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Abstract— This work is focused on the syntax error recovery
visualization within the compilation process. We have observed
that none of the existing tools, which display some views of the
compilation, give a solution to this aspect. We present an
educational tool called VAST which allows to visualize the
different views of the compilation process. Besides, VAST allows
to display different syntax error recovery strategies.
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1. INTRODUCTION

Language processors or compilers are considered by the
students as ones of the most difficult subjects in Computer
Science degree. One of the most difficult parts in these subjects
is the syntax error recovery.

In the syntax analysis points out the syntax tree (ST)
comprehension. The ST concept is basic for syntax analysis
and syntax directed translation. The understanding of both
topics can be improved using visual representations of the ST.
Moreover, the tree representation of the ST is quite similar to
student’s mental representations of the ST.

Card et al. [7] defined visualization as the “use of
computer-based, interactive visual representations of data to
amplify cognition”. Visualizations, which show the behavior of
the internal parsers structures, can be used to make easier the
comprehension of the syntax analysis. Nowadays, we have not
found any tool which displays the syntax error recovery.

Some syntax error recovery (SER) strategies are difficult to
understand for students. Also their implementations in the
parser generating tools (e.g. The panic mode error recovery of
Yacc): “Proper placement of error tokens in a grammar is a
black art...” [13].

Lexical error recovery (LER) is simpler than SER. LER
consist in transforming an unmatched string of characters in a
valid string using single character modifications (insertion,
deletion or modification) or just reporting the error and then
restart the lexical analysis process with the next character.
However, SER has more implications; sometimes it does not
work properly creating new nonexistent syntax errors because
the parsing task cannot be interrupted. Furthermore, it is
necessary to choose the synchronization point which can force
to ignore a part of the input stream or to change it virtually.
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The main syntax error recovery strategies are error
production, which consists in extending the grammar adding
new erroneous productions. Panic error recovery strategy
allows the parser to ignore the input stream until find any
synchronization token. Finally, the phrase level strategy can
make local changes assuming that an unexpected token is
correct, for example inserting it into the stack.

Parser generators are commonly used in language
processing courses, but the implementation of error recovery
methods is far from theory. Obviously, error productions can
be used with all parser generators. But, the phrase level is
mostly used by LL parser generators, e.g. ANTLR'. And the
panic mode method is mostly used by LR parser generators,
e.g. Yacc’, Bison’, and Cup’. Even changing the concepts,
because the parser developer must specify synchronization
points with a special error token, instead of specify
synchronization tokens associated with productions.

Visualizing the error recovery process will improve
students’ understanding of these methods. We have developed
VAST [2,4], an educational tool devoted to syntax analysis
visualization. VAST has been evaluated in both an educational
and observation way [3]. One of the most important features of
VAST is its generic approach. It can be used with different
parser generators; our students have used it with Cup and
ANTLR parser generators. Here we describe how VAST
visualizes the different error recovery strategies implemented
in both parser generators.

The rest of the article is structured as follows. In the section
2 we describe the related work. In the section 3 we describe the
different strategies of error recovery. In the section 4 we
explain the visualization of the error recovery with VAST. In
the section 5 we describe other characteristics of VAST.
Finally, in the section 6 we state our conclusions and future
work.

1 http://www.antlr.org/

2 http://dinosaur.compilertools.net/

3 http://www.gnu.org/software/bison/
4 http://www?2.cs.tum.edu/projects/cup/
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II.LRELATED WORK

There exist numerous tools to display some aspects of the
compilation process. These tools have been divided according
to the use that they are thought for. On one hand there are tools
designed to be used mainly with a theatrical aim. However,
with this kind of tools the user cannot generate his/her own
parsers. Some examples of this type of tools are JFLAP[16],
THOTH[8], BURGRAM[9] y SEFALAS[10]. All of them have
in common that they animate some aspects of the compilation
process such as the table’s construction, recognition of the input
stream, generation of the syntax tree, etc. On the other hand,
there are tools designed to be used with a more practical aim.
Some examples of this kind of tools are, ICOMP[6],
VisiCLANG[17], APA[12], TREE-VIEWER][19],
VCOCO[18], CUPV[11], LISA[14], ANTLRWorks and
JACCIE. These tools have two remarkable problems. On one
hand they only work with a particular generation tool. On the
other hand, they display only certain parts of the compilation
process.

There is not any tool that covers the entire parsing algorithm
and visualizes all the dimensions —algorithmic behaviour and
ST-, therefore it is possible that a teacher has to use more than
one, switching between different notations, organizations and
visualizations. In this context, the students have to learn how to
use more different tools: specification notation, construction
process, interpretation of output messages —conflict reports,
transitions matrix or items sets-. Furthermore, the teacher has to
dedicate time to become familiar with the different
environments, and to plan their integration in the course. This
makes more difficult their use in educational environments
[15].

Focusing on both kinds of tools which have been found, and
trying to display the error recovery process, we have realized
that except ANTLRworks, none of them visualize this process.
In the specific case of ANTLRworks, the visualization of the
error recovery process is limited. On one hand, it only allows
the visualization for parsers built with the parser generator
ANTLR, which also mean for LL(1) parsers. Moreover, it only
displays a specific kind of error recovery, the ANTLR one,
which consists in inserting the unexpected symbol into the
parser’s stack. Finally, sometimes the visualization generated
can be confusing.

In the Figure 1 it is shown the partial ST built by
ANTLRworks when a syntax error occurs. In this case the error
is produced because the parser expects a symbol which is not in
the input stream, so that ANTLR inserts into the stack all the
symbols that it founds although there are not correct. In this
case as the error cannot be recovered it reaches the end of input
stream, finishing the analysis.

III.SYNTAX ERROR RECOVERY, AN OVERVIEW

The main objective of a parser is to build the ST. But if the
input stream is erroneous, then the parser must detect as much
existing errors as possible. Therefore, the parser cannot stop the
analysis after the first syntax error. Instead, it must move to a
correct state and continue with the parsing. This is the main
idea of SER.

Typically, four SER methods are taught: phrase level
recovery, error productions, panic mode and theoretical [1].
Next we briefly describe each method, note that when we
qualify a method as simple or complex we are talking about the
student’s point of view (understanding).

Phrase level recovery is one of the simplest methods. It tries
to transform an incorrect phrase into a correct one by
inserting/deleting tokens in/from the input stream. Every state
of a parser has a list of expected tokens; they can be used in this
recovery method. A common example can be found in most
C/C++ compilers, the insertion of the forgotten semicolon at the
end of sentences.

Error productions detect specific errors by specifying
erroneous grammar productions as they would be correct ones.
This recovery is directly specified by the language
designer/parser developer. The error treatment is defined in the
associated actions of the error production.

Panic mode is more complicated because it simultaneously
and explicitly, involves the stack, the input stream and the ST.

EOF

body_method

W
| body_method_aux

¥ ¥
| type | |'I'id | | body_method_aux |
I
il
| Tnteger | | value | | type | 14id
| Integer | | M snatchedTokenException (0 1=0) |

Figure 1. Error recovery visualization in ANTLRworks
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This method is based on synchronization points. When an
error is detected, the parser discards input tokens until it reaches
to a synchronization point. This point is defined by a group of
synchronization tokens. To master this method, one must know
what are the state of the stack, the input stream and the ST just
after the recovery. Besides, it depends on the synchronization
token used to recover from the error.

IV.VISUALIZATION OF SYNTAX ERROR RECORY

Visualizing the error recovery process will improve
students’ understanding of these methods. We have developed
VAST [4], an educational tool devoted to syntax analysis
visualization. One of the most important features of VAST is its
generic approach. It can be used with different parser
generators; our students have used it with Cup and ANTLR
parser generators. Here we describe how VAST visualizes the
different error recovery strategies implemented in both parser
generators.

