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Abstract

The growth of XML usage raises the necessity for 
embedded XML parser implementation. Embedded 
systems differed from conventional computing 
platforms for its limited resources. Among existing 
XML parsers, SAX and VTD-XML appear to be 
potential candidates for embedded implementation. 
The former utilizes minimum resources to perform 
forward-only XML streaming; while the latter 
provides random access to XML document at 
moderate resources. This paper proposes a new idea 
of Roll-Back Streaming XML (RBStreX) parser for 
embedded XML parsing. RBStreX is a “pull” type 
SAX parser that can perform backward referencing 
through its “roll-back” mechanism. Its resource 
requirement is only slightly higher than that of SAX 
and much lower than that of VTD-XML. A simple 
RBStreX had been designed using VHDL and 
simulated using Altera Quartus II software. 

1. Introduction 

The Extensible Markup Language (XML) is one of 
the lingua franca on Web technologies. It is a simple, 
standard way to delimit text data. The programmer 
may create an arbitrary data structure and share it with 
anyone regardless the programming language and 
computing platform being used. [1] 

The XML parsing is the technique to interpret the 
data from an XML document and make the data 
available for the application to process. As the XML 
related technologies advance, different XML parsers 
blossom for better processing of XML data. General 
XML parsers exist in software Application 
Programming Interface (API) forms, mostly in Java 
class format, for the ease of interactions with other 
applications on computing platforms. Existing XML 
parsers include Simple API for XML (SAX), 
Document Object Model (DOM), Virtual Token 
Descriptor for XML (VTD-XML) [2] and lastly, 
Random Access XML (RAX) [3]. 

However, as computing technologies go ubiquitous, 
there raise a need for an XML parser for embedded 
systems. Differed with conventional computing 
systems, embedded systems have limited resources. 

The attempts to fill in the embedded systems with 
conventional XML parsers are not the optimum 
solution. High computation cost of software-based 
XML parser shall raise the resource usage and lower 
the performance of embedded systems. The following 
sections will briefly explain XML and discuss current 
XML parsing techniques for use of embedded system. 
This paper then proposes an idea of a new XML 
parsing technique for embedded systems, Roll-Back 
Streaming XML (RBStreX) parser. The RBStrex 
technique is the result of taking experiences of readily 
available XML parsers and exploiting the capability of 
direct memory access in embedded system. The main 
contributions of RBStrex are the process simplicity 
and the resource minimization as well as the backward 
referencing capability achieved under these 2 
constraints. Note that this paper only provides the 
method to parse the data contents of XML documents, 
but ignore some components of XML such as DTD, 
namespace, etc. 

2. XML basics and existing XML parsers 
overview 

This section shall introduce the XML basics and 
existing XML parsers.

2.1. XML basics 

For ease of understanding, this sub-section briefly 
explains terms used in XML documents. Figure 1 
shows a simple example of part of XML data contents. 
An “element” is XML’s container for content. “Start-
tag” and “end-tag” indicate begin and end of an 
element respectively. The “content” exists between 
“start-tag” and “end-tag” can be either character data 
or other elements. There are a few types of simple 
relationship terms in XML to be used throughout the 
paper as demonstrated by the following examples: 

1. The <example> is “parent element” of <letter> 
and <number>; 

2. the <letter> and <number> are “child elements” 
of <example>;  

3. the <letter> is “sibling element” of <number>, 
and vice versa; 

4. the <example> is “ancestor element” of all 
other elements. 
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Figure 1. Example of XML data
Finally, the XML “depth” refers to the total layers 

of elements that exist in the XML document. For 
instance, example in Figure 1 has depth of 3 layers. 

2.2. Simple API for XML (SAX) 

The most fundamental XML parser is the Simple 
API for XML (SAX). The SAX parser is an event-
based parser. It parses the XML document 
sequentially over the document, identifies and reports 
every tag and element as individual event as shown in 
Figure 2. Besides, it is a streaming parser, which 
produces output along the parsing process. There is a 
slightly advance type of SAX parser called “pull” type 
SAX parser. It only reports the events from the XML 
document when being requested by the application 
program.  Example of “pull” type SAX parser is the 
Streaming API for XML (StAX) [4].  

