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The complexity of modern telecommunications systems 
implies the need for thorough and systematic software 
testing. Software testing is an expensive and time-consuming 
task involving specification of what and how to test, and 
preparation of test descriptions in a format that is accepted 
by the test equipment. To cut down the cost of manual testing 
and to increase its reliability, steps may be taken to automate 
the whole test case preparation process. The Testing and Test 
Control Notation Version 3 (TTCN-3) is an internationally 
standardized language for defining test specifications for a 
wide range of computer and telecommunication systems. It 
allows the concise description of test behavior by 
unambiguously defining the meaning of a test case pass or 
fail. In this paper, we describe a model for automatic test 
generation, and describe an implemented solution for 
automatic generation of TTCN-3 test scripts based on parsing 
SIP call traces. The implemented solution is tested using 
TITAN, a TTCN-3 test execution environment developed in 
Ericsson.  

 
 

I. INTRODUCTION 
 

The quality of software systems becomes crucially 
important with the increasing impact of software solutions 
in everyday life and human society. In the of field of 
telecommunications, due to the complexity of system 
enabling quality became a key task. Development teams 
are required to design systems that will be more advanced, 
but in the same time with lower development costs. One of 
possible ways to decrease the time of software 
development is to decrease the time spent on software 
testing, which is one of the important activities in the 
Software Development Life Cycle. There are many tools 
which can perform automated testing of software systems, 
but the problem of specifying the test scripts for such tools 
still remains. Manual specification of test scripts is a time-
consuming and complicated task. By employing an agile, 
efficient, and automated process of test script generation, 
the entire Software Development Life Cycle would be 
shortened, and a larger number of test scripts could be 
specified, resulting in better testing performance and 
improved quality of the software system itself.  

For the purpose of testing various software systems, the 
Testing and Test Control Notation Version 3 (TTCN-3) [1] 
is often used. Many constructs are similar to those in other 
programming languages but are extended with additional 
concepts not available elsewhere. These concepts include 
built-in data matching, distributed test system architecture, 
and concurrent execution of test components. A test script 
written in TTCN-3 is unambiguous, that is, meaning of 
each and every language element is clearly and precisely 
specified. The language is also standardized which implies 
tool vendor independence, so every tool should execute a 

given test case in exactly the same way. Tool vendor 
independence facilitates easy moving from one TTCN-3 
toolset to another and greatly helps in testing projects 
where test tools from different vendors are used in parallel 
[1]. 

In this paper, we present a model for automatic test 
generation, and describe an implemented solution for the 
automatic generation of TTCN-3 test scripts based on SIP 
call traces. Even though TTCN-3 is often used as test 
description language, the generic model described in this 
paper can be applied as a basis for implementing an 
automated generator of test scripts written in any language 
used for software systems testing as well as for any 
communication protocol used by such a software system. 

The article is divided in several sections. Section II. 
contains the brief overview on the related work. Detailed 
explanation of the proposed system for testing automation 
is given in section III. Finally, section IV. contains some 
conclusive thoughts and ideas for future work on this 
issue.  

 
 

II. RELATED WORK 
 
There are numerous researchers working on test 

automation and automated test case generation. 
Furthermore, there are also different approaches on 
achieving the goal of automated test case generation and 
automated testing.  

The approach presented in [2] discusses how to use 
legacy solutions for test automation in order to achieve a 
higher degree of test automation and to substantially 
reduce the effort necessary to introduce an improved test 
automation solution. The author presents the advantages of 
using a standardized test specification and implementation 
language, such as TTCN-3.  

In [3] authors describe the usage of TTCN-3 to develop 
test suites for SIP protocol and OSP (Open Settlement 
Protocol). This paper also describes the execution and 
validation of the test suites on real TTCN-3 test platforms 
and describes experiences of running the tests against 
actual implementations.  

The work with the most resemblance to test case 
generation concept described in this paper is presented in 
the [4]. The paper shows that it is possible to translate real-
time information contained in Message Sequence Charts 
(MSC) to TTCN-3.  

In the article [5] authors propose a new approach for 
automating the generation of system test scenarios in the 
context of object-oriented embedded software, taking into 
account traceability problems between high level views 
and concrete test case execution. 
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The most of the related work is concentrated either on 
the automatic generation of test cases or on the test 
automation (automatic execution of the test cases). The 
work presented in this paper combines both of those 
approaches by providing such system that is able to 
automatically generate test cases and then execute them 
automatically within the execution environment. The 
concept presented in [4] is very similar to the idea of the 
automatic test case generation with the difference that we 
are using captured SIP call traces instead of MSC.   