A. A note about VAST

VAST has been designed to cope with any parser generation
tool independently from the type of the parser generated
(LL/LR). In order to get this independence and keep the easy of
use as a fundamental requirement, VAST has been divided in
two parts: VASTapi and VASTview.

VASTapi is the part encharged of the language processing,
its target is to interpret the actions made by the parsers. Finally,
it has to create an intermiddle representation, in a xml file, with
the content of the ST and the neccesary information which
allows it visualization.

VASTview is the part encharged of the visualization. Its
function is to interpret and represent visually the content of the
xml created by VASTapi.

In order to make this process work correctly, it is necessary
to perform an annotation process. This one consists in inserting
calls to the methods of VASTapi using semantic actions inside
the parser specification. The information needed by VASTapi is
the syntactical rule which has been executed. To make this task,
the user has to use the method addProduction(*“Antecedent”,
“Consecuent”) of VASTapi. For each syntactical rule is
necessary to add the semantic action which communicates, to
VASTapi, the rule which has been used.

In the Figure 2 it is shown the user interface of VAST. In
the central part it is displayed the ST and in the bottom the
different views of the compilation process (input stream, stack,
grammar and actions performed). Besides, it includes a global
view to make easier the interaction with the ST. Note that in
this figure it is used the horizontal distribution. In the Figure 3
it is shown a scheme of how to work with VAST. The process
has been divided in design time, which include the annotation
process; execution time, when the parser processes an input
stream and as a result of the execution of the VASTapi
methods, it is built an intermeddle representation in xml; and
finally, visualization time, where VASTview interprets the
content of the xml file.
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Figure 2. User interface of VAST
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Figure 3. Working with VAST

B. Visualization of the phrase leve errorl recovery method

This method is based on token insertion/deletion in/from the
input stream. The ANTLR parser generator implements this
method by inserting expected tokens. ANTLR allows the parser
developer to overload the syntax error recovery method
displayRecognitionError. We have inserted code that identifies
the inserted tokens in the ST.

The main effect of this method is that the terminal nodes of
ST (the leaves of the tree) don’t correspond to those present in
the input stream.

hody_method_au
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B
Figure 4. Phrase level recovery with VAST

o

With VAST we highlight the existing tokens of the ST that
have been inserted by the phrase level recovery method.

Tnput stream
| Open* || Edit || Parse || Save* |

class myclass {

public Integer test (integer input)

{
Integer
Integer calc

Figure 5. Input stream for LL recovery
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In the Figure 4 it is shown an example of an erroneous input
stream for a parser generated with ANTLR. As we can see in
the input stream in the Figure 5, there is an error in the
identifier declaration, so it produces a syntax error.
Visualizations can help to understand how this method of error
recovery works. When a syntax error occurs, the symbol is
shifted into the stack and the analysis continues. In the Figure 6
it is shown the grammar used in the example of the Figure 4.

Grammar

listparam:: =type IDENT listparam_aux
body . =access type IDENMT OFPEM_F listparam CLOSE_FP
OFEM_E body_method CLOSE_B

licl:: =IDENT

root:: =CLASS IDENMT OFPEM_E body CLOSE_E EOF
body_method_aux: . =

listparam_aux:. =

body_method:: =type lid body_method_aux
access::=FUBLIC

tyioe  =INTEGER

type: =IDEMNT

Figure 6. Grammar for LL parsing

C. Visualization of error productions

Taking into account that sometimes the error recovery
methods implemented in the generation tools are very generic,
using error productions allows to perform a more specific error
recovery.

In order to make VAST recognize the error productions, it is
necessary to communicate it, which productions are used for
this error recovery strategy. To obtain this functionality it has
been necessary to add a new method called
addErrorProduction(“antecedent”, “consecuent”) to
VASTapi. As we can see, the information communicated to
VAST is exactly the same in both cases, in normal productions
and in error ones.

