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Abstract—Evolutionary white-box software testing has been 
extensively researched but is not yet applied in industry.  In 
order to investigate the reasons for this, we evaluated a 
prototype version of a tool, representing the state-of-the-art for 
evolutionary structural testing, which is targeted at industrial 
use.  The focus was on the applicability of the structural test 
tool in the industrial context and not on assessment of the test 
cases generated.  Four case studies, each consisting of an 
embedded software module from the automotive industry 
implemented in the C language, were evaluated with the tool.  
The case studies had to be customized to cope with the 
limitations of the tool and in all, test case generation succeeded 
for 37% of the functions selected for the evaluation.  
Weaknesses of the tool were reported to the developers and 
subsequently eliminated, resulting in a later version of the tool 
being able to process 82% of the selected case study functions. 
However, the study shows that significant engineering work is 
still required before evolutionary structural testing is ready for 
industrial application. 

Keywords-structural testing; white-box testing; evolutionary 
testing; tool support; test automation. 

I.  INTRODUCTION 
Berner & Mattner Systemtechnik GmbH (BMS) is often 

required to test embedded software for clients in the 
automotive, rail, defense and aerospace sectors. 

In contrast to black-box tests where functional 
requirements are audited, white-box testing uses knowledge 
of the actual implementation for test specification.  It is the 
aim, during white-box testing, to achieve maximal coverage 
of the code body with as little effort as possible through the 
efficient selection of test cases.  White-box testing is most 
commonly applied during the unit-testing phase of a 
software project. 

In the context of white-box testing a test case is an input 
vector to the code under test, generally consisting of a set of 
values for the global and local variables referenced in the 
code.  The execution of the code under test with each input 
vector causes a specific control flow through the code to be 
followed.  Through the formulation of a set of test cases, 
which achieve maximum coverage of the software module 
under test, confidence can be increased that software errors 
will be detected by the tests.  In addition, the pursuit of 

maximum code coverage can also assist in detecting 
unreachable code, which not only increases code size, but 
also has detrimental effects on code maintainability and in 
30% of cases can point to errors in the code [1].  Indeed it is 
a requirement of modern software quality standards such as 
ISO 26262 [2] or IEC 61508 [3] that maximum code 
coverage, measured using the modified condition/decision 
coverage, path coverage or decision coverage metric, is 
achieved during the test process.  Another example are the 
DO-178B [4] guidelines for airborne systems, issued by 
RTCA and accepted by the Federal Aviation Administration, 
specify increasingly strict coverage measures, ranging from 
no coverage to 100% modified condition/decision coverage 
and 100% statement coverage, depending on the effect of 
system failure of the software under question. 

The continuously increasing number, size and complexity 
of software functions makes the search for white-box test 
cases providing maximal code coverage ever more difficult 
and time-consuming.  Today’s cars designed for the 
premium market contain software-based subsystems 
typically implemented with up to 15 million lines of code.  In 
an effort to automate the process, one avenue of research has 
focused on using evolutionary algorithms in the generation 
of test cases.  Although attempts are being made to develop a 
tool suitable for industrial use, such as Daimler’s 
Evolutionary Structural Test (EST) prototype [5] and the 
EvoTest Framework [6], evolutionary testing has remained 
predominately a research-based activity not practiced within 
industry. 

The EvoTest Framework (ETF) was born out of the 
multidisciplinary European Union-funded research project 
EvoTest (IST-33472), which aims to find solutions to the 
problems of testing software systems through the use of 
evolutionary adaptive techniques [7].  The Framework 
represents the state-of-the-art for automated evolutionary 
structural testing and it is intended that the ETF be used 
within industry.  In addition to a Structural Test tool, which 
is capable of generating test cases for ANSI C functions, the 
Framework also contains a black-box test component and a 
signal generator component. 

In the last few months BMS has extensively evaluated a 
development version of the ETF Structural Test tool on four 
real-life software modules.  The aim of this paper is to 
present the current state of the tool and to illustrate its weak 



points, which need to be overcome before the tool is suitable 
for use in industry. 

II. EVOLUTIONARY STRUCTURAL TEST 
Evolutionary algorithms can be used to solve a wide 

range of optimization problems.  In the field of structural or 
white-box testing, evolutionary algorithms can assist in 
finding test cases which cover the code base under test to a 
maximum extent [5], [8]. The aim is to execute the code 
under test with as many different input parameters as 
possible, in order to maximize the chance of detecting errors 
in the code. In order to detect these errors with the minimum 
of effort, the set of tests is reduced to that which is sufficient 
to cover the structure of the code according to the specific 
coverage metric in use.  Coverage metrics include statement 
coverage, decision coverage, various condition coverage 
variants and path coverage [9]. 

Decision coverage, also known as branch coverage, 
measures the extent to which all outcomes of branch 
statements (such as if, do-while or switch statements) 
are covered by test cases. 

A test case consists of a set of defined values for all input 
variables used in the code under test.  In the C language, it is 
convenient to perform white-box testing on the function level 
and as such the input variables consist of all global variables 
referenced by the function under test as well as all function 
parameters declared within the function prototype. 

Executing the function under test using the input 
variables from a particular test case causes a particular 
control path through the function to be taken.  In the case of 
the branch coverage metric and assuming the function under 
test contains branch statements, the function will typically 
need to be executed using several test cases in order to 
exercise (cover) each branch. 

For small functions containing few branch statements, 
the task of finding test cases, which exercise all branches, is 
relatively simple.  For more complex functions with many 
branch statements and input variables it makes sense to 
automate the task, and one approach is to use evolutionary 
algorithms. 

Evolutionary algorithms use the principles of evolution to 
perform optimization based on the result of a fitness 
function.  The fitness of a first generation of random 
individuals is tested, and the characteristics, known as genes, 
of the fittest individuals are propagated to the next 
generation. This process is governed by rules regarding 
which percentage of individuals have their genes propagated 
to the next generation, how their genes are combined to form 
the next generation’s individuals and how the genes are 
randomly mutated. 