 
 

III. AUTOMATED TEST SCRIPT GENERATION 
 

A. High-level conceptual model 
 
It is already mentioned that there are different 

approaches on achieving the goal of test automation. The 
work presented in this paper finds its origins in the model-
based testing concept. Model-based testing is a relatively 
new and evolving technique for generating a suite of test 
cases from requirements. Testers using this approach 
concentrate on a data model and generation infrastructure 
instead of hand-crafting individual tests [6].  

The proposed generic model for automated test scripts 
generation is shown in Fig. 1. This figure shows the basic 
idea of the test case generation system that automates the 
test case preparation process. The input for test case 
generation is captured network traffic between objects of 
interest.  Such a system must be able to generate test 
scripts that will repeat the communication previously 
captured by a network analyzer tool. The trace of messages 
exchanged between two nodes as a result of the generated 
test case execution must be equivalent to the initial trace. 
This model can only be used for automatic generation of 
test scripts that repeat the communication scenarios 
captured by the network analyzer tool. Afterwards, these 
generated scenarios can be manually modified by the user. 

 

Initial message trace 
exported to a text file (e.g. 

SIP call trace captured 
and exported using 

Wireshark)

Template generator

Automated test scripts generation system

Test case generator

SUT-A test scriptTest case execution 
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Captured call trace from 
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Fig. 1. Generic model for automatic test scripts generation 
 

The high-level conceptual system model is generic, i.e., 
it is independent of a particular protocol or test execution 
environment. The model consists of two main modules: 

Template Generator and Testcase Generator, as shown in 
Fig. 1. The input data for the Template Generator module is 
the captured call flow exported as a text file containing all 
relevant information about the messages exchanged 
between the nodes participating in the communication. The 
Template Generator module parses the input file and 
generates a file (or some other data structure) describing 
each exchanged message with all of its parameters. This 
file needs to be written in the same language used for 
writing the test cases, because the test cases will use this 
file as a basis for generating real messages that can be sent 
over the network.  Additionally, this module needs to 
provide the information about the sequence of the 
exchanged messages to the second important module: 
Testcase Generator.  

Testcase Generator module uses this information to 
reconstruct the call flow captured by the network protocol 
analyzer tool in order to generate such a test case that will 
repeat the same message sequence as captured in the initial 
call trace. Furthermore, Testcase Generator can generate 
test scripts for testing each node participating in the 
communication. These generated test scripts are then 
executed within the test case execution environment. 
During the execution, real messages are being generated 
and sent over the network and as such they can also be 
captured with the network protocol analyzer tool. The 
given call trace (from generated messages) must be 
identical to the initial trace given as an input to the system.  
 
B. Model mapping to real case scenario 
 

As we have already mentioned, the high-level 
conceptual system model is generic and independent of a 
communication protocol and test case execution 
environment. However, in this paper we focus on 
automated testing of SIP-based calls. Test scripts are 
generated using TTCN-3, and executed in TITAN, a 
TTCN-3 test execution environment developed in Ericsson 
[7].  

The Template Generator module takes input in the form 
of a SIP call trace captured with the Wireshark network 
protocol analyzer tool and exported as a textual file. The 
input file is parsed and TTCN-3 SIP message templates are 
generated from the elements of the SIP message. Within 
the TITAN execution environment, these templates will be 
converted into real SIP messages which can be sent over 
the network. Each template has its own unique identifier. 
Generated message templates are saved to a TTCN-3 file 
which will be referenced from the test scripts generated by 
the Testcase Generator module. Thus, while executing 
send and receive commands within the test case, 
corresponding messages are referenced according to the 
template identifier.  

Information about the message sequence from the initial 
flow is provided through a tree data structure also built by 
the Template Generator module. This structure is used by 
the Testcase Generator component to reconstruct the call 
flow captured by Wireshark and to efficiently generate the 
test cases written in TTCN-3. A more detailed explanation 
is given in the following section. Based on reconstructed 
communication scenario, test case generation can be 
observed from two different points of view, as shown in 
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Fig. 2. The figure shows that each communication side has 
a different perspective on the communication scenario, so 
we can generate two different test cases, one for testing 
each node. Furthermore, multiple sessions can be 
established between two communicating sides. Each 
session can be identified by its own call identifier, and a 
specific test case has to be generated for each session of 
the communication. Therefore, the Testcase Generator 
component generates the test cases for each view of 
communicating parties.  

 

 
 

Fig. 2. Different perspectives on the communication scenario 
 

 
IV. SYSTEM IMPLEMENTATION 

 
Implementation of the Template Generator and Testcase 

Generator modules will be briefly described on an example 
of the SIP-based communication scenario shown in Fig. 3. 
The entire system is implemented using the Java 
programming language. 

