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ABSTRACT 
In-network sensor query processing systems (ISQPs), or sensor 
databases, have been developed to acquire, process and aggregate 
data from wireless sensor networks (WSNs).  Because WSNs are 
resource-limited and involve multiple layers of embedded software, 
the system design issues have a significant impact on the 
performance of sensor databases.  Therefore, we propose this 
tutorial to study the state of the art on these issues with a focus on 
their interaction with query processing techniques.  Our goal is to 
present the challenges and efforts in developing holistic, efficient 
ISQPs. Specifically, we will cover architectural design, scheduling, 
data-centric routing, and wireless medium access control. This 
tutorial is intended for database researchers who are interested in 
sensor networks.   

Categories and Subject Descriptors 
H.2.4 [Database Mangement]: Systems – concurrency, distributed 
databases, query processing.  

General Terms 
Algorithms, Measurement, Performance, Design, Experimentation. 

Keywords 
Sensor networks, in-network query processing, scheduling, data-
centric routing, wireless medium access control. 

1. INTRODUCTION 
Wireless sensor networks (WSNs) as a research area has a rather 
short history [2]. So far, the database community has produced 
several in-network sensor query processing systems (ISQPs), or 
sensor databases, including the earlier ones Cougar [43] and 
TinyDB [22], and most recent ones SwissQM [25] and DSN [6]. 
There have also been a fair number of query processing techniques 
proposed for sensor networks [5] [8] [16] [21] [23] [30] [31] [32] 
[42] [44]. As the performance of ISQPs is greatly affected by the 
system design issues, we discuss the state of the art on these issues 
for sensor databases in this tutorial. 

The goal of this tutorial is to present the challenges and efforts in 
developing holistic, efficient sensor databases, with a focus on the 
interactions between system design issues and query processing 
techniques.  Specifically, query processing techniques often assume 
a fixed tree-network topology and ignore scheduling, time 
synchronization, and other low-level mechanisms.  Meanwhile, a 
fair amount of work has been done on these systems mechanisms 

from the networking and systems communities with little 
consideration about query processing workloads [3] [7] [10] [13] 
[15] [26] [27] [28] [45] [46].  Therefore, we attempt to bridge the 
gap and to raise the awareness with this tutorial. 

Our tutorial will be organized as follows. The first half will be spent 
introducing existing and emerging architectural designs for sensor 
databases and briefly surveying a few query processing techniques 
for sensor networks.  The second half will focus on the system 
support mechanisms, including routing, scheduling, and medium 
access control.  Our intended audience is database researchers who 
are interested in working on data management for sensor networks.  
We assume that the audience has general knowledge about 
computer networks.  

2. ARCHITECTURAL DESIGN 
Figure 1 illustrates a generic ISQP in three layers.  The MAC 
(Medium Access Control) layer manages the wireless, multi-hop 
radio communication channel of a WSN.  Its tasks include energy 
conservation, bandwidth allocation, and time synchronization for 
the channel.  The routing layer maintains the network topology to 
disseminate queries from a sink node into the network and to 
transmit sensor readings in the network. Finally, the query layer 
executes declarative, SQL-style database queries.  In this layer, 
relational query operators are applied to the sensor readings before 
the data are transmitted by the routing layer. Additionally, 
scheduling can be done in each layer or across layers. 
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Figure 1: A Three-Layer ISQP 

Both Cougar [43] and TinyDB [22] fall into this architectural design.  
Because TinyDB is based on the commonly used TinyOS [37] 
system environment and is publicly available, we will use it as 
examples to discuss system design issues. 

Most recently, SwissQM [24][25] is proposed as a next-generation 
data processing system for sensor networks.  It implements query 
processors for sensor nodes as virtual machines.  These virtual 
machines are similar to those in Mate [17], but they are specialized 
for data processing.  
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Finally, DSN [6], a declarative sensor network system is proposed 
to address the difficulties in sensor network programming.  It 
provides a declarative language as well as a compiler and a runtime 
environment for the language to support a wide range of 
applications, including query processing. 