In the context of evolutionary structural test, each gene 
corresponds to the value of a specific input variable of the 
function under test. When assigning values to a gene, the 
range of valid values for the type (e.g. unsigned integer) of 
the input variable, which the gene represents, must be taken 
into account.  The first generation of individuals typically 
uses random, but valid, values for the genes. 

The evolutionary search for test cases is carried out for 
each branch statement of the function under test separately.  
The function is executed once for each individual in the 
generation with the input variables set to the (random) values 
contained within the first generation individual’s genes.   

The fitness function is chosen such that the evolution 
leads to a set of individuals which cover all outcomes from 
the branch statement under test – for example, in the case of 
an if statement the fitness function returns a better fitness 
for individuals whose input variables (genes) bring the 
outcome of the statement closer to its boundary between true 
and false.  At the end of the first generation, the genes of the 
fittest individuals are propagated to the next generation and 
the process continues. 

The evolutionary algorithm completes when one of 
several criteria has been met, e.g. individuals have been 
found which cover all outcomes from the branch statement 
under test, or not all outcomes have been covered and no 
improvement in the fitness of the individuals has occurred in 
the last x generations.  The search is repeated for each branch 
statement of the function. Finally the group of test cases 
covering as many branches of the function as possible is 
presented to the user. 

III. ETF STRUCTURAL TEST TOOL 
The tool has been implemented using the Java and 

Objective-CAML [10] programming languages and is 
packaged as a plugin for the Eclipse Integrated Development 
Environment (IDE) for C/C++ Developers [11].  The tool is 
built using components from various open-source projects 
including Guide [12] and CIL [13]. 

The ETF Structural Test tool can be used to generate test 
cases for ANSI C software modules. The tool operates at the 
C function level and attempts to generate test cases to 
achieve 100% branch coverage of the function under test. 

During test case generation, the function under test is 
executed in isolation, without the broader environment in 
which the software normally runs.  This leads to problems 
with software modules which use multiple contexts, such as 
an interrupt context.  These limitations of the tool are 
discussed at length in section VII.  The fitness function 
applied is based on approach level and branching distance 
[5]. 

The tool is still under active development and much of 
the graphical user interface (GUI) is very basic.  Having 
performed a one-time configuration of the tool’s 
dependencies and having imported the software module 
under test to Eclipse, the user can select which C function to 
generate test cases for by right-clicking on the function name 
in the tree view and selecting the pop-up menu item 
“EvoTest C Function …”.  The tool then displays a Bound 
Reduction window (see Fig. 1) containing the global 
variables and function parameters (local variables) 
referenced in that function, through which the user can 
change the minimum and maximum bounds for each 
variable.  This can be useful if contextual knowledge of a 
variable’s range of legal values is known.  The associated 
reduction in the search space leads to faster searches. 



Figure 1.  The Bound Reduction window can be used to reduce the search 
space for each variable.  Figure modified for presentation purposes. 

After customizing the bounds, the user clicks on Start to 
begin test case generation.  The function under test is 
automatically instrumented by the tool, which replaces each 
condition within a branch statement (such as if, while, 
switch and for) with a call to a fitness calculation 
function.  As illustrated in Fig. 2, the first branch statement 
(line 8) contains two conditions, and the second branch 
statement (line 10) contains one condition.  Fitness 
calculation functions (Eval_*) are inserted at each of these 
three conditions in the instrumented function (lines 21, 22 
and 24).  Conditions, which appear outside of a branch 
statement (e.g. line 6), are not instrumented. 

Next, individuals, consisting of concrete values for the 
function parameters and referenced global variables, are 
generated by the evolutionary engine, which uses Guide [12] 
to generate the search algorithm.  The function is executed 
for each individual to obtain the individual’s fitness. 

Figure 2.  Function f before and after instrumentation.  Each condition 
within a branch statement is replaced with a call to a fitness-calculation 
function.  The instrumented version has been simplified for presentation 

purposes. 

Figure 3.  Results window displaying test cases, which achieve maximum 
coverage of f (a1 refers to global_short, a2 to local_int). 

Test case generation is performed for one branch 
statement at a time.  The tool starts by searching for test 
cases which cover all outcomes of the first branch statement.  
Each individual (candidate test case), which is generated by 
the evolutionary algorithms, is also checked to see which (if 
any) of the later branches it covers.  If the individual covers 
any as yet uncovered branches, the individual will be used as 
a test case.  This process continues for several generations of 
individuals until test cases are found which cover all 
outcomes of the first branch statement or the evolutionary 
engine gives up the search according to its stopping criterion. 

This process is repeated for the remaining uncovered 
branches of the function under test.  It is quite likely that 
several branches of the function have already been covered 
by individuals generated during the first search.  In Fig. 2, 
for example, any individuals which cover the false branch of 
the first if statement will also cover either the true or false 
branch of the second if statement. 

Finally a set of test cases, which achieves maximum 
branch coverage, is selected and presented to the user as 
shown in Fig. 3.  In the results window, the variables are 
renamed a1, a2, etc. in the order in which they appeared in 
the Bound Reduction window (Fig. 1).   

IV. TEST METHODOLOGY 
In order to evaluate the ETF Structural Test tool with 

actual operational code, four case studies were selected, each 
consisting of an embedded software module from the 
automotive field as shown in Table I.   

TABLE I.  CASE STUDIES USED TO EVALUATE THE EVOTEST 
STRUCTURAL TEST TOOL. 

Case Study Description 
A Active Brake Assist software module from the 

automotive area generated using the dSpace TargetLink 
[14] automatic production code generator. 

B Adaptive Headlight control software module from the 
automotive area generated using the dSpace TargetLink 
automatic production code generator. 

C Door-lock control software module from the automotive 
area generated using the ETAS ASCET [15] automatic 
production code generator. 

D Electric window control software module from the 
automotive area generated using the ETAS ASCET 
automatic production code generator. 