Figure 2. Operation of "pull" type SAX parser 

The benefits of SAX parser lie with its simplicity, 
which results in high speed and low resource usage. 
As a streaming parser, it does not require large buffer 
space to store the entire parsed data. However, SAX 
parser only processes XML documents in forward 
direction. Meanwhile, some XML parsing operations 
may require “backward referencing”, where it need to 
access previously parsed information that located at 
earlier part of the XML document.  

2.3. Document Object Model (DOM) 

The Document Object Model (DOM) parser is 
currently the most widely used XML parser. The 
DOM parser parses the XML document and constructs 

a corresponding tree structure in its memory as 
illustrated in Figure 3. The application program can 
then randomly access any part of the tree, without 
direction limitation as in SAX parser. The tree 
structure representation of data enables the application 
program to easily access the data. The DOM parser is 
highly object-oriented, thus a very “programming-
friendly” parser. The drawbacks of DOM parser are 
the long parsing time for the parser to construct the 
tree structure and large memory usage to store the 
entire tree structure. In the case where the application 
only accesses to a small part of the XML data, the 
overhead of tree structure construction becomes 
notably reluctant. 

Figure 3. Example of DOM tree Structure

2.4. Virtual Token Descriptor for XML 
(VTD-XML) 

The Virtual Token Descriptor for XML (VTD-
XML) [2] is a XML parsing technique developed by 
XimpleWare. It is applicable to both software and 
hardware solutions. Instead of being an API, VTD-
XML is a binary format specification. It parses the 
XML document and creates 64-bit binary format VTD 
record (token) for each event. Through the list of VTD 
records, the application program may access to any 
desired element as if using a DOM parser. Meanwhile, 
VTD-XML provides higher performance and requires 
lower resource compared with DOM (VTD-XML only 
need memory of about 1.3~1.5 times of the original 
XML document size, compared with DOM’s 5~10 
times of that) [2]. However, the VTD-XML has its 
drawback as its binary VTD record is not object-
oriented like DOM. 

2.5. Random Access XML (RAX) 

The Random Access XML (RAX) [3] is a 
hardware XML parsing technique implemented by 
Tarari Inc. (currently acquired by LSI Corporation). It 
is being employed in the company’s XML parsing 
accelerator hardware products. The RAX achieves 
very high throughput using simultaneous XPath 
processing method. The XPath is a path expression to 
navigate the XML documents. For simple 
understanding, it can be considered as same concept 
as “directories” in our computers. RAX generates 
XPath for each event in the XML document and run 



simultaneous XPath evaluation to retrieve the targeted 
XML data. The performance of RAX is much higher 
than all formerly discussed parsers. However, its 
simultaneous XPath operations shall consume high 
amount of memory and logic resources. 

3. XML parsers in embedded systems 

The XML parser implementation in embedded 
systems differs from conventional computing systems 
primarily for the limited resources on embedded 
systems. This section shall examine the existing XML 
parsing techniques from the point of view of the 
embedded system. 

The SAX and DOM parsers are parsers that are 
widely used on conventional computing platforms for 
years. Embedded implementations of SAX and DOM 
parsers are available in lightweight C and Java codes. 
The DOM parser is highly object-oriented, thus 
favored for programming. However, the DOM’s 
requirement of high resources to construct and store 
the tree structure representation somehow contradicts 
to the resources limitation considerations of the 
embedded system. On the other hand, the SAX parser, 
as the basic XML parsing technique suits better for 
embedded systems. The SAX only requires simple 
operations and little buffer space for XML parsing. 
Examples of embedded SAX parsers are MinML [5] 
and NanoXML [6]. Both MinML and NanoXML exist 
in Java. 

The VTD-XML is able to be implemented by either 
software or hardware implementations. It achieves 
reasonably fast performance and low resources usage 
for XML parsing. The VTD-XML parser is not object-
oriented. However, it enables random access of XML 
data, which is a flexible feature to run the application 
programs. Lastly, the RAX parser is a total-hardware 
XML parser and provides very high performance. 
However, the RAX is designed as hardware 
accelerator for XML parsing instead of lightweight 
embedded XML parser. It requires high resources and 
logics for its simultaneous XPath operations. 

