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Abstract

The paradigm of Aspect-Oriented Programming isentty being studied and matured. Many aspect-
oriented languages have been proposed, includingcObeams for Java (OT/J). However, to date

few studies were carried out to assess the cotiwibof the various languages available and compare
their relative advantages and disadvantages. Theo#ithis dissertation is to contribute to fill $hi

gap.

In the past, implementations of design patterndava and Aspect] were successfully used as case
studies to derive conclusions on the relative athges and disadvantages of the language under
consideration. This dissertation follows this ammio, with the development of a suitable collection
of examples based on the well-known Gang-of-Fosigiepatterns.

Two repositories of implementations in OT/J of twmplete collection of 23 Gang-of-Four design
patterns have been developed, to be used as aftasisbsequent analysis. The scenarios used for
the examples are based on Java repositories bgendent authors, freely available on the Web.

Based on the repositories developed, an analysihefmodularizations obtained with OT/J is
presented and compared with the results obtained dava and AspectJ.

OT/J provides direct language support for 3 ofghterns. 20 patterns yielded separate modules for
the patterns, of which 10 modules proved to beaigles Only in 1 of the patterns, no significant
differences between Java and OT/J were obtained.







Resumo

O paradigma de programacao orientada a aspectda ae encontra a ser estudado e maturado.
Presentemente existem varias linguagens orientadapectos, incluindo a linguagem Object Teams

for Java (OT/J). No entanto, até a data, existeoc@® estudos sobre a possivel contribuicdo das
varias linguagens existentes, assim como uma catgardas suas vantagens e desvantagens
relativas. O objectivo desta dissertacdo é de ibomtipara preencher esta lacuna.

No passado, a implementacdo de padrdoes de concepcdava e AspectJ foi utilizada com sucesso
em casos de estudo para tirar conclusdes sobragearst e desvantagens das linguagens usadas. Esta
dissertacdo segue esta abordagem, com o desenenteide um conjunto de exemplos adequado,
baseado nos conhecidos padrdes de concepcao deoGaagr.

Foram desenvolvidos em OT/J dois repositdrios cetapldo conjunto dos 23 padrdes de concepcao

do Gang-of-Four, que sdo usadas nas analises sidnses} Os cenarios usados para 0os exemplos sao
baseados em repositorios Java elaborados por autaliependentes, e encontram-se disponiveis na

Web.

Com base nos repositorios desenvolvidos, uma analss modelarizagcdes obtidas no OT/J é
apresentada e comparada com os resultados obtiddava e AspectJ.

O OT/J oferece suporte directo da linguagem a 3 p#mkdes. 20 padrdes produziram maodulos
separados para os padrdes, modulos dos quais lIewgdzaveis. Apenas para 1 dos padrbes ndo
foram obtidas diferencas significativas entre a&erJava e a em OT/J.
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1. Introduction

Aspect-Oriented programming (AOP) is a recent pgradstill subject of research and maturation.
Multiple programming languages following the AOPrgaiigm have been proposed. However, few
studies have been taken aimed at comparing th&rexiBOP languages, in terms of strengths and
limitations of its constructs and mechanisms, adl we modularity potential. This document

approaches the AOP language Object Teams for JAVAJ), providing a case study based on the
implementation in OT/J of two repositories of ttedesign patterns [9], by the Gang-of-Four (GoF).
It aims at further increase the knowledge on mattylaapabilities of OT/J, as well as producing a
comparative analysis between OT/J and the AOP kgeuAspect]. Moreover, since OT/J is
backwards compatible with Java, some comparisanalao made with this language.

This chapter is structured in the following sectipsection 1.1 introduces the motivation for this
work; sections 1.2 and 1.3 present the problem digsertation proposes to solve, as well as the
proposed solution, respectively. The contributiohshis essay are listed in section 1.4, followgd b
rest of the document outline in section 1.5.

1.1 Motivation

The emerging of the Object-Oriented programming Bp@aradigm offered software developers the
means to look at systems as groups of entitiesrdaachactions between these entities. Although this
allowed developers to implement bigger and moreptmated systems in an easier way, the systems
developed were essentially built under a static ehatius if later modifications to the system were
needed it meant several hurdles. This happens dtieetdifficulty in separating into modules the
different concerns involved in a certain systemiclvimeans that minor changes in a system module
might require several changes in unrelated modAl@# is introduced as a paradigm to complement
the OOP paradigm, providing the means to modulaniasscutting concerns, i.e., concerns which are
scattered along several classes. Moreover, it atratlowing developers to dynamically modify their
system, without modifying the original system mqdeb it can easily grow to meet new
requirements.

The introduction of AOP paradigm was responsibletite creation of several aspect-oriented
programming languages [2], such as AspectJ and.@ID® languages offer several advantages to
the developer, mainly in terms of modularizatiom feusability. Despite these advantages, when
compared to OOP, AOP languages still lack matumnadiod are subject to research.

In contrast to AspectJ, few studies have been nadssess the OT/J language mechanisms and its
support for modularization of cross-cutting conser@T/J makes use of some mechanisms that are
not present in AspectJ, such as virtual classesfamndy polymorphism (see section 2.2), however
few studies exist to assess the advantages of dksegxe mechanisms in a AOP language. This
dissertation aims at providing a study about OBgabilities for modularity and reuse, as well as
producing a comparative analysis between OT/J aspket].



Design patterns aim at producing modular solutfongecurring programs in software construction.
Their implementation provides insights on both regtes and limitations of the languages in which
they are implemented. However, to the date, few piete repositories of design pattern
implementations have been produced. The produationew repositories of design patterns in
different aspect-oriented programming languageslavopen ways for several comparative studies,
for instance between different languages and laggfieatures, as well as studies on which language
constructs would provide better solutions for darfaoblems.

Case studies, based on pattern implementation, $izaeessful in bringing insights on the relative

advantages potential contributions of aspect-cgigrgaradigm and some programming languages
[10][21]. The work behind this dissertation invadvedeveloping case studies based on the
implementation of two design pattern repositorgessing the way for an analysis of OT/J support for

modularity, assessing its drawbacks and advantagesell as to produce a comparative analysis
with other programming languages, for instance Aspand Java.

1.2 Problem description

There are not many studies focused on comparingélative strengths and limitations of AOP

programming languages, as well as their potentiahfodularity. Even less studies have been done
with this aim focused on OT/J. One reason for thek |lof publications with this intent is the

inexistence of a complete repository of the Gokgiepatterns implemented in OT/J. Design patterns
aim at producing reusable designs, thus their implgation is a good case study which provides
insights of languages characteristics, speciallys¢horiented for reusability and modularity. A

complete repository of design patterns would prexédough material to produce a mature analysis to
the support for modularity offered by OT/J and was comparisons with other AOP languages.
Thus, the problem this dissertation aims at solugwghe lack of studies about the OT/J language
when compared to other AOP languages, as welleakath of code material to conduct these studies.

1.3 Proposed solution

Design patterns are reusable solutions for reagipnoblems in software design. Almost all of the 23
GoF design patterns have cross-cutting structusesyeen the pattern itself and the involved
participants in the pattern. Implementations okéheatterns prove perfect to assess the modularity
support of the language where the implementatioasdane, providing insights on the language
mechanisms used to support the design pattern mepl&tions.

For this dissertation two repositories of the GaSign patterns have been implemented in OT/J
These repositories are from independent authoranéfaann and Kiczales [11] (which has been

! Project eclipse/OTDT with implementations of both repositories can be found at:
http://ctp.di.fct.unl.pt/~mpm/OTIGoF.rar



completely implemented in OT/J) and James Coopk(tiigre are 5 patterns from this repository
missing in the OT/J implementation, see sectior), 3aBd are freely available on the web. Using
independent repositories, rather than creating egamples reduce the bias probability. These
implementations provide enough material to assasgotential for modularity of OT/J. Moreover,
one of the repositories, by HK, is available bathlava and AspectJ. This provides a first source of
material to assess the relative advantages anddckw of the language, when compared to Java and
AspectJ. Also, James Cooper implementations atersggically based on classes from the standard
Javaswing library, which permits analysing the OT/J capapilof handling systems with these
properties.