VASTview displays an error production highlighting the
whole production in a different colour. As result, the user can
distinguish that a specific error recovery has been performed.

¥
Z
[Rw_cLAss] JIDENT] |CLASS_BODM
&

INTEGER]
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Figure 7. Visualization of error production
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In the Figure 7 it is shown an example of error recovery
using the error production method. In this case the parser
recovers from a specific error produced by an erroneous input
stream in the parameters declaration of a method. In the Figure
8 it is shown the input stream using for this example. We can
see an error in the parameters declaration of the method myText.
In the Figure 9 it is shown a fragment of the annotation of the
Cup specification to implement this behaviour using error
productions. Note that we are using an error strategy not
implemented by the generation tools. However, VAST can
distinguish this kind of productions, so the visualization adopts
the correct aspect.

Open™ || Edit || Parse

class testl { |
public integer myText (nteger input)
{
float valuel;
integer value
}

} - |

Figure 8. Input stream for error production recovery

D. Visualization of panic mode method

Normally, the panic error recovery is implemented in the
generation tools using a special symbol, usually called “error”
symbol. This recovery method allows to define easily the
synchronization points, however, sometimes it can be
extremmely complex to understand how the error recovery
strategy works[1].

LISTPARAM ::= LISTPARAM COMA TIPO IDENT
| IDENT IDENT

{:parser.inter.addErrorProduction("LTSTPARAM", "IDENT IDENT");:};

Figure 9. Annotation for error production recovery

In the specific case of the Cup generator, the panic error
recovery is implemented using the Terminal symbol “error”.
When the parser detects an error in the input stream, it
commutes to an internal error stage, inserting into the stack the
“error” symbol. To extract this one from the stack it is
necessary to find a production which allows to shift the error. If
the error can be shifted, then the parser has recovered correctly
and the analysis continues. However, if the parser reaches to
the grammar axiom and the error has not been shifted, it has not
recovered from the error and the analysis will conclude.

To display correctly this process in VAST, it was necessary
to implement new functionalities in VASTapi for ascendant
parsers. There exist two problems when trying to visualize this
process. On one hand, when the parser enters in the error mode,
it does not perform any reduction, so that VASTapi does not
receive any information of the task done by the parser. On the
other hand, as the parser is in an error mode, it does not
communicate the ignored symbols to VASTapi. Due to these
problems and to obtain these information, it was necessary to
modified VASTapi.
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Figure 10. Grammar used for panic error recovery

Instead of solving these problems independently, we have
chosen a global solution, which allows to solve both of them.
When the parser enters in the error mode, it calls to the
syntax_error method, which has been overload to communicate
to VASTapi that the parser is in the error mode. Besides, in this
context, although the parser is in the error mode, it continues
asking for symbols to the lexer using the scan method.

When VASTapi receives the symbols from the lexer, it
marks them indicating their mode (normal or error). Finally,
when the error production is performed and the “error” symbol
detected, VAST has all the necessary information. On one hand
there are the subtrees processed. On the other hand it is the
ignored input stream. With this information VAST can create
the visualization of this error recovery method.

0.|1e.n”.". | Edit | Parse | SENTL » [ }
class testl { = 5
public integer myText (integer
Iney _|| [SENT
float value
integer result
}
1
[TYPE]|
|FLOAT| hntegeﬂ hesun

Figure 11. Visualization of the panic error recovery with 1 error

To this end, firstly it is necessary to obtain the
synchronization symbol. This one shows the point in which the
parser continues the analysis without ignoring the input stream.
We obtain this symbol acceding to the last one received when
an error production is applied. Secondly, to obtain the ignored
symbols it is necessary to access to the received symbols since
the parser commuted to the error mode until it received the
synchronization symbol. With this information VAST builds a
subtree, which root node is the error symbol. The sons of this
node are the subtrees processed correctly just before the error
occurred and an additional node with the ignored symbols
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(“IgnoredTokens” node), which contains each one of the
ignored symbols.

