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Abstract—The demand for quality in software applications 

has grown, and awareness of software testing-related issues 
plays an important role.  In  research, we formulate the 
Automated Test Case of Unit Testing  design metrics from a 
collection of internal testing design metrics that are correlated. 
In this paper the test case design metrics estimation is based on 
object oriented software design metrics determine the 
testability  of test case in Test Driven Development approach. 
The estimation of the Automated Test Case for Unit Testing 
(ATCUT)  design metrics, measures that quantify attributes of a 
test case design, that can be measured by the size, complexity 
and reusability of test case  and testability of its product.  
 

Index Terms—ATCUT, Metrics, TDD, Test Case.  
 

I. INTRODUCTION 
  Computer software is an engine of growth of 

social-economy development which requires new techniques 
and strategies. The demand for quality in software 
applications has grown. Hence testing becomes one of the 
essential components of software development which is the 
indicator of quality [1].   

“Testing proves the presence, not the absence of bugs”           
    --------    E.W.Dijkstra 

This paper investigates metrics from the perspective of 
unit test case designing., where our units consist of the 
classes. Our approach is to evaluate a set of metrics with 
respect to test case designing to predict the testing effort of its 
product. We choose this approach because metrics are a good 
driver for the investigation of aspects of software. The 
evaluation of metrics that are thought to have a bearing on the 
test case design and   effort allows us,  on the one hand, to 
gain insight into the factors of testability, and to obtain 
refined metrics on the other. 

Here, the smallest testable unit is the encapsulated class or 
object. A single operation cannot be tested in isolation; it has 
to be tested as part of class. Thus we consider the unit 
testability under TDD with respect to ATCUT (Automated 
Test Case for Unit Testing)  metrics. 
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II. TEST-DRIVEN DEVELOPMENT 
Test Driven  Development  (TDD)  is  the  core  part  of  the  

Agile  code  development  approach  derived from  eXtreme  
Programming  (XP) and  the  principles  of  the  Agile  
manifesto. It  provides  to  guarantee  testability  to  reach  an 
extremely high test coverage, to enhance developer 
confidence, for highly  cohesive  and loosely  coupled  
systems, to allow  larger  teams  of  programmers  to  work  on  
the  same  code  base,  as  the  code  can  be checked more  
often.  It  also encourages  the  explicitness  about  the  scope  
of implementation. Equally it helps separating the logical and 
physical design, and thus to simplify the design, when only 
the code needed. 

The TDD is not a testing technique, rather a development 
and design technique in which  tests  are  written prior  to the 
production code. The tests  are  added its gradually during its 
implementation and  when the test  is  passed, the code is  
refactored accordingly to improve the  efficacy of internal  
structure  of  the  code.  The incremental cycle is repeated 
until all functionality is implemented to final. 

The TDD cycle consists of six fundamental steps: 
1) Write a test for a piece of functionality, 
2) Run all tests to see the new test to fail, 
3) Write corresponding code that passes these tests, 
4) Run the test to see all pass, 
5) Refactor the code and 
6) Run all tests to see the refactoring did not change the       

external behavior. 
The first step involves simply writing a piece of code to 

ensure the tests of desired functionality. The second is 
required to validate the correctness of test, i.e. the test must 
not pass at this point, because the behavior under 
implementation must not exist as yet. 

Nonetheless,  if  the  test  passes over,  means the  test  is 
either not testing correct behavior or the TDD principles have 
not been strictly followed. The third step is the writing of the 
code. 

However, it should be kept in mind to only write as little 
code as possible to enable to pass the test.  Next,  step is to see 
that the  change  has  not introduced any of the problems 
somewhere else in the system. Once all these tests are passed, 
then the internal structure of the code should be improved by 
refactoring.  The afore mentioned cycle is presented in Fig 1. 

Design of Model 
Implementation of the design is a straightforward matter of 

translating the design into code, since most difficult decisions 
are made during design. The code should be a simple 
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translation of the design decision into the peculiarities of a 
peculiar language. Decision do have to be made while writing 
code, but each one should affect only a small part of the 
program so they can be changed easily.  

  

 
 

Fig 1. TDD Cycle. 
 

 

 
 

 

 
 

Fig 2.   A unit and Aggregation of Units 

 
Test Driven Development involved analysis, design, 

implementation and testing are very interleaved activities 
performed in an incremental fashion. 

Here, I show  figures of a unit and of an aggregation of 
units, which I will call a subsystem[4]. 

As we seen  the V model says That someone should first 
test each unit. When all the subsystem’s units are tested, they 
should be aggregated the subsystem tested to see if it works 
as a whole.  