Additionally, there has been recent development on programming 
environments and operating system support for WSN application. 
The most recent OS for sensor networks, t-kernel [11], is able to 
support three key OS features, including OS protection, virtual 
memory, and preemptive scheduling and execution. Both MANTIS 
[4] and Contiki [9] support multi-threading features on a sensor 
node.  Additionally, with MANTIS, users can test a target sensor 
code either on a PC or on a sensor node using remote login. Contiki 
features lightweight loading or unloading of programs.  Similarly, 
SOS [12] enables dynamic module loading, which can reduce the 
program loading time, especially in wireless networks.  These OSs 
can all run in a tiny sensor mote, which has about 4-10 KB RAM 
and a CPU of a few MIPS.  Most recently, researchers at Sun 
Microsystems Laboratories have been building a SunSPOT system 
[34] to enable WSN application developers to use a compact Java 
language to program on sensor nodes for the portability and 
flexibility of sensor node programs.  Moreover, SunSPOT will be 
able to provide better security support on sensor devices.  The 
SunSPOT system runs on a 32-bit ARM-7 CPU and 11 channel 2.4 
GHz radio.   

3. MAC  
We introduce four MAC protocols that are designed specifically for 
sensor networks as opposed to general MANETs (Mobile Ad-hoc 
Networks) and discuss their implications on ISQPs. 

The MAC protocol [39] in TinyOS [37] is a contention-based 
protocol. Its major contribution is its adaptive rate control 
mechanism to improve power efficiency and to balance the 
bandwidth allocation among all nodes in a multi-hop WSN for 
fairness.  In addition, in performing the carrier sense multiple access 
(CSMA), the protocol optionally adds a random delay before 
listening to the wireless channel to avoid repeated collision.  This 
repeated collision is severe especially when the sensor nodes are 
time synchronized [33] and the sensor nodes are all trying to send 
data towards the sink node(s), which is usually the case for current 
ISQPs.    

Sensor-MAC (S-MAC) seeks to schedule nodes to periodically 
enter the sleep mode for power efficiency [45].  In S-MAC, a node 
constructs a sleep schedule that specifies the active and sleep 
periods. T-MAC is another contention-based MAC protocol for 
wireless sensor networks [7].  It extends the sleep and active 
scheduling in S-MAC via dynamically ending the active period of a 
schedule, i.e., the active period in T-MAC is not fixed whereas that 
in S-MAC is constant.  These sleep scheduling mechanisms are 
crucial for the WSN power efficiency, especially because ISQPs 
often produce periodic data flows.    

Finally, the Sparse Topology and Energy Management (STEM) 
protocol [27] is designed for WSNs used in applications that do not 
have heavy communication traffic.  As a result, it is suitable for an 
event-monitoring ISQP as opposed to a data acquisitional one. In 
STEM, the radio modules of nodes are put in sleep modes in the 
monitoring state until there are packets ready for transmission.  For 

the nodes to be informed when events occur, each node should 
periodically turn on its radio to listen if someone wants to 
communicate with it.   

4. ROUTING 
Recently, researchers have proposed a number of routing protocols 
specifically for WSNs [1][3][14][15][35][36][40][46]. Among these 
protocols, the location-based ones require sensor nodes to have 
location-aware hardware or to be deployed at specific locations [15] 
[46].  In contrast, several existing protocols, including MintRoute 
[40], the routing protocol in TinyDB [35] (TinyDBRoute) and 
TinyAODV [36], require no location information, which are 
suitable for general ISQPs. 

MintRoute is a widely used protocol on top of TinyOS [37].  It 
focuses on improving link and route reliability through 
neighborhood table management.  The routing protocol used in the 
TinyDB system, TinyDBRoute, is a shortest path one.  It is similar 
to MintRoute in that it also uses a distance-vector approach.  Both 
MintRoute and TinyDBRoute send out control packets to maintain 
routes periodically and the cycle of their route maintenance is fixed.  
Finally, TinyAODV is a WSN version of the Ad hoc On-Demand 
Distance Vector (AODV) protocol [26].  It sets up a route only 
when there is a demand and invalidates the route upon receiving an 
error message. 

5. SCHEDULING 
Scheduling has been proposed for WSNs to reduce idle listening, 
overhearing, collision, and control packet overhead 
[10][13][28][38][44] and to guarantee real-time delivery [18][19].  
Scheduling is an effective means to power efficiency, the major 
concern for data-intensive WSN systems, such as an ISQP.  
Specifically, the power consumption of data transmission is much 
higher than CPU computation.  As a result, idle listening is similar 
to, or even more than, transmission uses, because idle listening 
requires both the CPU and the transceiver of a node to be active.  
Given that the electric current in a node is at the micro-Ampere 
level in sleeping and at the milli-Ampere level when active, the 
most effective way to save power is to make nodes sleep whenever 
possible.   

