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Abstract. The integration of various tools is a common requirement
throughout the software development process. It is often desirable to consult
several tools that perform similar functionalities in the same domain to obtain
different perspectives and results to assist design and maintenance decisions. In
many cases, tool interoperability requires the generalization of tool-specific
data, which necessitates homogenizing the data such that intellectual assets can
be shared through a common framework (e.g., the integration of results from
various clone detection tools). This tool demonstration summary presents a
software language engineering solution technique that uses Model-Driven
Engineering to address tool interoperability. A specific focus of the paper is a
demonstration of model transformation applied to the task of homogenizing
different data formats among similar tools. The challenges of tool integration
are discussed in the paper, along with a detailed case study that highlights the
benefits of applying a model transformation solution to tool interoperability.
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1 Introduction

The ability to model the key characteristics of new tools, and to integrate them with a
set of previously defined tools, can be very useful. Often, however, researchers
independently develop similar tools to perform the same functionality within a
particular domain. Each isolated effort defines a different semantic model and uses
uncommon storage representations. Unfortunately, this poses a problem when it
comes to the important issue of integration — the result is an inability to provide a
seamless exchange between tools. For example, our own past work observed
numerous tools within the domain of avionics fault analysis that had very much in
common, but those tools could not share models. A solution was an integrated model
and associated tool adapters that allowed data exchange among the tools [7]. The area
of Enterprise Application Integration (EAI) has provided several additional
technologies to assist in the tool integration problem across many domains, such as
healthcare [19]. This tool demonstration paper summarizes our investigation into
using concepts from software language engineering, in particular model
transformation, to address the tool integration problem.



In tool interoperability, different standards and formats make software
interoperability a challenge [2]. There are several existing approaches that can be
adopted to overcome the limitations of tool interoperability. For example, a general
approach that is based on traditional parsing and interpreting activities can be
implemented with general-purpose programming languages. As a second example,
XML-based interoperability has emerged as a popular choice for a generic exchange
format between software tools. However, although this works relatively well when all
considered tools use some form of XML, this kind of solution is not as convenient in
other contexts (e.g., when context-free parsing of the storage format is necessary).

A third approach to interoperability is based on model transformation and is the
focus of this paper: the different formats are captured as abstract definitions of data
structures (i.e., metamodels), and transformation rules map from one representation to
another. The AtlanMod Model Management Architecture (AMMA) [8] is a model
engineering framework that may be used to build bridges between tools or Domain-
Specific Languages (DSLs). Each tool or DSL is captured and represented as a
coordinated set of models. The work described in this tool demonstration summary
uses three of the main capabilities of AMMA: metamodeling with the Kernel
MetaMetaModel (KM3) [4], model transformation with the AtlanMod
Transformation Language (ATL) [6], and projections to (i.e., extraction) and from
(i.e., injection) other technologies (e.g., grammars, XML). Projections are especially
useful in the context of model-driven tool interoperability because each tool typically
uses a specific file format. Notably, AMMA provides the Textual Concrete Syntax
(TCS) [5] tool to deal with context-free syntax.

Although our specific tool demonstration is focused on using AMMA as a solution
strategy, we believe that the general concept can be used with most modeling and
language engineering tools. The next section presents a case study that demonstrates
how software language engineering (specifically model engineering and model
transformation) can be used to assist in the sharing of results and data across tools
from the same domain. A concluding section summarizes the paper by presenting
lessons learned and pointing toward future work.

2 Visual Representation for Clone Detection

Code clones are blocks of statements that are duplicated in multiple locations of one
or more programs. Programs containing code clones are prone to manifest problems
in the maintenance phase of the software development process [13]. A number of
tools have been developed to automatically detect code clones in programs, such as
CloneDR [1], CCFinder [12], Simian [10], and SimScan [11]. These tools take the
source program as input and generate mostly textual reports about the code clones that
were detected. Figure 1 shows excerpts of the reports generated by three popular code
clone detection tools. The reports record the location and length of each code clone.
Depending on the size of the application that is analyzed, the corresponding clone
report files could contain tens of thousands of lines of text.



