporal Database Support for Legacy. In:
1998 ACM Symposium on Applied Computing, Georgia (1998)

3. Erwig, M., Giiting, R.H., et al.: Spatio-Temporal Data Types: An Approach to Modeling
and Querying Moving Objects in Databases. Geolnformatica 3(3), 265-291 (1999)

4. Giiting, R.H., Bohlen, M.H., et al.: A foundation for representing and quering moving
objects. ACM Transactions Database Systems 25(1), 1-42 (2000)

5. Pfoser, D., Jensen, C.S., Theodoridis, Y.: Novel Approaches to the Indexing of Moving
Object Trajectories. In: Proceedings of VLDB (2000)

6. Benetis, R., Jensen, C.S., et al.: Nearest neighbor and reverse nearest neighbor queries for
moving objects. In: IDEAS, pp. 44-53 (2002)

7. Lema, J.A.C., Forlizzi, L., et al.: Algorithms for moving objects databases. The Computer
Journal 46(6), 680-712 (2003)

8. Oracle Corp. Oracle Spatial User’s Guide and Reference, http:// www.oracle.com
/technology/products/spatial/spatial_doc_index.html

9. SQL  Server Spatial Data, http://www.microsoft.com/sglserver/
2008/en/us/spatial-data.aspx

10. PostGIS, http://postgis.refractions.net/
11. Forlizzi, L., Giiting, R.H., et al.: A Data Model and Data Structures for Moving Objects

Databases. In: SIGMOD, pp. 319-330 (2000)



176

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

L. Zhao et al.

Allen, J.F.: Maintaining knowledge about temporal intervals. Communication of ACM 26,
832-843 (1983)

Egenhofer, M., Franzosa, R.: Point-Set Topological Spatial Relations. International Journal
of Geographical Information Systems 5(2), 161-174 (1991)

Diintgen, C., Behr, T., Giiting, R.H.: BerlinMOD: a benchmark for moving object
databases. VLDB J. 18(6), 1335-1368 (2009)

Wolfson, O., Sistla, P., et al.: DOMINO: Databases for Moving Objects Tracking. In:
SIGMOD, Philadelphia, PA, pp. 547-549 (1999)

Torp, K., Jensen, C.S., Bohlen, M.H.: Layered Implementation of Temporal DBMSs-
Concepts and Techniques. In: DASFAA, Melbourne, Australia, pp. 371-380 (1997)

Torp, K., Jensen, C.S., Snodgrass, R.T.: Stratum Approaches to Temporal DBMS Imple-
mentation. In: IDEAS, Cardiff, Wales, pp. 4-13 (1998)

Informix Corp. Informix Timeseries DataBlade Module User’s Guide, Version 3.1 (1997)
Informix Corp. Informix Geodetic DataBlade Module User’s Guide, Version 2.1 (1997)
Giiting, R.H., de Almeida, et al.: Secondo: Anextensible DBMS platform for research
prototyping and teaching. In: ICDE, pp. 1115-1116 (2005)

Ooi, B.C., Huang, Z., et al.: Adapting Relational Database Engine to Accommodate
Moving Objects in SpADE. In: ICDE, Istanbul, pp. 1505-1506 (2007)

Pelekis, N., Frentzos, E., Giatrakos, N., Theodoridis, Y.: HERMES:Aggregative LBS via a
trajectory DB engine. In: ISIGMOD, pp. 1255-1258 (2008)

Cudre-Mauroux, P., Wu, E., Madden, S.: TrajStore: An Adaptive Storage System for Very
Large Trajectory Data Sets. In: ICDE (2010)



	Developing an Oracle-Based Spatio-Temporal Information Management System
	Introduction
	Overview of STOC
	Implementation of STOC
	Moving Data Types in STOC
	Spatio-Temporal Operations in STOC

	Case Study: A Traffic Information System
	Create BerlinMOD Database
	Spatio-Temporal Queries

	Related Work
	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /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 <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /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.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice




