Towards Roundtrip Engineering - A
template-based Reverse Engineering approach

Manuel Bork, Leif Geiger, Christian Schneider, and Albert Ziindorf

Kassel University, Software Engineering Research Group,
Wilhelmshoher Allee 73, D-34121 Kassel, Germany

Abstract. Model driven development suggests to make models the main
artifact in software development. To get executable models in most cases
code generation to a “traditional” programming language like e.g. Java is
used. To obtain customizable code generation template-based approaches
are applied, commonly. So, to adapt the generated code to platform spe-
cific needs templates are modified by the user. After code generation, in
real world application the generated code is often changed e.g. by refac-
torings. To keep the code and the model synchronous reverse engineering
is needed. Many approaches use a Java parser and a mapping from the
Java parse tree to the UML model for this task. This causes maintenance
issues since every change to a template potentially results in a change
to this parse tree - model mapping. To tackle this maintenance prob-
lem our solution does not use a common language parser but uses the
templates as a grammar to parse the generated code, instead. This way
changes to the templates are automatically taken into account in the re-
verse engineering step. Our approach has been implemented and tested
in the Fujaba CASE tool as a part of the model and template-based code
generator CodeGen2 [11].

1 Introduction

Transforming models into various kinds of text languages is common practice,
nowadays. These textual languages are used to provide an executable mapping
for different kinds of models. Therefore such a model-to-text translation, to a
programming or description language, is subject to optimization, adaption and
maintenance work.

To obtain the required flexibility in the transformation engine, text templates
are a common means to facilitate the final transformation from model-to-text, cf.
e.g. [1,2]. These templates can easily be tuned, adapted and maintained. Even
users can edit templates to change the transformation results according to their
needs.

Transforming models to text is not the only direction that is needed. There
are still developers who edit source code directly, there are processes requiring
people to change text artifacts, and sometimes pieces of generated text may have
lost there corresponding models. Thus transformation from text to models are
a requirement as well.
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Common techniques for transforming text to models utilize a parser for the
specific text language and operate on the parse tree afterwards. This approach
is limited by the flexibility of the language parser (problems like syntax errors in
the text document) and it easily causes a maintenance problem if the templates
used for to-text-transformation are changed. In contrast to the template editing
for the forward engineering, the reverse engineering - parsing of text - cannot be
configured easily. To overcome these weaknesses our text-to-model transforma-
tion engine exploits the very same templates used for the model-to-text direction
for reverse engineering.

The work presented here has mainly been done in the context of the bachelor
and master thesis of Manuel Bork [6, 7].

2 Related Work

Template based text generation has established itself as a standard technique
for web pages e.g. based on PHP or Java server pages. Consequently, the same
technique is frequently used for model-to-text code generation for example in
eclipse by Java emitter templates [2] or in Fujaba [10] by velocity [1].

For text-to-model or reverse engineering one commonly uses parsing technolo-
gies. This means, based on e.g. some Java grammar and e.g. a compiler compiler
like javacc/jjtree [3,4] one builds an abstract syntax tree and this tree is then
transformed with a model-to-model transformation into the original model. In
the Fujaba project we have been following this approach for several years, too
[14,17,19,16, 18, 20]. Especially, the thesis of Thomas Klein [13] created a first
reverse engineering component with reasonable capabilities for Fujaba. However,
due to several changes to our code generation strategies, e.g. for association im-
plementation, we frequently had to update this reverse engineering component
and after only one year, the functionality was lost. Another approach [20] tried
to overcome the maintenance problems with fuzzy reasoning. They relaxed the
exactness of the pattern matching process in order to deal with minor code vari-
ations. This of course had the drawback of false positives and false negatives.

Other reverse engineering approaches use fact extractors. Facts are tuples of
entities (i.e. classes, variables, methods) and relations (i.e. inheritance, function
calls, instantiations). A fact extractor for Java is introduced in [12].

In order to reverse engineer dynamic models other approaches are used.
Briand et al. generate UML sequence diagrams by protocolling execution traces
at runtime [8]. Rountev et al. however analyse directly the control flow in the
source code [21].

