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Abstract: Object oriented Frameworks became a @opuknner to improve software development lifecy@leey
promote reuse by providing a semi-complete architecthat can be extended through an instantiation
process, to integrate the needs of the new softafpéication. Instantiation processes are typicatigcted
in an ad-hoc manner, what may lead to a tediousearat-prone procedure. This work leverages on our
previous work on the definition of RDL, a languagdacilitate the description of instantiation pess, and
exposes the ReuseTool, which is an extensibletdoakecute RDL programs and assist framework rbyse
manipulating UML Diagrams. The ReuseTool integratesRDL Compiler and a Workflow engine to
control most of the activities required to extendramework’s design and therefore incorporate the
application needs. This work also exposes howdbkdan be extended to incorporate new reuse tetivi
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1. INTRODUCTION

With the popularity of object oriented languagestsias Java and C++, and the pressure for
improving software development productivity, thencept of object oriented frameworks gained
momentum and became the de facto approach to geeelmplex software systems. In essence,
frameworks are reusable assets in the form of epaamplete and flexible software constructions,
specially assembled to reduce (Bosch, 1999) thertefi develop new application within a specific
domain. An object oriented framework defines adafepermanent features known as frozen-spots
(Pree, 1995) to deliver unchangeable functionalttglso uses typical object-oriented techniques to

incorporate flexible features, the hot-spots (Pd&95), which must be appropriately extended to



integrate application specific needs (Markiewic§02) (Mattsson, 2000). Examples of major
current object oriented frameworks are: J2EE (JZEHQ), DotNET (DotNET, 2010), Hibernate

(Hibernate, 2010), JUnit (JUnit, 2010), Eclipselijise, 2010), Struts (Struts, 2010) and MooTools
(MooTools, 2010).

In contrast to Software Product Lines (AtkinsonQ20) where reuse occurs from pulling together
a set of pre-defined software components, devetoparsing object oriented frameworks need to
engage on a more difficult reuse procedure thaic&ly involves understanding the framework
design rationale and programming. For example valdper must be knowledgeable of the order in
which hotspots are refined as they may have anidihgkequencing. Considering frameworks may
contain several hotspots, such reuse order shautdearly specified to avoid faulty reuse processes
(Fayad, 1999) (Kirk, 2005) (Hou, 2005). Moreovels expected that reuse processes of complex
frameworks are supported by tools to assist hagdiihthe constraints that are present when reusing

a framework.

In this work we expose the ReuseTool as a way $@stagbject-oriented frameworks reuse. The
tool rationale is to orchestrate reuse actions iwith process that is specified by the framework
developer and executed, interactively, by the freark reuser. The reuse process is specified using
the RDL (Reuse Description Language) (Oliveira,(0liveira, 2007), which is a special language
that allows the specification of process flows sashsequencing, loops and branches, and also

admits commands to manipulate UML-based frameweskgh.

This work is organized as follows....

2. THE APROACH OVERVIEW

As pointed out by Krueger (Krueger, 1992), mosseeprocesses hovers around four dimensions:
Abstraction, Selection, Specialization and Integrat The Abstraction and Selection dimensions
deal with the cognitive aspects of identifying & sfepossible reusable assets and selecting thé mos

suitable to implement the requirements associai#d ttve new application. The cognitive nature of



these two dimensions lays on the fact that requérge are typically expressed with natural
language, which demands human interpretation. Tieci8lization dimension appears once the
reusable artefact is chosen and needs to be thilaseto incorporate the application specific
increments. Last but not least, the Integrationedigion deals with combining several reusable
artifacts into a single system.

In this scenario, the Reusetool aims at faciligatthe Specialization dimension with possible
effects to Selection and Integration. The Spemtibn dimension for object oriented frameworks
deals with adding new design elements and codeet@tiginal framework design, where each new
element connects to a framework’s hotspot. The ection between the new design element and the
hotspots extends the framework with informationtths specific to the application under

development.

In order to orchestrate the framework specialirattbe ReuseTool takes an RDL Program and
the Framework UML Model as input and produces tpplisation UML Model. The Framework
UML Model represents framework’s classes and mfetiips and also provides useful information
on how code can be obtained. The RDL program ldetedw the UML Model should be
manipulated to accommodate new design elementedeia the new application and the Application

UML Model is the final application design.

As illustrated in Figure 1 the process of executihg ReuseTool is quite straightforward. In
Figure 1.1 the Framework UML Model and the RDL Rewg are passed to the tool. The framework
model has class@®xtandStyle to indicate the hypothetical framework is capaiflapplying styles
to a given text such as in a word processor. Tamméwork developers understand they can’t provide
all types of styles so they have decided to leheestyle feature as a hotspot that must be cordigur

by the application developer.

Figure 1.2 shows how the framework developers heymsed theStyle hotspot and how to
extend it. The rationale is based on the fact thatframework design has the cl&tyleand this
class is responsible for the style feature. Conmetlyithe specialization of hotspBtylerequires the
specialization of theStyle class, what is represented in the RDL Program bg line
“CLASS_EXTENSION (Style,myPack,?);”.



The CLASS_EXTENSION command indicates the cl@sde must be specialized with a new
class that will represent the new style. The qoasthark (?) passed as parameter is a RDL feature
calledReuser Interactiomnd indicates a placeholder for a name that shoeilgiven at runtime (i.e.
reuse-time) by the framework reuser. Reuser intieradés actually exposed at Figure 1.3 when the

reuser indicates the new style will be calléehder

ReuseTool
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Framework n r — Application
UML Model de il 2pplyir ||| UML Modet
— > — o ———
apgly(); Header
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|::> {f Defina Specific Styla
a4
F:.II_.ASS_E)('I'ENSION(SwIe.myPack, 2 i s
|
&) }
Answer
Presmpt /
\. /

Reusar

Figure 1 — ReuseTool operation

The result of the reuse process is an extended Iroalled the Application UML Model (Figure
1.4), which contains the design elements to repteapplication specific requirements. In our
example, the new model has the cledeaderas a sub-class for claStyle satisfying the reuser

requirements from Figure 1.3.

Besides orchestrating reuse actions along the 8ption dimension, the ReuseTool can also
impact the Selection and Integration dimensiondecdien can take into consideration the effort
needed to reuse a framework measured in terms eofcdmplexity to execute RDL programs.
Frameworks with complex RDL programs may be avoidedhe complexity may indicate more
reuse effort. Assisting with Integration can be enstraightforward as some integration actions may
be incorporated into the RDL language as a new tfpeuse action. The impact on the Selection

and Integration dimensions are still under investan.



3. THE REUSE TOOL

The ReuseTool aims at helping developers to followetrict process when working on the
Specialization Dimension as discussed in SectioBy2a strict process we mean a process that
guides the framework reuser to extend all the requiot-spots in a sequence that is pre-defined by
the framework engineer, thus following the sammnate used in the framework implementation.

In order to create a process based execution ema@got we have established a set of
requirements for the tool.

Adopt current trends. Besides the use of RDL, the tool should followrent trends in the
Information Technology scenario to avoid a steeprimg curve and allow further integration with
other approaches.

Handle object oriented frameworks Object-oriented programming paradigm is used
everywhere and has vast framework examples wees@ndge on. It also provides a potential market
for our approach.

Provide ways to pause and resume the proceds.reuse process can be lengthy so the ability
put the process in a suspension mode and resumeewibss of context is an important feature.

Provide infrastructure for a multi-“reuser” scenari 0. Nowadays frameworks have to tackle
multifaceted scenarios so they are typically compaled require different types of expertise during
customization. As a result the framework reuse ggedecame multi-user by nature and our tool
should provide means to support it.

Extensibility. RDL provides the building blocks to representseeprocess and manipulate UML
Models. However it's important to leave space fmpiovements, such as handling forthcoming
UML characteristics and new programming paradignth @s Aspect Oriented Programming. In this
context, the tool must be open for extension, asiméng itself a framework that can be extended to
handle other reusable assets.

In order to cope with all requirements we have glesil a software architecture that integrates a

workflow engine, a RDL compiler and Java objecented framework as described in Section 3.1.



