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Abstract

Many recent frameworks use the metadata configuration in
the application classes to customize the behavior at runtime.
This metadata can be defined using external sources, like
XML files and databases, by using code annotations or
code conventions. This metadata definition inserts com-
plexity and semantic coupling that is ignored by traditional
metrics. This paper tackles examples in real frameworks
where the use of current metrics, especially the ones regard-
ing complexity and coupling, are not appropriate. It also
presents challenges that must be considered in the definition
of new metrics that considers metadata definition.

General Terms: Measurement, Design.
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1. Introduction

Metadata-based frameworks [1] are frameworks that proc-
ess their logic based on classes” metadata whose instances
they are working with. Many mature frameworks and APIs
popular in the industry use this approach, such as Hibernate
[2], EJB 3 [3], and Spring Framework [4]. In these, devel-
opers configure metadata relative to the application classes
which is consumed by the framework at runtime. This spe-
cific metadata about each class allows the framework to
customize its behavior for each one.

One alternative for metadata definition is the use of at-
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tribute-oriented programming, which is a program-level
marking technique that allows developers to mark pro-
gramming elements, such as classes and methods, to indi-
cate application-specific or domain-specific semantics [5].
In the Java platform, this programming style appeared with
XDoclet [6], but it has become popular with the native sup-
port to code annotations in the Java Language [7]. Other
alternatives for metadata definition are external sources,
such as both XML files and databases, or even by code
conventions [8].

The metadata usage to configure rules for frameworks
substitutes imperative programming for a more declarative
approach. The metadata configuration sometimes is a com-
plex task and usually the application behavior became
tightly coupled to the framework metadata schema. How-
ever, current metrics about complexity and coupling do not
consider the metadata definition in any measurement.

This paper questions the applicability of the current met-
rics to evaluate complexity and coupling in applications that
use metadata-based frameworks. It also defines some chal-
lenges for the definition of metrics considering the behavior
that is programmed declaratively by using metadata.

This paper is organized as follows. Section 2 presents
the different types of metadata definition and their peculi-
arities. Section 3 presents some current metrics, focusing in
the ones about coupling and complexity. Section 4 summa-
rizes how metadata can add complexity. Section 5 shows
how metadata create coupling based on real examples.
Next, in Section 6, some challenges for measurements that
consider metadata are presented, and concluding remarks
are given in the Section 7.

2. Metadata Definition

There is more than one way to define metadata for a
framework to consume. It can be defined inside the applica-



tion class, by using code annotations or code conventions.
Moreover, it can be defined by external sources, through
the use of XML documents or databases. A framework can
support the use of more than one form of metadata defini-
tion. The “Metadata Reader Strategy” comprises a design
pattern that allows the framework to consume metadata
from different sources, whilst the Metadata Reader Chain
allows the combination of different sources at the same time
[1].

The metadata defined in external sources are read and
interpreted by the framework at runtime. The use of XML
descriptors is more usual, but other formats of files and
databases are also possible alternatives. By nature, these
forms of metadata definition keeps a distance for the source
code, allowing it to be changed at deploy time or even at
runtime. This distance also makes this approach more ver-
bose and less intuitive.

Attribute-oriented programming is a program level
marking technique that allows developers to mark pro-
gramming elements to indicate specific semantics [5]. It
begins in Java with XDoclet [6], where annotations are de-
fined inside comments in the application classes and used
for generating usually source code and XML descriptors.

The JSR 175 [7] has created the native support of code
annotations to the Java language. The main APIs from en-
terprise development in Java EE platform, like EJB 3 and
JPA [2], are based in code annotations. The annotations are
easier to configure and more readable than metadata in ex-
ternal sources because they are closer to the application
class. This proximity also brings drawbacks. For example,
annotations can not be changed after the compilation activ-
ity, and creates dependence between the class and the
framework metadata schema.

Another alternative for metadata definition is the use of
code conventions [8]. Rules for class and method names
can be used for the framework to infer a specific semantic
for it. A common example is the use of methods with “get”
and “set” prefix in the Java Bean Specification [9], which
means methods for getting and setting information. Ruby on
Rails [10] is an example of a framework that uses a lot of
conventions for metadata definition. Code conventions are
more limited than other approaches and can not be used
when a more complex metadata schema is necessary.

3. Traditional Metrics

Size-based metrics are direct measurements that consider
in a quantitative way the size of the software. Examples are
number of classes, number of operations, number of pack-
ages, and lines of code [11]. Computed proportions of those
metrics are also important for the evaluation. For example
class structuring can be evaluated by using number of op-
erations per class and operation structuring, calculating the
number of lines of code per operation. In general, a large

number of these values indicate that the software is more
error prone and complex, although it is open to interpreta-
tion and depends on the individual circumstances.

Complexity-based metrics are intended to evaluate the
difficulty to understand, develop and maintain the software.
The cyclomatic complexity counts the number of possible
logic paths in a piece of code [12]. It considers the possible
flows that an execution can follow that impact in the code
readability and maintainability, as well in the number of
tests cases for a good coverage. The Halstead Effort [13] is
a metric that considers the number of operands and opera-
tors to evaluate the effort and the volume of written code.