So how do we test the unit? We look at its interface as 
specified in the detailed design, or at the code, or at both, pick 
inputs that satisfy some test design criteria, feed those inputs 
to the interface, then check the results for correctness. 
Because the unit usually can not be executed in isolation, we 
have to surround it with stubs and drivers, as in the fig. The 
arrow represents the execution trace of a test. 
 

 
Fig 3. Testing of a particular  unit 

 
A test case designed to find bugs in a particular unit might 

be best run with the unit in isolation, surrounded by 
unit-specific stubs and drivers. 
 

 
 

Fig 4. Test case 
 

III. PROPOSED ATCUT METRICS 
In this section we try to find software metrics can indicate 

the quality of a Test Case and determine whether they match 
the selection criteria. Many quality measures can be collected 
from literature, the main goal of metrics is to measure errors 
and defects. The following quality factor should have every 
metrics [2] –[4]: 

• Efficiency - Are the constructs efficiently designed?   The 
amount of computing resource and code required by a 
program to perform its function.  

• Complexity - Could the constructs be used more 
effectively to decrease the architectural complexity? 

• Understandability - Does the design increase the 
psychological complexity? 

• Reusability - Does the design quality support possible 
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reuse? Extent to which a program or part of a program can be 
reused in other application , related to the packaging and 
scope of the functions that the program performs. 

• Testability/Maintainability - Does the structure support 
ease of testing and changes? Effort required locating and 
fixing an error in a program, as well as effort required to test a 
program to ensure that it performs its intended function. 

The major reason for our selection of these metrics is the 
close match between our and different metric suite. 
Chidamber and Kemerer also suggest that some of  their 
metrics have a bearing on the testing effort; in particular, 
their Coupling Between Objects (CBO) and Response For 
Class (RFC) metrics. Other metrics from Chidamber  and 
Kemerer's suite that are included in our set are Depth Of 
Inheritance Tree (DIT), Number Of Children (NOC), 
Weighted Methods Per Class (WMC) and Lack Of Cohesion 
Of Methods (LCOM). 

 

IV. EVALUATION OF ATCUT METRICS  
The aims of this evaluation is to determine whether the test 

case metrics could be used to predict the effort required to 
implement the design and the quality of the code produced 
and whether or not the number of test cases is significantly 
different for functional and  units/classes in this domain.  

A typical empirical validation of ATCUT object-oriented 
metrics proceeds by investigating the relationship between 
each metric and the outcome of interest. Here we can see the 
results for different metrics studied. The metrics WMC, RFC, 
CBO, and LCOM were defined in [5] and the NMA metric 
was defined in [6]. They have shown that size can have an 
important confounding effect on the validity  of 
object-oriented metrics[7]. 

The evaluation of metrics is the core topic of this research. 
In this research we have defined our set of metrics, and set up 
the experiments to evaluate them. A description of the 
methods used for the experiments concludes the research.  

The test case design for unit testing is directly related to 
observe the output on pre decided ATCUT metrics and 
measure the testability of the units/components. 

Now that we have defined a set of metrics, it is time to set 
up experiments to evaluate them. Empirical study within the 
field of software engineering is relatively rare. First, we state 
the goal of our experiments: 

Goal: To assess the capability of the proposed 
source-based metrics to predict the testing effort.  

Perspective: We evaluate the source-based metrics at the 
class level, and limit the testing effort to the unit testing of 
classes. Thus, we are assessing whether or not the values of 
the source-based metrics can predict the required amount of 
effort needed for unit testing a class. 

 

V. TESTABILITY 
The ISO defines testability as “attributes of software that 

bear on the effort needed to validate the software product” [8]. 
In the unit  testing of object oriented system, the testing for 
classes brings in some issues that are not present in testing of 
functions as in the case of structured systems. These are: for 

object-oriented systems, a class cannot be tested directly, 
only an instance of the class can be tested. The control flow is 
characterized by message passing among objects unlike the 
structured systems where there is sequential flow within a 
function and when an object is considered in an object 
oriented system, the state associated with that object  also 
influences the path of execution and methods of a class can 
communicate among themselves through this state, because 
this state is persistent across innovations of methods. Thus 
we considered the unit testability of the object  oriented 
system with respect to the test case design for unit testing in 
test driven development. 

The testing requires reporting on the concrete and abstract 
state of an object, encapsulation of attributes and operations 
makes it difficult. Inheritance poses further usage 
requirement on retesting even though reuse has been 
achieved[9], multiple inheritance further complicates the 
testing by increasing the number of contexts for which testing 
is required. The applicability of test cases within super class 
and subclass also need to be considered with care [9],[10]. 