1  short global_short; 
2  
3  //original version of function 
4  int f(int local_int) 
5  { 
6    int local_2 = global_short && local_int; 
7   
8    if ((global_short == 2) && (local_int < 0)) 
9      return 1; 
10   else if (global_short > 3)  
11     return 2; 
12   else 
13     return local_2; 
14 } 
15 
16 //instrumented version of function 
17 int f(int local_int) 
18 { 
19   int local_2 = global_short && local_int; 
20 
21   if ((Eval_Eql_I(..., global_short, 2)) && 
22       (Eval_Less_I(..., local_int, 0))) 
23     return 1; 
24   else if ((Eval_Grt_I(..., global_short, 3))) 
25     return 2; 
26   else 
27     return local_2; 
28 } 



The case studies were all implemented in ANSI C and 
the source code itself came from two different automatic 
code generation tools.  Each software module consisted of 
multiple source and header files. 

A. Test Case Preparation 
Before starting test case generation it was necessary to 

prepare the source files due to the tool’s limitations, which 
required two different customizations of the code as detailed 
below. 

1) #include directives: Due to a limitation of the 
ETF Structural Test tool, it cannot process #include 
preprocessor directives which reference project-specific 
source files.  Standard C header files such as stdio.h 
were no problem, but project-specific header files, present 
in practically all software modules, are not yet supported. 

Therefore it was necessary to first preprocess each source 
file containing functions to be tested, recursively replacing 
the include directives with the contents of the referenced 
header files.  Additionally all declarations of extern 
variables had to be replaced with their definition.  Fig. 4 
illustrates the problem.  In order to test the f2 function in 
file_a.c, it is first necessary to replace the extern 
declaration of global_variable with the definition of 
the variable from file_b.c.   

In practice the preprocessing was carried out using the 
GCC preprocessor [16], which required the manual 
replacement of extern-declared variables as described above.  
Alternatively the CIL Merger [13] tool can be used, which 
automatically replaces extern-declared variables. 

Since implementing software modules as separate source 
and header files greatly facilitates source control among 
multiple developers, it is widely-used practice.  Therefore 
support for such software modules is essential for the 
acceptance of the ETF by industry.  A feature request has 
been submitted to the ETF development team. 

2) Pointers and Arrays: Currently the ETF Structural 
Test tool cannot be used to generate test cases for any 
functions, which use pointer-type function parameters or 
reference pointer-type global variables.  Likewise, global 
arrays or array-type function parameters are also 
unsupported.  Attempting to generate test cases for functions 
containing these unsupported constructs results in the tool 
displaying an error message. 

Figure 4.  Extern-declared variables are not supported by the tool. 

In some cases the unsupported construct is not critical to 
the control flow of the function, i.e. the illegal variable is not 
used, directly or indirectly, within any branch statements.  
By commenting out problematic sections of code, test cases 
can still be generated for functions containing unsupported 
pointer or array constructs.  Fig. 5 shows how an array 
access and pointer access have been commented out to allow 
test case generation to proceed. 

Had lines 9, 10, 15 and 16 been left uncommented, then 
test case generation would not have been possible with the 
ETF Structural Test tool – an error message would be 
displayed stating that test case generation is not possible for 
that particular function.  Since the pointer and array accesses 
were not critical to the control flow, they can be safely 
commented out to allow test case generation to proceed. 

Of course the use of pointers and arrays are very 
common in C code, therefore it is critical that support for 
these constructs is built into the tool.  This point is dealt with 
in more detail in Section VII of the paper. 

B. Selection of functions to test 
Although the tool attempts to generate test cases to cover 

all outcomes of branch statements such as if, switch, 
for and while, only those case study functions containing 
if or switch statements were included in the tool’s initial 
evaluation.  The automatically generated code, which the 
case studies were comprised of, contained very few for or 
while loops. 

C. Running the tests 
An attempt was made to generate test cases for each 

function in the selection described above using the ETF 
Structural Test tool.  If test case generation was not 
successful, then the reason for failure was recorded. 

For the sake of simplicity, the bounds reduction 
functionality as shown in Fig. 1 was not used, and therefore 
the search space for each variable consisted of the complete 
value range for the variable type. 

 

Figure 5.  References to pointers and arrays, which are not critical to the 
control flow, can be commented out to allow test case generation to be 

performed. 

1  int global_var = 1; 
2  int * global_pointer_var = &global_var; 
3  int global_array[] = { 0, 0}; 
4 
5  int f3(int test) 
6  { 
7  if (test) 
8 { 
9  //global_array[0] = 1; 
10  //*global_pointer_var = 1;   
11  return 1; 
12 } 
13 else 
14 { 
15  //global_array[1] = 1; 
16  //*global_pointer_var = 0;   
17  return 0; 
18 } 
19 }

file_a.c 

1  extern int global_variable; 
2   
3  int f2() 
4  { 
5   if (global_variable) 
6    return 1; 
7   else 
8    return 0; 
9  } 

file_b.c 

1  int global_variable = 1; 



During test case generation for each function, the 
evolutionary engine optimized for the minimum number of 
test cases, which provide maximum coverage of all branches 
of the function.  The length of time this took depended on the 
complexity of the function, and varied between a few 
minutes and several hours. 

Feedback from the tool during and after the test was very 
poor.  The only indicator of progress was a comma-
separated-values file located deep within an Eclipse plugins 
subdirectory to which each attempted individual (test case) 
was written together with the generation number. 

At the end of the test a basic message box (see Fig. 3) 
appeared with a set of individuals which provide maximum 
coverage of the function under test.  This is also an area 
which needs major improvement, such that results are 
displayed in a clear user-friendly manner, particularly when 
individuals contain a large number of genes, i.e. when a 
function references many global variables and function 
parameters.  Particularly useful would be an indication of the 
percentage coverage of the function under test achieved.  A 
feature request has been submitted to the ETF development 
team and this area is already under active development. 

V. TEST RESULTS 
This section gives a run-down of the results of applying 

the ETF Structural Test tool to the four case studies.  The 
aim of the evaluation was not to measure how much branch 
coverage was achieved with the tool (indeed, this is not 
displayed by the results window), rather to ascertain whether 
it was possible at all to generate test cases for the functions 
contained within the case studies (i.e. whether the tool could 
cope with the syntax and semantics of the source code) and 
also whether the tool would complete its test and display a 
result.  The generated test cases themselves were recorded 
but were not further evaluated.  Table II shows the overall 
results for all four case studies. 