Coupling metrics evaluate how intensive and how dis-
persed is the coupling in the system [11]. The coupling in-
tensity can be measured by using the number of operation
calls per operation, and the coupling dispersion can be
measured as the number of called classes per operation call.
A more recent approach for the coupling measurement,
called dynamic coupling, counts the number of calls at run-
time and not statically [14].

None of these metrics consider metadata elements inside
the source code, like code annotations and code conven-
tions. They also do not analyze external sources of informa-
tion capable of changing the application behavior, like
XML descriptors and information stored in databases. In
applications which use metadata-based frameworks the
metadata definition has a great influence in the application
behavior. The next sections present examples about how
metadata can add complexity and creates coupling.

4. Metadata Add Complexity

The metadata definition uses a declarative approach inside
an imperative language and the current metrics usually ig-
nores this information. Configure annotations in the code
elements and create XML descriptors are complex activities
and their existence in the application impacts in the code
readability and maintainability.

The use of code conventions also adds complexity, be-
cause the use of a different name for a method or a class
can change the application behavior. The implicit metadata
carried by a code element name is used by frameworks and
bugs can be originated by identifiers that do not follow cor-
rectly the naming conventions.

JPA [2] is a standard API for object-relational mapping
that use annotations, code conventions or XML documents
for metadata configuration. By using this approach, the
persistent entities are represented by annotated classes,
which basically contain attributes, getters and setters meth-
ods. Analyzing the complexity by using the current metrics,
those classes are considered with low complexity, because
there are not many possible logic paths in the execution and
only a few operations are performed in their methods.



The Figure 1 and Figure 2 represent, respectively, a
piece of the classes Paper and Author annotated with JPA
metadata, in which there is a mapped relationship between
them. The metadata used to map the relationship columns
are in the class Author in the attribute paper. In the instance
variable authors in the class Paper, there are other configu-
rations like: (a) the relation should be cascaded in all opera-
tions; (b) the list of authors should be retrieved in the first
access to variable; and (c) the list of authors should be or-
dered by the order attribute. This metadata configuration is
simpler than implementing this functionality directly con-
necting to the database, but it is also not trivial and brings a
lot of complexity to the class.

configures this method to be invoked in the end of the tag
<name> which contains the attribute lang equals to pt. The
annotation @BeforeElement configures the framework to
invoke it if only to process a tag <name> that is inside of a
tag <paper>. The method parameters are also configured
by annotations and the framework will pass the values
based on them. In the Figure 3 example, the parameter
name will receive the body of the tag <name>.

@Entity
public class Paper implements Serializable {

QId
@GeneratedValue (strategy=SEQUENCE)
private Integer idPaper;

@OneToMany (cascade=ALL,
fetch= LAZY,
mappedBy="paper")

@OrderBy ("order")

private List<Author> authors;

}

@EndElement (

tag="name”,

attributes={

@ContainsAttribute (name=“1lang”,value="pt”)

}
)
@BeforeElement (tag="“paper”)
public void handlePtPaperName (@Body String name) {

}

Figure 1. The class Paper mapped with JPA metadata

@Entity
public class Author implements Serializable {

@Id
@GeneratedValue (strategy=SEQUENCE)
private Integer idAuthor;

@Column (name = "order")
private Integer order;

@JoinColumn (name = "id paper",
referencedColumnName = "id paper")

@ManyToOne

private Paper paper;

}

Figure 2. The class Author mapped with JPA metadata

In frameworks that use metadata for event handling
management, the presence of an annotation can influence
the execution flow in the application. JColtrane [15] is a
metadata-based framework for parsing XML documents
based on SAX events. The methods of the handler class are
annotated with information that defines conditions about
when it should be invoked. Parameters are also annotated
with information about what information should be passed
there by the framework.

Figure 3 presents an example of an annotated method of
the framework JColtrane. The annotation @FEndElement

Figure 3. Example of an annotated method for XML han-
dling in JColtrane framework.

JColtrane was developed as the case study of a work that
has evaluated the use of metadata for granular event han-
dling [16]. For the validation process, a handler for a XML
document where created using two different approaches:
pure SAX and the framework annotations. Many metrics
were used for the comparison, but there is not a metric that
consider the complexity added with the metadata.

The metadata used for adding information to a class, do
not had influence in that class behavior, but had influence
in the frameworks behavior when it received such a class.
Metadata can be used for changing business rules, non-
functional behavior and even to determine conditions for a
method execution. This implicit complexity bought by the
metadata should be considered for a realistic measurement
of how hard is to maintain, develop or read a source code.

5. Metadata Create Coupling

The use of metadata can couple the application behavior to
a certain framework and it can impact in some maintenance
issues. Especially when the metadata is defined externally
to the source code, it is not considered in the evaluation of
application coupling or modularity.