3.1 Architecture

Reusing a framework is a human-oriented procestefigition. Each framework hotspot must be
extended with application specific information tieessentially known by the application developer
at reuse time. According to (Georgakopoulos, 2085uitable way to represent a human-oriented
process is by using the workflow technology. In sary, a workflow organizes a set of human-
tasks, system-tasks and control flow structuresract a given process [WorkflowThesis]. For a
reuse process, human-tasks are those where a ietrseluces application specific information. In
the same way, system-tasks are those devoted tipufeie UML models based on the information
presented by the reuser, and control flow strustaitow the representation of loops, decisions, and

other workflow patterns (Workflow Patterns, 2010).

It is important to mention that our process is espnted with RDL, an imperative language
specially created to specify object oriented frames reuse. For that reason, our workflow is
represented neither as set of icons such as in YAYWAWL, 2010) and JPDL (JPDL, 2010) nor
with XML as in xPDL, but with an algorithm-like spt.

In order to create a tool that is capable of exegua RDL-based workflow that takes into
consideration the list of requirements exposed ipusly, we managed to design a software
architecture that uses a workflow engine, a pageeerator, a UML model manipulation library and

some helper classes.

As illustrated in Figure 2 the architecture hagéhmain components: the Transformer, the JPDL

Process Language and the Process Execution Machine.
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Figure 2 — ReuseTool Architecture

Reuser

The Transformer

The Transformer aims at converting a RDL Prograto @ JPDL process. It has three sub-
components: the Lexer, the Parser and the Coder@eneThe Lexer and Parser assure the RDL
Program is well formed. We have used the ANTLR @agenerator program to create the Lexer and

Parser based on the RDL Grammar as indicated inréig)
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Figure 3 — RDL BNF and ANTLRWorks

TheCodeGenaratois a set of Java classes that are capable ohg#DL code according to the
RDL command semantic. For example Figure 4.a itites the CLASS_EXTENSION command



and how it is converted as a JPDL custom nodeNbide the paramete@hapepackAand?, passed

to the RDL command were represented as argumessegao the constructor of the custom node.

£ Define Shape SubClass
shapeClass = CLASS_EXTEMSION{Shape, packh,"?");

(@)

class="org. reusetool. jbpm. pem. reuseactions. ClassExtensionHandler”
281,211, 8@, 48" nome="7"s

=const

<args
<string value="'Shape' /=

<string values= "'wackd" /=

18" nome="to 8" to="8" />

(b)

Figure 4 — Code Generation

The Lexer, Parser and Code Generator work synchisbnoAfter the Lexer converts the RDL
text into meaningful tokens, the Parser tries ®nidy a sequence of tokens that matches a non-
terminal symbol described in the RDL Grammar. OtieeParser matches a valid sequence, it calls
the Code Generator to spit JPDL code accordingly.rifdnaged to achieve this level of integration
by inserting Java commands into the RDL Grammaichwis a feature supported by ANTLR. Figure

5 illustrates the main classes for the Transforcoanponent.

B ainterfaces
GenerateCode
= i gettode ()
E] JbpmCodeGen intermediateCode code | EL| aPDi Code
1 *
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Figure 5- Main Classes for the Transformer compbnen



The Process Language

The next ReuseTool component is the JPDL Procesguage. JPDL is an executable process
language that allows the declarative definition vadrkflows. JPDL uses XML technology to
represent process elements such as system taskanhasks, workflow patterns, swimlanes and
subprocesses. A JPDL file can be deployed and &g euith the jBPM engine. Together, JPDL and
jBPM are integrated in the jBPM Platform, whichasIBOSS (JBOSS, 2010) community product
for process representation and execution. We hiawsen the jBPM Platform as it fulfils some of the
ReuseTool requirements such as process orchestratioa multi-user environment, process

persistency and extensibility.

JBPM is oblivious to the nature of the workflowksast executes. Tasks can be either human-
oriented such as signing a document or systenmedesuch as performing a complex computation,
but internally JBPM treats them as an executakla ithat fits within the workflow graph. In fact,
JBPM is itself based on the framework approach whasks are hotspots that can be extended to
allow the introduction of new executable items. Wéwe benefited from such extension mechanism

to smoothly integrate all RDL reuse-oriented temkd leave space for further additions.

RDL tasks were mapped to JP@ustom Nodes We have decided to use JPDL Custom Nodes
as they allow binding a Java class to implementi#sred node behaviour. An instance of the java-
class will be later created by the underlying psscexecution machine and initialized with the

parameters passed under toastructortag. For example, in Figure 4.b the Custom Nodé wame



7 (seven)s bound to the classg.reusetool.jopm.pem.ClassExtensionHandMrich is responsible
for implementing the CLASS EXTENSION task.

The Process Execution Machine

The last but most import component of the ReuseT®the Process Execution Machine. The
Process Execution Machine, or simply PEM, is resfime for executing the reuse process described
with JPDL that will extend the given framework dgsiand eventually turn it into the application
design. To accomplish such a goal, the PEM compoextiends the jBPM platform with a set of
Java classes capable of handling reuse-orientdd'.tdReuse tasks are those executed by the

framework reuser when specializing the framewohkdspots.

The PEM internal structure depends on the typeoderused in the JPDL workflow. According
to the JPDL reference manual (JPDL, 2010), CustoodeN are place holders for objects
implementing theorg.jopm.api.activity.ExternalActivityBehavioulava interface provided by the
JBPM library. As a result, when the JBPM workflowgae needs to execute a Custom Node, it
actually instantiates the user-defined Java claasimplements the associated behaviour, which in
our case is a type of reuse action. Figure 6 ihiss how PEM classes are structured to implement
the NEW_CLASS reuse action used in Figure 4. Itigportant to observe the whole PEM
implementation contains more than 50 classes tpastithe implementation of all RDL reuse actions

(More on the PEM's internal rationale will be dissed at Section 6.2-Extending the Architecture ).

1 We have used the terms “reuse action” and “reasi¢ indistinctively
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Figure 6 - PEM Classes for the NEW_CLASS Reuseofcti

It's important to point out that PEM operates on UModels specified asuml” files. Figure 7
brings an illustration for the UML File: on the higthere is a tree-like rendering with classes and

associations; on the left there is the actualdiietent for the clasActivity.
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b &) pathmap: / {UML_PROFILES (Standard.profile.um|
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Figure 7 - UML File Example
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3.2 Software Process for Framework Reuse

A software process organizes the actions needadhieve a given goal; specifies the individuals
that participate in an action; and also describesrhanipulated information. We believe using a
software process to expose the ReuseTool funcii@msavould be a valuable contribution and also
facilitate understanding the approach. For thasorawe have devised the Software Process for
Framework Reuse. The process is specified withSbfware Process Engineering MetaModel

(SPEM), which is a standard notation for represgnsioftware processes.

SPEM allows the specification of process elemerasely roles, artifacts and tasks. Roles
define a set of characteristics and attributesndividual must possess to execute tasks in a sudtwa
process. Artifacts enclose the information manifaan a task in one or more documents. Finally,
tasks represent a set of actions that must be édiigl an individual playing a role. A task can also
indicate the list of preceding and succeeding taskdefine the sequence in which tasks should be
handled.

The Software Process for Framework Reuse has tasgshthe Framework Development and the
Framework Reuse that are executed in a sequentiat.oThe Framework Development phase is the
first to be handled and it attempts to create akimgrobject-oriented framework, its associated
UML-based design documentation and the RDL reusgram. We do not detail the tasks executed
in this phase as we believe most approaches to mmosiEftware development are capable of
developing a framework. Nevertheless, the Framewakelopment phase includes one role and two

artifacts that will be used in the Framework RelBbase and are described in the Table 1.

Model Name Description

Element

Task Develop Framework Umbrella task to represent alksaequired to develop the

object-oriented framework.

"

Develop Framework ModelFocus on developing the artifacts related to these

and RDL Program process.

Role Framework Developer Responsible for defining the lUNMlodel and RDL
Program that will be used to assist the framewetlse. A

person playing this role must deeply understand |the

12



framework underlying concepts and hotspots, and bés
knowledgeable in RDL and UML

Artifact | Framework UML Model The UML Model must specify tbiasses and relationships

that describe the object-oriented framework
implementation.

RDL Program The RDL Program organizes the reusmrectthat will

extend the framework hotspots.