With the Columbus framework [9] it is possible to reverse engineer even large
C/C++ projects. It generates class diagrams, an abstract syntax tree and call
graphs. Furthermore, it supports design pattern recognition. CPP2XMI [15] is
based on Columbus and extracts UML class, sequence and activity diagrams.

Due to our knowledge, there is no other approach that exploits code gen-
eration templates for parsing directly. One may argue that template files form
some kind of language grammar. However this template file based grammar will
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most likely not fulfill the constraints of an LALRI or LL1 grammar, cf. [5]. Thus
one has to use more general techniques for context free grammars as e.g. the
Cocke-Younger-Kasami (CYK) algorithm. However, our templates contain local
variables, expressions, and control structures which again complicate matters.

3 Code generation

A template based code generation is a prerequisite of our new reverse engineering
approach. This section gives an overview of the code generation software used for
our prototype. The code generation process is split into three tasks, cf. Figure
1.

optimization

/

/
/
sorting / structuring

Fig. 1. Subtasks of the code generation with initial and resulting data

decomposition

Our approach first transforms the original model into an intermediate token
structure. This intermediate token structure defines a visiting order for model
elements. This initial transformation step also handles a lot of conditional cases
and alternatives, e.g. this step may choose a specific strategy for the implemen-
tation of associations. Note, one model element may create multiple tokens for
different purposes, e.g. a model class may create a token structure for a Java
interface class and another one for an implementation class. The result of the
token creation task is a tree of tokens where the tokens may refer each other in
several ways (thus forming a graph of tokens).

The generated token graph represents our intermediate language. The code
generation for Fujaba’s graph rewrite rules performs additional structuring, sort-
ing and optimizing on this intermediate language. Tokens from class diagrams
usually need little to no further structuring.

Note, in reverse engineering, the token structure is extended by temporary
string attributes that hold references to model elements. These string references
are then resolved to real model references in a separate step.

In code generation, the final step generates code for the resulting token graph.
Therefore, the underlying token tree is visited in postorder. Every visited token
is passed to a chain of code writers. Usually, the responsible code writer opens a



4 Manuel Bork, Leif Geiger, Christian Schneider, and Albert Ziindorf

specific template file and passes the token and additional information as context
to the template engine. This additional information includes the code generated
for all children of the token in the tokens hierarchy.

G)

M #set ($name=$token.name)

#set($superclass=$token.superclass.name)
— class $name class Teacher

o #if ($superclass) extends Human
extends $superclass.name ‘

Teacher #end

@ attr : String - $children

int attr;

Fig. 2. Code generation example

In our implementation, we use the velocity template engine [1]. Figure 2 shows
an example model and a simplified version of the template used for class tokens.
Within the class template, the class token is stored in variable $token. From this
variable, the template may access the original model via the token structure. For
example, the first two lines of the template declare two local variables: $name and
$superclass. The $name variable is read from the name attribute of the passed
$token object. The $superclass variable gets its value via the access chain
$token.superclass.name. Velocity allows attribute access or even method calls
on every object passed to the template engine. That makes the templates highly
customizable since every model element can be queried during code generation.
In line 3 of the template finally code is generated: The constant string “class”
followed by the current value of variable $name is produced as output. Velocity
also allows control flow such as looping or branching. The code fragment in
line 5 is only added to the output if the statement in line 4 evaluates to true.
This means it is only added if the variable $superclass is not empty. After the
opening bracket from line 7 the code for all subtokens (like methods or fields)
is added to the class’ code. That code is passed to the engine in the $children
variable. The code for the class is finished by the closing bracket from line 9.

Note, although the Velocity template engine provides control structures itself,
we do most of the complex computation during the construction and optimiza-
tion of the intermediate token structure. This reduces the complexity of our
templates dramatically and makes them reasonably simple.