The use of framework annotations in an application cou-
ples its classes to that metadata schema. Tansey & Tilevich
[17] report experiences in annotation refactoring for the
migration between the frameworks JUnit 3 (which uses
code conventions), JUnit 4 and TestNG (which uses annota-
tions). The test class created for one framework do not exe-
cute in the other one because the test class is coupled with
the metadata schema and the framework can only under-
stand some types of metadata. Figure 4 represents the de-




pendences among test classes, frameworks, and metadata
schema.

JUnit 4 depends on JUmtz_t uses JUnit 4
» Annotation |
Test Class Framework
Schema
0‘9
\{9
JUnit 3 depends on | JUnit 3 Code uses JUnit 3
Test Class | Conventions Framework
TestNG depends on TestNQ uses TestNG
»  Annotation
Test Class Framework
Schema

Figure 4. Dependences in metadata for testing frameworks

Neto et al. [18] classified dependencies into two differ-
ent types: syntactic and semantic coupling. Syntactic cou-
pling occurs when one component contains a direct
reference to some other component, such as inheritance,
method calls, composition and so on. Semantic coupling is
a dependency that is not syntactically defined in the code,
so that there is no direct reference between the components.

The use of name conventions is a good example of a se-
mantic coupling, because the final application behavior
depends on the use of it. Annotations do not influence di-
rectly on the functionality of the annotated class and is only
additional information attached to it, but it does influence
frameworks that had the behavior dependent on that con-
figuration. Thus, the dependence between the annotated
class and the framework are also considered by this work as
a kind of semantic coupling.

Some metadata described in XML files also can create
dependences and an indirect coupling. An example of how
it can cause maintenance problems is the development of
applications based on the EJB 2.1 specification [19]. In this
context, a vendor provides the EJB Container which is re-
sponsible to execute and provide functionalities to the EJBs
based on metadata configured on two XML descriptors.
One of the main objectives of a standard is to provide ven-
dor independence, allowing an EJB application to be de-
ployed on any EJB container that follows the standard.

One of the XML descriptors is defined based on the
specification and the other one is different for each con-
tainer. The descriptors contain metadata relative to the ap-
plication components (EJBs) for concerns like transaction
management and security. Figure 4 represents the depend-
ences among specifications, implementations, and descrip-
tors. The resulting application behavior depends on the
interactions among all those elements.

Application
Behavior

l depends on

EJB depends on | EJB Standard | depends on | EJB
Source Code Descriptor | Specification

EJB Container | dependson | £ B Container
Descriptor Implementation

Figure S. Dependence in EJB 2.1 applications

To migrate between containers there is no need to
change the EJB source code, but the metadata format shall
be changed. This kind of migration for the EJB 2.1 specifi-
cation in practice is really difficult because there is a large
amount of metadata defined in the container’s descriptor
that should be migrated to the new format. The recurrence
of this problem results in many modifications for the meta-
data definition in the version 3.0 of this specification [3].

These examples presented show how the metadata defi-
nition can create dependences between components in an
application. The kind of coupling is semantic and is not
represented as an explicit reference in the source code, but
it may difficult maintenance and changes among implemen-
tations.

6. Metadata Metrics Challenges

The definition of metrics that consider the use of metadata
that had influence in the application behavior is important
in this context, but it is not an easy task. There are many
issues that should be considered for a more realistic evalua-
tion. The following describes some challenges for metadata
metrics:

e Evaluating Metadata Semantic: Metadata can be
used for many purposes in metadata based frame-
works, such as for mapping, domain information, and
to define when a method should be invoked. Depend-
ing on the metadata semantic, different kinds of cou-
pling can be created. The complexity for metadata
configuration can also depend on its semantic.

¢ Identifying Naming Conventions: Metadata can be
identified directly into annotations and in XML
documents, but when naming conventions are used it
is harder to identify. The identification of metadata
defined in naming conventions is important for the
evaluation of coupling between a class and a frame-
work naming rules.

e Finding Metadata in XML Descriptors: Frame-
works that use XML files to define metadata use dif-
ferent strategies to reference pieces of the source



code, such as classes and methods. This way, the i-
dentification of those elements inside the file to count
or identify the relations between that artifact and
source code is a hard task. The reference of a piece
of code in an external file means that the modifica-
tion of it can impact in this resource.

e Considering more than one kind of metadata
definition. As described before in this paper, meta-
data can be defined using different strategies. The
measurements about metadata can be used to evalu-
ate the strategy adopted. So, the same metrics should
be applied in this evaluation. It is a hard task to think
about a common metric to measure metadata defined
in XML files, annotations and code conventions.

7. Conclusion

This paper analyzes the complexity and coupling that the
usage of metadata-based frameworks brings to an applica-
tion. The current metrics do not consider metadata defini-
tion in the measurements and it can lead to wrong
conclusions. Some examples based on frameworks used in
the industry shows how the complexity can be increased
and how the components can became coupled.

This paper highlights the importance of future works to
define metrics that consider the metadata definition. Some
issues and challenges for those metrics are also addressed in
this work and should be taken into account in assessing
applications that uses metadata-based frameworks.
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