The results show that test cases could be successfully 
generated for 37% of the functions selected for the 
evaluation. 

Next the reasons for the failure to generate test cases for 
the 115 unsuccessful functions were categorized.  Table III 
shows that by far the most common reason for failure was 
due to the use of pointers. 

Since pointers are commonly used in the C language, it is 
important that the tool supports them in the future: indeed 
92% of the failures were due to the tool’s lack of support for 
pointers. Likewise support for arrays should also be 
implemented.   

Table III shows that array operations, either direct or via 
a pointer, were the reason behind 42% of the tool’s failures.  
Feature requests for pointer and array support have been 
submitted to the ETF development team, together with the 
approximate frequencies of the different failure types 
according to Table III. 

TABLE II.  OVERALL RESULTS FOR THE EVALUATION OF THE ETF 
STRUCTURAL TEST TOOL ON THE FOUR SELECTED CASE STUDIES. 

Case 
Study 

Total 
Functions 

Functions containing if 
or while statements 

Test case 
generation 

successful (%) 
A 2 2 50 
B 77 44 77 
C 486 70 43 
D 197 67 4 
All 762 183 37 

TABLE III.  REASONS FOR THE FAILURE TO GENERATE TEST CASES 
WITH THE ETF STRUCTURAL TEST TOOL. 

Reason for failure to generate test 
cases 

Functions %a 

Array operations 8 
Pointer to simple type 54 
Pointer to array 34 
Pointer to void 10 

a. The total percentage is 106% since several functions containing pointers to simple types also 
contained pointers-to-void or pointers to arrays. 

VI. ANALYSIS 
Test cases could be generated for a significant proportion 

(37%) of the selected functions from the four case studies 
with the ETF Structural Test tool, which is a good result for 
a state-of-the-art prototype such as this.  The evaluation was 
carried out in conjunction with the ETF development team, 
which led to several bugs being identified and fixed. 

The tests focused on the compatibility of test case code 
with the ETF Structural Test tool, and whether test case 
generation of each selected function could be started and 
successfully completed.  Since the display of the branch 
coverage obtained during the test and a listing of the minimal 
set of generated test cases leading to maximal coverage is 
still under active development, the generated test cases were 
not further investigated.  This is, however, a very important 
test, which still needs to be carried out. 

In terms of usability in general, the tool still has a long 
way to go.  Better feedback of test progress and test results is 
critical.  In addition, more detailed error messages would 
greatly benefit understanding of the reasons behind the 
failure to generate test cases for certain functions. 

The next section details how the tool can be improved. 

VII. WAY FORWARD 

A. Parameter Reduction 
At present, every function parameter and global variable 

referenced by the function under test is included as a gene of 
the individual during test case generation, even if the 
parameter is not, directly or indirectly, used in any branch 
statements.  This leads to a two-fold problem.  First test 
cases cannot be generated for those functions, which contain 
unsupported types as function parameters or global variables, 
despite the fact that the unsupported type is not critical to the 
control flow.  Secondly each additional gene in the 
individual leads to an extra dimension in the search space 
and as such increases the duration of test case generation.  
Fig. 6 illustrates the issue. 



Figure 6.  Test case generation cannot be performed for function f4 due to 
its pointer-to-void parameter, even though the parameter is not relevant for 
the control flow.  In function f5, the parameter input is not relevant to the 

control flow, but will still be included as a gene in the individual, 
increasing the search time for suitable test cases. 

By performing data-flow analysis of the function 
parameters and referenced global variables and excluding 
from the individuals those variables, which are irrelevant to 
the control flow, test case generation speed can be improved 
and increased coverage of the software module can be 
achieved.  A good description of this approach is contained 
in the paper by Harman et al [17]. 

B. Support for pointers 
As shown by the results of the trial, the tool’s lack of 

support for global pointer variables or pointer function 
parameters was the reason for the failure to generate test 
cases for 58% of the functions selected for the evaluation.  
As such, support for pointers would lead to a substantial 
increase in the proportion of case study functions covered by 
generated test cases.  A subset of the approach described by 
Prutkina and Windisch [18] is being implemented by the 
ETF development team, as detailed in an email received 
from ETF developer, Arthur Baars.  This will provide 
support for pointers to basic types, but not for pointers to 
recursive types such as lists, trees and graphs. 

Pointers-to-void are a special case, where it is more 
difficult to determine the pointed-to type, since they are not 
statically typed.  During test case generation of the function 
under test, values need to be generated for the pointed-to 
variables, which is difficult when their type is ambiguous.  
Table III shows that pointers-to-void appear in 10% of the 
functions which could not be handled by the tool and as such 
present a small but significant barrier to test case generation 
for complete software modules.  Data-flow analysis of the 
functions concerned, however, shows that pointers-to-void 
were in all cases irrelevant to the control flow. If parameter 
reduction were implemented as described in the previous 
section then these pointer variables would be excluded from 
the individuals for the test case generation, hence eliminating 
the problem of how to handle pointers-to-void. 

Further research is required, however, to deliver solutions 
to the problem of how to handle pointers-to-void for 
functions in which they are critical to the control flow. 

C. Volatile variables 
In the context of embedded software, variable values are 

not only changed through explicit instructions from the 
executed code, rather variables can also be memory-mapped 
to I/O registers of external hardware devices, which cause 
the variable values to change asynchronously to the program 
flow.  In this case the volatile keyword can be used to 
signal to the compiler that the variable should be read each 
time before it is used in an evaluation, i.e. as a guard against 
overenthusiastic optimization by the compiler.  Another 
situation in which volatile may be applied to a variable 
is if it is known that the variable value may be changed by 
the software in a separate thread or context, such as an 
interrupt handler.  It should be noted that use of the 
volatile keyword is not mandatory; rather its presence 
can be used as a heuristic to detect variables which may be 
modified outside of the current software context. 

In one of the four case studies, volatile variables were 
extensively used.  Since during test case generation the 
function under test is executed in isolation, any changes to 
the values of volatile variables, which would normally be 
carried out within a separate context, need to be simulated. 

Currently the ETF Structural Test tool only sets values 
for each function parameter and global variable prior to the 
execution of the function under test during test case 
generation.  However particular branches may only be 
covered if the value of a volatile variable changes in a 
specific way during the execution of the function.   