4 Reverse engineering

It is common practice to use a parser which is based on the grammar of the
target language to reverse engineer a piece of source code. But this common
approach has several disadvantages: First, a separate parser for each language,
which can be generated with the code generator, is needed. In contrast to that, it
is sufficient to write a set of new templates for a template based code generator
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to support a new target language (with similar structure). Second, the parse tree
- the result from parsing a piece of source code with a common language parser
- is very fine grained. It is quite tedious to map this parse tree information to
an application meta model (e.g. UML). To accomplish this task model elements
must be associated with more or less complex patterns, found in the parse tree.
Afterwards a pattern recognition mechanism is used to identify pattern instances
in the parse result and these matches are translated into model elements. As of
the nature of the parse results these pattern need to be adapted according to
the possible generated or hand written implementation style, found in the parsed
source code.

In the template-based approach, presented in this paper, this mapping is
still needed. Though, the result from the template-based parsing has a higher
granularity and higher abstraction level than the parse tree from a common
language parser. Thus the part of the pattern matching algorithms which is under
major maintenance due to template- or code-style-changes is instead already
covered in the template-based parsing.

Our text-to-model approach uses the very same templates that were used for
code generation before. So, while adapting the templates for whatever reason
one adapts the reverse engineering mechanism at the same time. This tackles
the major part of the maintenance problem. Section 3 introduced our template
based code generator. In a nutshell the application’s model is transformed into an
intermediate token tree and then passed to the template engine. The template
engine generates code, specified in the the according template, afterwards. In
Figure 2 an example for this procedure was given. For reverse engineering we
invert this procedure. Figure 3 exemplifies the reversed procedure.

@ ) (>)
#set ($name=$token.name)
#set ($superclass=§token.superclass.name) m
class $name class Teacher I
#1f ($superclass) extends Human ‘

extends $superclass.name
{ ...

CI

Fig. 3. Template and source code are parsed to reconstruct the model.

Our approach works as follows. Given a piece of source code, the code gen-
erator states which template is used first. Then, while traversing template and
source code the template’s variables are assigned with textual fragments of the
source code so that the given source code would be generated again. These as-
signments are utilized later on to reconstruct the intermediate token layer and
finally the model itself. As there are several possible solutions for this first step
some reasoning is performed next. Thereby boolean conditions that consist of
multiple variables are split up and contradictory solutions are removed. Both
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tasks, template-based parsing and reasoning, are repeated for all included tem-
plates. After that the intermediate token layer is reconstructed generically. Then
textual references are resolved to real objects and mapped to the model.

In the following we present each subtask in detail.

4.1 Template-based parsing

The goal of this subtask is to discover whether a given template has been used to
generate the source code given and how the templates variables were assigned.

The left side of Figure 3 illustrates an excerpt of a template for a Java class.
The right side shows two lines of source code. In order to reverse engineer this
source code the values assigned to the template variables are inferred. So first
of all the template itself must be parsed. Therefore the velocity template engine
contains a template parser. This parser returns a parse tree that is traversed
in the following step. To find the values in the example (i.e. for the classname
$name and the superclass’ name $superclass) the parser traverses the template
and tries to match the terminals® of the template with text fragments from the
source code, first. Thus, in the example, the parser starts at the beginning of the
template and reads the terminal class. It finds the same text in the source code
at the starting position, too. As this is a successful match, parsing process contin-
ues. After that the variable $name is processed. As the parser does not know, yet,
which value is assigned to the variable, it just stores the variable name as pend-
ing. The next processed template part is a branching statement. As the parser
does not know yet how to evaluate the branching condition ($superclass), it
checks both possible paths through the template: a) assuming the condition to
be true and b) assuming it to be false. So in case a) the parser tries to find the
terminal extends in the source code. It is matched in the middle of the source
code. It is now possible to assign a value to the pending variable: $name gets the
assignment Teacher. After that the succeeding variable $superclass and the
rest of the template is processed likewise.

By this manner the parser finds the following assignments for the vari-
ables from the template as a first possible solution: $name with Teacher and
$superclass with Human. But one branch is still left to check. So the parser skips
the complete branching statement in the other case (assuming $superclass to
be false or empty) and tries to match the terminal {, which is found at the end of
the source code snippet. So the parser can assign the previously read source code
fragment Teacher extends Human to the variable $name. Obviously this assign-
ment does not make much sense, but nevertheless it is a valid result concerning
the parsing process. So this first subtask results in two possible solutions.