Table 1 - Process Elements for the Framework Devedémt Phase.

Once the framework is developed and its associéli®il Models and RDL Programs are
finished the Framework Reuse phase can occur.pHase aims at tailoring the framework design to
include the application specific extensions infodnixy the framework reuser. In order to achieve its
goals the Reuse phase uses the artifacts Frameligik Model and RDL Program defined
previously but also defines its own process elemastdescribed in Table 2.

Model Name Description

Element

Load Framework Model Inform the ReuseTool the Framework UML Model g
and RDL Program associated RDL Program.

Execute Reuse Process Execute the Reuse Procestaskhis an umbrella task to
represent all possible reuse actions accordindgiéoRDL
Language. Typical reuse actions that require reuser
interaction and related RDL command are:

- Extending a Class -> CLASS_EXTENSION

- Creating a package -> NEW_PACKAGE

- lterating on loop -> LOOP

- Confirming an human task -> EXTERNAL_TASK

Role Framework Reuser Responsible for executing the dveork reuse proces

UJ

Must be knowledgeable about the application needs t
extend the framework at the proper hotspots. Misb a

understand the framework documentation.

13



Artifact | Application UML Model The Application UML Model caains the new classes and
design elements that represent the application ifgpec

needs.

Table 2 - Process Elements for the Framework RBhase.

Figure 8 illustrate the Software Process for Fraor@wReuse using the SPEM notation. At the
top of the figure are represented two phases, theeldpment on the left and the Reuse on the right.
Each phase brings a sort of workflow diagram thpecies the order in which each task should
occur. At the bottom of the same figure we represkrthe relationships between the model
elements. For example at the botton-right, we shwwtask Develop Framework Model and RDL
Program is performed (<<performs>> symbol) by tlwe rFramework Developer to create

(<<output>> symbol) the Framework UML Model and RBtogram artifacts.
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{1 Task Arfifact " Rol -4 - Application UML Madel
[— s Execute Reuss Process

et 2]
Davalop Framawork Modal
and ROL Program

Lagand

Figure 8- Process Elements
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Although the process specification is presentednae, its actual execution takes place in two
distinct environments, Development and Reuse. Waeanvironments may differ in time, location,
development team and in fact they are typicallyt mdirtwo separate software projects. It's also
important to point out that modern software proaassiterative by nature thus tasks are orchesltrate
according to the project’'s constraints such as -tioamarket, budget, team allocation, etc. As a
result, the tasks described in the Software Prdoedsramework Reuse may be interleaved by other

tasks.

4. AN ILLUSTRATIVE EXAMPLE — THE SHAPE FRAMEWORK

This section illustrates how the ReuseTool can seduo extend an existing framework by
exploring the artifacts that are manipulated in pinecess. We have chosen the Shapes Diagram
Editor (GEF, 2010) to be our example as it hasraprehensive documentation and it is part of the
Eclipse Graphical Editing Framework, what makesxiremely available to general public. It's also
important to mention the Shapes Editor i%party implementation thus indicating the ReuseTsol

not biased towards our frameworks but can be usadroader context.

4.1 The Shapes Framework

The Shapes Diagram Editor is an Eclipse Plug-inetbped as an extension to the Graphical
Editing Framework (GEF) (GEF, 2010). Shapes Framkwacilitates development of diagram
editors made out of nodes and connections thatbeacustomized by a developer to represent all
sorts of icons and connecting lines respectivelyy@ical Shapes instance is shown in Figure 9 with

a diagram customized to handle circles and squbat€an be connected by solid or dashed lines.
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Resource - tt/shapesExample1.shapes - Eclipse Platform
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@ simple.shapes

(= Shapes ©
@ clipse
B Rectangle

B Rectar
@ clipse 21999669
B Rectangle 21086917

& Tasks 52 =g

Figure 9 - Shapes Look and feel.

A diagram within a Shapes instance has ordinarwida features such as creating nodes and
connections, selecting nodes, resizing nodes,idglabdes, moving nodes and deleting connections.
Connections can also use a special feature toiatetite link between two undesired nodes. For

example, it's possible to represent squares aadgies cannot be connected by dashed lines.

In order to provide all its features, Shapes bleitgf with GEF, which is Eclipse’s building
block for creating graphic editors. Together, GHEE &hapes have several classes that represent an
intricate design, allowing the reuser to represkagrams based on their model, view and edit parts
(controllers), such as in a typical Model-view-aotier pattern. Model represents the semantics
behind each node; View specifies how nodes areereddand; Edit parts connect the Model with the
Views. Our goal is to demonstrate how to reuse 8haing the ReuseTool. Therefore we will not

explain the Shapes’ design rationale but explarenéin hotspots to develop a typical diagram.

16



Ea org.eclipse.gef.examples.shapes

E org.eclipse.draw2d

ShapesEditorPaletteFact:
£ model =] P oy B
& createShapesDrawer ()
] shape 2 paintFigure ()

2 sddConnectiondncor ()
i gethguwe ()

2 canConnect ()

4 getlcon ()

Figure 10 - Shapes Hotspots

Shapes main goal is to facilitate creating new satewe have chosen this feature to demonstrate

the ReuseTool. In order to create a new nodeetliger has to partake three reuse actions:

- Define the new shape model
- Define the new shape look and feel
- Insert the new shape in Shapes palette.

Fortunately the representation for the hotspot ®vetbp new nodes using Shapes is
straightforward. Figure 10 exposes the UML clasagdim containing the framework classes
org.eclipse.draw2d.Figure, org.eclipse.gef.examplepes.model.Shape and
org.eclipse.gef.examples.shapes.ShapesEditorFedetiary. The Shape class is the main participant
in the hotspot as it defines a set of abstract aukstithat must be extended by the application rgusin
the framework. In our scenario the most importargthods are:geticon() getFigure() and
canConnect()The getlcon() method should return the icon that representtue in the diagram
palette to represent the node; thetFigure() method should return the graphical elements that
represent the node in the diagram canvas and;ath€onnect()method should return if the current

shape can connect with the target shape that segass parameter.

The abstract clagsigure is defined in the Eclipse Draw2d library as a gaeheepresentation for
two dimensional visual elements. It declares sdvéedds to customize the look and feel for
graphical elements. It also declares the methaidtFigure() which is responsible for rendering the
image. In order to extend this class the reusett magefine thepaintFigure() method and add the
required visual details. It's important to pointtahat Eclipse has several out-of-the-box visual

elements such dslipse, PolygonandTrianglethat can be use as a subclass-fgure.
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The last class we need to handle is 8impesEditorPaletteFactary This class organizes the
entries in the palette found in the diagram editterface. ReusinghapesEditorPaletteFactory
requires a precise incision to modify its existijaga file at the methodreatesShapeDrawer()
without damaging the whole system integrity.

4.2 The Shapes RDL Program

Assisting the reuse of the Shapes framework reg@EreRDL Program as the one represented in
Code 1. In RDL, programs are described as cookbdloés contain recipes. Recipes list RDL
commands (shown in bold) in the same way a proedédanguage such as Java exposes its
commands inside procedures and methods. Code dedtares the cookbodkhapesProducté.ine
1) and the main recipe (Line 2). Themain recipe starts by creating the package
org.reusetool.example.myshapesedldne 4) to group the application-related desitgneents in a
single place. It's important to observe that vaegtackAwas declared in Line 2 to store the just

created package model element. This was requiled atference to the package element later in the

program.

1. COOKBOC ShapesProduct s

2. RECIPE mai n{

3.

4 packA = NEW_PACKAGIEr amewor kMbdel , "or g. r euset ool . exanpl e. nyshapesedi tor");
5 LOOP (" Create anot her shape?")

6. {

7. /1 PREPARE | nages

8 EXTERNAL_TASK" Def i ne 16x16 icon");

9. EXTERNAL_TASK" Def i ne 24x24 icon");

10.

11. /1 Define Shape Subd ass

12. shaped ass = CLASS_EXTENSIOKShape, packA, "?");

13.