Table 1 shows the comparison between different 
XML parsers. Among these parsers, the SAX and 
VTD-XML appear to be more suitable for embedded 

XML parser implementation. For basic embedded 
XML parsing, the SAX is favored for its extreme 
simplicity and resource-friendly characteristics. 
Meanwhile, for more advance embedded XML 
parsing, the VTD-XML is preferred for its reasonably 
low resource usage, high performance and its 
capability to provide random access to XML 
document. 

4. Concept of Roll-Back Streaming XML 
(RBStreX) parser 

This paper proposes a new XML parser concept for 
embedded system, namely Roll-Back Streaming XML 
(RBStreX) parser. Considering limited resources on 
embedded system, the RBStreX attempts to optimize 
the achievable XML parsing features with minimum 
resources. The implementation requires the condition 
where direct access to the file location is allowed as in 
Figure 4.  

Figure 4. RBStreX module 
The RBStreX is an evolved version of streaming 

“pull” type XML parser. Existing streaming parsers 
such as SAX parse XML document sequentially. They 
possess high parsing speed, but suffer from inability 
for backward referencing. As to overcome this 
limitation of streaming parser, RBStreX introduces 
“roll-back” method by utilizing fixed-size buffers that 
hold the memory location of certain elements. The 
particular element can be any element that is 
significant towards the currently streamed elements, 
for example, the parent element. Conventional non-
streaming XML parsers such as the DOM and VTD-
XML provide random access to XML document, thus 
backward referencing of data is easily done. The 
RBStreX on the other hand allows backward 
referencing by the method to “roll-back” to the 
previously recorded location of a particular element 
while XML streaming is in progress. The “roll-back” 

Table 1. Comparison between XML parsers 
 SAX DOM VTD-XML RAX 

Parsing style Event-based, 
streaming.

Tree structure 
modeling. List of VTD records. Simultaneous XPath. 

Resource usage Very low. High. Low. Very high. 
Performance Fast. Slow. Fast. Very fast. 
Conventional 

Implementation Software. Software. Both. Hardware. 

Random 
accessibility No. Yes. Yes. Yes. 



operation is achieved by directly access to the XML 
document in the memory and set the address point to 
the location as indicated by the RBStreX’s buffer. 
After “roll-back” to an earlier location, the RBStreX 
will resume streaming from that location. Repeating 
“roll-back” allows the parser to return to location of 
any pre-recorded location of a particular element. 
Thus, the “roll-back” feature enables the parser to “re-
access” any earlier part of XML document. 

As mentioned, the selection of element which its 
location is to be buffered should be a “significant 
element” with respect to currently streamed element. 
By carefully select the criteria on defining the 
“significant element”, the resources consumption of 
RBStreX will be very small, which can be just slightly 
higher than that of a “pull” type SAX parser.  

In this RBStreX implementation, such “significant 
element” is defined to refer as the parent element of 
the currently streamed element. As the location of 
parent elements are being recorded along the 
streaming process that goes through layers of XML 
elements, the buffer will consist of locations for a set 
of “direct ancestor” elements with respect to currently 
streamed element. The buffer is thereby referred as the 
“Direct Ancestor” (DA) buffer. Note that during each 
layer, only 1 element will be recorded, and the record 
will be overwritten or deleted after this element has 
been streamed to its end (by detection of the 
corresponding end-tag). By adding such constraint, the 
buffer size needed is effectively limited to simply 1 
location per layer of the XML document. Figure 5 
illustrates an example on the how the DA buffer 
works. When the current streamed element is “Leslie”, 
the array of DA buffer holds the record for locations 
of all “direct ancestors” of “Leslie”, which are 
“Thomas” (layer 3), “Old John” (layer 2) and “Very 
old Tom” (layer 1). 

5. RBStreX with direct ancestor (DA) 
buffer implementation 

The basic design of RBStreX parser considers only 
3 types of events, which are start tag, content and end 

tag of XML document. Besides, only 2 simple 
commands are implemented, which are “get_next” 
and “roll_back”. “Get_next” command returns the 
next event data and event type; while “roll_back” 
command brings the parser back to the location of 
parent element with respect to the currently streamed 
element. Meanwhile, the DA buffer will always keep 
track of the location records of direct ancestors with 
respect of current streamed element. As shown in the 
Equation (1), the DA buffer size depends on 
“max_depth”, the maximum depth of target XML 
document, and “addr_width”, the address bus width, 
which used to support a maximum XML document 
size.