Trying all possible ways through the template is a very time consuming task.
Additionally many possible assignments emerge, if a terminal occurs several
times within a source code. For example, there are many opening braces in a
piece of Java source code: This causes the same number of possible assignments
for the first template variable, in the given example, as the number of opening

! text fragments which are not substituted by the template engine
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braces in the source code. We address this problem by specifying constraints
for the allowed values of variables. These constraints span from very simple
constraints (i.e. "does not contain white spaces”) to very expressive constraints
(i.e. a complex regular expression). Commonly, most variables of a template
cover only one single line of generated source code. Thus specifying a single line
constraint as a default constraint for all variables of a template, helps decreasing
the parsing time dramatically. In the example we would specify a constraint for
both variables $name and $superclass, which denotes that the assigned value
must not contain any whitespaces. This would discard the second solution.

In our implementation these constraints can be specified directly in the tem-
plate. We introduced a simple comment syntax for this purpose. Figure 4 shows
a constraint specification for the previous example.

## hints[ $name ] := SingleWordConstraint
## hints[ $superclass ] := RegularExpressionConstraint( "~ [~\s]+$" )

Fig. 4. Example of a specification of constraints for variables of a template.

The constraint definition starts with the keyword hints followed by the name
of the variable to constrain in brackets. An assignment operator follows and
finally the a constraint name with parameters concludes the statement. With
this syntax it is also possible to define multiple constraints for one variable
by using += as operator. If parameters are passed to the constraint, they are
specified in braces after the name of the constraint surrounded by double quotes.
In Figure 4 the second line shows such a case: A constraint specifying a regular
expression that does not allow any whitespace characters within a string. The
SingleWordConstraint in the upper line is a more convenient method for this
same purpose.

4.2 Reasoning

After the subtask of parsing there are often multiple possible solutions how the
template’s variables can be assigned with fragments of the source code. Several of
these solutions might be contradictory if e.g. a variable is one time evaluated to
true and another time evaluated to false in the same template application. The
reasoning subtask addresses this issue by removing contradictory parse results.
To retrieve all possible information complex expressions are used for reasoning,
too. E.g. branching conditions that consist of multiple variables concatenated by
an AND operator are split using constraint solving techniques. Additionally the
reasoning subtask is responsible for the removal of local variables that do not
originate from the context. The reasoning is discussed in this section.
Branching conditions often consist of multiple variables. We use a constraint
solver to split up these compositions and infer the boolean value of previously
not assigned variables wherever possible. The upper part of Figure 5 shows a
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template with two conditional statements. The parser result states that the first
constant string “some text” was found but the second one “some other text”
was not. So, the first condition was evaluated to true and the second one to
false. This knowledge (shown in the lower left-hand site of Figure 5) is passed
to the constraint solver. The right-hand site of the figure below shows the results
returned by the constraint solver. The variable $c has to be true to fulfill the
constraints. For variable $b no information can be inferred. So, a new assignment
$c = true is added to the set of assignments.

#if( ($a && $b ) || $c ) some text #end
#if( $a ) some other text #end

true
undef

(%2 && $b ) || $c == true — $c
$a == false $b :

Fig. 5. Above: Extract of a template. Left side: Conditions from the template and
their boolean value, assigned to them by the parser. Right side: Values inferred by the
reasoning mechanism.

After the constraint solving is done, a check is performed that ensures that all
assignments are consistent. First of all a variable that is only accessed read-only
in the template (meaning there is no direct assignment to an value) must have the
same source code fragment assigned each time it is used in the complete template.
If a variable is assigned to a value (or another variable, or some calculated
value), we distinguish if it is assigned only once before it is accessed or even
afterwards. In the first case the variable is treated as if it was accessed read-only.
In the second case the variable is marked as mutable and cannot be used for the
reasoning subtask. If there are contradictory assignments the complete solution
can be dismissed. This way the reasoning reduces the number of solutions -
ideally only one solution will remain.