It has been chosen to implement two different rgposs in order to guarantee that a given patigrn
reusable, thus producing a better analysis to tippat for modularity offered by OT/J. For this
analysis, the implementations have been dividemlfmir distinct groups of reusability:

« Direct language support, grouping patterns for WhiXT/J mechanism provided a solution
inherent to the language;

» Reusable modularizations, for patterns that yiellegusable module;
* Non-reusable modularizations, for patterns whichrdit yield a reusable module;

* Same implementation as in Java, which holds pat#rat were offered no advantages with
its implementation in OT/J.

These four groups allow for an assessment of pattearacteristics that make a pattern reusable.
1.4 Contributions

The major contributions of this dissertation are:

* Implementation of two repositories (from indepertdaunthors) of the 23 GoF design patterns
in OT/J. These implementations serve as basishibbanhalysis and comparisons done in this
dissertation and pave the way for future studie®©oR].

* Analysis of the OT/J pattern implementations, fecusn OT/J support for modularity and
reusability, including design pattern code examplas respective class diagrams.

« Comparative analysis between results obtained WiliAJ pattern implementation and the
results obtained by HK with AspectJ pattern implatagon [11].

« Complete chapter on the language mechanisms arstigots of OT/J, including several code
examples from design patterns, which address tigubge constructs discussed.



1.5 Structure of this document

The rest of this dissertation is as follows: In piea 2 Object Teams for Java is described as an
Aspect-Oriented programming language and its mashenare discussed, providing illustrating
examples when necessary. Chapter 3 provides relé®amkground information for the analysis in
chapter 4, which analyses the pattern implememtatio OT/J in terms of reusability. Moreover, it
provides a comparative analysis between OT/J awa dad OT/J and AspectJ. Chapter 5 mentions
related work. Chapter 6 concludes this documenttackles the work that may be done in the future
with the material provided in this dissertation.



2. Object Teams for Java

This chapter is about the programming language é®@djeams for Java, OT/J, which implements
role-modelling [24][25][26] from OT/J programmingrguage perspective [12][17]. The use of roles
provides the means to a better separation of cnad@2], separating objects definition from their
behaviour. Thus, OT/J is introduced as a progrargrtanguage aiming at providing Java with the
means to modularize cross-cutting concerns [17]s l& programming language whose design is
influenced by object collaboration [12]. Moreovgquantification and obliviousness (see section 2.1)
make it aspect-oriented according to the definiporposed by Filman and Friedman [8].

The first sections of this chapter introduce somlevant concepts for OT/J. Section 2.1 shortly
describes Quantification and Obliviousness, genpraperties for a programming language to be
considered Aspect-Oriented. In section 2.2, insighte provided on Virtual classes and Family
Polymorphism, relevant OT/J mechanisms.

Throughout sections 2.3 to 2.10, the primary camesér and aims of OT/J are described and
discussed. Several code fragments are used tarallesthese constructs, enabling a better
understanding of the concepts and how to work @ifYJ. Except when explicitly stated, code

fragments are from an OT/J implementation of a agenof the Observer Pattern (originally by

James Cooper [3]), which uses the reus@liiserver Patterrmodule found at the OT/J webpage. In

section 3.5, the complete implementation codessutised. Section 2.11 concludes this chapter.

2.1 Quantification and obliviousness

Aspect-Oriented Programming (AOP) languages proth@eprogrammer the means to separate into
different modules the various cross-cutting conseof a system. As proposed by Filman and
Friedman [8], a programming language should hawe ftllowing characteristic in order to be
considered Aspect Oriented: being able to make tifiexh statements about the behaviour of
programs, keeping programs oblivious to aspect\neta Quantification allows for the possibility

of adding new aspects to a program, while obliviass is the property of keeping this program
unaware of aspects. A given piece of code is saletoblivious to the aspects if it does not inelud
any references or dependencies to aspects. Thissniieat no changes are needed in existing code in
order to add new behaviour to it.

Filman and Friedman separate the types of systamwhvallow quantifying over them in two types:
Black-box and clear-box systems. Black-box systems quantify over interfasespping around
system members with aspect-specific behaviour §8][Clear-box systems allow quantification over
parsed structure of system members, for examplantdying over all variables which occur in a
certain condition inside a cycle [8].

Quantified assertions are actions that should leewdrd when some circumstances are met. In other
words, areprogramming statements which state that when smmdition C occurs, on an existing



program P, some action A should be performedorder to provide the means to quantify over
existing programs, some aspects of the languagddhe considered:

* What kind of C conditions can be specified? (Ansimegection 2.6)

* How do A actions to be taken, interact with thesérg code in program P and to other actions?
(Answer in section 2.4)

* How are actions composed into existing code? (Angwsection 2.6)

* Over what elements of the base program can ondifgraAnswer in section 2.6)

* |s quantification possible at run-time? (Answes@ttion 2.6)

* How do different actions interact among each otlgardwer in section 2.4)

All these questions are answered in this chaptehe scope of OT/J.
2.2 Background on language mechanisms

2.2.1 Virtual Classes

In traditional OO programming languages like Jamager classesare classes declared inside other

classes, which are predefined at compile-time. Tiesins that, sub-classing the outer class will not
allow sub-classing its inner classes. Contraryh&sé, and analogously to virtual methods [6] (class
methods that can be redefined in subclasséas)jal classesare inner classes which can be

overridden and polymorphically redefined in subséss of its outer classes, and are subject to
dynamic binding [19].

Virtual classes are dependent of and accessileghrinstances of its enclosing classes. This means
that the actual type of a certain virtual classn$y known at run-time, since it is dependent & th
object used to access it [5]. Virtual classes heehasis for family polymorphism, which makes use
of an outer class to definefamily of collaborating inner classes. Family polymorphisndescribed

in 2.2.2.

2.2.2 Family Polymorphism

Family Polymorphism (FP) is used in several programg languages, such as gbeta [5], CaesarJ [20]
and OT/J [12].

Method dispatchs the mechanism which maps a method call to aifspemde block. During
compile time, compilers only have access to thecsséructure of programs, so they have no means
to check if the run-time type of the object is #zane declared in the code or if it is some subclass
this case, the actual method cannot be staticaligrchined and some kind of run-time binding must
take place, in order to determine which code ®uto

Late bindingis a feature found in all OO programming languagi@se binding assures that the exact
class type of an instance or the implementatiosoofie requested method is correctly selected at run-
time. Combining inheritance with overriding and swmering the use of late binding to assure
correctness of the chosen method implementatiotipdauces a feature calledolymorphism



Polymorphism is the possibility to have membersdifferent class types to be handled using a
common interface. In other words, it's the posgipibf several distinct classes to have different
implementations for the same method. Late bindimguees that the correct method implementation
or class type of the class instance calling thenotkts selected at run-time.

The next example will try to better explain the cept of polymorphism. Consider a class
TrainingProgram, which represents some kind oiing course program for employees of some
company (see Figure 1). Training programs may \yending on the employee position in the
company, thus, TrainingProgram may be sub-clas$ed,instance by ManagerTraining and
SalesmanTraining. TrainingProgram class implementsiethod startProgram() to start a certain
course, which is implemented or inherited by anyt®fsub-classes. The concept of polymorphism
supported by late binding allows for any Traininggham instance (for instance traininglnstance) to
call startProgram(), assuring that the chosen imelgation for startProgram() is the one associated
with traininglnstance actual class type. This featallows for all TrainingProgram instances to call
startProgram() and guarantees that the correct adeimplementation is selected at run-time.
Polymorphism enables extensibility of a given settf source code, since a given method call, in a
section of code, can be bound to multiple implemmgons, depending on the class instance which is
calling this method.

TrainingProgram

startProgram()

ManagerTraining SalesmanTraining

Figure 1 Hierarchy for polymorphism example

However, the client may need to capture relatiogisvben multiple objects. For example, consider
the existence of a hierarchy of employees, havingpleyee as super-class, and Manager and
Salesman as sub-classes (see Figure 2). Consstethal, in order to start a given training program
for some employee, the employee attending the eonmmsst be specified. This means that method
startProgram() from any trainingProgram instancastmeceive as argument an instance of Employee
class, becoming startProgram(Employee). Moreovss, dlient requires that managers receive a
manager training, and respectively, the same ftass®n. For instance, startProgram method on
TrainingProgram receives an Employee instance,eAiinagerTraining must receive an Employee
instance of type Manager. With traditional polymagm it is not possible to guarantee the later
requirement, i.e., it is not possible to captutatiens between several objects and their metheeks (



Figure 2). Requirements like this impose that pmogrmust not be seen as a class with some
methods, but rather asgaoup of relations between classe®., a collaboration between multiple
classes.