Simian Found 6 duplicate lines in the following files:

Between lines 117 and 122 in E:\source\FieldRecordTextTest. java
Found 6 duplicate lines in the following files:

Between lines 611 and 617 in E:\source\Utility.java

Between lines 602 and 608 in E:\source\Utility.java

SimScan |[34751-E:\source\Utility.java:107-110,
34912-E:\source\Utility.java:119-122,
11421-E:\source\ExtendedVector. java:35-38,
34806-E:\source\Utility.java:111-114,
34967-E:\source\Utility.java:123-126,
48713-E:\source\WeightedStatistics. java:60-63

CloneDR [#1 5a7e550 +1234 rule_name 0.970 2 2 11

#2 5a7e550 3bcb780 19 0 29 O
E:/source/Utility. java

#2 5a7e550 3bd6560 45 0 55 O
E:/source/KeyCounterTest. java

Fig. 1. Excerpts of three code clone detection reports.

2.1 Challenges of Comprehending Multiple Tool Results

Because many tools use different criteria and methods to detect clones, it is desirable
for users to observe the reports of several tools and compare them so that a more
comprehensive understanding of the code clones can be obtained. However, these
tools apply varying formats and representations in their reports, making it very
challenging to understand, compare, and integrate the results from these diverse
sources. Therefore, a uniform format for code clone detection reports to which
different outputs could be automatically transformed would greatly simplify the
integration process of various detection results. Moreover, a graphical representation
of clones could further aid clone comprehension.

2.2 Overview of Solution Approach using Model Engineering

This section introduces our work that transforms text-based code clone detection
reports to SVG (Scalable Vector Graphics) [9], a language that describes two-
dimensional graphics in XML. More specifically, certain shapes and graphical
components will be drawn to represent the code clone information according to the
textual results. The reason for choosing SVG as the final visual representation is that
the language is declarative, which provides for a simpler metamodel. In addition,
because SVG is based on XML, the built-in XML facilities of AMMA can be used.
Using our model transformation approach to tool interoperability, the reports in
Figure 1 will be transformed to SVG code and displayed in a web browser.
Performing source-to-source transformations can realize this, but most of the process
would need to be hard-coded and therefore too complex and error-prone to adapt and
extend when new clone detection tools emerge. As an alternative to source
transformation, we use model engineering with a source-to-model-to-source approach,
where the first source refers to context-free text, and the second corresponds to XML.
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Fig. 2. Overview of code clone detection tools interoperability.

Because models have a more structural syntax to capture the main concepts and
relationships (i.e., models are primarily focused on abstract syntax), implementation
of tool data mappings can be simplified through model transformations. In our
approach, we first project the textual report into its corresponding model through
injection with TCS. This source model is then transformed into the target SVG model.
Finally, we project SVG code from the SVG model through extraction. Figure 2
provides an overview of our approach. Our goal is to generalize the experience gained
in this case study of one domain to address tool interoperability problems in other
domains. Usage of an intermediate model makes it possible to decouple the
transformations dealing with the various source formats from the transformation that
produces the SVG model.

2.3 Implementation of Clone Detection Tool Interoperability

The basic idea of the model-driven solution is to define the abstract syntax
(metamodel) and concrete syntax (grammar) for each of the different code clone
detection reports and SVG, then execute associated transformations between the code
clone detection reports domain and the SVG domain. These two steps can be
performed with the facilities provided by AMMA. Figure 3 shows a lower level view
of Figure 2 and offers the detailed structure of the implementation. Each step will be
explained in the following sub-sections.

Definition of Sub-domains and Injection of Source Reports. Because the
transformation process operates on models, the very first step involves injecting the
textual code clone detection report generated by a certain tool into its corresponding
model. To realize this, the metamodel must be defined for the tool’s report using KM3
(Step 1 in Figure 3). Figure 4 shows the metamodel designed for the detection report
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Fig. 3. Overview of the code clone tool interoperability implementation.

generated by Simian!. The report includes summary information about the analyzed
files (e.g., the total number of lines checked, total number of blocks, and clone pairs).
This metamodel represents the abstract syntax, because it defines the components and
their relationships without the information about the concrete grammar.

Parsing is needed to translate the textual report and capture the necessary
information. By defining the context-free grammar for a tool report using TCS (Step 2
in Figure 3), the textual syntax is mapped to its metamodel, so that it can parse the
input file and inject it into the model, which conforms to the metamodel. However,
not all reports are based on a context-free grammar. This necessitates some parts of
the reports to be preprocessed for correct parsing.

For each kind of code clone detection tool or sub-domain, both a metamodel
specification in KM3 and a concrete syntax definition in TCS are needed. These
specifications work together to enable injection of the initial detection reports into
models for the later transformation process (Step 3 in Figure 3).