The last step of the reasoning is the removal of local variables. As many
template languages, Velocity offers the possibility to specify local variables. Local
variables are often used in templates e.g. to calculate a boolean value only once,
if it is needed several times. While the parser only assigns these local variables
with values, they should not be used to reconstruct the model, because the
reconstruction of the model should not depend on implementation details of the
templates. So, the reasoning mechanism has to remove the assignments of local
variables. After the removal of the local variables, only the (textual) values of the
attributes read from the intermediate layer are left. Figure 6 shows an example
of this step.

While parsing the allocation of a local variable was found in the template.
Then the parser was able to assign the local variable $myLocal with the logical
value true. From the definition of the local variable $myLocal the reasoner
is able to infer, that if $myLocal is true, both $token.foo and $token.bar
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#set ($myLocal = $token.foo && $token.bar) $token.foo := true
$myLocal == true $token.bar := true

Fig. 6. Left side: Example of an allocation of a local variable within a template and
an assignment found by the reasoner. Right side: Values inferred by the reasoning
mechanism.

must be true, too. So by reversing all allocation statements (#set directives in
Velocity), local variable assignments are removed and the attribute values of the
intermediate layer are inferred.

At the end of the reasoning subtask ideally one solution remains. But if the
combination of template and source code is ambiguous, there may still remain
several solutions. A simple example of this case is if there are two succeeding
conditions with identical bodies but different condition statements. Then two
valid solutions remain even after reasoning and it is not possible to say which
solution has been used for code generation. Such problems should be avoided by
the template designer whenever possible. Anyhow, if several solution are found,
our implementation needs user interaction to choose the right solution.

Parsing and reasoning are not necessarily subsequent tasks. In fact it makes
much sense to combine both tasks for performance reasons. Since the reasoning
excludes possible solutions, excluding those as soon as possible can really speeds
up the parsing process. E.g. if the parser has assigned one variable and finds
another value for the same variable later on, the current solution can be skipped
and the parser does not have to match neither the rest of the current template
nor nested templates.

4.3 Creating tokens

After the subtask of reasoning there are lists of assignments for each pair of tem-
plate and source code. These assignments are key-value assigning attributes of
the intermediate layer of tokens to text extracted from the source code. Though
it is possible to generate the model directly from the information included in
these assignment, we create an intermediate layer first. This intermediate layer
can be generated generically. The advantage of this approach is that the up-
dating/creating of the model can now be described as a mapping between two
models.

So, this subtask addresses the issue of creating an intermediate layer of to-
kens. Each token represents a single code fragment, for example an attribute of
a class or a method declaration. So, there exists a token type for every template.
As described in section 3, the token layer is linked as a tree: Source code gen-
erated for each parent token contains the source code that is generated for its
child tokens. This structural information is obtained from CodeGen2.

The reconstruction of the token layer is done as follows: For each solution
(consisting of template, source code, and assignments) a token object is created
and then linked with previously reconstructed tokens according to the structural
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information given by CodeGen2. Afterwards the textual assignments are mapped
to attributes of the created token. Figure 7 shows an example of this procedure.

clazz:ClassToken

«cheate»
$token.name := "example" " enig ""\ll“’e"
chilgybn
i e - acreate
$token.visibility := "public e arbateToken
$token.type := "int" T ame= "example”

otherAttribute:AttributeToken‘ visibility.= "public"
L ] type:="int"

someMethod:MethodToken

Fig. 7. Left side: Textual assignments found for a template of an attribute. Right side:
Object diagram representing the token layer.

The left side of figure 7 shows the assignments found for a template repre-
senting an attribute. So a token of type AttributeToken is created and linked
in the tree of previously created tokens. Then the fields of the attribute token
are accessed via reflection: The field name gets the value "example", visibility
the value "public" and type gets int. In this way the complete layer of token
is created.

At the end of this task all textual assignments are transferred into the inter-
mediate layer of tokens.