14. /'l Refine Abstract Methods

15. m = METHOD_EXTENSI@$hape, shaped ass, addConnect i onAnchor) ;

16. ADD_CODEshapeC ass, m "return new ChopboxAnchor (i Figure);");

17. m = METHOD_EXTENSI(Mhape, shapeC ass, get Fi gure);

18. ADD_CODgshaped ass, m "return new | Fl GURE_SUBCLASS) ;") ;

19. m = METHOD_EXTENSI(Mhape, shapeC ass, getlcon);

20. ADD_CODgshapeCd ass, m "return createl mage(\"NEW SHAPE. gi f\");");
21.

22. I/ Configure Palette

23. ADD_CODEShapesEdi t or Pal ett eFact ory, cr eat eShapesDr awer ,

24. "conponent = new Conbi nedTenpl at eCreati onEnt ry(
25. \ " NEW SHAPE\ *,

26. \"Create a NEW SHAPE shape\",

27. NEW SHAPE. cl ass,

28. new Si npl eFact or y( NEW SHAPE. cl ass),

29. I mageDescri ptor. creat eFronFi | e( ShapesPl ugi n. class, \"icons/crazyl6.gif\"),
30. I mageDescri ptor. creat eFr onFi | e( ShapesPl ugi n. class, \"icons/crazy24.gif\"));
31. conponent sDr awer . add( conponent ) ;

32. ")

33.
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34. /1 Redefine Method to treat How Connections can be handl ed
35. IF ("Add Feature - Restrict Connections?") THEN {

36. m = METHOD_EXTENSI ON( Shape, shaped ass, canConnect) ;
37. ADD_CODgshaped ass, m "Code that checks if the connection can be nade.");
38. }

39. IF ("Add Feature - New Figure?") THEN

40. /1 Define Shape Subd ass

41. figQd ass = CLASS_EXTENSIOKFi gure, packA, "?");

42. m = METHOD_EXTENSIQNi gur e, fi gC ass, pai nt Fi gure);
43. }

44, }

45. }

46. END_COOKBOOK

Code 1 - RDL Program

Creating the RDL requires acknowledging developmami reuse occur in different times.
Therefore and by the time the Shapes RDL programptemented by the framework developer, the
number of shapes the framework reuser will createiriknown. To mitigate such issue, Line 5
declares a loop that will iterate several timesoeting to the framework reuser's need. The loop

will surround all reuse actions related to shapeatmon, from Line 5 to Line 44.

Lines 8 and 9 declare two external tasks. RDL aseexternal task to indicate the reuser has to
perform an action that is impossible to be represkas a model element manipulation. When the
ReuseTool reaches an EXTERNAL_TASK it stops itscexen and wait for the reuser feedback
acknowledging the task was completed. For exantbée Shapes framework requires an icon to be
shown in the palette. An icon is a visual eleméat tannot be represented by a design element such
as a class, which means neither RDL nor UML camessmnt it. However, the action of defining the
icon and placing it in the proper folder needs eéceliecuted by the reuser so that the framework can
be properly extended. Line 8 uses the external tashkmand to resemble the reuser he needs to
“Define a 16x16 icoh.

One of the most important aspects of the Reuseibotleating the design elements that extend
the framework hotsposts. Lines 12 through 42 bsiegeral RDL commands that are responsible for
extending the framework design at specific placesitlude the application specific requirements.
Line 12 uses the CLASS _EXTENSION command to in@iche clasShape shown as a hotspot in
Figure 11, needs to be sub-classed. This commdadsr® the package variabpackAdefined at
Line 4 as the container for the new class. Notetleeence of a question mark as the third parameter
in the CLASS EXTENSION command. RDL uses this ctimrato indicate the parameter is

unknown at compile time and must be discoverediatime (reuse-time). Line 12 also declares a
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variable to represent the just created class ftar leeference. Following the execution of the
CLASS EXTENSION command the resulting model shoeddtain a new class that extends the

Shapes class as shown in Figure 11.

£l shape

§3, addtonnectiondnchor ()
& getrgure ()

3 canConnect ()

2 getlcon ()

] Triangleshape

Figure 11 - CLASS_EXTENSION with “?" = TriangleShap

Line 15 shows the METHOD_EXTENSION command, whidsoaintroduces a new design
element. The METHOD_EXTENSION command indicatesethod from the super-class needs to
be refined by a method in the sub-class, whicheims of modelling means a method with equal
sighature must be declared in the sub-class. |e LB, the methodddConnectionAnchdiound in
the classShapeis refined in the sub-class referred by the védgishapeClassFigure 12 illustrated
the model after executing Line 15.

= shape

) acaConnectiondnciar ()
&3 gethigure )

2 canconnact ()

3 getloon ()

] TriangleShape

2 addCannectionAnchar ()

Figure 12 - METHOD_EXTENSION witaddConnectionAnchor

The ReuseTool assists framework reuse by manipgladiesign elements according to the
hotspots it needs to extend. Nevertheless, thebgapeen the application design and the application
implementation, the actual code, can be still aergid a hurdle the reuser must overcome. In order
to facilitate implementing the hotspots with apation specific code, RDL introduced the
ADD_CODE command. Line 16 illustrates how the ADIIOE command is used to “add the code
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snippet”'return new ChopboxAnchor(iFigure)fo the method referred by the variabdmpeClass
and m, which point to the just created class and thenedf addConnectionAnchomethod
respectively. The text “add the code snippet” wasted in the previous sentence because the
ReuseTool does not attach plain code to the mdbbihstead creates a comment that is linked to
the method. The reason for creating the model elem@mment is twofold: i) RDL and UML are
programming language agnostic; ii) the new codeeddp on the application information that is
unknown when the RDL program is created. Although pre-programmed code fragment may not
fit exactly in the application, we believe it givealuable information on a direction to be pursbgd
the framework reuser during application implemeatat

Lines 17 through 34 repeat the METHOD_EXTENSION &mD CODE commands to extend
the methods related to the icon, figure and palettspots. Line 35 however, exposes another RDL
feature, the conditional command IF. The conditicc@mmand works in the same way as in an
imperative programming language such as Java bustpression being specified as interaction with
the reuser. For example, the Shapes hotspot tstaicte how shapes can be connected is optional so
the reuser has to be asked if he wants to extend iitot. Line 35 declaredF ("Add Feature -
Restrict Connections?") THENDO request if the reuser needs to add the fe#taterestricts shapes
connections to the application. If the responsgeis the ReuseTool with execute lines 36 and 37,
otherwise jumps to Line 38. Lines 39 through 4dalse the conditional command but this time to

extend the figure hotspot.

4.3 The Application Scenario

Reusing any asset requires some planning to determiat hotspots will be extended and what
information will be provided. In this section weopide the rationale of the application we have
developed reusing the Shapes framerwork. We hasigleteto go for a very simple application as

our intention was to demonstrate the ReuseToolowitbvercomplicating the text.

The application requirements can be specified as:
“an application to create a diagram editor that eges three types of shapes: triangles, labelled
rectangles and rectangles with a red cross in thedie. The application also needs to restrict

the connection between triangles and labelled mgies.”
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After browsing the Shapes hotspots documentatios,réuser identified the need to create the

classesTriangleShapge LabelledShapeand RedCrossShapéo represent shapes and the class

RedCrossFiguréo render the rectangle containing a red crossdérmiddle. Table 3 contains a trace

with the reuse actions executed in the processidenisy those classes were created in the order

TriangleShape> LabelledShape> RedCrossShape> RedCrossFigure The first column contains

the corresponding line from the ShapesProduct comkband the second indicates the reusers

response for each new shape class. For exampladttha shape LabelledShape the reuser should

answer first answer “Yes” to indicate the need afew shape and then confirm the two actions that

define the icons by pushing the enter button. Afibet the reuser should enter “LabelledShape” as

the name of the class, following to “No-s” to deelicreating restrictions rules and new figures. In

this case, Line 41 is not executed (not applicable)

RDL Command

5. LOOP ("Create another shape?");

Reuser Response

TriangleShape

LabelledShap

e

RedCrossSh

yes yes yes
8. EXTERNAL_TASK("Define 16x16 icon"); enter enter enter
9. EXTERNAL_TASK("Define 24x24 icon"); enter enter enter
12 shapeClass = CLASS_EXTENSION(Shape, | TriangleShape| LabelledShape RedCrossSH
packA,"?");
35. IF  ("Add Feature Restrict No No yes
Connections?") THEN {
39. IF ("Add Feature - New Figure?") THEN{ No No yes
41. figClass = CLASS_EXTENSION(Figure, N/A N/A RedCrossFigure
packA,"?");