Definition of Target Domain and Transformations. When the input model is ready,
it can be transformed to the target model. In this experiment, SVG is the target
domain, so the SVG metamodel must be defined first in KM3 (Step 4 in Figure 3).
The TCS specification for the SVG grammar is not needed, because SVG is based on
XML and AMMA provides an embedded extraction engine to generate XML. More
details about this will be given in the next step. SVG is an XML-based language that
enables the specification of a graph containing rich elements, so a complete
metamodel for SVG can be very large. Because only a small number of elements
(e.g., group, rectangle, and text) will be used in this interoperability phase, a subset of
the SVG metamodel is used to satisfy these requirements, as shown in Figure 5.

1 Please note that due to space considerations, the metamodels presented in this paper are UML class
diagrams. The actual KM3 metamodels and all other artifacts of the project are available at [15].



SimianReport

+sourceToolName : String

1 | -Summary

Summary 1
-totalLines : Integer P -
-totalBlocks : Integer Clone
-cloneFiles : Integer ClonePair +startLine : Integer

-sigLines : Integer
-rawLines : Integer

+endLine : Integer

+totalUnits : Integer +fileName : String
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Fig. 4. Metamodel for Simian’s code clone detection report.
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Fig. 5. Metamodel for a subset of SVG.

Our goal is to transform multiple tool results from the code clone domain to the SVG
domain. However, defining the transformation process for every tool to SVG is not
efficient and extensible, because these are two totally different domains with little
direct connections and mappings; hence, the transformation rules would be
comparatively complicated. If it is required to transform each code clone detection
report to SVG directly, multiple complex transformations between these two domains
would be required. In order to optimize the whole process, we defined an intermediate
model called a Generic Code Clone (GCC) model (conforming metamodel in Figure
6), which is closely related to the code clone domain that contains the common
concepts and features of code clone detection tool reports (Step 5 in Figure 3). This is
actually the minimum set of the features shared by all the tools. Instead of
transforming each Clone Detection model to the final SVG model, the Clone
Detection model is transformed to the GCC model (Step 6 in Figure 3), which is then
transformed to the SVG model (Step 7 in Figure 3). In this way, only one
transformation from the code clone domain to the SVG graphical domain is needed. A
similar idea also appears in compiler design, where an Intermediate Representation
(IR) is used to optimize code generation [16].



The principles under the transformation from the GCC model to the SVG model
are the following:

A rectangular box is drawn for each clone group.
Smaller rectangles are drawn inside this box to represent every file that contains
one of the clone units in the clone group. The length of these rectangles is based
on the length of the file they each represent.

e Colored lines with different width are used to represent the location and length of
the code clones in the files.

We use ATL to write the transformation rules, specifying the mappings of the
elements between the two domains.

CloneUnit
CodeClone CloneGroup +startLine : Integer
+sourceToolName : String +totalUnits_: Integer +endLine : Integer
+fileName : String
+totalLine : Integer
’ 4\ +totalFileLines : Integer
1 +groups 1 [0.*
+units 1.%

Fig. 6. Generic Code Clone (GCC) metamodel.

Generation of Target Code. An extraction process to generate the SVG code from
an SVG model is needed. The AMMA platform supports automatic generation of
XML from an XML model. Because SVG is based on XML, in the final step, the
transformation is defined in ATL from the SVG model to the XML model (Step 9).
However, the XML metamodel must be defined to enable the transformation (Step 8).
When the final XML model is produced, the SVG code can be generated by a single
extraction (Step 10).

g M“_F_gtli:_‘tﬂone Analysis Result by CloneDr.

E-wourca Uity juva {Tot Lines. 654

E wourcaVeyCountaTas v (Total Lines: 765

o G| .,..Eg‘;‘:“i""" 3 Result by

E soiresulngrieatiatisnes java (Tets Lines 111

Ciong Group 3 Average Lines 11
EwouceeyCounte Tew v (Total Lnes: 765) E ‘wourceiltity java (Total Lines: 534

EWourcaveyCounteTed v (Totsl Lines: 765 E ‘wourceilniiey java (Toewl Lines: 504

E ‘wource \Extarcied/actor pra (Total Lines. 161

E 'sourceALiiiey jrn (Total Lines: 504)
Code Clone Analysis Result by Simian

Cione Group 1 Average Lines &

I pcurceFiekifncord Tas Tast jes (Totsl Lines: 224) = =
E ‘wource'Utiity grva (Total Lines 504

E \source FieRcordTeu Test jrvn (Toial Lines: 224)
e E ‘acrceWeighledStatishics v {Total Lines. 111

Cione Geoup 3 Average Lines T
E enurceiUniny juvs (Totel Lines: 624

I

E Wourceminy jove (Totsl Lines 524)

Fig. 7. Uniform visual representation for reports of the three tools (subset of reports).