DA_size (-bit) = max_depth * addr_width (-bit) (1) 
The operation flow of the RBStreX is shown in 

Figure 6. A simple prototype of RBStreX had been 
designed in VHDL and tested (Very High Speed 
Integrated Circuit Hardware Design Language) using 
Quartus II software from Altera [7]. The design had 
been verified by the simulation on Quartus II as 
shown in Figure 7. 

Figure 6. RBStreX operation flow 

Figure 5. Direct Ancestor (DA) buffer with tree model view 



Figure 7. Quartus II simulation screenshot 

Figure 8. Scenario of using RBStreX

During simple data retrieval operations, where 
backward referencing is unnecessary, it works as a 
“pull” type SAX parser. Figure 8 shows an example of 
how an application may utilize RBStreX to perform 
some less simple data retrieval operations. Consider 
the scenario where the application program would like 
to retrieve the information on “the age of every child 
of Mary’s father”. A SAX parser alone cannot achieve 
such operation without external buffers at the 
application program because SAX parser cannot refer 
to earlier parsed data. On the other hand, RBStreX 

provides the “roll-back” feature that enables the 
streaming process goes back to the start of first child 
element within same parent element. The process of 
the RBStreX parsing in this example is shown as 
below: 

1. Normal streaming, looking for name of “Mary” 
(“pull” parser); 

2. Found the name of “Mary”; 
3. “Roll-back” to the direct ancestor element 

“parent1”; 
4. Continue streaming from element “parent1”, 

looking for information “age” under “child”; 
5. Found Tommy’s age, “17”; 
6. Found Mary’s age, “15”. 
At each depth layer, DA buffer only records the 

location of the parent element with respect to current 
streaming location. When the streaming proceeds to 
next element at same depth, the current DA buffer will 
be loaded with information of new location. Take 
instance for the previous example in Figure 7, after 
step 6, the streaming proceeds to another parent 
element “parent2” that contains “Old Tom” and his 
children, the DA buffer will replace the location of 
“parent1” (that contains “Old John” and his children) 
with the location of “parent2”. 

6. Comparisons & discussions 

Section 3 earlier reviewed that the SAX and VTD-
XML as more favorable conventional XML parsers 
for embedded implementation. Table 2 shows the 
comparisons between RBStreX, SAX and VTD-XML. 

The SAX parser provides high parsing speed and 
requires very minimum resource requirement, but 
does not provide backward referencing feature. 
Meanwhile, the VTD-XML provides random access to 
XML document by introducing reasonably memory 
overhead at 1.3~1.5 times of original XML document 
size.

The proposed RBStreX does not provide random 
access. Instead, it provides “roll-back” mechanism to 
allow earlier accessed XML data to be “re-accessed” 

Table 2. Comparisons between RBStreX with "pull" type SAX & VTD-XML 
 “pull” SAX VTD-XML RBStreX 

Memory 
Resource 

Lowest, only few 
buffers and logics. 

Low, 1.3~1.5 times of 
original XML 
document size. 

Slightly higher than SAX but lower 
than VTD-XML, address-bus-width 
buffer per layer. 

Speed Very fast. Fast. Variable. (depends on operations 
complexity) 

Backward 
referencing Not achievable. 

Achievable by random 
access through list of 
VTD records. 

Achievable by “roll-back” to any 
direct ancestor element of current 
streamed element. 

Random 
accessibility No. Yes. No. 



when backward referencing is necessary. Memory 
consumption of RBStreX is far less than that of VTD-
XML. For instance, to target a XML document with 
within 1kB size (maximum address bus of 10-bit) and 
maximum depth of 8-layer, DA buffer with size of 
merely 80-bit is required. Using VTD-XML, similar 
size of XML document (regardless maximum depth) 
shall require 1.3~1.5kB of memory. 