Fig. 7 shows the function memsize, which references a 
volatile global variable.  Since the variable 
busTimeoutSeen gets set to 0 in line 12, the function will 
not exit out of the while loop between lines 16 and 22 
unless the volatile variable gets asynchronously set to a non-
zero value, such as in the interrupt service routine 
busTimeoutISR. During execution of the memsize 
function by the ETF Structural Test tool, however, there will 
be no interrupt context and hence the busTimeoutISR 
function cannot be called. 

Therefore additional functionality is required of the ETF 
Structural Test tool in order to generate a set of test cases, 
which completely cover functions referencing volatile 
variables.  In particular detection and subsequent interruption 
of infinite loops and/or the ability to change the value of 
volatile variables at defined points during execution of the 
function would be desirable.  Dynamic modification of 
volatile variable values could be achieved by adding in a call 
to a test driver function prior to each read of the variable, 
which sets the value of the volatile variable.  This would 
require the addition of extra genes to the individual to 
accommodate the parameters required to specify the change 
in value of the volatile variables during execution of the 
function under test.  Accordingly the generated test case 
would completely specify the dynamic changes to the 
volatile variable values. 

1  int global_int = 1; 
2  
3  int f4(void * self) 
4  { 
5  if (global_int) 
6   return 0; 
7  else 
8   return 1; 
9  } 
10  
11 int f5(int input, int input2) 
12 { 
13 do_something(input); 
14 
15 if (input2) 
16  return 0; 
17 else 
18  return 1; 
19 } 



Figure 7.  The memsize function [19] relies on the change in value of 
volatile variable busTimeoutSeen during execution of the function to 
break out of the infinite while loop.  The change in value occurs in the 

interrupt service routine busTimeoutISR. 

Fig. 8 shows a proposal for implementing mid-function 
changes in the value of volatile variables.  The new test 
driver function __set_volatile sets the value of 
busTimeoutSeen prior to each read of the variable 
according to parameters encoded in the individual’s genes.  
In practice it may only be necessary to alter the value of 
volatile variables once during the execution of a function in 
order to reach all branches, therefore only a limited increase 
in the size of the individual would occur. 

A more advanced approach could be to provide a new 
value for the volatile variable only after a certain number of 
reads of the variable.  In the example in Fig. 8, this would 
correspond with setting a new value for busTimeoutSeen 
after a certain number of calls to __set_volatile.  In 
this case, two genes would be added to the individual, one 
for the new value of the volatile variable itself and one for 
the delay before setting this new value, represented by the 
number of calls to __set_volatile. 

Since dynamic changes in volatile variable values are 
intended to emulate the behavior of external hardware or a 
separate software context, it would be important to ensure 
that the generated test cases are valid for the system under 
test.  Knowledge of the characteristics of the process 
modifying the volatile variable could be used to partially 
specify the volatile variable’s dynamic behavior through the 
Bound Reduction window.  For example the user could 
specify that volatile variable busTimeoutSeen should 
change to a value between 100 and 200 sometime between 
the 10th and 20th call of __set_volatile.   

Figure 8.  A means with which to change the values of volatile variables 
during the execution of the function. During instrumentation, a call to a 

newly defined function __set_volatile has been inserted prior to each 
read of the busTimeoutSeen volatile variable (line 11).  For clarity the 

remainder of the function is shown in its uninstrumented form. 

Further research is required to design a suitable 
mechanism for the emulation of more complex transitions in 
volatile variable values. 

D. GUI Improvements 
Although this is an area of functionality under active 

development it is still worth listing possible improvements to 
the GUI.  In particular some form of indication of progress is 
badly needed by the tool, even if it simply shows that the test 
case generation is still active.  Additionally an indication of 
the branch coverage achieved together with a better display 
of the test cases which achieved the maximal branch 
coverage is essential.   

When 100% branch coverage was not achieved it would 
be interesting to know which branches were not covered and 
which individuals came close to covering the branches.  
Ideally it would be possible to select one of the individuals 
from a list and view which branches were covered either 
through code-highlighting of the covered branches in the 
source or via an automatically generated control flow 
diagram.  A means of easily visualizing the gene values for 
the individuals would also be useful, particularly when large 
numbers of genes and/or individuals are present. 

E. Multi-Function Instrumentation 
Currently it is only possible to generate test cases for 

single functions in isolation.  The function is instrumented, 
such that fitness values for each condition within a branch 
statement can be obtained.  However the instrumentation 
only extends to the function under test, even if secondary 
functions are critical to the control-flow of the primary 
function, such as when the return value of a secondary 
function is tested within a branch statement of the primary 
function.  Fig. 9 shows an example of this. 

1  static int volatile busTimeoutSeen; 
2   
3  int busTimeoutISR(int irq) { 
4   busTimeoutSeen = 1; 
5   return 1; 
6  } 
7   
8  int memsize(void) { 
9   unsigned char volatile *ptr; 
10  unsigned char b; 
11  ISR oldService; 
12  busTimeoutSeen = 0; 
13  oldService = getISR(16); 
14  setISR(16, busTimeoutISR); 
15  ptr = (unsigned char *) 0xC0000000; 
16  while (1) { 
17    b = *ptr; 
18    if (busTimeoutSeen) { 
19      break; 
20    } 
21    ptr += (1 << 12); 
22  } 
23  setISR(16, oldService); 
24  return (ptr - (unsigned char *) 0xC0000000) 
25          >> 12; 
26 } 

1  int memsize(void) { 
2   unsigned char volatile *ptr; 
3   unsigned char b; 
4   ISR oldService; 
5   busTimeoutSeen = 0; 
6   oldService = getISR(16); 
7   setISR(16, busTimeoutISR); 
8   ptr = (unsigned char *) 0xC0000000; 
9  while (1) { 
10    b = *ptr; 
11    __set_volatile(&busTimeoutSeen); 
12    if (busTimeoutSeen) { 
13      break; 
14    } 
15    ptr += (1 << 12); 
16  } 
17  setISR(16, oldService); 
18  return (ptr - (unsigned char *) 0xC0000000)  
19          >> 12; 
20 } 



Figure 9.  Even though the return value of function f6 is critical to the 
control flow of function f7, f6 will not be instrumented when generating 

test cases for f7. 