In the Figure 11 it is shown an example of the panic error
recovery. In this case there exists only an error in the input
stream, produced because the symbol®;” is not after the
identifier “value”. The error recovery implemented used the
symbols “;” y “}” as synchronization symbols, so that the
parser ignores the input stream until it finds one of those
symbols. In this example the parser ignores the “integer” and
“result” symbols. When the parser reads the symbol “}”, it

recovers from the error and continues the analysis.

?—l

ENTLIST

Figure 12. Visualization of the panic error recovery with 2 errors

In the Figure 12 it is shown an example of panic error
recovery in which the parser recovers from two errors in the
input stream, both produced because there is not “;”. As in the
previous example, the parser implemented uses the “;” and “}”
as synchronization symbols. The first error is produced because
after the symbol “valuel” it is expected the “;” symbol.
However, the parser reads from the input stream the “integer”
symbol, so that it enters in the error mode, from which it exits
only when reads the “;” symbol. In this case the ignored
symbols from the input stream are “integer” and “value2”. The
second error is produced because as in the first case, there is not
“” symbol. In this case the parser ignores the “integer” and
“result” symbols from the input stream. In the Figure 13 it is
shown the input stream used to generate the tree of the Figure

12.

=k WASTNpULSITEE T =
Open* ‘ i Edit i ‘ Parse i ‘ Save* |
class testl { ;I

public integer myText (integer input)
{

float valuel

integer value2;

integer value3s

integer result

1 -

Figure 13. Input stream for panic error recovery with 2 errors

In the Figure 14 it is shown an example in which there are
two consecutive errors. In this case as there is not
synchronization symbol between both errors, the parser ignores
more symbols from the input stream. In the Figure 15 it is
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shown the input stream used to generate the visualization of the
Figure 14.

FLOAT

(7 L)
linteged |value2] [integef [resulq

Figure 14. Visualization of panic error recovery with 2 errors consecutive

V.OTHER CHARACTERISTICS OF VAST

Visual representations are not effective educational
resources by default, they must be carefully designed. VAST
has passed a number of evaluations. As a consequence, we have
designed VAST to provide a number of useful features.

(BN VASH: Tnput strearn [ —

|

Open™ | | Edit | | Parse
Class testl {
public integer myText (ntedeaer inputy

float wvalue 1
integer wvaluaz
integer result

+

-

Figure 15. Input stream for error panic recovery with 2 errors consecutive

Apart from inserting additional functionality in VASTapi to
interpret the error recovery, we have modified VASTview to
handle new functions. It has been improved those characteristic
which allow to distribute VAST wider and easier. To this, the
user interface has been internationalized into Spanish and
English. Besides, we have worked in the platform
independence, allowing to work with VAST in Windows,
Linux and Mac OS systems. Moreover it has been performed
some improvements to work easily with the tool and also to
display some specific aspects of the error recovery process that
cannot be treated by VASTapi.

A. Visualization of the ST

The graphical representation which has been chosen to
visualize the ST is the tree structure resulting of the processing
of the input stream. In previous versions of VAST, it can be
distinguished three types of nodes: terminal nodes (T), non
terminal nodes (NT) and error nodes (EN).

The T nodes are the leaves of the tree, the NT are the
internal nodes of the ST and the EN represent the
synchronization points in which the parser can recover from an
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syntactical error. The last one allows to determine the exact
place where it is recovered (if possible) a syntactical error.
Furthermore, they allow to guess the amount of recognized
elements, so the elements recognized before an error occurs
will be sons of the corresponding error node.

Due to the changes performed to improve the visualization
of the error recovery in panic mode, it has been necessary to
create an additional type of nodes, ignored nodes (IN). This
kind of nodes has only sense when it is implemented a panic
error recovery strategy. When the parser detects an error, it
ignores the input stream until it finds a synchronization symbol.
The function of the IN is to group the ignored symbols until a
syntactical error is recovered. In the graphical representation
they appear as sons of the EN, containing all the T ignored.