Table 3 - Reuse Actions Trace

ape

ape

Figure 13 shows a UML class diagram containingfihal application model. The new shape

classes are shown as sub-classes of Gaspeand theRedCrossFigureclass as a sub-class of

Figure. The comment associated to each refined methos mlmeappear in the diagram but can be
found in the XML file that represents the UML diagr.
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£ org.eclipse.gef.examples. shapes

E3 org.eclipse.draw2d

Eo model Q ShapesEditorPaletteFactory Q Figure

42, createshapesDrawer ()
= shape . 2, paintFigure [
4 adalormectiondnctor f}

2 gethigure )
3 canConnect ()
42 getlcon ()

F org.reusetool .example.myshapeeditor
E5 org.reusetool.examples..myfigures

E] RedCrossFigure

] RedCrossShape ] TriangleShape ] LabelShape # pantrigre ()
§2, addConnectionAnchar () 3 getFigura () 43 getFigure ()
2 0etFigure () 3 addConnectionanchar () 4% addConnectionAnchar ()
2 canConnect () 2 geticon () 4 getloon ()
3 getloon ()

Figure 13- Application Model

4.4 Considerations

Although the Shapes framework has a straightforwande process that deals with few hotspots
and design elements, we believe using the Reusd¥oaght some improvements. Initial analysis
about the tool experimentation indicates the secgpi@i reuse actions follows a seamless path that is
carefully designed by the framework developers doilitate navigating through the framework
models. As a result the reuser does not wastedeaéng with several classes at once to discover
what needs to be done but instead focus on the Inetefaents related to the hotspot he is interested

in extending.

Another benefit is also related to the sequenceneéSreuse actions must occur before others as
they can have impact on the process flow. For el@nwhat's the point of extending the class
Figure unless the reuser is creating a visual elementishaot present in the library, such as in the

RedCrosgase? Without the ReuseTool, an unattended rensgcreate such class inadvertently.

Another point that is worth exposing in this pajgewith regards the Shapes framework design.
Although the original Shapes framework has an dafjeéented approach and some of its hotspots are
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reused through class extensions, there were hetspat required modifying the existing classes’
code. For example, the meth@deateShapesDrawdrom classShapesEditorPaletteFactornyeeds

to have its code modified to add a new paletteyerifve believe this is an invasive way to reusé tha
may expose the framework code to possible misuseedtave modified the Shapes’ design and code
to avoid such practice. For instance the clasg.eclipse.gef.examples.shapes.parts.ShapeEditPart
implemented the methodseateFigureForModel(Jand getConnectionAnchor(vith code that was
dependent on the new shape classes as shown tefttbell of Table 4. We have implemented the

same behaviour by delegating such code to the lsgh-itself via polymorphism.

Original Code Modified Code |

private IFigure createFigureForModel() { private | Figure createFi gureForMdel () {
/I'if (getModel() instanceof EllipticalShape) // the Shape‘class knows how to return its
associated figure
/I return new Ellipse(); Shape sh = (Shape) get Model ();
/1'} else if (getModel() return sh.getFigure();
instanceof  RectangularShape) { }

/' return new RectangleFigure();

/1'} else if (getModel()
instanceof  CrazyShape) {

/I return new Label("Testing");

I

I I1'if Shapes gets extended the
conditions above must be updated

/I throw new
lllegalArgumentException();

'}

}

Table 4 — Modified code for the method createFigor&odel.

4.4.1 Experience

We have also conducted some informal experimenévahiate the applicability of the proposed
approach. The underlying rationale of such expemsevas to determine if the ReuseTool was
capable of instantiating frameworks from differedobmains that were created by different
development teams, thus avoiding peculiarities tedlato ReuseTool the developers. The
experiments were conducted by 3 people with gogécblmriented programming and modelling
skills with both academic and industry backgrournidge experiment procedure can be summarized

as:

* Choose a particular object-oriented framework fiibemature or self-made.

« Create the associated UML file, either by handewerse engineering from code.
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+ Create the RDL script files by analyzing the frarew documentation and known
instances.

e Execute the script using the ReuseTool to createddsign for at least two different
framework instances.

* Report the experience as either successful oresigilig.

Table 5 summarizes the experiment informationelxposing the Frameworks’ Name and
Domain, the Number of Classes, Number of Hotspodsthe Number of Lines for the RDL Script.

Framework Name Domain #Classes # hotspots # RDL Lines
Shapes (Shapes, 2010) Graphical 13 6 46
JHotDraw (JhotDraw, 2010) | Graphical 90 12 55
Ecommerce Product Line| Ecommerce 16 10 16
(Gomma, 2004)

Arcade Product Line Games 16 5 21

(APL, 2010)

REMF (REMF, 2010) Infrastructure 53 7 27

Table 5 - Experiment Information

Although the experiments were conducted in an midrand academic environment, rather than
using techniques from Experimental Software Enginge(Juristo, 2001), we believe the results are
encouraging. All three subjects managed to suoaddsstreate framework instances without
interference from the frameworks’ developers, whiotlicates the underlying technology is sound
and valuable. Most of the reported issues werdaelto installing the tool as we didn’t provide a

detailed step-by-step procedure.

5. RDL ENHANCEMENTS AND IMPLEMENTATION

Our paper (Oliveira, 2007) thoroughly describes Reise Description Language and how its
execution modifies a UML model but briefly discussdout implementation. On the other hand, the
course of this work focused on the development ofagure tool for framework reuse based on an
established workflow engine and a fully fledged R&impiler, a scenario that brought an excellent

25



opportunity to upgrade RDL itself. As a resulg have managed to refactor the RDL BNF to make
it more flexible and ready for future extensionse Wave also introduced new commands and

upgraded old ones to facilitate the reuse expegienc

Table 6 describes RDL enhancements. We have ditldethble in four groups as follows: BNF
Refactoring, Syntactic Sugar, Refactored Commands Mew Commands. The BNF refactoring
group exposes the adaptations made at the langBhiffeto make it more flexible to future
adaptations and cope with how UML identify desidgeneents. The Syntactic Sugar group reflects
some cosmetic changes in the language and basieplgced lengthy command delimiters by curly
brackets with no semantic effect. On the other hdnedgroups Refactored Commands and New
Commands unveil broader changes that impact how gibgrams are developed and executed. The
former group updated the CLASS_EXTENSION and LO@mMmmands while the latter introduced
commands to deal with packages, interfaces, camditand human-interaction. Most rows in Table 6

thoroughly describe the modification accompaniedhgyBNF syntax diagram.

BNF Refactoring

Blocks Blocks define a set of commands surrounded Wyegin-endpair to
facilitate code organization and the introductiorf structured

commands.

statement_block LEFT_CURLY statement | RIGHT CURLY I—P

Structured commands | Statements were modified to accommodate structcoesmands such
as loops and ifs. Combined with blocks, structured statements allow

declaring typical code found in most imperativeglaages such as Java

and C++.
statement assignment ]—i-l SEMICOL l——-—
ip expression I——| SEMICOL l—-
recipe_call ] I SEMICOL {
structured statement ]7
Qualified ids An ID can be named according to its enclosing medibr example a

Java id can contain several package manes connggtédts followed
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by a name.

Ids and Strings

Syntactic Sugar
Removed END_*

Refactored Commands

CLASS_EXTENSION

with packages

Strings are now surrounded by quotes to differemfiam IDs

END_LOOP and END_RECIPE were replaced by paireffdnd right

curly brackets to improve compatibility with curteprogramming

languages.

The CLASS_EXTENSION command has a new parameténdicate

the package where the new sub-class should bedplace

—»{ crass_exTension || LEFT_PARENTHESIS
w —=( qualified_id }—=|coma] =] sTRING | = RiHT_paRENTHESIS |—=

ip_class_extension

Loop with condition

The LOOP command has a condition that is implenteate a string

The string text is used to prompt the need of aratkration.

—={ BEGIN_LooP |+~ LEFT paRENTHESIS | —{ condition |- -
= —»| RIGHT_PARENTHESIS |—{ statement block |—+

loop_statement

ADD_CODE

New Commands

new_package

This command had its semantics changed to inditatgually attache
the code as a comment to the model element theggent the metho
in UML.