Two representatives of WSN sleep scheduling protocols are Flexible 
Power Scheduling (FPS) [13] and the scheduling scheme proposed 
by Sichitiu (SS) [28].  Both schemes allocate specific time slots for 
communication. In FPS, a parent allocates the transmission slots for 
its children so that the children do not compete. In comparison, SS 
is a cross-layer scheduling scheme that constructs both schedules 
and routes.  

Existing scheduling schemes fall into two categories: topology-
dependent and topology-independent.  The topology-dependent 
schemes, such as FPS [13] and SS [28], construct a schedule based 
on the network topology and usually take a long time in subsequent 
schedule updates.  In contrast, topology-independent schemes, such 
as the scheduler in TinyDB [36], are immune to topology changes 
but they usually keep nodes idle-listening, which is inefficient. As 
the topology of a WSN often changes due to various factors and 
queries in an ISQP come and go, it is desirable to make scheduling 
schemes adaptive. 

1183



Our previous work [41] on DCS, a distributed, cross-layer 
scheduling protocol is an example of making scheduling work for 
in-network sensor query processing.  Its architecture in an ISQP is 
shown in Figure 2.   
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Figure 2: DCS in an ISQP 

In DCS, each node employs its MAC, routing, and query layers to 
negotiate with its parent its timing for transmission, and constructs a 
schedule for its query processing. It then follows the schedule to 
compute, communicate, and sleep in each query processing cycle. 
This scheduling reduces wasted listening and receiving, as well as 
the switching between active and sleeping modes.  Consequently, it 
resulted in a 50-60% power saving with real sensor nodes in our 
experiments.  Additionally, it outperforms FPS [13] and SS [28] 
both on schedule construction efficiency and on schedule quality.   
However, DCS has a few shortcomings, with the major one being 
the lack of support for incremental schedule updates in response to 
the changes in an ISQP.  

6. FUTURE DIRECTIONS 
There are a number of open problems and future directions for 
system design issues in sensor databases. In the following, we 
outline three of them. 

The first direction is multi-query processing. Current ISQPs support 
no more than two concurrent queries.  With the advances in the 
sensor node hardware, we see great opportunity for supporting 
multi-query processing.  This capability will improve resource 
sharing significantly and requires considerations on scheduling at 
multiple layers.  

The second direction is join and user-defined function processing.  
So far, joins in sensor networks have been restricted to a sensor 
stream joining with a static table. It is desirable to support window 
joins over multiple sensor data streams.  Additionally, user-defined 
functions, especially signal processing ones, are common in ISQP 
applications.  Supporting these advanced query processing 
capabilities efficiently demands considerations on routing, 
scheduling as well as architectural design.  

The third direction is to design an ISQP for a multi-sink network 
will require completely rethinking of issues in scheduling, routing, 
and MAC support, since existing ISQPs all assume a single-sink 
tree structure network. Nevertheless, to enable users to inject queries 
and to obtain results anywhere in a network, a multi-sink design is 
mandatory. 

Finally, for all of these directions, we advocate the cross-layer 
design methodology because it optimizes multiple layers of a sensor 

network system and will make an ISQP more efficient, as 
exemplified in recent work [20][21][22][24][29][38][44].   

7. Author Biography 
Qiong Luo is an assistant professor at the Computer Science and 
Engineering Department, the Hong Kong University of Science and 
Technology (HKUST). Her research interests are database systems, 
with a focus on data management and analysis techniques related to 
network applications. Qiong received her Ph.D. in Computer 
Sciences from the University of Wisconsin-Madison in 2002 and 
her B.S.and M.S. in Computer Sciences from Beijing (Peking) 
University, China in 1992 and 1997 respectively. 

Hejun Wu is a PhD student at the Computer Science and 
Engineering Department, the Hong Kong University of Science and 
Technology (HKUST). His research interests are wireless sensor 
networks, distributed systems, and embedded systems. 

REFERENCES 
[1] Kemal Akkaya and Mohamed Younis, “A Survey on Routing 

Protocols for Wireless Sensor Networks”, Ad Hoc Networks, 
vol. 3, no. 3, pp. 325-349, May 2005. 

[2] Ian F. Akyildiz, Weilian Su, Yogesh Sankarasubramaniam, 
and Erdal Cayirci, “A Survey on Sensor Networks,” IEEE 
Communications Magazine, vol. 40, no. 8, pp. 102-114, 
August 2002. 

[3] Jamal N. Al-Karaki and Ahmed E. Kamal, “Routing 
Techniques in Wireless Sensor Networks: A Survey,” IEEE 
Wireless Communication, vol. 11, no.6, pp. 6-28, December 
2004.  