B. Reproduction of the construction of the ST

The animation of the construction process of the ST is
performed using different intermeddle stages generated and
ordered by VASTapi. The animation of this process helps the
students to understand how the input stream is processed using
shifts and reductions.

To reproduce an animation, VASTview has a VCR controls
and a slide bar which allows to reach easily to a specific point
of the reproduction. During the construction process the ST
change its shape, area and content. Due to this behaviour the
interface could adapt to each stage using a “best-fit” policy,
which would change the location of the nodes of the tree and
consequently affect the user. According to this, we have
decided to keep the location of the nodes of the tree as the
construction process of the ST is reproduced.

The reproduction process is synchronized with all the views
offered in VAST, so that when the state of the ST changes all of
the views have to act consequently.

In the Figure 16 it is shown an example of the reproduction
process of the construction of the ST. In this case the parser is
descendant, so as VAST constructs the ST the current node is
remarked. In this figure we can see two intermeddle stages of
the reproduction.

C. Different distributions

Probably the ST generated by the parsers designed by the
students are huge and without any specific structure
(symmetric, width and height). For this reason, VASTview has
an user interface which make easier the visualization and
interaction of the ST.

The interface of VASTview offers three different
distributions: horizontal, vertical and float. The horizontal and
vertical distributions are used for horizontal and vertical ST
respectively. In the case that a ST cannot be classified in any of
these types, VASTview offers the float distribution in which the
user can change the position of the different views.
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Figure 16. Reproduction of the construction process for LL parser

Independently of the distribution used, the interface of
VASTview has a global and detail view of the ST, all together
with the zoom and aggregation functionalities. The global and
detail view allow the user to manipulate easily the ST. The
global view indicates the visible part of the ST in the detail
view. The functionalities of the global view give the students
the opportunity of examining the ST with zoom, and
aggregation, keeping always the synchronization with the
global view.

The aggregation allows the user to hide those parts of the
ST which are not interesting. In this case, when a node is
resumed, we used a “best-fit” policy to redistribute the ST.

In the Figure 17 it is shown the different distribution of the
VAST interface. Figures 17a, 17b and 17¢ show the horizontal,
vertical and float distribution of the user interface respectively.

D. Views of the compilation process

Apart from displaying the ST, VASTview visualizes the
input stream, the stack of the parser, the used grammar and
textual explications of the performed actions. Each of these
views have a different aim, however, all of them are really
important when the construction process of the ST is animated.

In case of the input stream, it is remarked when the
construction process is reproduced. When in the parser is
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Figure 17. VAST interface distributions

implemented a method of error recovery, the input stream can
distinguishes between the process symbols and the ignore ones.
Besides, when the ST is displayed in a static way, if a T node is
selected, then in the input stream is remarked the part which
corresponds with that node.

The stack view simulates the content of the stack of the
parser. It is compatible with both LL/LR parsers and it is really
important in the error recovery process, so it is possible to make
predictions about the recovery point just observing the content
of the stack and the grammar. This view allows to display a
stack history, which allow the user to display the different
stages of the stack during the analysis.

The visualization of the grammar allows to indicate which
syntactical rule has been used in a reduction/derivation. In this

978-1-4244-6571-2/10/$26.00 ©2010 IEEE

case it is necessary to distinguish between the grammar of the
specification and the grammar used. The grammar of the
specification refers to the set of rules that implements a parser.
However, the grammar used is a subset of the previous one, so
it is the part of the specification grammar used to process a
specific input stream. According to the way of work of
VASTapi, it is easier to get the used grammar. So that, when it
is displayed the set of rules, it is important to have into account
that it refers to the used grammar.

The textual explication was a characteristic asked by the
students during the evaluation sessions of VAST. In this case, it
has been added the explications of the actions performed during
the construction of the ST, including the error recovery process.

Finally, it has been improved the way of showing the views
of the VASTview. In this version is possible to hide or change
the workspace of each different view. This solution has been
necessary to work with low resolution screens.

