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Context of this work

• The present courseware has been elaborated in the context of the 
MODELPLEX European  IST FP6 project (http://www.modelplex.org/). 
• Co-funded by the European Commission, the MODELPLEX project 

involves 21 partners from 8 different countries.  
• MODELPLEX aims at defining and developing a coherent 

infrastructure specifically for the application of MDE to the 
development and subsequent management of complex systems within a 
variety of industrial domains.  
• To achieve the goal of large-scale adoption of MDE, MODELPLEX 

promotes the idea of a collaborative development of courseware 
dedicated to this domain.  
• The MDE courseware provided here with the status of open-source 

software is produced under the EPL 1.0 license. 

http://www.modelplex.org/
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Outline

• Knowledge Discovery Principles 
• Definition of Knowledge Discovery 
• Description of the overall process:  
   Model Discovery + Model Understanding 

• The Eclipse-GMT MoDisco Project 
• Presentation 
• Current toolbox & use case 
• The future platform 

• Possible Applications 
• From source code 
• From database 
• From other kinds of systems 

• A Concrete Application: Legacy System Interoperability Discovery 
• Global picture of the process 
• The implemented framework 
• First experiments on concrete material from industrial partners
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Knowledge Discovery Principles

• Definition of knowledge discovery 

• Important issue:  
   ! Reverse-engineering of legacy 

systems 

•The objective is to apply MDE in order to bring 
practical solutions to this issue: 

•Extraction of models from legacy systems (applying 
a metamodel-driven approach) 

•Use of the information they stored 

     Model Discovery  
   or Model-Driven Reverse Engineering (MDRE)
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Knowledge Discovery Principles

• Definition of knowledge discovery

•Step 1: 
•Define the 

metamodel 

•Step 2: 
•Create the 

“discoverer” 

•Step 3: 
•Run the 

discoverer to 
extract model 
Mi from 
system S
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Knowledge Discovery Principles

• Definition of knowledge discovery 
• Motivating Examples (1/4)

• Example of the 
Unix file system 

• Study of a static 
view of the 
system 
• Snapshot of the 

system at time t
Static architecture 
of a Unix system

Model MiDiscoverySystem S

A Metamodel for Unix Systems
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Knowledge Discovery Principles

• Definition of knowledge discovery 
• Motivating Examples (2/4)

• Example of the 
Unix users’ 
actions 

• Study of the 
dynamic behavior 
of the system 
• Execution trace of 

the system

Dynamic behavior 
of a Unix system

Model MiDiscoverySystem S

A Metamodel for Unix Systems
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time
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Knowledge Discovery Principles

• Definition of knowledge discovery 
• Motivating Examples (3/4) 

•Conclusions: 
• The same general discovery process is applied in both 

examples 
•Only the nature of the “discoverers” is changing 

• Need for a system classification 
•A decision tree more than an absolute classification 
• Several points of view are possible on the same system 

•A support and methodology for facilitating the development of 
the “discoverers” 
• For instance, encouraging the use of the introspection 

capabilities in the case of a reflexive system
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Knowledge Discovery Principles

• Definition of knowledge discovery 
• Motivating Examples (4/4) 

• A possible system classification (simplified version)

System

Static System Dynamic System

Reflexive Dynamic SystemSyntactic Static System
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Knowledge Discovery Principles

• Description of the overall process

System 
(raw data)

Interpretation 
Presentation 

Analysis 
Synthesis 

etc 

Model 
Discovery

Model 
Understanding

Discoverers, transformations, etc
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Knowledge Discovery Principles

• Description of the overall process 

•Model Discovery ! build a view on a system 
•Retrieval of the data from an existing system according to a 

specific metamodel (expressing a viewpoint) 
•Injection of this data into a model (i.e. the view on the 

system) conforming to this metamodel  

•Model Understanding ! extract additional 
knowledge from the model 
•Process the discovered model in order to: 
• Select parts of it 
• Reorganize it 
• Transform it to another model conforming to a different metamodel  
• Compute additional elements 
• Etc
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The Eclipse-GMT MoDisco Project

• Website homepage: http://www.eclipse.org/gmt/modisco/  

http://www.eclipse.org/gmt/modisco/
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The Eclipse-GMT MoDisco Project