The first task of the automatic test case generation is the 
parsing of the input file. The implemented solution of the 
Template Generator module uses simple regular 
expressions to distinguish the elements of the SIP message, 
which is the biggest lack of the entire system since it does 
not recognize every message that can appear in the 
communication. But, since the model presented is 
completely modular, it is possible to implement the 
Template Generator module using any SIP compliant 
parser.  

 

 
 

Fig. 3. Example of the SIP communication scenario 
After parsing and generation of the TTCN-3 templates 

file, a tree structure needs to be built. After initialization, 

the tree contains only the root node and two subnodes: one 
for each of the nodes participating in communication. Left 
subnode is the root of the subtree representing entire 
communication as it is seen from the perspective of the 
node A. Analogously, the right subtree represents the 
communication as it is seen from the perspective of node 
B. After processing the first request message, two new 
nodes are added on each of the subnodes A and B (node 
CallID, and node T_...). Attributes contained in each tree 
node contain data which specify whether the message 
needs to be sent or received, as well as whether the 
message is a request or a response. Additionally, each 
node stores a unique message template name of a 
corresponding message (e.g. T_INVITE_1). Further 
message processing continues to build the tree. The tree 
constructed by processing the last message is shown in Fig. 
4.  
 

 
 

Fig. 4. Completely built tree structure 
 
It can be noted that the sequence of the processed 
messages can be easily reconstructed by using the preorder 
tree traversal. The left subtree shows that after an INVITE 
message has been sent, messages 100, 180, 183 and 200 
need to be received. In case of multiple sessions, the 
Template Generator module would simply generate 
additional Call-ID nodes and corresponding subtrees (for 
each communication session). 

Testcase Generator uses this pre-built tree data structure 
that clearly defines the captured SIP communication 
between two nodes. The tree structure contains 
information about the various communication sessions 
between two nodes. Consequently, we can generate test 
cases that will repeat all the communication scenarios 
between these nodes (captured in a single Wireshark 
trace), even if they belong to different sessions (if they 
have different Call-IDs). Based on the SIP trace shown in 
Figure 3, the Template Generator module has generated a 
file containing TTCN-3 templates describing exchanged 
SIP messages between two nodes, and built a message tree 
shown in Fig. 4 which will be used for automatic 
generation of test cases. Actual test case generation takes 
place in several consecutive steps explained in the 
following text.  

At the beginning of each test case, we have to generate 
code that allows you to import other .ttcn files required for 
the successful execution of TTCN-3 test cases within the 
execution system. Of course, one of these files is a 
template file previously generated by the Template 
Generator module. Other files that need to be imported are 
used by TITAN in order to map abstract SIP messages to 
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real SIP messages which can be sent over the network. The 
set of additional files that need to be imported depends on 
the concrete execution environment, so this portion of 
code needs to be hardcoded or added manually after the 
generation process. 

The most important part of every TTCN-3 test case is 
the function that describes the communication scenario 
between the test system and the SUT. Within this function 
we need to define all messages that are to be sent to the 
SUT and messages that we expect to receive. In addition, 
at the beginning of the function it is necessary to define all 
parameters of communication between the SUT and the 
test system (system running the test case). These 
parameters also depend on the concrete execution 
environment, so they are defined in a separate 
configuration file. Generation of such a configuration file 
can be executed separately within the Graphical User 
Interface of the application.  

After defining the communication parameters we need 
to generate TTCN-3 code that will generate SIP messages, 
send them to the SUT and validate messages received by 
the SUT. This is the most complex part of the whole 
system because it is important to keep the sequence of 
messages as it is in the initial Wireshark trace. Test cases 
can be efficiently generated using a built tree structure. We 
need to generate different test cases for different 
perspectives on the communication scenario as previously 
depicted in Fig. 2. We will only explain the generation of 
the test case that repeats the communication as it is seen 
from the perspective of the node A (while the other one is 
generated in completely analogous manner). In that case, 
correct message sequence can be simply reconstructed 
using the preorder traversal of the left subtree. 
Furthermore, for the generation of TTCN-3 code that 
sends and receives the appropriate SIP messages, some 
additional information is also needed for each message: we 
have to know whether it is a request or a response and if it 
is a message that needs to be sent to the SUT or it is a 
message that we expect to receive. This information is 
stored in each node (for each message) of the tree 
structure.  

The first level of the left subtree with the node “CallID” 
as its root contains only the nodes that represent messages 
that are to be sent to the SUT. The next level of the subtree 
contains information about messages that we expect to 
receive as the responses to messages previously sent. For 
example, after sending the T_INVITE_1 message we 
expect to receive the T_100_2_r message because 
T_100_2_r node is a first child of T_INVITE_1 node.    