E. Importing parsers

According to the results of the usability evaluation of VAST
[5], it was necessary to implement a global integration which
consists of two functionality integrations.

The first integration allows to anote a syntactical
specification, generate and compile it. The second one allows to
execute a parser and visualize the result of this execution.

As result of the implementation of VAST, it has been
developed a first approximation of the importation of parsers. In
the case of the second integration it has been developed in a
generic way. However, the first integration has been
implemented just for the ANTLR specification. This limitation
does not involve VAST, but the necessity of creating
metaparsers which can annote automatically the specification
including the VASTapi calls.

VI.CONCLUSIONS

In this work, we has presented the educational tool VAST,
which allows to visualize the ST and the different views of the
compiling process. The main characteristics of VAST are the
independence from the generation tool and the easy of use.

Specifically, within the visualization of the ST, we have
studied the existing tools and realized that the existing tools to
display the compilation process, give a partial or/and particular
solution. On one hand, these tools are particular because they
only allow to display the parser created for a concrete
generation tool. On the other hand, they give a partial solution
because they do not show all the views of the compilation
process.

In this context when we focus on the syntax error recovery
visualization, we observe that none of these tools give a
solution for it. We has found only one tool, ANTLRworks,
which give an approximation of the syntax error recovery
visualization. However, as in the other cases, the solution
implemented is particular and partial. Taking into account that
SER is one of the most difficult points in the language
processor courses, and the pedagogical effect that visualizations
have in education, we have decided to use the visualizations
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technologies to improve the comprehension process of the
syntax error recovery.

We have added new functionalities to VAST, in order to
display the syntax error recovery. We have detailed the
different characteristics of each error recovery strategy.
Afterwards, we have explained how they are implemented in
VAST. As a result VAST allows the visualization of the
insertion error recovery, error productions and panic mode error
recovery.

Furthermore, in this work we include the functionality of
importing parsers specifications. This one allows to display any
parser in a very easy way.

The work with VAST has not finished yet. As future works
we plan different evaluations of the new functionalities.
Moreover, we will work on the exporting of animations to be
used in different contexts (e.g Powerpoint). Finally, it will be
necessary to improve the importation of parsers, so this version
allows only to import automatically ANTLR specifications.

VII.LACKNOWLEDGEMENTS

This project is supported by project TIN2008-04103/TSI of
the Spanish Ministry of Science and Innovation.

REFERENCES

[1] A.V.Aho, M. S. Lam, R. Sethi and J. D. Ullman, Compilers:Principles,
Techniques, and Tools, Prentice Hall, 2007.

[2] F.J. Almeida-Martinez, Jaime Urquiza-Fuentes, and J.Angel Veldzquez-
Iturbide. VAST: Visualization of Abstract Syntax Tree within Language
Processors Courses. In SoftVis *08: Proceedings of the 4th ACM
Symposium on Software Visualization, pages 209-210, New York, NY,
USA, 2008. ACM.

[3] F.J. Almeida-Martinez and Jaime Urquiza-Fuentes. Syntax Trees
Visualization in Language Processing Courses. In Proceedings of the
Nineth IEEE International Conference on Advanced Learning
Technologies, 2009. ICALT 2009., page 597-601, Los Alamitos, USA,
2009. IEEE Computer Society Press.

[4] F.J. Almeida-Martinez, J. Urquiza-Fuentes and J.A. Velazquez-Iturbide,
“Visualization of Syntax Trees for Language Processing Courses”
Journal of Universal Computer Science vol. 15(7), pp 1546-1561, 2009.

[5] F.J. Almeida-Martinez and J. Urquiza-Fuentes. Teaching LL(1) parsers
with  vast. An  usability  evaluation.  Technical  report,
http://www.dlsil.etsii.urjc.es/doc/DLSII-URJC_2009-01.pdf, 2009.