The key concept of object orientation lies in the 
encapsulation of information along with the implementation 
of operations performed on the information. 

Coupling provides us a measure of strength of association 
established by a connection between entities. The measure, 
coupling between object classes to which a class is coupled. 
It is measured by counting the number of distinct non 
inheritance related class hierarchies on which a class depends 
[5],[9],[10]. The larger number of couples will be the higher 
sensitivity to change and errors in other parts of design and 
making testing difficult. This would increase the testing 
effort (TE) and decrease the testability. Therefore, we say 
that testability is inversely proportional to CBO. 
 
TE        ∞     CBO  
 
ITb       ∞     1/CBO                                                                        (1) 
 

Estimating the total CBO (TCBO) over all classes (i=1 to 
n), the sum is divided by two because the same relationship 
will be counted twice, when the two coupled classes are 
considered individually. Thus we have : 

 
                         1            n 
TCBO =        ------   X  ∑      CBO                                                 (2) 
                          2            i=1  

 
Now, considering the combination of the complexity of a 

class through the number of methods and the amount of 
communication with other classes. It is found that the 
complexity of the class increases with number of methods 
that can be invoked from a class through messages. Larger 
number of methods that can be invoked in response to a 
message, that complicated the testing is, which in result 
decreases the testability. 

Using the metric, response for a class (RFC) which is 
defined as the number of methods in response set [5],[9],[10], 
we say that the testing effort (TE) is directly proportional to 
RFC and hence testability is inversely proportional to it. 

 
TE         ∞    RFC 
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ITb         ∞   1/RFC                                                                        (3) 

 
Estimating total RFC (TRFC) over all classes (i=1 to n) we 

get : 
 

                           n 
TRFC    =         ∑     RFC                                                              (4) 
                         i=1  

 
Since a class is a set of objects that have common 

properties (i.e methods and instance variables), an 
abstraction of the application domain is prepared/developed 
by arranging classes in a hierarchy. This hierarchy is formed 
due to the inheritance relation between classes, where 
inheritance leads to super class accumulating all the common 
features of the subclass. 

The metric depth of the inheritance that measure the depth 
of the class within the inheritance hierarchy is defined as “the 
maximum length from the node to the root of the tree” [5],[9]. 
It shows that the deeper a class is within the hierarchy, the 
greater the number of methods it is likely to inherit. This 
makes it more complex to predict its behavior. Deeper trees 
involved more methods and classes increasing the design 
complexity. This increases the testing effort and decrease the 
testability. This leads to testability being inversely 
proportional to DIT. 

 
TE           ∞         DIT 
 
ITb          ∞        1/DIT                                                                     (5) 

 
Estimating total DIT (TDIT) over all classes (i=1 to n), we 

get: 
 

                    n      
TDIT  =       ∑    DIT                                                                      (6) 
                   i=1 

 
From the inheritance hierarchy, another metric, number of 

children (NOC) is given by [5],[9],[10]. It is  given as the 
number of descendents of the class. As NOC increases, the 
effort of testing (TE) of methods of that class increases. This 
decreases the testability providing an inverse relationship: 

 
TE           ∞           NOC  
 
ITb          ∞          1/NOC                                                               (7) 
 

Estimating total NOC (TNOC) over all classes (i=1 to n), 
we get : 
 
                        n 
TNOC =          ∑     NOC                                                                  (8) 
                       i=1 
 

Effective object oriented design helps to maximize 
cohesion as they promote the property of encapsulation. 
Cohesion here is defined as the degree to which methods 
within a class are related to one another and work together to 
provide well-bounded behavior. 

The metric lack of cohesion of method (LCOM) measures 

the degree of similarity of methods that access one or more of 
the same attributes [11]. Higher value of LCOM indicates 
that the methods may be coupled to one another via attributes, 
increasing the complexity of class design and the likelihood 
of errors during the development process. This leads to 
increase in effort of testing (TE), decreasing the interface 
testability. Thus, we say that LCOM is indirectly 
proportional to testability: 
 
TE        ∞       LCOM 
 
ITb       ∞      1/LCOM                                                                    (9) 
 

Estimating total LCOM (TLOC) over all classes (i=1 to n), 
we get : 
 
                         n 
TLCOM  =      ∑        LCOM                                                           (10) 
                          i=1        
 

The number of methods and the complexity of the methods 
involved is a predictor of how much time and effort required 
to develop and maintain the class. The number of methods 
and their complexity is a reasonable indicator of the amount 
of effort required to implement and test a class. 