Interoperability Results Reported by SVG. Figure 7 shows the result of one
conversion experiment to SVG. The three small graphs correspond to the three textual
reports in Figure 1. The files are represented by rectangles with different lengths. The
location and length of each code clone block is highlighted in the rectangle. Also,
other information such as the file name and average number of clone lines is shown.
Support for other tools (e.g., CCFinder [12]) can be extended by: 1) defining the new
tool’s metamodel and textual grammar, and 2) writing the transformation rules from
the new tool model to the GCC model. The complete experiment can be found in [15].

3 Conclusion and Future Work

The challenge of tool interoperability often occurs in the development of applications
where a cadre of analysis and design tools is available. Each specialized tool
contributes to a crucial step in the development process. It would be beneficial to
capture the information in the context of one tool and use it in a different tool. We
have used software language engineering to implement one form of interoperability
which concerns the data exchange and sharing of information between tools. There
are several lessons that were learned from applying model transformation to the tool
interoperability problem:

¢ Model transformation provides separation of concerns across the integration
process: Separation of concerns in our experiments is shown in four aspects: 1)
The whole process is composed of three parts — defining source domains,
defining target domain, and writing transformation rules; 2) When defining a
domain, the metamodel (abstract syntax) and parser (concrete syntax) are
specified separately. The AMMA platform connects the abstract syntax and
concrete syntax when doing injection; 3) Metamodels have a clear and organized
structure about the components and relationships they contain, which enables
users to focus more on the concept and semantic mappings when writing
transformation rules.

e Adaptability and extensibility in defining new tools: It is often necessary to
define a new tool or DSL when implementing tool interoperability. We observe
that a certain level of modularity may be achieved by introducing intermediate (or
pivot) metamodels in the transformation chain between the source and target
domains. For instance, a generic or pivot tool is often needed to optimize the
exchange among different tools. In the context of model transformation, only a
metamodel is needed for a new tool. Although some tools with complex functions
may make the metamodel difficult to specify, we can define a subset of the tool to
satisfy the specific need of a tool interoperability case. In some other cases, a
parser (concrete syntax) is also needed to support a new tool. In this situation, the
extensibility depends on the complexity of the grammar, because building a
parser is not an easy task [17]. However, because most of the tools are domain-
specific, their grammar and parser are generally much simpler than general-
purpose programming languages. In addition, some preprocessing can simplify
the complex detection report text in order to make the parser easier to build.



Admittedly, if the tool or data has a very complex syntax that makes building the
parser extremely difficult, additional effort is needed.

e Models should be the primary representation for tools: Models are not the
initial and final representations for most tools, so an extra initial effort is needed
to inject and extract the tool data into a model. This involves multiple steps, and
might make the whole approach less direct and efficient than source-to-source
transformation. Fortunately, some powerful facilities are provided to simplify the
exchange between sources and models. For example, in AMMA, XML source
code can be automatically generated from the XML model by an embedded XML
engine. In addition, the Ant build tool [18] is also supported in AMMA, which
enables the generation of build files to execute all the steps automatically.

e Maturity of modeling tools: Although tools like AMMA provide many benefits
of software language engineering, there are still limitations in the support and
usage of such tools. As an example, the level of debugging support in AMMA is
not as mature as in traditional programming languages. Furthermore, we believe
that the general principles of using software language engineering to solve the
tool interoperability problem is not unique to AMMA,; other language
environments should also be able to provide similar advantages.

As implied by the last lesson learned, there are several topics that represent future
work in this area. One limitation of this approach is that the number of tools that can
be integrated depends on the ability to parse the tool representation. The textual
format of some tools may not be based on a context-free grammar, which complicates
the mapping process. The only option is to eliminate the parts that do not conform to
the context-free grammar. However, this will make the whole process less automated,
and will also make it possible that some important information is lost.

The complete details about the project (e.g., full source for the various KM3, TCS,
and ATL specifications) are available at the project website [15].
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