• Presentation 

•MoDisco component’s goal: 
•Provide an extensible base framework for 

performing metamodel-driven reverse 
engineering 

•The key to success: 
•Adoption by leading industrials 
•Development of a wide user community in 

different application domains
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The Eclipse-GMT MoDisco Project

• Presentation 

•A unified model-based approach and a metamodel-
driven methodology: 
•Work in the homogeneous world of the models  
•Match different requirements 
•Data integration, tools interoperability, systems 

migration, etc 
•Use models properties and facilities 
• Transformations, weavings, extractions, etc 

•A possible wide user community 

•A common toolbox & framework for MDRE
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The Eclipse-GMT MoDisco Project

• Already available sample tools & use cases 

•Tool Box  
•Java Abstract Syntax Discovery Tool 
•Metrics Visualization Builder 
•ATL model-to-model transformation tool 
•AMW model-weaving tool 
•etc 

•Use Cases 
•Bugzilla Metrics 
•Eclipse/BIRT Project Sample Database 
•Performance-Annotated UML2 State Charts 
•etc
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The Eclipse-GMT MoDisco Project

• The future platform

Model-Driven Engineering Platform

M2M M2T Weaving
Repository 

(Teneo)
Diff

Modeling Framework

…TMF

Eclipse Platform

GMF
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The Eclipse-GMT MoDisco Project

• The future platform 
• Model-Driven Engineering Platform

• Modeling Framework :  
• Facilities to manage models and metamodels 
• Provides serialization capabilities 
• Provides navigation capabilities 
• Supports main modeling standards (MOF, 

eCore, XSD, DTD, DSLTools, KM3, …).  

• M2M (Model-to-Model 
transformations) 
• Supported ITM use-cases : 

• Knowledge Discovery (extraction of 
viewpoints) 

• Model Understanding (detection of patterns or 
anti-patterns) 

• Generalization (upgrading level of abstraction) 
• Specialization (downgrading level of 

abstraction) 
• Architecture Transformation  

• M2T (Model-to-Text 
transformations) 
• Supported ITM use-cases : 

• Refactoring (regeneration of code) 
• Export to existing tools (generation to 

proprietary interchange formats) 

• T2M (Text-to-Model 
transformations) 

• Visualization 
• Generation of modeling tools from the 

definition of the graphical representation 
• Supported ITM use-cases : 

• Graphical visualization of viewpoints on 
existing source code (control flow, 
dependencies, databases, …) 

• Weaving 
• Creation of links between model elements 

(possibly from different models) 
• Supported ITM use-cases : 

• Traçability during modernization process 
• Mapping between equivalent artifacts (ex : 

data migration) 
• Mapping between patterns participants (ex : 

MVC) 

• Diff (Comparison of models) 
• Supported ITM use-cases : 

• Integration of source modifications done 
during a migration 

• Measurement of transformation 

• Repository (Storage of models) 
• Supported ITM use-cases : 

• Modernizations of big existing applications
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The Eclipse-GMT MoDisco Project

• The future platform
• Use-cases layer: components 
providing a solution for a 
specific modernization use-
case. 

• Technologies layer: 
components dedicated to one 
legacy technology but 
independent from the 
modernization use case. 

• Infrastructure layer: 
generic components 
independent from any legacy 
technology.
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The Eclipse-GMT MoDisco Project

• The future 
platform MoDisco Platform

Project O
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Control Flow GUI OR Mapping …

File System
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Metrics Composition

KDM/ASTM

…

Abstract Discoverers

Technology-Independent  
Knowledge Components 

SOACinematic

Patterns

Technology-Independent 
Utils Components

Eclipse Platform

Model-Driven Engineering Platform

Orchestration
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The Eclipse-GMT MoDisco Project

• The future platform 
• Technology-Independent Utils Components

• Set of metamodels providing utilities for manipulating the models of the existing 
systems, independently from the kind of knowledge we need to extract and the 
technology of the source artifacts 