The metric, weighted method per class (WMC), is a count 
methods implemented within a class, or the sum of the 
complexities of the method [11]. As the value of WMC 
increases, testing become difficult and testability would 
decrease. Thus we say that the testing effort (TE) is directly 
proportional to WMC and interface testability is inversely 
proportional to WMC. 
 
TE         ∞       WMC  
 
ITb         ∞       1/WMC                                                                 (11) 
 

Estimating total WMC (TWMC) over all classes (i=1 to n), 
we get the testability with respect to a class : 
 
                                   n 
TWMC     =               ∑  WMC                                                              (12) 
                                i = 1   
 

Eequations ( 1,3,5,7,9,11) we get the testability with 
respect to a class : 
 
ITb      ∞         (1/CBO)   x    (1/RFC)   x   (1/DIT) 

                  x   (1/NOC)  x  (1/LCOM)  x  (1/WMC)                    (13) 
 

                            k 
ITb       =  --------------------------------------------------                      (14) 
             (CBO x RFCxDITxNOCxLCOMxWMC) 

 
Where ‘k’ is the constant of proportionality and other 

values are defined above. 
By equations (2,4,6,8,10,12) the total interface testability 

(TITb) of the object oriented software over all classes (i=1 to 
n) can be given as 
                                                      k 
TITb = -----------------------------------------------------------             (15) 

        (TCBOxTRFCxTDITxTNOCxTLCOMxTWMC) 
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The value of ‘k’ will depend on characteristics related to 
software processes and experience of developer, type of tool 
available for the development of the unit. The value will have 
to be worked out for specific software teams of concerned 
organization. 

VI. CONCLUSION 
These ATCUT design metrics cover the key concepts for 

test case design and its testability. In this work , I have 
considered the possible testability for unit testing in test 
driven development. 

In summary, we have seen that the results have shown us 
that the ATCUT metrics seem to measure test case 
construction factors/testability. Most notably, the results 
allow for explanations of the LOC, WMC, RFC, DIT, NOC 
and DIP metrics in terms of test case construction factors. We 
conclude that the results will allow us to improve the set of 
metrics and the development approach.  

REFERENCES 
[1] John A. Fodeh and Niels B. Svendsen, Release Metrics : When to Stop 

Testing with a clear conscience, Journal of Software Testing 
Professionals, March 2002. 

[2] Chen, J-Y., Lum, J-F.: A New Metrics for Object-Oriented Design, 
Information of Software Technology 35,4(April 1993):232-240. 

[3] Jon Avotins: Defining and Designing a Quality OO Metrics Suite, 
Depertment of Software Development, Monash University, Australia 
3145. 

[4] Rosenberg, H Linda: Applying and Interpreting Object Oriented 
Metrics, Software Assurance Technology Office (SATO). 

[5] S. Chidamber and C. Kemerer: A Metrics Suite for Object-Oriented 
Design, In IEEE Transactions on Software Engineering, 20(6):476-493, 
1994. 

[6] M. Lorenz and J. Kidd: Object-Oriented Software Metrics. 
Prentice-Hall, 1994. 

[7] Saida Benlarbi, Khaled El Emam, Nishith Goel. Issues in Validating 
Object-Oriented Metrics for Early Risk Prediction, Accessed on April 
2008. 

[8] ISO. International standard ISO/IEC 9126. information technology: 
Software product evaluation: Quality characteristics and guidelines for 
their use, 1991. 

[9] R.S. Pressman, Software Engineering: A Practitioner’s Approach, 
McGraw-Hill, 1997. 

[10] P. Jalote, An Integral Approach to Software Engineering”, Spring 
Verlog, 1997. 

[11] B.-K. Kang and J. M. Bieman. A Quantitive Framework for Software 
Restructuring. Journal of Software Maintenance, 11:245-254, 1999.  

 
 
 



<<
  /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 true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /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
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Algerian
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /BaskOldFace
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BlackadderITC-Regular
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /FangSong_GB2312
    /FelixTitlingMT
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /FZSTK--GBK1-0
    /FZYTK--GBK1-0
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KaiTi_GB2312
    /Kartika
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LiSu
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /MaturaMTScriptCapitals
    /MicrosoftSansSerif
    /MicrosoftYaHei
    /MingLiU
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MVBoli
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NSimSun
    /OCRAExtended
    /OldEnglishTextMT
    /Onyx
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Pristina-Regular
    /Raavi
    /RageItalic
    /Ravie
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /STCaiyun
    /Stencil
    /STFangsong
    /STHupo
    /STKaiti
    /STLiti
    /STSong
    /STXihei
    /STXingkai
    /STXinwei
    /STZhongsong
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /YouYuan
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /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 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /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 1200
  /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 <<
    /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 Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