Creates a model element of type UML::Package watinequalified_id

f—{quatsrsca 1a {szRanc]

1p_new_package ~ —=| NEW_PACKAGE | LEFT_|

new_interface

Creates a model element of type UML:Interface

iackage
qualified_idwith namestring.

—»{ NEW_INTERFACE | [ LEFT_PARENTHESIS |— -

w —={ qualified id |—[coma| »[STRING | = RIGHT PARENTHESIS |—=

ip_new_interface
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new_interface_realizati | Creates n interface realization (inheritance) betwids.

on

ip_new_interface_realization —I-I MEW_REALIZATION l—l-l LEFT_PARENTHESIS I—

i-{ D |—>|comm|—-{ 1o I——| RIGHT_PARENTHESIS I_"

external_task Presents a note to the reuser showing a messagébdesin thestring.

Stops the reuse process until reuser hits the rehkéy.

ip_external task —-{ EXTERNAL_TASK H LEFT_PARENTHESIS }—-—{STRING}——{ RIGHT PARENTHESIS I—-—

if statement Represents an if-then-else conditional statemené dondition has a
text to prompt which path should be executed. AmgweY means the

then path and N the else path.

if_statement LEFT_PARENTHESIS I—-—[ condition ]—-—| RIGHT PARENTHESIS I—
statement_block statement_block

Table 6 - RDL enhancements

6. EXTENDING THE REUSETOOL

One of the features we aimed at when developingRbeseTool was extensibility. Our past
experiences with software projects demonstrate thiogeand programming evolve over time and
having a tool that can cope with such evolution Mde a valuable contribution. As a result, indtea
of creating an immutable piece of software, we dndp using the concept of object-oriented
frameworks throughout the ReuseTool's architectorélefine a set of hotspots and an associated
RDL Program. In this section we explain the ratlerfar the ReuseTool Framework and expose its
major hotspots, the associated RDL Program andugerescenario based on handling UML
Enumerations.

Enumerations are UML model elements to represeet-disfined data types based on a set of
literals (ANTLR, 2010). Each literal representsam@ept from the application domain and can hide
complicate computer based information. For exampbenputers typically represent a color as a
number that indicates the amount of RGB (Red, Gramt Blue) that should be combined to
reproduce its appearance. Thus the color blackeaeen as (0,0,0), while red as (255,0,0). Ierord
to make the color information more palatable fovedepers not eager to work with numbers it's
possible to define an enumeration can represenseéhef possible colors as, Color = (BLACK,
WHITE, RED), where each literal maps to a RGB numbable 7 illustrates the look and feel of an
UML Enumeration and its associated XML represeatati
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wEnumeratior: <packagedEl ement xm :type="um : Enurmeration” xm:id="_a" nane="Col ors">

E&E}?Iur <ownedLiteral xm:id="_al" name="BLACK" classifier="_a"/>
T [
<ownedLiteral xm:id="_a2" name="WH TE" classifier="_a"/>
= WHITE < dLit | i d—"_ 3" ="RED"' cl ifier=" :/ >
= RED ownedLiteral xm:id="_a3" name= classifier="_a

</ packagedEl enent >

Table 7 - Enumerations in UML

6.1 Extending the Language

RDL represents the major front-end for the Reuséfoen that RDL is used to describe the
reuse process that is later translated into a psodescription. As a result, the first step toward
making the ReuseTool extensible is to make RDLresibge so that framework developers can make
use of new commands programmatically. Allowing nemmmands in RDL programs implies
modifying the RDL grammar to represent the commsusgthtax and how it will be connected to the
JPDL Code Generator. Fortunately the RDL grammacifips a light-weight extension mechanism
that allows defining new commands that must be @eecwithout affecting the process flow. The
restriction regarding the side effects on the pssdtow means the new command cannot introduce a

way to bypass the course of execution already eeéfby the RDL program.

Figure 14 exposes the production rule for the mominalip_expressionRecalling the Table 6
on RDL Enhancements (line Structured Commandsip axpressiorcan take part in any statement,
what makes it the perfect place to add new reusen@nds with no workflow side-effects. As a
result the first hotspot specified by the ReuseTBoamework is “Refining the non-terminal

ip_expression
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ip_expression ——|_ip_new_package
= 1 p_new_class
—"l ip_new method
—(_tpnew aceribute =
—"[ ip_new_inheritance )—-
e =
—"[ ip_retrieve_package ]—"
—"[ ip_class_extension )—-
4"[ ip_method extension ]—“
(e new sntertace =
—"[ ip_new interface_realization ]—"
= 1ip_add _code

Figure 14- Non-termindp_expressiorand its associated production rule.

In order to extend the hotspot relatedpoexpressiorthe reuser must:

- Add a new entry in th@_expressiorproduction rule to introduce the new non-terminal
symbol.

- Define the new non-terminal symbol production ndeepresent its syntax. Sometimes
it's required to add several terminal and non-teahsymbols to properly represent the
new command.

- Define the inline Java code to connect with thelJEDde Generator.

- Re-generate the RDL Parser and RDL Lexer.

ip_expression . .... | ip_new_enumeration

ip_new_enumeration
: NEW ENUMERATI ON LEFT_PARENTHESI S qualified_id COMA STRING Rl GHT_PARENTHESI S
{

}

codeGen. addNewEnurer ati on($qual i fied_id.text , $STRING text);

©CNo GO AN

Code 2- RDL Grammar for a new command.

Code 2 illustrates the piece of grammar requiredléne a new command to create UML
Enumerations. Line 1 specifies the new entry withip_expressiomproduction rule to introduce the
new non-terminal symbap_new_enumerationLines 4 through 9 specify thp_new_enumeration
production rule that will allow declaring an RDLd® such asNEW_ENUMERATION(id,"label”

)", whereid is the enclosing package afabel is the name for the new enumeration. It's also
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important to observe how the non-terminal symbdiniked to the code generator using a snippet of
Java code from lines 6 through 8. TadsdNewEnumeratiomethod (Line 7) should be created at
classorg.reusetool.jpdl.transformer.JopmCodeGerhich is part of the ReuseToGodeGenerator

component (see Section 3.1).

The last action to extend RDL is developing itoa&sed lexer and parser. Fortunately we have
adopted the compiler generator ANTLRWorks (ANTLR)1R), which is capable of generating

parsers and lexers automatically based on the &ggggrammar.

6.2 Extending the Architecture

The ReuseTool’s architecture is divided in two comgnts: the Transformer and the Process
Execution Machine. The former aims at generatiRBL] code based on the RDL parser output
while the latter executes the JPDL code to maniputze UML Model. In order to make these two
components flexible we have developed a set oketato define the hotspots Extending the JPDL

Code Generation and Extending Process Executiorivac

HotSpot - Extending JPDL Code Generation

The Code Generator aims at transforming the RDIgmara into a JPDL process graph that is
executable by the JBPM workflow engine. The proggsph consists of a series of nodes that are
connected to define the sequence in which the rac$ens occur. Table 8.a brings an image for a
process graph containing the no&art CustomandEndto define a process graph that follows the
sequence Start -> Custom-> End”. However the process graph cannot be manipulatgehirally
but by the use of JPDL (JBOSS Process Definitionguage), which is an XML representation as
illustrated in Table 8.b.

1. <process nanme="rdl _script"
O xm ns="http://jbpmorg/4.0/jpd ">

<start nanme="start">
i

<transition nane="to node" to="node"/>
</start>
<cust om cl ass="JavaCl ass" nane="node">

<transition nane="to end" to="end"/>
</ cust on®>
S <end nanme="end"/>
@ </ process>
(a) Process Graph (b) JPDL Representation

CoNoO~WN

Table 8 - JPDL Sample
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In order to make the JPDL code generation flexikéehave developed the interaction strategy
described by the UML Sequence Diagram at FigureThe diagram illustrates how to combine
instances of the class&DLParser JBPMCodeGerand NewEnumerationJPDlto generate JPDL
code for the RDL commandEW_ENUMERATIONNOote the diagram has two loop fragments. The
top loop fragment starts when tR®LParsermatches a valid command in the RDL program input
stream. It then triggers treeldNewEnumerationfhethod found in théBPMCodeGerlass to store
an instance of thdlewEnumerationJPDklass in the intermediate code array. Once all cants
are parsed, the bottom loop iterates through theernmediate code array, retrieves all

NewEnumerationJPDinstances and then generates JPDL code specifie teeuse action type.