• Examples : 
• FileSystem : model of the physical representation of existing 

systems (disks, folders, files, source regions, …) 
• Composition of metamodels : metamodels composed of already 

defined metamodels (ex : Struts = Java + JSP + MVC, Hibernate = 
Java + Relational + ORMapping) 
• Abstract Discoverers : set of Java Interfaces that discoverers 

must implement (ex : FolderInjector, FileInjector, 
DataflowInjector, DatabaseInjector, …) 
• Metrics : model of metrics calculated from an existing application 

(lines of code, number of components, average complexity, number of 
defaults, …) 
• Patterns : model describing patterns (or anti-patterns) and model 

elements conforming to these patterns 
• Orchestration : model of an ITM scenario dealing with several 
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The Eclipse-GMT MoDisco Project

• The future platform 
• Technology-Independent Knowledge Components

• Set of metamodels defining the concepts dedicated to a kind of knowledge we 
need to extract out of an existing system, independently from the technology of 
the source artifacts 

• Examples : 
• Control Flow : the execution paths of a program 
• GUI : the graphical interface of an application (screens, widgets, 

events, …) 
• Cinematic : the flow of screens and actions in a graphical interface 
• Relational : the structure of tables and columns in a relational 

database 
• ORMapping : the way objects are translated to raws into a relational 

database 
• SOA : the signature of services and their collaboration in a Service-

Oriented architecture 
• KDM/ASTM : the OMG standard to describe existing systems 

independently from their implementation 
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The Eclipse-GMT MoDisco Project

• The future 
platform MoDisco Platform

Project O
rganization

Infrastructure

Use Cases
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The Eclipse-GMT MoDisco Project

• The future platform 
• Technologies

• Metamodel 
• Mapping :  
• Source concepts <-> Metamodel concepts 

• Discoverer(s) 
• Partial/Complete 
• Project/Archive 

• Sample(s) 
• Model 
• Source code 

• Model-browser extension 
• icons 
• derived links ? 
• source code association 



Knowledge Discovery: How To Reverse-Engineer Legacy Sytems

© 2008 INRIA 24

The Eclipse-GMT MoDisco Project

• The future 
platform MoDisco Platform

Infrastructure

Technologies

Eclipse Platform

Model-Driven Engineering Platform

Use cases

technology X

metrics

refactoringreverse-modeling

diff

understanding quality analysis

technology Y

metrics

refactoringreverse-modeling

diff

understanding quality analysis

migration to technology Y Project O
rganization
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The Eclipse-GMT MoDisco Project

• The future platform 
• Use Cases

• Set of “off-the-shelf” components for concrete use-cases 
• Work for one source technology 
• The launch of the component, its parametrization and the 

presentation of the results are integrated with the development 
environment of the source 

• Examples : 
• metrics : computation of metrics for a language 
• quality analysis : detection of patterns and anti-patterns for a 

language 
• understanding : utilities to help understanding an existing program 
• reverse-modeling : bridge to existing modeling tools (UML, DSL, …) 
• refactoring : automatic transformations on an existing program 
• diff : structural differences between two versions of the same 

program 
• migration : automatic transformation from a language to another 

• Use-cases reuse components from MoDisco’s SSF and SIF
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Possible Applications

• From Java source code (abstract syntax discovery) 
http://www.eclipse.org/gmt/modisco/toolBox/JavaAbstractSyntax/ 

• Example of a 
produced model 
(excerpt) in XMI

Discovery

.java File

Java Abstract 
Syntax M2
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T
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M
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.java File AS 
M1

Modeling WorldReal World

http://www.eclipse.org/gmt/modisco/toolBox/JavaAbstractSyntax/
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Possible Applications

• From a MySQL database (schema + content discovery) 
http://www.eclipse.org/gmt/modisco/toolBox/RelationalDBInformation/
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http://www.eclipse.org/gmt/modisco/toolBox/RelationalDBInformation/
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Possible Applications

• From a MySQL database (schema + content discovery) 
http://www.eclipse.org/gmt/modisco/toolBox/RelationalDBInformation/

• Excerpt of a “schema” model • Excerpt of a “content” model

http://www.eclipse.org/gmt/modisco/toolBox/RelationalDBInformation/
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Possible Applications

• From a MySQL database (conversion to a specific 
metamodel from the discovered “content” model) http://
www.eclipse.org/gmt/modisco/useCases/BIRTSampleDB/ 