As Fig. 9 shows, the lack of knowledge of the branch 
statements contained within function f6 means that the 
search will only accidentally lead to test cases, which cover 
both branches of function f7.  By also instrumenting f6 
when generating test cases for f7, the search for test cases 
benefits from the knowledge of the branch statements which 
cause f6 to return zero or non-zero.  This in turn increases 
the likelihood of the evolutionary algorithms finding test 
cases to completely cover the function under test. 

It should be noted that should test cases be found which 
achieve complete coverage of the function under test, this 
does not imply that complete coverage of all called functions 
has been achieved.  It is perfectly possible for only partial 
coverage of the called function to have been achieved as 
shown in Fig. 9.  In this case only partial coverage of f6 is 
necessary for complete coverage of f7, since both of the first 
two return statements of f6 return non-zero values. 

By optimizing the order in which functions are processed 
for test case generation the likelihood can be increased that 
complete coverage of called functions is achieved through 
test cases intended for caller functions.  Additionally full 
coverage of a called function may be achieved by test cases 
intended to cover several different caller functions. 

A possible test strategy for determining the optimal order 
in which to process a software module’s functions could be 
as follows: 

1) Generate test cases to cover the root functions of the 
call graphs (functions which are not called by any other 
functions, but call other functions). 

2) Continue to generate test cases according to the 
following criteria: all functions, for which no test data search 
has been performed and which have not been completely 
covered so far, starting with those functions closest to the 

root nodes of the call graphs, with the lowest coverage 
achieved so far and with the highest sub-call graph 
complexity. 

3) Repeat step 2 until test data have been generated for 
all functions in each call graph. 

4) Generate test cases for the remaining functions, which 
neither call other functions nor are called by other functions. 

This module-based approach would require the 
integration of branch coverage data across all test data 
generation runs, in order to arrive at a minimal set of test 
cases.  However, the resulting reduction in test data would 
lead to reduced test effort overall. 

VIII. CONCLUSION 
The goal of our evaluation was to investigate why 

evolutionary testing is seldom used in industry even though a 
large number of research results covering the topic have been 
published in the last decade.  To achieve this we evaluated 
the ETF Structural Test tool, representing the state-of-the-art 
of tool support, on four real-life software modules.   

It was necessary to customize the software modules to 
cater for the limitations of the tool, such that as many as 
possible of the C functions selected for the evaluation could 
be tested.  Although the tool is still in the prototype phase, it 
was possible to generate test cases for 37% of the functions 
selected for the evaluation.  For the remaining functions 
which the tool could not handle, the reasons for the failure to 
generate test cases were investigated and categorized.  In 
particular the tool’s lack of support for pointer function 
parameters or global variables led to the failure to generate 
test cases for a large number of functions. 

The outcome of our evaluation is that for industrial use 
existing tool support is insufficient.  This is not unique to 
ETF: Daimler’s EST prototype [5] suffers from the same 
limitations with respect to pointers, volatile variables and 
multi-function instrumentation.  It is expected that 
forthcoming releases of the ETF Structural Test tool will 
resolve some of the issues described in this paper in order to 
lower the barriers to industry acceptance. 

As soon as ETF reaches a stable state, such that it can be 
used reliably for evolutionary testing, several other 
interesting research topics could be tackled.  These include 
increasing search performance through variable dependence 
analysis [20], testability transformation [21], [22], [23] and 
seeding [24].  A breakthrough in the area of search 
performance could lead to a revolution in software testing in 
an industrial context. 

IX. LATEST DEVELOPMENTS 
Acting on feedback from the original evaluation of the 

ETF Structural Test tool, a new version has been released by 
the development team.  Alongside improved file-based 
reporting of the generated test cases, including visualization 
of the branches covered in the form of code coloring (see 
Fig. 10), the new version contains limited support for 
pointer-type function parameters and pointer-type global 
variables within the function under test. 

1  int global_var1; 
2  int global_var2; 
3 
4  int f6(int test) 
5  { 
6   if ((global_var1 == 5) &&  
7       (global_var2 < 2)  && 
8     (test > 4)) 
9    return 1; 
10  else if (global_var1 == 10) 
11   return 2; 
12  else 
13   return 0; 
14   
15 } 
16   
17 int f7(int input) 
18 { 
19  if (f6(input)) 
20   return 0; 
21  else 
22   return 1; 
23 } 



Figure 10.  Code coloring showing that all branches have been covered.  
Green coloring indicates full coverage, yellow indicates partial coverage 
(i.e. only the true branch or the false branch covered) and red coloring 

indicates no coverage of the branch statement by the generated test cases. 

This limited support for pointers extends to pointers to 
basic types and structures, however pointers-to-void remain 
unsupported.  Array input variables, whether or not accessed 
via a pointer, are also still unsupported by the tool. 

A second evaluation was performed using the new 
version of the tool on 324 branch-containing functions from 
the same four case studies.  Since the incompatibilities with 
the C code under test previously surfaced during function 
instrumentation, the main focus of the second evaluation was 
this instrumentation phase.  Therefore, the selected branch-
containing functions were run through the new version of the 
function instrumenter to gain a reliable indication of the 
tool’s compatibility with the code under test.  For the second 
phase of the evaluation, full test case generation was carried 
out for the branch-containing functions in case studies A and 
B.  

Function instrumentation succeeded for 82% of the 
functions selected for the evaluation, a clear improvement on 
the 37% success rate in the first evaluation.  Of the 
remaining functions, which could not be instrumented, 73% 
contained array-type inputs and 22% contained pointer-to-
void-type input variables, which remain unsupported by the 
tool. 

The analysis of the generated test data for case studies A 
and B benefited from the tool’s improved reporting of 
generated test cases and associated metrics, such as achieved 
branch coverage.  Fig. 12 and Fig. 13 illustrate the 
distribution of number of branches per function and the 
distribution of branch coverage achieved respectively.  Fig. 
13 shows that the tool achieved full branch coverage for 53% 
of the functions, and at least 95% branch coverage for 77% 
of the functions.  A more detailed analysis of the branch 
coverage achieved, together with a classification of the 
reasons behind the failure to achieve full coverage will 
appear in a later paper. 