Communication scenario code generation starts by 
calling the recursive method that performs a simple 
preorder traversal of the given subtree. The whole code 
generation process during the tree traversal is shown 
below with a black node representing the root of the given 
subtree, light gray nodes as already visited nodes, and a 
dark gray node as current node. After the first iteration of 
the traversal we are at the T_INVITE_1 node, as shown in 
Fig. 5.  
 
 

 
 

Fig. 5. Preorder subtree traversal – current node: T_INVITE_1 
 
Since we have build the tree in such a way that the first 
message (node) we encounter is always the message that is 
to be sent to the SUT, we can simply generate the part of 
TTCN-3 code for creating and sending the SIP message 
described by this node. Since we perform a preorder 
traversal, the next node to be visited is the T_100_2_r 
node, as show in Fig. 6.  

 
 

Fig. 6. Preorder subtree traversal – current node: T_100_2_r 
 
Since this node is a child of a previously visited node, we 
know that the message represented by this node is a 
response to a previously sent message and additionally, we 
know that this is the message that we expect to receive. So, 
now we have to generate the part of TTCN-3 code that 
receives the SIP messages described by this node and 
validates it. 
This process continues until all the nodes are visited and 
corresponding TTCN-3 code is generated. After the 
communication scenario code generation, we have to 
generate the control part of the test case that is responsible 
for the execution of a given test case. All generated code is 
adapted to the TITAN environment and as such remains 
unchangeable during the generation process in a sense that 
all test cases are executed within the same predefined 
components of the TITAN environment. TITAN is a 
TTCN-3 test execution environment developed in Ericsson 
which supports almost all constructs of TTCN-3 and 
numerous non-standard language extensions [7].  

In order to ease the use of the system, the Graphical 
User Interface has been built. It is divided into two main 
sections as depicted in Fig. 7. The panel on the left 
represents the entire message tree structure built by the 
Template Generator module. This structure shows the 
communication scenario reconstructed from the input SIP 
trace with the possibility of distinguishing different 
communication sessions from a single input file. The 
central panel is the code editor with the possibility of 
reviewing and editing the generated code before saving it 
to a file. You can choose which code to display by clicking 
the desired tab – Templates or Test Cases. 
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Fig. 7. Graphical User Interface 
 

V. CONCLUSIONS AND FUTURE WORK 
 
The model and its implementation on particular case 

shows  successful automation of the process of preparing 
test scripts that specify SIP messages and communication 
written in the test language of TTCN-3. The time needed 
for test script preparation is significantly decreased and it 
is possible to generate many generic test scripts in a short 
time. While the Test case generator described in this report 
significantly improves the test case preparation process, 
there are some restrictions that can be of crucial 
importance while using this system in practice. 
Specifically, this system generates test scripts that repeat 
the communication only between two entities 
communicating based on the SIP protocol. While testing 
real SIP systems, it is often necessary to test the 
communication between more than two entities and in 
addition, the case in which a large number of clients tries 
to communicate with one central entity. Furthermore, the 
system component responsible for parsing SIP messages 
(Template Generator module) was developed on the basis 
of several SIP call traces which we had at our disposal. So, 
we assume that the system will not work correctly for 
absolutely all communication scenarios that may occur. 
Although the mentioned limitations are not covered yet 
because of the prolixity of the problem and lack of 

resources, this system provides an excellent basis for 
future work on this issue due to its modular design. 

 
VI. REFERENCES 

 

[1] Willcock C., Deiß T., Tobies S., Keil S., Engler F., 
Schulz S., An Introduction to TTCN-3. John Wiley, 
London, 2005. 

[2]   A. Pietschker, Special section on advances in test 
automation – the evolution of TTCN-3, Automating 
test automation, Springer-Verlag, 2008. 

[3]   Wiles A. et al., Experiences of using TTCN-3 for 
Testing SIP and OSP 

[4] M. Ebner, TTCN-3 Test Case Generation from 
Message Sequence Charts, Telematics Group, 
Institute for Informatics, Georg-August-Universität 
Göttingen, Germany 

[5] C. Nebut, F. Fleurey, Y. L. Traon, Automatic Test 
Generation: A Use Case Driven Approach, IEEE 
transactions on software engineering, vol. 32, no. 3, 
March 2006 

[6]   S. R. Dalal et al., Model-Based Testing in Practice 

[7] Szabo J.Z., TITAN, TTCN-3 test execution 
environment, 2006.  

 

427



<<
  /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