4.4 Updating of the model in the CASE tool

The last step is now to create/update the model in the application itself. Therefor
the intermediate layer of tokens is traversed and the model is adapted accord-
ingly. This cannot be done generically, because the UML model is a complex
graph and not a plain tree like the token layer. So, there is a strategy for each
token type that updates the model. Even in case of reverse engineering, when
the existing model is empty, it is not sufficient to let the strategies simply cre-
ate all model elements. In fact it is necessary to search the model element first,
because it could have been created by another strategy before. Figure 8 shows
an example of this situation.

In this example two classes with one connecting association have been parsed
and the intermediate token layer was created. The model mapping mechanism
starts with the package token and continues with either of both class tokens,
for example with the one generated for the class Teacher. So a class Teacher is
created in the model, if it does not yet exist. The next token in the token tree is
the role token toN. In order to create the complete association in the model the
association’s target role and the corresponding class need to be created, too. It is
known that the role’s class must have the name Course, because this is the Type
of the field in class Teacher. So Course is created in the model, then both roles
and finally the association itself. These steps are done by the strategy for role
tokens. Later on, the other class has to be mapped to the model. Because the
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|package: PackageToken |

v c{\ildren

v c{\ildren

teacher:ClassToken

course:ClassToken

name=="Teacher"

name=="Course"

¥ children

¥ children

toN:RoleToken

tol:RoleToken

name== "courses"
type=="Course"
assocName=="gives"
cardinality=="0..n"

name=="teacher"
type=="Teacher"
assocName=="gives"
cardinality=="0..1"

)

N

Y| has ¥| has

teacher:Class course:Class

name:="Teacher" name:="Course"

v[has VIhas

%ype

toN:Role tol:Role

name :="teacher"
cardinality:="0..1"

name:="courses"
cardinality:="0..n"

AIsource A[target

gives:Association

11

name :="gives"

Fig. 8. Object diagram of token layer (left side) and corresponding model.

class Course already exists, it is not created but updated. The class’ visibility
and some other properties are set that were not known while creating the class.
The same is done for the other role-token which is processed next: As there
already exists a role connected to an association with the name gives it must
only be updated. After this task the model represents the parsed source code.

Note that association detection normally is a complex task because one must
determine if two roles belong to the same association. As we generate the as-
sociation’s name into the source code (as comment of the roles) we can easily
identify both roles belonging to one association.

4.5 Dealing with nested templates

In section 4.1 we introduced the parsing as the first step of reverse engineering.
There we assumed that the template to use is predetermined. But in fact there
are often several templates to be considered. Furthermore the code generator
nests multiple templates to generate one single source code file. As described in
section 3 the code generator traverses the token tree inorder and starts generating
code for the leaves of that tree. The code generated for all child token is passed
when generating code for their parent token which usually includes the child
code in the parent code. In our implementation the parent templates include the
children’s code in the template variable $children.

So, the $children variable needs special treatment when reverse engineering
a piece of source. It is not sufficient if one single template matches? a piece of
source code, but potentially embedded templates have to fit, too. It is possible
that a parent template matches but the children dont. So if the parser assigned
some value to the variable $children, one or more child templates must fit at
least once.

Figure 9 shows an example for nested templates.

The start template is predetermined by the code generator. So the parser
starts parsing the complete Java class with the template for Java classes and

2 Matching in the sense of sections 4.1 and 4.2.
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public class FooBar { \@
@

void doSomething(){

. Statement ( Method
} foo(); } template [ template
int attribute; \@
Class
int getAttr() { template
return attr; ,
} >Attr|but
template

void setAttr(int value){
this.attr =value;
} J

} J

Fig. 9. A Java class and corresponding templates. The numbers identify the order in
which the parser tries the nested templates. Note that the parser attempts to match
all suitable templates in each step.

assigns the class’ body to the template’s variable $children. Then multiple
templates have to be considered: As a Java class can contain methods and at-
tributes, the parser attempts to match the body with both templates. As in the
second step the method template matches - which includes other templates, too
- the parser attempts to parse the methods body before continuing parsing the
rest of the class’ body. In the example the template that matches the rest of the
class’ body is the template for attributes.