[6] K. Andrews, R. R. Henry, and W. K. Yamamoto. Design and
implementation of the UW illustrated compiler. In Programming
Language Design and Implementation ’88: Proceedings of the ACM
Special Interest Group on Programming Languages 1988 conference on
Programming Language Design and Implementation, pages 105-114,
New York, NY, USA, 1988. ACM.

978-1-4244-6571-2/10/$26.00 ©2010 IEEE

(7]
(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

S. K. Card, J. D. Mackinlay and B. Shneiderman, Readings in
information visualization, using vision to think, Academic Press, 1999.

César Garcia Osorio, Mediavilla Saiz, Iiligo I Javier Jimeno Visitacion y
Nicolas Garcia Pedrajas. Teaching Push-Down Automata and Turing
Machines. In Innovation and Technology in Computer Science Education
’08: Proceedings of the 13th Annual Conference on Innovation and
Technology in Computer Science Education, pages 316-316, New York,
NY, USA, 2008. ACM.

César Garcia-Osorio, Carlos Goémez-Palacios, and Nicolds Garcia-
Pedrajas. A Tool for Teaching LL and LR Parsing Algorithms. In
Innovation and Technology in Computer Science Education ’08:
Proceedings of the 13th Annual Conference on Innovation and
Technology in Computer Science Education, pages 317-317, New York,
NY, USA, 2008. ACM.

J-F Jodar-Reyes and J. Revelles-Moreno. SEFALAS: Software para la
Ensefianza de las Fases de Analisis Léxico y Analisis Sintactico.

Alan Kaplan and Denise Shoup. CUPV. A Visualization Tool for
Generated Parsers. In Special Interest Group on Computer Science
Education ’00: Proceedings of the thirty-first Special Interest Group on
Computer Science Education Technical Symposium on Computer
Science Education, pages 11-15, New York, NY, USA, 2000. ACM.

Sami Khuri and Yanti Sugono. Animating parsing Algorithms. In Special
Interest Group on Computer Science Education ’98: Proceedings of the
twenty-ninth Special Interest Group on Computer Science Education
Technical Symposium on Computer Science Education, pages 232-236,
New York, NY, USA, 1998. ACM.

J. R. Levine, T. Mason and D. Brown, Lex & yacc, 3nd ed., O’reilly,
1995.

M Mernik and V Zumer. An educational tool for teaching compiler
construction. 46(1):61-68, 2003.

Naps, T., RoBling, G., Almstrum, V., Dann, W., Fleischer, R.,
Hundhausen, C., Korhonen, A., Malmi, L., McNally, M., Rodger, S. and
Velazquez-Iturbide, J.: “Iticse 2002 working group report: Exploring the
role of visualization and engagement in computer science education";
Special Interest Group on Computer Science Education Bull. 35, 2 (June
2002), 131-152.

Stephen Reading Susan H. Rodger, Jinghui Lim. Increasing interaction
and support in the formal languages and Automata theory course.
Innovation and Technology in Computer Science Education pages 19—
24, 2007.

D. Resler. VisiCLANG. A Visible Compiler for CLANG. Special
Interest Group on Programming Languages Not., 25(8):120-123, 1990

R. Daniel Resler and Dean M. Deaver. VCOCO: A Visualisation Tool
for Teaching Compilers. In Innovation and Technology in Computer
Science Education *98: Proceedings of the 6th annual Conference on the
Teaching of Computing and the 3rd annual Conference on Integrating
Technology into Computer Science Education, pages 199-202, New
York, NY, USA, 1998. ACM.

Steven R. Vegdahl. Using Visualization Tools to Teach Compiler
Design. In Proceedings of the Second Annual Consortium for Computing
Sciences in Colleges on Computing in Small Colleges Northwestern
Conference, pages 72-83,USA, 2000. Consortium for Computing
Sciences in Colleges.

April 14-16, 2010, Madrid, SPAIN

IEEE EDUCON Education Engineering 2010 — The Future of Global Learning Engineering Education
1027




<<
  /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