TrainingProgram

startProgram(Employee)
Employee

ManagerTraining SalesmanTraining

Manager Salesman

startProgram(Employee) startProgram(Employee)

Figure 2 Relations between multiple objects captured by traditional polymorphism

Family polymorphism (FP) is introduced as a mectranto support a multi-class perspective of
polymorphism, allowing one to represent relatioesMeen several classes. Collaborating classes are
encapsulated in a single object, knowrfamsily class representing a family of classes, i.e., a group
of distinct classes which collaborate with eacheotfsee Figure 3). As proposed by Erik Ernst [5],
one might think of collaborating classesadsibutesof an enclosing class. Collaborating classes are
inner classes uniquely owned by family classtances known asfamily objects Family objects
work as a package for concrete classes. Familyctshgge instances of some family class variant, but
it is not statically known which concrete class fignit is. Classes within a family class are virtua
classes, thus may be redefined. As referred il 2tRe actual type of virtual classes is only knatn
run-time, i.e., on the basis of the family objethis enables family classes to be redefined, which
means various variants of the family class may »dste Moreover, with virtual classes, static
knowledge about all the subfamilies of some famiass does not need to be propagated through the
whole system. FP must statically assure that withass family refinements, collaborative class
instances of different families are not mixed inagpiately at run-time, which would produce type
errors in the system. Since collaborative clastimes are owned by the family object, this must be
passed as argument to every method which makesfsass family relations, ensuring consistency
among collaborating classes. FP provides flexibilgince it is possible to create subclasses of
existing family classes, and safety, since it eestinat classes from different family implementagio
are not mixed.



Employee

Manager

TrainingProgram

startProgram(Employee)

Continuing with the TrainingProgram example, theerdl needed to guarantee that each
TrainingProgram instance would only collaboratenvabrrect Employee instances, i.e., startProgram
method on Manager/SalesmanTraining would receivargament a respective Manager/Salesman
Employee instance (see Figure 3). FP allows forctieation of a family class that represents the
relation between TrainingProgram and Employee eks3he family class may be sub-classed
redefining this relation, for instance creating anily class for each relation ManagerTraining-

Manager and SalesmanTraining-Salesman (see FigurBag¢h instance (family object) of these

family classes, maintains consistent collaboratetween instances of both TrainingProgram and
Employee, making sure that startTraining in eachiningProgram instance receives the according

Salesman

ManagerTraining

SalesmanTraining

startProgram(Manager)

startProgram(

Salesman )

Figure 3 Relations between multiple objects captured by family polymorphism

Employee instance as argument.

Managers

{abstract}
TrainingProgram

Employee

Trai ningProgram

startProgram(Employee)

/N

Salesmen

Manager

ManagerTraining

startProgram(Manager)

Salesman

SalesmanTraining

startProgram(Salesman)

Figure 4 Family classes created by Family polymorphism
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2.3Roles in Object Teams

The termrole is introduced exclusively in the context of OTRbles work as a way of supporting
different actions for the same object in differsittiations, a mechanism to describe the behavibur o
objects within a specific context of interactiorol&s provide the possibility to focus on a paréeul
aspect of dase objectind to refine its behaviour according to the ceinte which they are used.
Base objects are usually plain Java classes, wheBaviour is meant to be completely context-
independent. Contexts are modelled in OT/J withdbestructteam a new keyword introduced in
OT/J (not supported by plain Java), hence the mahject TeamsTeams are discussed in subsection
2.4. Further discussion of role modelling is ouths scope of this dissertation.

An example of roles played by an object, are tHéemint functions that can be played by some
person, Person, through the course of its lifetifieese functions are comparable to roles, since the
are refinements of the behaviour of Person. Thasetibns might change with time (are dynamically
composable), just as roles which mayémporarilyplayed by some base object. Person can play the
role of Student for some time in its life. When $ter finishes its studies, he will find a job andrst
playing the role of Employee. If Person would gatked, he would no longer play the Employee
role, but will still maintain its original behavioui.e., will still be a person, since this is tbere
behaviour of the base object. Similarly in OT/3jiwen role is played by a base object, within some
context. In OT/J, Person would be representedasea object, Student and Employee would be roles
played by Person and its lifetime would be the ewntvhere those roles would be played. For
instance, in the Observer implementation (see @e@&i4) Watch2LSubject class creates a window,
which is a base object for the role Subject thayplin the context of Observer pattern (see Code
Listing 1).

Roles can optionally be bound to a base object.ound roles work as normal auxiliary classes
within the context of the team module. Bound raes related to base objects via the OT/J reserved
word playedBy, which states that a role is played by instanédbebase class. For example, in the
Observer Pattern implementation (see section 8)ptse object Watch2LSubject plays the role of
Subject (line 2), in the context of WatchSubject:

01 public team class WatchSubject extends ObserverPatt ern{
02 protected class Subject playedBy Watch2LSubject {. .}
03 }

Code Listing 1 Binding a role to a base class example

Bound roles are attached to the base in a non-symemey. Base objects are not supposed to keep
track of the roles they are playing, i.e., they aloéviousto the roles. Otherwise, this would imply
that a base object would have to grow indefinitelknow all the roles which had it as its base sThi
allows for flexible multiplicity, since it enablesy number of roles share the same base object [17]
Base objects can play multiple roles at a giveretiklso, base objects can play the same role more
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than once, however, in order to maintain roles tifiable, base objects cannot play repeated rales i
the same context. In the remainder sections ofrépert the term role always refers to bound roles.

Role classes may declare fields and methods the sz as plain Java classes. For purposes of
posterioriintegration into existing systems, the scopes lefsrand its bases are non-overlapping, i.e.,
fields or methods with the same name may exisbth bbjects. Fields declared by roles are managed
by the role instances declaring them, in ordentmdathe need for base objects to grow dynamically.

The scope of a role is always context-dependeriesRare meant to be enclosed in their own module,
along with all context-specific state and behavi(ibhe constructs of OT/J were designed to achieve
this aim [17]).

2.4 Teams as context for Roles

A context for a set of collaborations is modelleddT/J with the use of special classes calzins
one of the key concepts of Object Teams [17]. Teprogide the capability of grouping roles that
collaborate with each-other within a given cont@#).

Teams unify properties of classes and packagesng,ea contrast to Java classes, mayadtie/e or
inactive However, teams share some properties of plaia dtasses, i.e., they have methods and
fields, can be extended through inheritance and lmagxplicitly instantiable with theew keyword.

Also Teams can be approached as Java packagesttsryccontain sets of classes (role classes). Any
inner class of a team is a role class. Teams miaywithin other teams, which also makes them roles
(in addition to being teams). Figure 5 illustrathe possible relations between team, role and base
instances.

ATeam

i

ARole

«playedBy» N
* 1

ABase

teamField
teamMethod()

Figure 5 Basic structure of a team containing a role played by a base
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As an example of team creation, a team WatchSybjetich extends the abstract team
ObserverPattern (see section 3.5), is declaredj tisenfollowing syntax:

public team class WatchSubject extends ObserverPat tern{...}

Code Listing 2 Definition of a Team example

Roles are confined to the team where they are itbesicimposing a strict discipline of encapsulation
Since roles are specific to a context, they aresnpposed to be referred to outside a team. Als®, 0
role is in the same team of other roles with whidhteracts, giving rise to a kind offamily of roles.
This is where OT/J makes use of the family polyrham feature [17], [12]. Team classes are the
family class, while team instances are family otgec

Given that teams work as normal classes, some dbinmheritance of teams should also be provided.
Teams’ inner classes are virtual classes. Sinaam is a class that encapsulates a set of classes,
family polymorphism (aided by virtual class propes) is used to guarantee type safe subclassing of
teams [12]. Teams may inherit from other teams,licitly inheriting all the roles the super team
implements. Role collaboration is supported by farpiolymorphism and made explicit in team
methods. Family polymorphism also guarantees ndtance encapsulation in team instances [13].

2.5 Translation Polymorphism

At run-time, retrieving the base instance of a mieetrieving a certain role played by a baseaimse
(navigating between role and base instances) isilples This navigation is done in such a way that
team methods do not mention any base classedeaen, context is fully implemented in terms of its
roles. Also, outside a team context roles are efetrred to, i.e., role classes need not to be e

in base packages [12]. OT/J allows for base ins®tw be provided in cases where role instances are
expected, and to return role instances where hastances are expected. The mechanisms that
support these substitutions between role and Inas@nices are described next.