COORBOOK tast
RECIPE main |
CLASS_EXTENSION| )

NEW_ENUMERATIONIpack "name");
et s v

1
END c—:.!amsom('-.\
’ NEW_ENUMERATION{pack_,"name"};

I
| sd Ganerating Code

gen | JEPMCodeGen le - imemadiateCode
]

1

1

loop [Gufed] ] |
1- aEENEvERUmerationipack_namey |

- reate >
i 3;"2”&1”&"@@@-_"{"9_)4 nodi | NewEnumerationJPDL |

3 addmodeinoda)

loop [Guard] ,|

£ node = gelModad)

L
|
|
|

1 4 genCode() |
|
I
|
|
|
|
1

& genCodel) b

1

W T e Y, S . ———

Figure 15- Sequence Diagram to Generate Code
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The aforementioned flexibility rests on the fachttlthe classNewEnumerationJPDland the
methodaddNewEnumeration)sed in the Figure 15 Sequence Diagram are agtplalteholders to
more generic representations, and they can becexplay other pairs that correspond to any other
RDL command. The clasdlewEnumerationJPDLis part of a hierarchy based on the class
JPDLCode, which means any instance of WDLCode sub-class can be stored within the
intermediate code array instead. Furthermore, thhnadaddNewEnumeration@an be replaced by
the method specified in the Java code snippet e@finithin RDL grammar that binds the RDL
Parser and the Code Generator (see Code 2 Linas7a result, extending the Code Generation
implies defining a new class following the JPDLCodierarchy and implementing the related

“add*()” method to add an instance of the new sub-clafisetintermediate code array.

The JPDLCodeclass defines a set of helper services to emiXtie representation for a JPDL
Custom node that will be part of the reuse progeaph. A JPDL Custom node defines an action in
the process graph that can be carried out by a dmss, which in our case implements the
manipulation of a UML model element related to ttezise action. Code 3.a exposes the
NewEnumerationJPDlclass used to implement ti¢ewEnumerationcommand while Code 3.b
demonstrates the generated JPDL Custom node. thimtdewEnumerationJPDlclass extends the
JPDLCodeclass and uses the metremtJavaClassNanet Code 3.a Line 6, to indicate the qualified
name NewEnumerationHandlefsee Code 4) for the java class that will handie tiL model
manipulation at runtime. The JPDLCode sub-class dkfines two parameters to indicate the UML
Package that will contain the enumeration (CodeL8ha 4) and the enumeration name (Code 3.a
Line 5). These parameters are used in the custa® a® arguments passed to the constructor for the

NewEnumerationHandleglass ( Code 3.b lines 2 through 9)

1. public class NewEnunerati onJPDL extends 1. <cust om cl ass="NewEnumerationHandler" nanme="X"
JPDLCode { 2 <constructor>
2. publi c NewEnurerati onJPDL 3 <arg>
3. (String package_, String enunNane) ({ 4. <string val ue='package_' />
5. </ arg>
4. par ans. add( package_); 6. <arg>
5. par ans. add( enunNane) ; 7. <string val ue='enumName' />
6. set JavaCd assNane 8. </ arg>
(" NewEnuner ati onHandl er"); 9. </constructor>
7. set JavaMet hodName( " newEnuni') ; 10. <transition nane="toY" to="Y" />
8.} 11. </ cust on®
9.}

(a) (b)

Code 3 - Code to Configure the NewEnumeration contma
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Hotspot — Extending the Process Execution Machine

Once the JPDL code is generated it's time to add fieatures to the Process Execution Machine
component so that it becomes capable of manipgldtia new UML Model element properly. It's
important to remind the Process Execution Machsngeiveloped around a workflow engine that has
been tailored with some Java classes to deal wht Whodel elements. Thus, using the same
rationale of the Code Generation component, we hdexsed a set of classes that facilitate

extending the process machine through sub-classing.

The class diagram in Figure 16 illustrates some ehallements that compose the Process
Execution Machine component. We have developedldssRDLCommando implement a set of
services to facilitate executing the RDL commandhimi a process environment. For instance, it
allows accessing a shared symbol table that cantaintime elements such as program variables,
UML model elements, etc. In addition tRDLCommandlass declares an abstract method named
internalExecute(that should be redefined in a sub-class to prosjukxific implementation to the
command behaviour. On the other hand, the intefadernalActivityBehavioiis provided by the

workflow engine library to promote integration beln a Java object and the engine.

RDLCommand

+ InfernaiExecitel) | voidd

T ==interfacas=s=

ExternalActivityBehaviour
NewEnumeration

- - + aighalf) - ol
+ internalExecuted | woid + axacutel) | void

<]

’
¥

’
¢

MewEnumerationHandler

+ signal) : void
+ executed) : woid

Figure 16 - Process Execution Machine Component.

The classedlewEnumeratiorand NewEnumerationHandlédarkened) are also shown in Figure
16 to represent classes that implement the comioenaviour and the integration with the workflow
engine respectively. Furthermore these two clagkedrate how the Process Execution Machine

hotspot is extended through redefining proper naghim sub-classes. For example the method

34



internalExecution(Jat theNewEnumeratiorclass redefines the behaviour of the equivalernthotk
declared in super-clasd8DLCommand Code 4 illustrates the final implementation fbe class
NewEnumeratiorcontaining itsconstructorand theinternalExecutemethods. The constructor is
described from lines 6 through 10 and it essegtiatbres the parameters in the class current
instance. It is important to remind these paramnsetee the same used in the JPDL custom node

configuration (see Code 3.b lines 2 through 9).

The methodnternalExecute(described from Line 11 through Line 25 is prograatioally aware
of the command syntactic and semantic and therefare implement the sheer UML element
manipulation to realize the behaviour of the RDImosand. For instance, at Line 12, the method
uses that symbol table object to gain access éfesence to the UML package element which name
matches th® ACKAGE_PARAMarameter. This method also uses a libraryishasponsible for

manipulating the XML structure that representsuivd. model in memory (see Code 4 Line 23).

1. public class NewEnuneration extends RDLCommand {

2.

3. protected String PACKAGE_PARAM ;

4. protected String ENUM NAME_PARAM ;

5.

6. public NewEnuneration(String pName, String nanme) {

7. super (" NEW ENUVERATI ON') ;

8. PACKAGE_PARAM =  pNane;

9. ENUM_NAME_PARAM = nane;

10.

11. protected Object internal Execute()({

12. Package unl Package = (Package) synbol Tabl e. get ( PACKAGE_PARAM) ;
13. String enunName = ENUM NAME_PARAM

14. /1 Trimexcess quotes and spaces

15. enunNane = SupportLib. cl eanStri ng(enunNane) ;

16. if (enumName.startsWth("?")) {

17. enunmNanme = SupportLib. pronptUser (" Type the Enuneration Nane : ");
18. }

19. if (!SupportlLib.isValidl D(enurName)) {

20. System out. println("Enuneration Nane Invalid.");

21. return null;

22. }

23. return UM_Mbdel RAM newEnurrer at i on(urmi Package, enunNane) ;
24. }

25. }

Code 4- Class NewEnumeration.

Figure 16 also contains the claséewEnumerationHandler.This class extends the
NewEnumeratiortlass and implements tieternalActivityBehaviouinterface to provide a smooth
integration between the code that implements theV\NENUMERATION command and the

workflow engine. The integration happens in two elsy Firstly the name
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“NewEnumerationHandlémwas used when extending the JPDL Code Generdiitspsot at Code
3.a Line 6 to indicate the name of the class thiltrealize the command at runtime. Secondly, the
implementation for methodsignal() andexecute(handle the exact moment (Code 4 Line 9) when
the JPDL custom node is executed and re-routexbeudon flow to theNewEnumeration.execute()
method (Code 4 Line 13) respectively.

1. public class NewEnunerati onHandl er extends NewEnuneration inplenents
Ext ernnal Acti vi t yBehavi our {

2.