The new version of the tool uses CIL [13] to convert 
conditions separated by logical OR (||), logical AND (&&) 
or conditional operators (?) to nested if statements, prior to 
instrumentation of the function under test.  The tool then 
searches for test cases to cover all outcomes of each branch 
statement, including the new nested if statements, as 
before.  This approach, inspired by elements of condition 
testing, enables stricter coverage of the atomic predicates, 
combined within branching statements, to be achieved. 

Figure 11.  Instrumented version of function f from Fig. 2 using the new 
version of the tool (simplified for presentation purposes). 

As Fig. 11 shows, conditions separated by operators both 
within and external to branch statements are broken down 
into nested if statements: the assignment in line 6 of Fig. 2 
has been transformed into the nested if statements in lines 
3-12 of Fig. 11.  Although the transformation of conditions 
external to branching statements into nested if statements 
has no relevance for branch or condition coverage, it is an 
interesting new approach to generating test data inspired by 
the ideas of data flow analysis.  The extra branches generated 
by these transformations were the reason for the 77% 
increase in the total number of functions used for the second 
evaluation. 

As shown by the results of the second evaluation, the tool 
has improved in leaps and bounds with respect to its 
compatibility with the source code contained in the selected 
case studies.  The implementation of support for pointers to 
basic types was the prime reason for this.  Also various 
improvements in the user interface have brought the tool 
closer to being acceptable for industry use.  These include 
the writing of the generated test cases and associated metrics 
to text files and code coloring of the function under test to 
show which branches have been covered. 

Overall, the suggestions for further work, detailed in 
Section VII, are all still valid.  In terms of pointers, support 
for pointers-to-void still needs to be tackled.  Also support 
for array-type input variables, very commonly used in C 
code, is still lacking.  Having achieved a much higher level 
of compatibility with the source code contained within the 
case studies, further confidence could be gained by 
evaluating the tool with a C compiler test suite such as [25], 
which contains a much wider range of constructs than 
automatically generated C code. 

1  int f(int local_int ) 
2  {  
3    int local_2 ; 
4    if (Eval_NotNull_I(..., global_short)) 
5    { 
6      if (Eval_NotNull_I(..., local_int)) 
7        local_2 = 1; 
8      else  
9        local_2 = 0; 
10   }  
11   else  
12     local_2 = 0; 
13  
14   if (Eval_Eql_I(..., global_short, 2)) 
15   { 
16     if (Eval_Less_I(..., local_int, 0))  
17       return 1; 
18     else  
19       goto _L; 
20   }  
21   else  
22   { 
23     _L: /* CIL Label */  
24     if (Eval_Grt_I(..., global_short, 3)) 
25       return 2; 
26     else  
27       return local_2; 
28   } 
29 } 

1  int f(int local_int) 
2  { 
3    int local_2 = global_short && local_int; 
4   
5    if ((global_short == 2) && (local_int < 0)) 
6      return 1; 
7   else if (global_short > 3) 
8      return 2; 
9   else 
10     return local_2; 
11 } 



Figure 12.  Distribution of the number of branches contained within 
functions from case studies A and B selected for the evaluation.  Functions 

containing no branches are not included in this diagram. 

Figure 13.  Distribution of the branch coverage achieved by the tool for 
functions from case studies A and B selected for the evaluation. 

ACKNOWLEDGMENT 
Many thanks go to Arthur Baars, Department of 

Information Systems and Computation, Technical University 
of Valencia, Spain, for assistance in the preparation of this 
paper and for support during the evaluation of the case 
studies.  This work is supported by EU grant IST-33472 
(EvoTest). 

REFERENCES 
[1] The MathWorks, Inc., “Using PolySpace Results,” PolySpace 

Products for C User’s Guide, March 2009. [Online].  Available: 
http://www.mathworks.com/access/helpdesk/help/toolbox/polyspace/
c_ug/index.html?/access/helpdesk/help/toolbox/polyspace/c_ug/ 
brzsavx-1.html#brzsavx-5. [Accessed: Mar. 9, 2009]. 

[2] ISO/CD 26262: Road Vehicles—Functional Safety, committee draft, 
work in progress, Sep. 2008. 

[3] IEC 61508-3:1998, Functional safety of electrical / electronic / 
programmable electronic safety-related systems, Part 3: Software 
requirements, 1998. 

[4] RTCA, Inc, DO-178B, Software Considerations in Airborne Systems 
and Equipment Certification, Jan. 1992. 

[5] J. Wegener, A. Baresel, and H. Sthamer, “Evolutionary test 
environment for automatic structural testing,” Information and 
Software Technology, vol. 43, no. 14, Dec. 2001, pp. 841-854, 
doi:10.1016/S0950-5849(01)00190-2 

[6] M. Dimitar, I.M. Dimitrov, and I. Spasov, “Evotest - framework for 
customizable implementation of evolutionary testing,” Int’l Symp. 
Software and Services, Oct. 2008, Sofia, Bulgaria. 

[7] “EvoTest – Evolutionary Testing for Complex Systems,” EvoTest 
Project Homepage, March 2009. [Online]. Available: 
http://www.evotest.eu. [Accessed: Dec. 19, 2008]. 

[8] B. Jones, H. Sthamer, and D. Eyres, “Automatic structural testing 
using genetic algorithms,” Software Engineering J., vol. 11, no. 5, 
September 1996, pp. 299 – 306. 

[9] G.J. Meyers, The Art of Software Testing, John Wiley & Sons, 1979. 
[10] INRIA, “Objective CAML”, About Objective CAML, May 2004. 

[Online]. Available: http://caml.inria.fr/ocaml/index.en.html. 
[Accessed: Jan. 08, 2009]. 

[11] The Eclipse Foundation, “Eclipse,” Eclipse Homepage, March 2009. 
[Online]. Available: http://www.eclipse.org. [Accessed: Mar. 09, 
2009]. 