Lowering

When there is need to pass a role instance outs&gdeontext of its containing team, this instarge i
loweredto, and passed outside team boundaries as itespomding base object. Lowering a role
(navigating from a role instance to its base) matter of following its playedBy link, since every
bound role is attached to a base instance. Loweesgmbles an up-cast in sub-type polymorphism,
where a class instance type is “moved up” in igsdrichy, yielding a super-class. In this case #seb
object of the role is returned, as if it were itgp@er-class. As up-casts, lowering is always tyge;sa
since if a role instance needs to leave the cordkxst team it is guaranteed to be bound to a base
instance (except for Externalized Roles, see se&id), which will be returned by lowering the role
In order to allow a role class to be explicitly lered, it must implement the interface ILowerable
(line 1 of Code Listing 3), and use the lower() hwet to return its corresponding base instance 8ine
of Code Listing 3):
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01 public class Role implements | Lower abl e playedBy Base{
02 public Base testLowering(){

03 return (Base) this. | ower();

04 }

05 }

Code Listing 3 Explicit role lowering example

In the previous example testLowering() method (I8)ewill return the base instance of type Base
which plays the role Role. Again, explicit lowerimgytype-safe since it must be implemented by a
bound role class.

Lifting

Navigating in the opposite direction, base to rolstance is calledifting. However, since a base
object may play many roles and it is oblivious o toles it plays, this is not as trivial as lowaegri
from the type-checking perspective.

Lifting takes place when a role instance from samoetext must be retrieved from a base instance.
This happens when a base instance is to enteotitext of a team; it iifted to the role instance it
plays in this context. In comparison with sub-typ#ymorphism, lifting would resemble a down-
cast, where a cast is performed from super-classilteclass, in our case from base to role instance.
But contrary to a down-cast, lifting is always tygefe, since at the time of the lifting translatidn
such role instance does not yet exist, one wiki®@matically created. To ensure that a base oigject
always lifted to the same role instance within sdeam, each team instance maintains a mapping
from base to role objects [12], which uses a bastance and a role type as a key to return as
attribute a role instance. Lifting can be seen asation:teaminstance X baselnstance X roleType =
rolelnstancei.e., a given role instance is identified bytifpe, the team context instance where it is
played and its base instance.

Lifting can be done either explicitly or implicitl§m the callin binding case). Explicit lifting inips

the need to use thas keyword. Continuing with the Observer Pattern exianfpection 3), one base
object may be added as an Observer of a certaije@ufihe team method addObserver (line 2 of
Code Listing 4) is to be used outside the teamestinso it accepts base instances as arguments,
which are lifted to its corresponding role instagge the team context, for instance Watch2LSubject
base instance is lifted to its Subject role. Ingiikee method, since it is within the team conteixis i
now possible to treat base instances as role ices$an

01 public <AnyBase base Observer>
02 void addObserver(AnyBase as Observer obs, Watch2LSu bject as Subject sub){...}

Code Listing 4 Explicit base lifting example

The syntax in line 1 of Code Listing 4 asserts thiayBase refers to any base object which plays the
Observer role in the context of this team.
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ATeam

lowering
=

ARole > ABase
lifting

Figure 6 Possible directions of the translations between role and base

Figure 6 illustrates lifting and lowering transtatj from base to role instances and vice-versa.

The rules that state what substitutions betweere evld base instances are allowed are called
translation polymorphisnil4], which makes use dhe lifting and lowering mechanisms. The main
goal of translation polymorphism is to produce raglaage that provides navigation from role to base
and vice-versa, as easy as changing views in sé-polymorphism. Mapping mismatching
structures (bases and its roles) provides ease witegrating individually developed components.
Translation polymorphism combines static and dywasfiaring, i.e., inheritance and dispatching
between instances (see section 2.6), respectifélgrefore, one must remember that the classes
involved in these translations, especially in tlifeinh translation, may be part of inheritance
hierarchies. This means that care must be takeanwrianslating a base to a role instance; base and
role classes may be related by a playedBy relatoh,base and role instances may be some sub-
classes of these classes. For instance, consigi@reF7. There is an abstract role AbstRole which ha
a sub-class role ConcreteRole inheriting from ftisTabstract role is bound to an abstract base-clas
AbstBase sub-classed by ConcreteBase. If theremethod that needs lifting from the base to the
role, one must pay attention to the dynamic typéhefbase instance, for instance ConcreteBase, so
that lifting works out by choosing the right rolgpé. Just looking at the static type of the object
would lift to the abstract role AbstRole class, ghivould not work. Looking at the dynamic type is
called smart-lifting Smart-lifting is the mechanism that handles djeeces between different
inheritance hierarchies of base and role classesnisiders the dynamic type of base instance in
order to dynamically return a role instance of thest appropriate role type during the lifting
translation [14]. Smart-lifting provides type safavhen translating from base to role instances,
considering the existence of inheritance hieraschide algorithm used for smart lifting is out bét
scope of this report.
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ATeam
<<playedBy>>
{abstract} playedsy {abstract}
AbstRole - AbstBase
ConcreteRole ConcreteRole

Figure 7 Role and Base hierarchies for smart-lifting example

Roles and their bases work as two sides of the sainme i.e., they represent different guises of the
same entity. But, an entity identity depends sotalythe context where it is required. A role fully
represents its base instance, within the contexh®fteam, and liftings and lowerings are handled
transparently by the system, avoiding the neeckmlicit navigation between entities. Control over
instance identity is given to the client with teameation and activation (as explained in sectiaf). 2.
These mechanisms assure that object schizophreggasection 3.4) is not an issue in OT/J, since
instance identity is handled transparently dependmthe context, which can be de/activated.

2.6 Bindings between roles and bases

The binding mechanisms discussed next are the peoseptible and relevant concepts, of the OT/J
programming language, for the programmer. Theséitgs are the constructs which allow a team to
have access to members, objects and events thataaing the execution of base objects, belonging
to the current context. Moreover, the existencalwtract methods in roles is possible, which are
bound to base members by callout bindings.

Callout Bindings

Roles may access both state and behaviour of #s8. BEhis means that, base fields and methods
might be shared with its roles, although accesthése, from the role instances, must be explicitly
declared. Sharing of base members is accomplispiddrivarding field and method access from a

role to its base. This is callectallout binding

Callout bindings are accomplished by lowering tlée rinstance to its corresponding base, i.e.,
following the playedBy link established betweenerahd base. Callout bindings allow for a role to
bind methods and fields from its base, i.e., tHe declares (or inherits) abstract methods anddiel
but these are implemented by its base. The rolds“cat” its base.

When calling out methods, simple forwarding to tiese object is established, which means that
method execution is requested by the role to the= lwbject and there is no information that the
method was requested by the role. This providegs dinaing the execution of called out base method,
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calls to the current objecthfs()) will return the base instance. Calling out methedth simple
forwarding solves the problem of broken delegaimdroduced in section 3.4.

Since callout bindings are to be seen from the sale, which calls out its base methods, these are
represented as a role method that is “forwardirige=a base method:

01 void update(Subject s) - > void sendNotify(String selectedColor) with{
02 /Imapping of arguments from Subject to String
03 }

Code Listing 5 Callout to a method example

In this code example, the update role method isdaded to base changeColor method and executed
by the base instance. For instance, this provitlas & role method can be executed as any base
method, which eases integration with existing @ass

Also, base fields may be shared by a role. To acadgld from its base, a role must declare a new
method which will either return the respectivedier modify it. In a callout to a field, the modifs
getandset will grant read or write access, respectivelysame field. For example, if there was need
to the role access the field _color in its bas&imse the following syntax would be used:

01 private abstract Color get Col or Fr onCol or Fr ame();
02 getColorFromColorFrame -> get _color;

03 Pprivate abstract void set Col or Fr ontCol or Fr ame(Color c);
04 setColorFromColorFrame -> set _color;

Code Listing 6 Callout to a field example

where getColorFromColorFrame(line 1) and setColorFromColorFramgline 3) methodswould
respectively, get (line 2) or set (line 4), thedo@isld _color.

When accessing its base fields, roles do not needriform to the field access modifiers declared at
the base class. This means that, even fields @eclaivate at the base class, can be accessed and/o
modified by roles played by instances of the bdagsc This is also true with base methods, i.eseh
may be shared with roles no matter what accessfiedare defined to them.