3. publ i c NewEnuner ati onHandl er (String pNane, String nane) {

4. super ( pNarme, nane);

5.

6.

7. public void signal (ActivityExecution execution, String signal Nane,
8. Map<String, ?> paraneters) throws Exception {

9. execution. t ake(si gnal Nane) ;

10. }

11.

12. public void execute(ActivityExecution execution) throws Exception {
13. t hi s. execute();

14. '}

15. }

Code 5 - NewEnumerationHandler implementation.

6.3 The RDL Program

Sections 6.1 and 6.2 have illustrated the ratiof@l¢he ReuseTool extension process. However,
in order to demonstrate the tool’s bootstrap apgrpghis section exposes the commented RDL

Program that is capable of extending the Reuseits®lf (Code 6).

1. COOKBOOX ReuseTool

2.
3. RECIPE nmain
4. A
5. /111l Extending Hotspot - Refining the non-terminal ip_expression
6. EXTERNAL_TASK("Mbdi fy the i p_expression production rule in the RDL.g grammar.");
7. EXTERNAL_TASK("Re-generate the RDL Parser and RDL Lexer.");
8.
9. /111 Extending Hotspot - JPDL Code Ceneration
10. // Add CodeGenerator Method to JBPMCodeGend ass
11. NEW METHOD( JbpnCodeGen, " ?");
12.
13. /] Create JPDL Class to handle code generation at package

org.reusetool . jpdl.transforner;
14. j pdl O ass = CLASS_EXTENSI ON(JPDLCode, or g. reuset ool . jpdl . transforner,"?");
15. /1 Define the constructor
16. NEW METHOD( j pdl Ol ass, "?");
17.
18. /11l Extending Hotspot - Process Execution Mchine
19. /Il Create Class to execute the command at at package

org. reusetool . pem reuseacti ons.
20. cndd ass = CLASS_EXTENSI ON( RDLCommand, or g. r euset ool . pem reuseactions, " ?");
21. /1 Define the constructor
22. NEW METHOD( cndCl ass, " ?");
23. /| Define nethod internal Execute()
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24. m = METHOD_EXTENSI ON( RDLCommand, cndd ass, i nt er nal Execut e) ;
25.
26. /] Create Cass to handle JBPM Call the command at at package
org. reusetool . jbpm pem reuseacti ons;
27. engi ned ass = CLASS_EXTENSI ON( cndCl ass, or g. r euset ool . pem r euseacti ons, "?");
28. /1 Define the constructor
29. NEW METHOD( engi ned ass, "?");
30. /1 1nmplement External Acti vityBehavi our
31. NEW REALI ZATI ON( cndd ass, Ext er nal Acti vi t yBehavi our) ;
32. /1 Define nethod signal ()
33. m = METHOD_EXTENSI ON( Ext er nal Acti vi t yBehavi our, engi ned ass, si gnal ) ;
34. ADD_CODE( engi neCl ass, m "execut i on. t ake(si gnal Nanme)");
35. /1 Define nethod execute()
36. m = METHOD_EXTENSI ON( Ext er nal Acti vi t yBehavi our, engi ned ass, execute) ;
37. ADD_CODE( engi neCl ass, m "t his. execute();");
38. END_COCKBOOK

Code 6 - ReuseTool Bootsrap Instantiation Program

7. RELATED WORK

In this section, we describe existing work on safvreuse related to framework instantiation,

product lines and model-driven architectures.

In (Johnson, 1992) the authors have proposed atsted specification to support framework
instantiation. They have introduced a template edalCookbook applied to a reuse document
expressed in natural language, which can be difficufollow because of the lack of a formal
underlying approach. Moreover, Cookbooks cannoprioeessed automatically, possibly leading to
inconsistencies in their definition. As an extensio Cookbooks, Hooks (Froehlich, 1997) also
provided a template for framework instantiationistasice which shares similar problems. Fred
(Hautamaki, 2006) (Villamaa, 2002) can be seen esvamped version of CookBooks and Hooks
where the authors de fine a Pattern based apptoaspecify goals that are related to framework

instantiation.

In the area of framework instantiation guidancetivecCookbooks (Ortigosa, 1999) advocate the
use of Software Agents to execute instantiationgldhe main issue with the HiFi (Ortigosa, 1999)
approach, which is an extension of Active Cookbormsk#hat it introduces non-standard notations
such as TOON (Ortigosa, 1999) into the applicati®mvelopment process. Such non- standard
approaches can add an extra burden to framewor&lafwent. In OBS (Cechticky, 2003) the
authors used a generative approach for framewatiantiation that shares some of the features of

our previous work (Oliveira, 2002). However, the ®Bpproach is based on ready-to-use blackbox
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frameworks, which restricts instantiation processesomponent configuration, and does not focus

on customization.

Product Line Architectures also lead to approatbesipport generation of applications from pre-
defined software components that can be confighes#d on a decision model (Atkinson, 2001). In
Gomaa (Gomaa, 2004) the author has presented ridqaehto develop Software Product Lines using
UML diagrams and Feature Models. However, the latkool support causes difficulties for
systematic adoption. Another initiative based oattiees model is the Generative Programming (GP)
approach described in (Czarnecki, 2004) (Antkiewi2p09), where the author proposes the
development of Domain Specific Modeling LanguageSNIL) as a means to generate programs
from high-level specifications and transformatioAama (Santos, 2008) also leverages on DSMLs
to foster framework instantiation. Although we shaome underlying principles with the Generative
approaches, we believe DSMLs should be anchoredrobust notation such as UML to avoid using

a multitude of languages to define a single system.

WebML (WebML, 2010) and WebRatio (WebRatio, 2014 approaches based on UML-based
Domain Specific Language that guides developersutit a set of pre-defined forms to collect
application-specific information to create Web Apations. In the WebML/WebRatio approach the
configuration knowledge is hard-coded into the tediich complicates its extension to incorporate
new types of reusable assets and extension pgastyThe work on Design Fragments (Fairbanks,
2006) encapsulates the framework extension peisitpart of goals the reuser must fulfil. Goals
describe all the code elements that should be mkatgal during instantiation with examples and also
expose some related framework underlying conc&msign Fragments is a code-based approach to
framework instantiation whilst ours is model-based.

OMG’s Model Driven Architecture (MDA) (MDA, 2010}kialso an attempt to systematize reuse
using UML (Unified Modelling Language), OCL (Obje€onstraint Language) (OCL, 2010) and
software transformations. The MDA approach can os®lelling languages such as UML to
represent software in a platform-independent maandrhave transformation programs to generate
code or platform dependent models. Our approadatesimany of the MDA characteristic but instead
of using a strict deterministic (Czarnecki, 20Q8)proach based on transformation languages such as
ATL (Atlas Transformation Language) (ATL, 2010)ewise an interactive process in which the

reuser can Ieverage on.
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8. CONCLUSIONS AND FUTURE DIRECTIONS

In this paper we present the ReuseTool, which isfastructure to facilitate the instantiation of
Object Oriented Frameworks. The tool is based @nititeractive model-to-model transformation
(Czarnecki, 2003) approach, where the framework ehasl tailored with application specific
increments to create the application model. Theractive transformation process is specified with
RDL (Reuse Description Language) (Oliveira, 20@#fd executed by a bespoke extension to JBPM
workflow engine (JBOSS, 2010). By an interactivansformation we mean the instantiation
process can request the reuser information on b@sapt an extension point at reuse-time.

The ReuseTool operates on UML models and was imgiésd using the Eclipse UML2 plugin
(UML2, 2010). We have also used ANTLR (Antlr, 2010)implement the RDL-to-JPDL (JPDL,
2010) compiler. It is important to mention the Relsol is based on an extensible architecture that
is itself an object oriented framework and can tepsed to handle other types of reusable artifacts
than UML models. In fact, as part of our future lyore plan to devise a concept of Reuse Contracts
that integrates a Reusable Artifact Model, a Ré&useess Specification and Reuse Constraints as an
extension to the Reusable Asst Specification (RASAS, 2010). Conceptually, the Reuse Contract
will allow the representation of reuse processrémsable assets such as Aspects (Santos, 2007) and
other Software Process concepts. We also plaortduct an experiment based on (Juristo, 2001) to

collect valuable feedback from end-users.
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