The potential drawback of the RBStreX is the 
variable parsing time, depending on the nature of 
parsing pattern performed. Each “roll-back” operation 
restores the parsing location to an earlier point and 
resumes the parsing from that point. This is a tradeoff 
between resource usage, operation feature (backward 
referencing), and performance. The RBStreX is able 
to deliver XML parsing operations with moderate 
complexity at reasonably high performance. The worst 
case scenario for RBStreX performance issue is when 
the parsing operations require repeatedly referencing 
across long distance, for example from deepest layer 
to first layer. In such cases, the XML document will 
be streamed over and over again, resulting longer 
parsing time. However, such worst case scenario is not 
common and it can be noticed during designing the 
application operations. As none of the parsers, 
whether the RBStreX and any of them mentioned 
earlier, suit the best for all application, an experienced 
or a careful application programmer shall be able to 
distinct the needs of the application and thereby 
determine the suitable parser for the application.  

Besides, the RBStreX requires more frequent 
access to the XML document as compared with 
conventional parsers. Therefore, it is highly 
recommended that the RBStreX to be implemented as 
hardware XML parsing module that can directly 
access to the memory where the XML document 
resided (as in Figure 4). Such design can bypass the 
core processor, thus reduces the workload of the 
processor on the embedded system. The RBStreX 
module should be placed physically near to the 
memory unit as to reduce power usage, especially 
during worst case scenario, where the RBStreX will 
repeatedly access the memory unit. 

7. Conclusion

The XML parsing is the key technique for 
development of the Web’s next big thing, the XML 
technologies. Consequently, embedding XML parsers 
is nonetheless a necessity to bring the Web towards 
ubiquitous. However, existing parsers that work well 
in conventional computing platforms are not fully 
optimized for embedded systems. Currently the 
conventional XML parsers that are potential to be 
embedded are the SAX and VTD-XML. 

This paper proposes the idea of the RBStreX as 
XML parser for embedded system. The RBStreX 
possesses the simplicity of SAX as well as “roll-back” 
capability that enables backward referencing of XML 
data. The RBStreX requires very low resources; only 
slightly higher resources than that of SAX; which is, 
at the same time, much lower than that of VTD-XML. 
The “roll-back” mechanism allows the parser to 
perform backward referencing that is not achievable 
by conventional streaming parser. Embedding 
RBStreX as embedded hardware module that is 
directly connected to memory unit can reduce the 
embedded core processor workload and reduce power 
consumption. Targeting embedded XML parsing with 
low or moderate complexity, RBStreX shall be more 
efficient choice over other conventional XML parsers. 

8. References 

[1] D. Martin, M. Birbeck, M. Kay, B. Loesgen, J. Pinnock, 
S. Livingstone, P. Stark, K. Williams, R. Anderson, S. 
Mohr,  D. Baliles, B. Peat, and N. Ozu, Professional 
XML, Birmingham, Eng.: Wrox Press, 2000. 

[2] XimpleWare, “VTD-XML: The Future of XML 
Processing,” (accessed 10 Mar 2007), http://vtd-
xml.sourceforge.net.

[3] “RAX: Random Access XML,” white paper, Tarari Inc., 
Apr 2004. 

[4] E.R. Harold, “An Introduction to StAX,” XML.com, 17 
Sep 2003 (accessed 12 Feb 2008), 
http://www.xml.com/pub/a/2003/09/17/stax.html. 

[5] J. Wilson, “MinML a minimal XML parser,” (accessed 
2008), http://www.wilson.co.uk/xml/minml.htm. 

[6] M.D. Scheemaecker, “NanoXML,” (accessed 22 Apr 
2008), http://devkix.com/nanoxml.php. 

[7] Altera, “Quartus II Software Support,” (accessed 5 Jan 
2007), http://www.altera.com/support/software/sof-
quartus.html.

[8] Refsnes Data, “W3 Schools,” (accessed 19 Jan 2007), 
http://www.w3schools.com. 

[9] Y.C. Ngeow, “Dynamic Devices and Workflow 
Management Engine for Ubiquitous Multimedia 
Devices,” presentation, MEngSc Work Completion 
Seminar, Multimedia University, Malaysia, 2008. 

[10] D. Obasanjo, “A Survey of APIs and Techniques for 
Processing XML,” XML.com, 9 Jul 2003, (accessed 22 
Mar 2008), 
http://www.xml.com/pub/a/2003/07/09/xmlapis.html. 

[11] J. Zhang, “VTD-XML: XML Processing for the Future 
(Part I),” The Code Project, 8 Feb 2008, (accessed 23 
Mar 2008), http://www.codeproject.com/KB/cs/vtd-
xml_examples.aspx.



<<
  /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