As expected, a concrete role extending an abstégtshould implement abstract methods declared
in the abstract class. Callout bindings allow rolescover abstract methods by forwarding their
execution to their base classes.

In both cases of field and method sharing, if ih@d explicitly stated, base methods and field$ wil
not be visible by the role. Thus, callout binding®vide great flexibility when sharing state and
behaviour from the base object, since it allows/ @tilaring methods and fields that are necessary to
the team context.
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Callin bindings

Overriding base methods within the role is alsosfms. Since one of OT/J's goals is ease the
development of modules farposterioriintegration into existing systems, methods magXicitly
overridden, i.e., methods may be overridden by odglwith adifferentsignature. Also, role specific
behaviour can be composed into base code.

To perform overriding, the binding direction thdtoslld be followed is from the base to the role.
Overriding is accomplished with the use céllin bindings Technically, callin bindings are
equivalent to triggers, in the way that they statken some conditiorhappens perforrthis actiori
(i.e., quantification as defined in section 2.13ll@ bindings involve implicit lifting of a basetits
role instance, in order to look up the correct folethe actual base object.

Callin bindings, eithereplacebase methods with role methods, or add role behabeforeor after
base methods. Replace, before and after are tbe fhwssible modifiers for callins. The replace
modifier, in a callin binding, states that someeébagethod should be replaced (overridden) by a role
method. In OO languages, in the context of regileritance, overriding methods can call the
original method with super-calls. Similarly, in aptace method, invoking the original method is
accomplished with base-calls (base.m() insteadipéism()). Replace methods must to be marked as
callin methods, in order to use base-calls.

Callin bindings work as a way of intercepting basdls, i.e., makejuantified statements about
existing methods, which remain oblivious to thecteEms/behaviour of the team. OT/J allows for
black-box type quantification. The callin modifiexter andbefore specify that an action should be
taken after or before, respectively, of tedled-in method. The “wrapped” methods work as a box
with unknown content. This technique provides OTré& flexibility of quantifying over class
methods, even when these are already compiledhemd ts no means to access their code. It is also
more likely to produce reusable and maintainabl#ed8]. Callin bindings allow great flexibility in
the integration of new aspects in existing programs

Callin bindings are represented in OT/J by:

role_method — modifier base_method;

Code Listing 7 Callin binding syntax

The <« symbol, states that the role is instructing itseéb&o “call into” its role. In the running
Observer Pattern example (section 3.5), some dalidings can be seen, for instance:

public void changeRadioButton(ltemEvent e){...}
changeRadioButton <- before itemStateChanged;
Code Listing 8 Callin binding example

In this code example, the role methdthngeRadioButtors executed prior to the base method
itemStateChanged
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When calling infout methods, method signatures bwgdjusted to conform to team context specific
needs, providing ease when working waposteriori integration into existing systems: Methods
may be shared with a different name; base methmahpeters and return values may be mapped. This
is done by awith sub-clause in the binding. Coming back to codargta Code Listing 5 where a
with clause (line 2) is used, one can see how parasnetgy be mapped:

01 String getColorFromSubject(Subject s){...}

02 void update(Subject s) - > void sendNotify(String selectedColor) wi t h{
03 get Col or FronSubj ect (s) -> sel ect edCol or
04 }

Code Listing 9 with clause example

In this example, Subject paramegsis mapped to a String to conform wiklectedColotype (line
3).

ATeam
A
ARole » ABase
0 callout > om1()
m2() <« alin bm2()

Figure 8 Representation of callin and callout bindings

Figure 8 illustrates the possible method bindithgtyween role and base, in OT/J.
2.7 Team activation

The context of interaction between role and baassels is made explicit in team classes. Not all
contexts are supposed to be active during the campixecution of some program. If some kind of
team context activation is provided, the relati@ween role and base instances may be established
and removed at run-time [17]. As stated in sec#igh teams may be either active or inactive.

Since callins are context-specific, in order teiept base calls, callins must be in active tedhs.
callin bindings from an inactive team are disatidgddefault. Activating a team enables all bindings
of roles within this team. Before and replace noallifrom the team that has been most recently
activated, are executed first, while after calkine executed last.

Teams may be activated either explicitly or implic[17]. The former is achieved invoking method
activate() (deactivate() for the inverse functioApain, team activation can be seen in the running
Observer Pattern example (section 3):
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01 WatchSubject ws = new WatchSubject();
02 ws. activate(Team ALL_THREADS) ;

Code Listing 10 Explicit team activation example

The Team.ALL_THREADS constant (line 2), states twatteam is active for all threads. Since in
this example Swing objects are used (which run dfferent thread), teams must be active for all
running threads.

Implicit activation occurs when the control flowters a team context. This happens whenever a team
method is invoked. The team instance will be actinél the method terminates its execution. All
callin bindings of this team roles will succeed lhihe team method is executing. Even when a
client is unaware of the existence of roles, whdérase method is invoked there might exist a role in
some active team which might affect the behaviduthe base object. Team activation and callin
bindings assure that, role changes its base obgwviour, even if a client is oblivious about the
existence of roles [12]. On the other hand, aldlmwatbindings only occur when the enclosing team
of the role is active. Team (context) activatiomydes great expressiveness, stating where objects
should play certain role.

A team may be declarestatic if it should be active during the complete prograexecution. This
team will permanently modify the program behaviduio. instances of this team may be created, and
all its features are static features. Since thentisgpermanently active, all callin bindings ofstieam

will be woven into the program, except if some gupredicate prevents the callin to be performed,
thus preventing entry on the team context, maiimgithe base behaviour unmodified.

2.8 Guard Predicates

Sometimes, base behaviour should only be affecyaalpbs if some conditions are fulfilled that can
only be evaluated at run-time. OT/J introducesrtbgon of guard predicate§16] as the means to
control the activation of callin bindings. Guarcegicates can be defined at team, role, role method
and role method binding levels. Guard predicatescanditional expressions that verify whether a
certain part of an aspect should be composed iase lasses. Guard predicates are defined either
referring to the role or to base instance.

As an example of a guard predicate, the base opjetihe Observer example in section 3.5) would
only play the Subject role, if the selected colmass different than red, i.e., it would only be abvsel

if a different colour was chosen. The itemState@ednbase method would only be affected by the
callin if this condition succeeded. This conditisrspecified at role method level, with the uséhef
whenclause (line 3 of Code Listing 11):
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01 protected class Subject playedBy Wat ch2LSubj ect {

02 public void changeRadioButton(ltemEvent e)

03 when (((JRadioButton)e.getSource()).getText() !=" Red")
04 {

05 if (e.getStateChange() == ItemEvent. SELECTED)

06 selectedColor = ((JRadioButton)e.getSource()).ge tText();
07 this.changeOp();

08 }

09 }

10 changeRadioButton <- before itemStateChanged;

11 }

Code Listing 11 Guard Predicate (at role method level) example

2.9 Externalized Roles

As referred in section 2.4, role instances aresapposed to leave the context of their enclosiamte
i.e., be referenced outside the team where theycra@ed. The reason for this strict discipline of
encapsulation is that roles are context depen@et,therefore roles from different teams could be
mixed, giving rise to inconsistencies. However,eptions are permitted, as it may be necessary to
make roles visible outside their enclosing teamsame cases. Roles used this way are called
externalized roles

Externalized roles must meet strict typing rules,atvoid inconsistent mixing of roles. Roles are

context dependent, thus, even outside their emgogam they must be denoted as relative to its
team instance. Externalized roles use the conddptroly polymorphism (see section 2.2.2), where a
role is dependent of its team instance.

To maintain type consistency of an externalizeé,rtiie team instance to where it belongs must be
immutable i.e., marked adinal [5]. Teams are used #gpe anchorq14], ensuring that a specific
externalized role type stays dependent of the gbntdere it belongs. Anchoring a role type to a
team is achieved by declaring a variable of thdreésrole type, specifying its enclosing team
instance:

final ATeam myTeam = expressi on;

ARoleType<@myTeam> myRole = expr essi on;

Code Listing 12 Externalized role example

Since roles may be passed outside their enclosamg,tthey may also be passed back inside. If a role
type is argument of a team method, this role tygpanchored to this team. Consequently, team
methods with roles as arguments must receive ngkamces anchored to the team itself.
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A good example for the need to use externalizeesr the Adapter pattern. The aim of this pattern
is to adapt a certain class interface to conform atwther interface the client expects.
Implementation of this pattern is relatively stiafgrward, since roles can implement interfaces and
access their base class methods. As such, in wréelapt a given class, a role Adaptee is creatdd a
bound to the class to adapt. This role implememdsiniterface expected by the client, and delegates
its methods to the existing base class methodsrdar to make this role accessible to the clidnt, i
must be externalized from its enclosing team, waglds the adapted class.