Model Discovery

RelationalDBContent
Model

ClassicModels
Model

Legend: Injection

Model-to-model 
transformation

‘Classic Models’
BIRT Sample Database

Raw data

http://www.eclipse.org/gmt/modisco/useCases/BIRTSampleDB/
http://www.eclipse.org/gmt/modisco/useCases/BIRTSampleDB/
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Possible Applications

• From a MySQL database (conversion to a specific 
metamodel from the discovered “content” model) http://
www.eclipse.org/gmt/modisco/useCases/BIRTSampleDB/ 

http://www.eclipse.org/gmt/modisco/useCases/BIRTSampleDB/
http://www.eclipse.org/gmt/modisco/useCases/BIRTSampleDB/
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Possible Applications

• From Bugzilla data (information discovery + metrics 
computation + visualization generation) http://
www.eclipse.org/gmt/modisco/useCases/BugzillaMetrics/

Presentation

Model Discovery Model Understanding

XML 
model

Bugzilla 
model

Metrics 
model

Table
model

HTML
model

Excel 
model

SVG 
model

Legend: Injection

Extraction

Model-to-model 
transformation

.svg file

.xml Excel 
file

.html file

Raw data

.html file 
containing 
Bugzilla 
bugs info

http://www.eclipse.org/gmt/modisco/useCases/BugzillaMetrics/
http://www.eclipse.org/gmt/modisco/useCases/BugzillaMetrics/
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Possible Applications

• From Bugzilla data (information discovery + metrics 
computation + visualization generation) http://
www.eclipse.org/gmt/modisco/useCases/BugzillaMetrics/ 

• Input 

(Exported 
in XML)

http://www.eclipse.org/gmt/modisco/useCases/BugzillaMetrics/
http://www.eclipse.org/gmt/modisco/useCases/BugzillaMetrics/
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Possible Applications

• From Bugzilla data (information discovery + metrics 
computation + visualization generation) http://
www.eclipse.org/gmt/modisco/useCases/BugzillaMetrics/ 

• Outputs 
    (HTML, SVG, Excel…)

http://www.eclipse.org/gmt/modisco/useCases/BugzillaMetrics/
http://www.eclipse.org/gmt/modisco/useCases/BugzillaMetrics/
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Possible Applications

• From an Excel file providing execution traces (traces 
discovery + metrics computation + profile application) 
http://www.eclipse.org/gmt/modisco/useCases/PerformanceAnnotatedUmlStateCharts/

Model Discovery Model Understanding

XML 
model

Trace 
model

Metrics 
model

Performance
-annotated

UML2 State Chart 
model

Legend: Injection

Model-to-model 
transformation

Raw data

Excel file 
containing 

execution traces 
info

Excel 
model

UML2 State Chart 
model

Performance
UML2 Profile model

http://www.eclipse.org/gmt/modisco/useCases/PerformanceAnnotatedUmlStateCharts/
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Possible Applications

• From an Excel file providing execution traces (traces 
discovery + metrics computation + profile application) 
http://www.eclipse.org/gmt/modisco/useCases/PerformanceAnnotatedUmlStateCharts/ 

• Inputs (1/2)

• UML2 model (state chart)

• UML2 model  
(“Performance” profile)

http://www.eclipse.org/gmt/modisco/useCases/PerformanceAnnotatedUmlStateCharts/
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Possible Applications

• From an Excel file providing execution traces (traces 
discovery + metrics computation + profile application) 
http://www.eclipse.org/gmt/modisco/useCases/PerformanceAnnotatedUmlStateCharts/ 

• Inputs (2/2)

• Excel file  
(execution traces)

http://www.eclipse.org/gmt/modisco/useCases/PerformanceAnnotatedUmlStateCharts/
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Possible Applications

• From an Excel file providing execution traces (traces 
discovery + metrics computation + profile application) 
http://www.eclipse.org/gmt/modisco/useCases/PerformanceAnnotatedUmlStateCharts/ 

• Output

• UML2 model  
(state chart 
with “Performance”  
profile applied)

http://www.eclipse.org/gmt/modisco/useCases/PerformanceAnnotatedUmlStateCharts/
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A Concrete Application:  
   Legacy System Interoperability Discovery

• To be completed…