In general the order in which the parser attempts to match templates to
source code does not matter. But if the parser tries to match the subsequent
templates before he matches the child templates successfully (in the example
steps three and four would be exchanged), the parsing time increases. As a
method template only consists of a method declaration, opening braces, the
$children variable and closing braces, this template is able to match less or
more source code than one complete method. For example starting at the method
declaration and ending at some closing braces in the middle of the method. As
this does not make much sense the complete solution should be discarded as soon
as possible and a longer match should be tried. But if the parser instead tries to
match subsequent templates parsing time increases. So our parser attempts to
match child templates before matching subsequent templates.

5 Conclusion

This paper presents an approach for reverse engineering of code generated by a
template based code generator. Our approach uses the templates as a “grammar”
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to parse the given code. Thus, we have build some kind of compiler compiler.
However, since our template based “grammars” do not conform to LL1 or LALR1
grammar restrictions, our approach has to fight several performance issues. With
the help of some template extensions, we have achieved a reasonable performance
for our examples. This still needs improvement.

The main advantage of our approach is that the reverse engineering mecha-
nism is language independent since it does not rely on a specific language parser.
Additionally, the very frequent changes that are made to the templates by our
developers are instantly taken into account by the reverse engineering compo-
nent. Only if our meta model or the structure of our intermediate token layer
changes, we have to adapt the model access parts of our templates. However,
compared to the templates, our meta model and the token layer are quite stable.
Thus, we have reduced the maintenance problem of keeping forward and reverse
engineering synchronous, dramatically.

Note, if a template is modified, our parsing approach is adapted, instantly.
Thus it is instantly able to recognize code generated with the new templates.
However, it may now fail to recognize code generated with the earlier version
of the template. Thus, in future work we will keep the earlier versions of our
templates and use those as fallbacks if the new version fails.

Using our new approach, we observed that the template based parsing ap-
proach facilitates the recognition of quite complex Java code structures, dramat-
ically. For example, our code generation implements a to-n association with the
help of a container attribute and about 11 access methods. Using the old pattern
matching on the Java parse tree it was quite tedious to identify all these parts
of an association implementation, correctly, cf. [17]. Within our association tem-
plate all these access methods are listed in a row. Thus, the association template
provides exactly the pattern required to recognize all the access methods during
parsing. However, this has the drawback, that the template expects the access
methods in the given order and with exactly the given implementation. If e.g.
some IDE reorders the methods, our recognition will fail. In our experiences this
did not turn out to happen (to us) in practice.

We found that using the templates for parsing can result in a very slow
parser since the possibilities of template applications can easily explode. Since
the templates form some kind of a context free grammar, ideally, the generated
parser should achieve a worst-case runtime complexity of O(n3) as the CYK
algorithm. While this is already pretty inefficient, the CYK algorithm requires
normalized grammar rules much simpler than our template structures and our
parser faces the additional task of resolving template control structures and
variable assignments. To overcome the performance problems, we add constraints
to the templates that reduce the state space. An open problem is to what extent
such constraints may be inferred directly from the meta-model. Additionally, to
speed up the parsing, our reasoning step excludes paths from the state space, as
soon as possible.

We have implemented our approach as a part of the code generation of the Fu-
jaba Tool Suite [10, 6, 7]. We are now able to reliably reverse engineer every code
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generated by our code generation. In current work, we address manual changes
to the source code. If such changes obey the coding rules or our templates, our
reverse engineering works fine. However, a simple System.out.println in an at-
tribute access method may suffice to disable the recognition of the corresponding
template. Similarly, manual declarations of attributes or manual implementa-
tions of associations will most likely not be recognized by our usual template
based parser. To address such manual code, we have added so called “legacy
templates” to our reverse engineering component. These legacy templates cover
all basic Java elements. We use these legacy templates as fallbacks if the usual
code generation templates fail. The result of such a legacy template recognition
is usually rather low level, e.g. an attribute of some container type instead of
a to-n association to some user defined class. However, we are able to reverse
engineer every possible Java source code.
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