For instance, consider the HK [11] example for fhagtern. In Code Listing 13 the respective OT/J
code for this example is shown. HK example aimfdspting the interface dystemOutPrinter
class, which can print strings to System.out, tofaon to interfacéWriter. SystemOutPrinter uses
methodprintToSystemOut(String &) print strings, while the client expects to ¢akwrite(String s)
method from Writer interface, for the same effeélhus, a role Adaptee implementing interface
Writer is created and bound to SystemOutPrintee(2), which delegates the implementation of its
method to the base class (line 3). To create ties the base class SystemOutPrinter is passeatkinsi
the team context, being lifted (line 5) to Adaptede. This role is then externalized (line 15),
allowing the client to access its methods (line, ¥@)ich conform to the interface the client expects
As referred above, the externalized role is denatecklative to its team instance (lines 14-15).

01 public team class PrinterAdapterTeam{

02 public class Adaptee implements Writer playedBy Sy stemOutPrinter{
03 write -> printToSystemOut;

04 }

05 public Adaptee getAdaptee(SystemOutPrinter as Adap tee adaptee){
06 return adaptee;

07 }

08 }

09

10 public class Main {
11 public static void main(String[] args) {

12 private SystemOutPrinter classToAdapt = new Syste mOutPrinter();
13

14 final PrinterAdapterTeam pat = new PrinterAdapter Team();

15 Adaptee<@pat> adaptedClass = pat.getAdaptee(class ToAdapt);

16

17 private Writer myTarget = adaptedClass;

18 myTarget.write("OT/J Test successful.");

19 }

20 }

Code Listing 13 Adapter example

2.10 Confinement

Object confinement strives for a kind of alias cohtvhere certain objects are owned by another
object, which has exclusive access to its elenébis
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As referred in 2.4, and following family polymorghi rules stating ownership of inner classes by
family objects, roles are owned by their enclostegm. Also, as stated in 2.9 roles can be
externalized, thus it may be necessary to enswaectrtain roles will be confined in its enclosing
team, i.e., will not escape its scope. Role comfiewet should provide the enclosing team the prigleg
of being the only object with access to its rokestiires.

OT/J provides mechanisms to ensure strict role iwenfent and strict encapsulation of
representation. The former guarantees that certde objects are completely inaccessible from
outside the context of its team. In some cases, approach may be too extreme. Thus, the latter
mechanism defines the enclosing team as the umiguer of certain roles, while allowing external
objects to access their representation but notowifynthem.

The mechanisms referred above are put into userdity extending clas€onfinedfrom package
org.objectteams.Team or implementii@onfined interface, creatingconfined and opaqueroles,
respectively.Confined rolesguarantee that no object outside the enclosing tedl ever have a
reference to this role, whilepaque rolesan be passed outside a team instance while agsinat
external clients cannot access any features ofdles These mechanisms provide sufficient means to
ensure different levels of role protection by teams

Memento pattern proves to be a good example ofuiee of role confinement. In section 4.2 a
concrete implementation of this pattern, using oamles, is described.

2.11 Concluding Remarks

OT/J offers the means to improved separation oteors, distinguishing object definition from its
behaviour in different contexts. Mechanisms use®byJ which AspectJ does not have, for instance
family polymorphism, seem to provide better supgortclass collaboration. OT/J seems promising
as a means to handle pattern implementation irffereat and modular way.
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3. Background to the study

This chapter presents some background informatsea dor this dissertation. Section 3.1 introduces
the notion of design patterns and describes tliras.e5ection 3.2 provides a summary of the study by
Hannemann and Kiczales, focused on design patterplementation in AspectJ and Java
programming languages [11]. Section 3.3 providbsef description of the design pattern repository
by James Cooper implemented in Java [3]. Objegzgphrenia and broken delegation problems, are
presented in section 3.4, as hurdles which appéhrdesign pattern usage. Section 3.5 presents an
implementation of the Observer pattern in OT/J,olvhises an already existing reusable module.

3.1 Gang-of-Four Design Patterns

Software design, as a part of computer science,aitails problems to be solved. There are a skvera
types of design problems that keep recurring inwsok design, which have already been solved,
only the context where they happen is differentcuReng problems may be solved with a pattern
solution which worked to solve similar problemsthin different contexts. These solutions are called
design patternsA design pattern describes a recurring desigblero, and systematically explains a
solution to this problem, describing when to apiiig solution and the consequences it entails [27].
Design patterns aim at producing reusable designsyfstems with crosscutting concerns, helping
developers to save time when designing softwareebiceer, design patterns are not new and untested
solutions to problems. Rather, they are proven eptscthat survived over time and lots of try-outs.

The GoF is the name usually given to the grouputti@s, Gamma, Helm, Johnson, and Vlissides, of
the widely cited book on the subject of designgratt [9]. This book introduces 23 different design
patterns for common problems in software design.

One way to evaluate both strengths and limitatwinthe aspect-oriented programming languages is
implementing design patterns and analysing thelteesibtained. Case studies, based on pattern
implementation, have been successful in bringirgiyghits on the relative advantages and potential
contributions of aspect-oriented paradigm and s@mugramming languages [10][20]. Moreover,
since design patterns aim at producing reusabligrésr a system with crosscutting concerns, they
are a good case study to assert the potential fudufarization of the language where they are
implemented.

To date, few complete repositories of design patiemplementations have been produced. The
production of new repositories of design pattemglifferent programming languages would open
ways for several comparative studies, for instabeéveen different languages and respective
language features, as well as studies on whichukegegy constructs would provide better solutions for
certain problems.



24

3.2 The study by Hannemann and Kiczales

This section summarizes the study by Hannemanh @) on design pattern implementation in
AspectJ and Java programming languages [11]. Thi¥ysasserts the improvements introduced by
the implementation of design patterns in Aspectkmcompared to Java, with the implementation of
a complete repository of the GoF design patterrsoth programming languages (freely available on
the web). The study by HK provides comparison nitand introduces metrics that are used in the
present study.

Hannemann et al. say that benefits are mainly dioited in AspectJ pattern implementation by
inverting dependencies.e., making pattern code dependent of parti¢ggpaather than the opposite,
maintaining dependencies contained in the pattede.cBenefits introduced alecality, reusability,
composition transparen@nd(un)pluggability These benefits are discussed in this section.

If a participant instance or class is free of pati&pecific code, making it oblivious about playing
some role in a pattern, it can be used in diffecmtexts without being modified. Adding it to or
removing it from a pattern instance can be donsilmply removing the pattern-related module from
the system and performing a new build, which matkes participant(un)pluggableas well as
reusable In order to benefit from this, the participantsthe pattern must have functionalities and
responsibilities outside the pattern context, tlee, roles they play must Iseiperimposedl11]. For
instance Observer and Subject roles in the Obs@atern are examples of such roles. Participants
are not restricted to a single role or patternainsé since they have a meaning outside the pattern
context. Roles played by participants that havéunctionality outside the pattern are calbfining
roles.

Design pattern modularity, achieved by maintainmgdules that exclusively contain pattern code,
allows for better documentation, as well as, eagntification of what patterns are being used in
certain system. Since all code related to a pateemaintained in a single module, i.e., the patter
description islocalized the core parts of pattern implementation may lstracted into reusable
code. Pattern code becomes itself (un)pluggablecesiexisting participants can be promptly
incorporated into a pattern and if any changesaoessary, these are to be performed in the pattern
instance, not in the participants. Localizing pattenplementation makes its presence and structure
more explicit, allowing for global policies to basly imposed to patterns. Moreover, it allows for
multiple instances of the same pattern, as wellddferent patterns, to co-exist in an application
without being confused, i.e., makes pattern ingaoomposition transparent

Hannemann et al. analyse all GoF patterns in questi the following criteria: locality, reusability
composition transparency and (un)pluggability. Thiigtinguish between patterns with defining
roles, superimposed roles and both. It is conclutthed in patterns with only defining roles, no
benefits are introduced by the AOP language Asp&rtlhe contrary, in patterns with superimposed
roles (or both), which crosscut other classes dtii@n the pattern classes themselves, potential for
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modularization exists, benefiting of all or almadt the modularity properties referred (locality,
reusability, composition transparency and (un)paliigy).