[4] Shah Bhatti, James Carlson, Hui Dai, Jing Deng, Jeff Rose, 
Anmol Sheth, Brian Shucker, Charles Gruenwald, Adam 
Torgerson, and Richard Han, “MANTIS OS: An Embedded 
Multithreaded Operating System For Wireless Micro Sensor 
Platforms,” ACM/Kluwer Mobile Networks and Applications 
(MONET), Special Issue on Wireless Sensor Networks, vol. 
10, no. 4, pp.563–579, August 2005. 

[5] Jeffrey Considine, Feifei Li, George Kollios, and John Byers.  
Approximate Aggregation Techniques for Sensor Databases.  
ICDE, 2006. 

[6] David Chu, Lucian Popa, Arsalan Tavakoli, Joseph M. 
Hellerstein, Philip Levis, Scott Shenker, Ion Stoica.  The 
Design and Implementation of A Declarative Sensor Network 
System.  Submitted for publication, Oct 2006. 

[7] Tijs van Dam and Koen Langendoen, “An adaptive energy-
efficient MAC protocol for wireless sensor networks”, SenSys 
2003. 

[8] Amol Deshpande, Carlos Guestrin, Wei Hong, Samuel 
Madden, “Exploiting Correlated Attributes in Acquisitional 
Query Processing”, ICDE 2005. 

[9] Adam Dunkels, Björn Grönvall, Thiemo Voigt, “Contiki - A 
Lightweight and Flexible Operating System for Tiny 
Networked Sensors. The 29th Annual IEEE Conference on 
Local Computer Networks, 2004. 

[10] Cédric Florens and Robert McEliece, “Packet Distribution 
Algorithms for Sensor Networks,” INFOCOM, 2003. 

1184



[11] Lin Gu, John A. Stankovic, “t-kernel: Providing Reliable OS 
Support for Wireless Sensor Networks,” SenSys, 2006.    

[12] Chih-Chieh Han, Ram Kumar, Roy Shea, Eddie Kohler and 
Mani Srivastava, “A Dynamic Operating System for Sensor 
Nodes,” International Conference on Mobile Systems, 
Applications, and Services, 2005. 

[13] Barbara Hohlt, Lance Doherty, and Eric Brewer, “Flexible 
Power Scheduling for Sensor Networks,” IPSN, 2004. 

[14] Chalermek Intanagonwiwat, Ramesh Govindan, and Deborah 
Estrin, “Directed Diffusion: A Scalable and Robust 
Communication Paradigm for Sensor Networks,” MobiCom, 
2000.  

[15] Brad Karp and H. T. Kung, “Greedy Perimeter Stateless 
Routing for Wireless Networks, ” MobiCom 2000.  

[16] Yannis Kotidis, Snapshot Queries: Towards Data-Centric 
Sensor Networks, ICDE 2005. 

[17] Philip Levis and David Culler.  "Maté: A Tiny Virtual 
Machine for Sensor Networks." In ASPLOS, 2002. 

[18] Huan Li, Prashant J. Shenoy, Krithi Ramamritham, 
“Scheduling Messages with Deadlines in Multi-Hop Real-
Time Sensor Networks”, IEEE Real-Time and Embedded 
Technology and Applications Symposium 2005: 415-425. 

[19] Huan Li, Prashant J. Shenoy, Krithi Ramamritham, 
“Scheduling Communication in Real-Time Sensor 
Applications”, IEEE Real-Time and Embedded Technology 
and Applications Symposium 2004: 10-18. 

[20] Qinglan Li, Jonathan Beaver, Ahmed Amer, Panos K. 
Chrysanthis, Alexandros Labrinidis, Ganesh Santhanakrishnan, 
Multi-Criteria Routing in Wireless Sensor-Based Pervasive 
Environments, Journal of Pervasive Computing and 
Communications (JPCC), 1(4): 313-326, December 2005. 

[21] Samuel Madden, Michael J. Franklin, Joseph M. Hellerstein, 
and Wei Hong, “TAG: a Tiny AGgregation Service for Ad-
Hoc Sensor Networks,” OSDI, 2002. 

[22] Samuel Madden, Michael J. Franklin, Joseph M. Hellerstein, 
and Wei Hong, “The Design of an Acquisitional Query 
Processor for Sensor Networks,” SIGMOD, 2003. 