[12] INRIA, “GUIDE, Crossing the chasm between theory and practice in 
Evolutionary Algorithms,” GUIDE Project Homepage, Nov. 2008. 
[Online]. Available: http://guide.gforge.inria.fr. [Accessed: Dec. 22, 
2008]. 

[13] G.C. Necula, S. McPeak, S.P. Rahul, and W. Weimer, “CIL: 
Intermediate language and tools for analysis and transformation of C 
programs,” Proc. 11th Intl. Conf. Compiler Construction (CC 2002), 
LNCS 2304, Springer, 2002, pp. 213-228, doi:10.1007/3-540-45937-
5_16 

[14] dSpace GmbH, “TargetLink – automatic production code generator”, 
TargetLink product homepage, March 2009. [Online]. Available: 
http://www.dspaceinc.com/ww/en/inc/home/products/sw/pcgs/ 
targetli.cfm. [Accessed: Mar. 09, 2009]. 

[15] ETAS Group, “ASCET software products”, ASCET software 
products homepage, March 2009. [Online]. Available: 
http://www.etas.com/en/products/ascet_software_products.php. 
[Accessed: Mar. 09, 2009]. 

[16] Free Software Foundation, Inc., “The C preprocessor,” CPP Manual, 
Feb. 2009. [Online]. Available: http://gcc.gnu.org/onlinedocs/cpp/. 
[Accessed Mar. 09, 2009]. 

[17] M. Harman, Y. Hassoun, K. Lakhotia K, P. McMinn, and J. Wegener, 
“The impact of input domain reduction on search-based test data 
generation,” Proc. 6th Joint Meeting European Software Eng. Conf. 
and ACM SIGSOFT Symp. Foundations Software Eng. (ESEC/FSE 
2007), 2007, pp. 155-164, doi:10.1145/1287624.1287647. 

[18] M. Prutkina and A. Windisch, “Evolutionary structural testing of 
software with pointers,” Proc. 2008 IEEE Int’l Conf. Software 
Testing Verification and Validation Workshop (ICSTW 08), p. 231, 
doi:10.1109/ICSTW.2008.15 

[19] J. Schaub, “Example C Function using volatile variables”, Reply to 
question posed in online forum. Dec. 2008, [Online]. Available: 
http://stackoverflow.com/questions/386554#386917. [Accessed: Jan. 
05, 2009]. 

[20] M. Harman et al., “VADA: A transformation-based system for 
variable dependence analysis,” 2nd IEEE Int’l Workshop Source 
Code Analysis and Manipulation (SCAM 02), 2002, pp. 55, 
doi:10.1109/SCAM.2002.1134105. 

[21] M. Harman et al., “Testability transformation,” IEEE Trans. Software 
Eng., vol. 30, no. 1, 2004, pp. 3-16, doi:10.1109/TSE.2004.1265732. 

[22] P. McMinn, D. Binkley, and M. Harman, “Empirical evaluation of a 
nesting testability transformation for evolutionary testing,” ACM 
Trans. Software Eng. and Methodology, in press. 

[23] A. Baresel, D. Binkley, M. Harman, and B. Korel, “Evolutionary 
testing in the presence of loop-assigned flags, a testability 
transformation approach,” Proc. 2004 ACM SIGSOFT Int’l Symp. 
Software Testing and Analysis (ISSTA 04), 2004, pp. 108-118, 
doi:10.1145/1007512.1007527. 

[24] A. Arcuri, D.R. White, J. Clark, and X. Yao, “Multi-objective 
improvement of software using co-evolution and smart seeding,” 
Proc. 7th Int’l Conf. Simulated Evolution and Learning (SEAL 08), 
2008, pp. 61-70,  doi:10.1007/978-3-540-89694-4_7. 

[25] Free Software Foundation, Inc., “Installing GCC: testing,” Guide to 
using GCC testsuites to test GCC, July 2008. [Online]. Available: 
http://gcc.gnu.org/install/test.html. [Accessed: Mar 10, 2009]. 

Distribution of branches in functions from 
Case Studies A & B

0%
5%

10%
15%
20%
25%
30%

1-10 11-
20

21-
30

31-
40

41-
50

51-
60

61-
70

71-
80

81-
90

91-
100

over
100

Number of branches

Pe
rc

en
ta

ge
 o

f 
fu

nc
tio

ns

Distribution of branch coverage achieved by 
ETF Structural Test tool for Case Studies A and B

0%
10%
20%
30%
40%
50%
60%
70%
80%
90%

under
70

70-75 75-80 80-85 85-90 90-95 95-100

Branch Coverage (%)

Pe
rc

en
ta

ge
 o

f 
fu

nc
tio

ns



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /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 1.6
  /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 true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /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
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /CMB10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /CMBX12
    /CMBX5
    /CMBX6
    /CMBX7
    /CMBX8
    /CMBX9
    /CMBXSL10
    /CMBXTI10
    /CMCSC10
    /CMCSC8
    /CMCSC9
    /CMDUNH10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /CMFI10
    /CMFIB8
    /CMINCH
    /CMITT10
    /CMMI10
    /CMMI12
    /CMMI5
    /CMMI6
    /CMMI7
    /CMMI8
    /CMMI9
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /CMR12
    /CMR17
    /CMR5
    /CMR6
    /CMR7
    /CMR8
    /CMR9
    /CMSL10
    /CMSL12
    /CMSL8
    /CMSL9
    /CMSLTT10
    /CMSS10
    /CMSS12
    /CMSS17
    /CMSS8
    /CMSS9
    /CMSSBX10
    /CMSSDC10
    /CMSSI10
    /CMSSI12
    /CMSSI17
    /CMSSI8
    /CMSSI9
    /CMSSQ8
    /CMSSQI8
    /CMSY10
    /CMSY5
    /CMSY6
    /CMSY7
    /CMSY8
    /CMSY9
    /CMTCSC10
    /CMTEX10
    /CMTEX8
    /CMTEX9
    /CMTI10
    /CMTI12
    /CMTI7
    /CMTI8
    /CMTI9
    /CMTT10
    /CMTT12
    /CMTT8
    /CMTT9
    /CMU10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /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
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