For the pattern implementations in OT/J, the cotgepsuper-imposed and defining roles allow for
an a-priori identification of which patterns have potential fmodularization, i.e., may produce
reusable modules. Moreover, concepts such localitych permit one to achieve reusability and
(un)pluggability, are important when implementirgftprn examples (see section 4), as well as, to the
conclusions drawn at the implementations analysis.

The present study differs from the one by HK, sirfmsides analysing the OT/J language
performance given the pattern implementations, raiwd a comparison between OT/J and
programming languages AspectJ and Java. The basdki$s comparison are the existing design
pattern repositories in both AspectJ and Java [&&]well as the implementation of the same
repository in OT/J (implemented for this dissedaji

3.3 The James Cooper repository

The design pattern repository by James Cooperesepted in James Cooper book [3]. This book
provides and discusses Java implementations &f3l&oF design patterns.

This repository differs from the one by HK [11]nse all 23 Java design pattern implementations by
James Cooper are systematically based on classes tfre standard Javawing library. These
implementations provide material to assess OT/Aluépes to handle examples with graphical
objects, proprietary classes (such as the Jswiang library) and several threads running
simultaneously.

Although the intent of James Cooper pattern implaateons well serves the above mentioned
purpose, the existing Java code does not followoadgcoding style. For instance, in several
implementations the main method and GUI functidiesiof the example are all in a single class.
This goes against good OOP coding style, since siaglte class should maintain a single scope of
functionalities. For this reason, some refactohag been done by Miguel P. Monteiro to the original
Java code presented in James Cooperbaaice good OOP coding style is essential to ap@y

to any example [28].

A few patterns from this repository (Builder, Faga&actory Method, Interpreter and State) have not
been implemented in OT/J, since their original cadeld need a lot more refactoring than the other
examples.

? Refactored version available as an eclipse/JDT project at: http://ctp.di.fct.unl.pt/~mpm/PatternslamesCooper.rar
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3.4 Object schizophrenia and Broken delegation problem

Sometimes patterns introduce extra complexity & phoblem to be solved. One cause for extra
complexity isobject schizophrenija.e., splitting what initially was supposed todsingle object [4].
For instance, several patterns encapsulate antobigen another, for example the Decorator which
decorates an object, by wrapping it with a new dies creates an indirection between the wrapper
and the original object. Thus two object identitiegst be maintained, causing extra complexity and
increasing the possibility of errors to occur, &ample passing the encapsulated object identity to
the outside of the wrapper. This also introducegr@blem calledbroken delegationWhen an
algorithm is part of an object and it must sen@guest to the object it is part of, it will calletiself
variable. If the algorithm is called by the wrappérject, again extra complexity is introduced, hgvi

to provide the algorithm the information it needsni the original object. Object schizophrenia and
broken delegation problems are no hurdle in OB &xlained in sections 2.5 and 2.6, respectively.

3.50bject Teams example

The team class presented in this example is a emn@émplementation of the reusable Observer
Pattern module. This example is originally takemnfrthe James Cooper book [3], and subsequently
refactored by Miguel P. MonteitoThis reusable module has been found at the O&hpagé and

is shown here has an example of an existing OTitdmpeexample.

The Observer reusable module declares two abswéed, Subject and Observer, to be played by
base classes. The Subject role maintains a ligsdbservers (line 3 from Code Listing 14), and
provides methods for adding (line 4) and removilinge(9) them. Whenever there is a state change,
Subject calls the changeOp() method (line 14) whigtifies the Observers of this change (variant for
multiple changes in one method call has been omjitfEhe Observer role provides interface of an
update method (line 20), called by changeOp(),dadalized into a base method when there is a
Subject state change. Besides declaring thesedlgs, ithis abstract team declares a method to add
an Observer to a certain Subject (line 22).

01 public abstract team class ObserverPattern {

02 protected abstract class Subject {

03 private LinkedList<Observer> observer s = new LinkedList<Observer>();
04 public void addQoser ver (Observer o) {

05 observers.add(o);

06 }

08 public void renoveObser ver (Observer o) {

09 observers.remove(0);

These refactorings have been made with the intent of conveying more structure to the GUI related existing code, since this was
initially in a flat form, i.e., all the members were at the same level in a single class.

4 http://www.objectteams.org/
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10 }

11 public void renoveAl | Gbservers(){
12 observers.removeAll(observers);

13 }

14 public void changeOp() {

15 for (Observer observer : observers)

16 observer.update(this);

17 }

18 }

19 protected abstract class Observer {

20 abstract void update(Subject s);

21 }

22 public void addObserver(Observer obs, Subject sub) {
23 sub.addObserver(obs);

24 }

25 }

Code Listing 14 Observer pattern reusable mode

This concrete implementation of the Observer iseaample already existing in Java, by James
Cooper. For this example, using Java Swing objéletse windows are created. Watch2LSubject has
three radio buttons which allow for the selectidnaocolour. This will be the base class for the

Subject role, and a state change occurs when aolewr is chosen (line 5 from Code Listing 15).

01 public class Watch2LSubject extends JxFrame impleme nts ItemListener{
02 /ldeclaration of private fields

03 public Watch2LSubject(){...}

04 private class RadioButtonsGroup extends Box {...}

05 public void itemStateChanged(ltemEvent €) {...}

06 }

Code Listing 15 Class Watch2LSubject, which plays Subject role

The other two windows, WindowListFrameObserver &@wlorFrameObserver will change their
appearance according to the selected colour in WZaRubject. Thus, they play the role of
Observers. Both classes have a sendNotify methiogls(4 and 9, respectively, from Code Listing
16), where update actions to state changes inuhg@&, should be taken.

01 public class W ndowLi st FrameQbser ver extends JFrame{

02 /ldeclaration of private fields

03 public WindowListFrameObserver () {...}

04 public void sendNot i fy(String s) {...}

05 }

06 public class Col or FraneCbserver Cbserver extends JFrame{
07 /ldeclaration of private fields

08 public ColorFrameObserver Observer () {...}

09 public void sendNot i f y(String color) {...}

10 }
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Code Listing 16 Classes which play Observer role

These three classes work as base classes forl#iseSubject and Observer in team Watch2LSubiject,
which extends the reusable module class ObsenterRatWatch2LSubject plays the Subject role
(line 2 from Code Listing 17), and when a statengeaoccurs (itemStateChanged on base class)
changeRadioButton is called (line 12) which calfglate on Observers (line 9). Observer role is
played by ColorFrameObserver and WindowListFrame®ies classes (lines 15 and 20-21). Update
method on these classes will call-out sendNotifyhroes on the base classes (lines 16, 22), mapping
the entry parameter from Subject to String to agmtd base methods signature (lines 17, 23).
addObserver and remObserver methods, which resplctidd and remove Observers from a certain
Subject, receive as arguments base objects whaghtpe role of Observer and Subject. These are
lifted to the corresponding roles in order to waiikhin the team (lines 27, 31).

01 public team class Wat chSubj ect extends ObserverPattern{

02 protected class Subject playedBy WAt ch2LSubj ect {

03 private String selectedColor = "none";

04 public String getSelectedColor() {...}

05 public void changeRadioButton(ltemEvent e){

06 if (e.getStateChange() == ItemEvent. SELECTED){

08 selectedColor = ((JRadioButton)e.getSource()).g etText();
09 this.changeOp();

10 }

11 }

12 changeRadioButton <- before itemStateChanged;

13 }

14 private String getColorFromSubject(Subject s){...}

15 protected class Col or bnser ver extends Observer playedBy ColorFrameObserver{
16 void update(Subject s) -> void sendNotify(String selectedColor) with{
17 getColorFromSubject(s)->selectedColor

18 }

19 }

20 protected class Col or Li st Obser ver extends Observer playedBy

21 WindowListFrameObserver {

22 void update(Subject s) -> void sendNotify(String s) with{

23 getColorFromSubject(s)->s

24 }

25 }

26 public <AnyBase base Observer>

27 void addObserver(AnyBase as Observer obs, Watch2LSu bject as Subject sub){
28 sub.addObserver(obs);

29 }

30 public <AnyBase base Observer>

31 void remObserver(AnyBase as Observer obs, Watch2LSu bject as Subject sub){
32 sub.removeObserver(obs);

33 }

34 }

Code Listing 17 Concrete implementation of Observer reusable module
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In the Main class, the team and base instancesreated (lines 3, 5-7 from Code Listing 18), the

team instance ws, is explicitly activated (linead)d the base objects which play the Observer role,
cframeObs and lframeObs, are added as observére gubject (lines 8, 9), which is represented by
the base object Watch2LSubject which plays the &lople.