[23] Amit Manjhi, Suman Nath, Phillip B. Gibbons, Tributaries and 
Deltas: Efficient and Robust Aggregation in Sensor Network 
Streams, SIGMOD, 2005. 

[24] René Müller, Gustavo Alonso: Efficient Sharing of Sensor 
Networks. IEEE International Conference on Mobile Ad-hoc 
and Sensor Systems, Vancouver, Canada, October 9-12, 2006. 

[25] Rene Muller, Gustavo Alonso, and Donald Kossman, 
“SwissQM: Next Generation Data Processing in Sensor 
Networks”, CIDR 2007. 

[26] C. Perkins, E. Belding-Royer, and S. Das, “Ad hoc On-demand 
Distance Vector (AODV) Routing,” RFC 3561, July 2003. 

[27] Curt Schurgers, Vlasios Tsiatsis, Saurabh Ganeriwal, and Mani 
Srivastava, “Connecting the physical world with pervasive 
networks”, IEEE Transactions on Mobile Computing, vol. 1, 
no. 1, January 2002. 

[28] Mihail L. Sichitiu, “Cross-Layer Scheduling for Power 
Efficiency in Wireless Sensor Networks,” INFOCOM, 2004.   

[29] Mohamed A. Sharaf, Jonathan Beaver, Alexandros Labrinidis, 
and Panos K. Chrysanthis. Balancing Energy Efficiency and 
Quality of Aggregate Data in Sensor Networks, The VLDB 
Journal (VLDBJ), 13(4): 384 - 403, December 2004. 

[30] Adam Silberstein, Kamesh Munagala, Jun Yang, “Energy-
efficient monitoring of extreme values in sensor networks”, 
SIGMOD, 2006. 

[31] Adam Silberstein, Rebecca Braynard, Jun Yang, “Constraint 
chaining: on energy-efficient continuous monitoring in sensor 
networks”, SIGMOD, 2006. 

[32] Adam Silberstein and Jun Yang. "Multiple Aggregation for In-
Network Control of Sensors." ICDE, April 2007. 

[33] Ping Su, “Delay Measurement Time Synchronization for 
Wireless Sensor Networks”, IRB-TR-03-013, Intel Research 
Berkeley Lab, 2003. 

[34] Sun SPOT Project, http://www.sunspotworld.com/. 
[35] TinyAODV. http://cvs.sourceforge.net/cgi-bin/viewcvs.cgi/ 

tinyos/tinyos-1.x/contrib/hsn 
[36] TinyDB, http://telegraph.cs.berkeley.edu/tinydb/. 
[37] TinyOS, http://www.tinyos.net/. 
[38] Niki Trigoni, Yong Yao, Alan Demers, Johannes Gehrke, and 

Rajmohan Rajaraman. "WaveScheduling: Energy-Efficient 
Data Dissemination for Sensor Networks". The First 
International Workshop on Data Management for Sensor 
Networks (DMSN), August 2004.  

[39] Alec Woo and David Culler, “A Transmission Control Scheme 
for Media Access in Sensor Networks”, MobiCom, 2001. 

[40] Alec Woo, Ternence Tony, and David Culler, “Taming the 
Underlying Challenges of Reliable Multihop Routing in Sensor 
Networks,” SenSys, 2003.  

[41] Hejun Wu, Qiong Luo, and Wenwei Xue, “Distributed Cross-
Layer Scheduling for In-Network Sensor Query Processing,” 
PerCom, 2006. 

[42] Wenwei Xue, Qiong Luo, Lei Chen, and Yunhao Liu, 
“Contour Map Matching for Event Detection in Sensor 
Networks”, SIGMOD, 2006.  

[43] Yong Yao and Johannes Gehrke, “Query Processing for Sensor 
Networks,” CIDR, 2003. 

[44] Yong Yao, S.M. Nazrul Alam, Johannes Gehrke, and Sergio 
D. Servetto.  “Network Scheduling for Data Archiving 
Applications in Sensor Networks”.  DMSN, 2006. 

[45] Wei Ye, John Heidemann, and Deborah Estrin, “An Energy-
Efficient MAC Protocol for Wireless Sensor Networks”, 
INFOCOM, 2002. 

[46] Le Zou, Mi Lu, and Zixiang Xiong, “PAGER-M: A Novel 
Location-based Routing Protocol for Mobile Sensor 
Networks,” First International Workshop on Broadband 
Wireless Services and Applications (BroadWISE), 2004.

 

1185



<<
  /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 /Warning
  /CompatibilityLevel 1.3
  /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 true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /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 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 2.33333
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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 [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