01 public class Main {
02 public static void main(String[] args) {

03 Wat chSubj ect ws =new Wt chSubj ect ();

04 ws.activate(Team.ALL_THREADS);

05 Watch2L Subject subject = new Watch2LSubject();

06 ColorFrameObserver cframeObs = new ColorFrameObse rver ();

07 WindowListFrameObserver IframeObs = new WindowLis tFrameObserver ();
08 ws.addObserver(cframeObs, Watch2LSubject);

09 ws.addObserver(lframeObs, Watch2LSubject);

10 }

11 }

Code Listing 18 Main class of the Object Teams Observer implementation

Although there are more classes involved, this @m@ntation is easier to comprehend than the Java
version by HK [11], since it introduces a bettepa@tion of concerns. It separates the windows

specific code from the roles they play, i.e., frtm Observer pattern code, producing a much more
readable and understandable code.
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4. Analysis of the implementations

This chapter provides an analysis of the patteplementations obtained in OT/J.

To ensure consistency, two complete Java pattgosi®ries from independent authors have been
implemented in OT/J. Since one of the aims of tiuelys presented in this document is assess the
support for module reusability in OT/J, having tdifferent scenarios, guarantees consistency in
terms of reusability. Moreover, the choice of impenting already existing examples, rather than
creating new ones, guarantees non-biasing.

The two repositories chosen to be implemented ild@ile the following:

* The HK repository [11], since functionally equivalemplementations in Aspect] are also
available. This provides a first source of matefial comparisons between both AOP
languages (AspectJ and OT/J), one of the aimsiofittument.

* The collection by James Cooper [3], because sanf&om this repository are systematically
based on classes from the standard dawaglibrary. Invasive composition on such classes is
not supported (see section 4.6.2), which posediaddi hurdles. As a consequence, criteria
for categorizing a given module as reusable (setose4.3) are rather stringent and have an
impact on the results presented in this chapter.

Patterns have been divided into a few groups, whedmed to best provide information about the

capabilities of OT/J in different scenarios, andcdssed in the scope of the group where they are.
These groups focus on assessing language suppospéaific patterns and whether a successful

modularization was attained; if yes, whether thelubarization yielded a reusable module.

Section 4.1 provides a brief description of tharfat in which each group is described. Each other
section (up to 4.6) represents one of these groups:

* Section 4.2 groups patterns which are directly supp by the language mechanisms of
OoT/J;

» Section 4.3 groups patterns for which a reusabléutechas been produced,;
» Section 4.4 groups the ones which have not prodacedsable module;

e Section 4.5 groups the patterns for which the QOmiglementation provided no further
advantageous than the Java one.

In section 4.6 drawbacks of the implementation®1iJ are discussed.

Sections 4.7 and 4.8 present a comparison betweBd @nd Java and OT/J and Aspect],
respectively.
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4.1 Format of the groups in this chapter

Each group in this chapter has its own sectior vt title and the patterns which fit in the group
these sections a brief description of the groupravided, specifying which type of patterns fititn
and why. The patterns that fit in a group are dised in terms of group specific characteristics.
Moreover, an implementation example of one of tattgons in this group is discussed, providing an
illustrative example for the group.

Note that language support for specific patterrs issues related to reusability do not necessarily
yield disjoint groupsMementdeatures in both.

These groups aim at providing the reader a goocerstehding of the implementation results
obtained in OT/J.

4.2 Direct Language Support: Abstract Factory, FactoryMethod and Memento

Three patterns have been identified, whose purpargedirectly supported by the language constructs
of OT/J. Language mechanisms, such as family palghiem (section 2.2.2) and confinement
(section 2.10), provide the means for the implemgom of these patterns to be directly supported by
OT/J. Direct language support for these patternkesighem inherent to the language, (usually)
allowing for a better representation of the patiatant. These patterns are discussed in thisosecti

Abstract Factoryand Factory Methodare implemented through family polymorphism, whinbhkes
use of virtual classes.

Abstract Factory: supported by family polymorphism

Abstract Factory purpose is to create factorieslgécts with a common theme, i.e., all from the
same family, prohibiting that objects from diffeteiamilies mix. That is the purpose of family
polymorphism [5]. In order to do so, an abstraefrids created, comprising a virtual class for each
object factory. This abstract team represents a@n@ly class, in terms of family polymorphism. As
referred in section 2.2.2, the family class actsaasapsule for its virtual classes. Therefore, this
abstract team defines which classes are relateddo other, preventing classes from different treeme
to get mix. The abstract team is to be extendeddngrete teams, while family polymorphism with
direct support from the type checker, guaranteastiiese sub-classes maintain family consistency.

Factory Method: supported by virtual classes

Factory Method’s aims at emulatipglymorphic constructors.e., create a super-class that defines
in its constructor the creation of a certain typelject, but lets its subclasses specify the cstecr
objects they create. The super-class maintaindsinagt role representing the object to createchvhi

is sub-classed making the role concrete. Sincedherete roles are virtual classes, which depend on
the enclosing team (the super-class) they can bempaophically instantiated using the same
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constructor call, i.e., using polymorphic constarst The intended effect is thus directly supported
by the language.

Memento: supported by confined types

The purpose of Memento is to saverapshati.e., the current internal state, of a given objand
externalize it, ensuring that only the originatiolgject can access the saved memento, i.e., without
violating the original object encapsulation. Menoantire to be kept by @aretakerthat must not
modify the mementos it keeps. In many languagespikg an object’s internal state outside the
object is hard or impossible to implement withoutlating encapsulation to some extent, due to
limited language support for this kind of enhaneadapsulation.

In OT/J there are two mechanisms, confined and upagles (see section 2.10), which provide the
strict protection required for implementing Memen@onfined and opaque roles prove perfect to
implement Memento pattern, since this pattern atmsaintaining a Memento role without violating
its encapsulation [9].

Creating a confined Memento role will guaranteet ihatances of this role will never be passed
outside their team scope. Creating an opaque Memetd, allows this role to be passed outside its
enclosing team, as an externalized role, and leeamted by any class, having the guarantee that onl
the memento’s originator role instance has acaeasy of its features.

Example of Memento

Memento pattern implementation in OT/J is describelbw as an illustrative example of a pattern
directly supported by the language.

As referred in 4.3, an abstract reusable team neodak created for Memento. As the other patterns
that yielded reusable team module, Memento has somenon parts to all of its concrete instances.
These parts are declarations of two abstract ralesinbound Memento role and an Originator role,
as well as team methods to save and set memenmntes, & specific originator. Role methods to save
and set mementos are to be concretized in teanenmepting the abstract team.

Since the scope of this section is the languagehamsms which directly support pattern
implementations, the reusable team module codenailbe shown. On the other hand, an example of
a Memento concrete team is considered relevante Sinshows confinement mechanisms at use.
Both OT/J confinement mechanisms (confined and opagles, see section 2.10) have been used in
distinct versions of the same Memento examplepaljh, for this example only the version using
opaque roles will be considered. The complete @acteam code is listed in Code Listing 19.
Abstract and concrete teams are illustrated in<Gdigagram 1.
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{abstract} <<connector>>
Memento Memento Team
{abstract} -1 <<interface>>
Memento IConfined <} Originator = Counter Memento
Mig:e:tg(gf“gti“ator) getState > getCurrent Value state:int
etState():Objec
& ! setState > setCurrentValue

{abstract}
Originator << adapt >>

setState(m:Memento)
getState():Object Counter
createMemento():IConfined

currentValue:int
increment()

- ! getCurrentValue():int
createMementoFor(o:Originator):IConfined setCurrentValue(i:int)

setMemento(o:Originator, m:IConfined) print()

Class diagram 1 Memento implementation class diagram

Originator and Memento roles

In concrete teams, the Originator role is to bendbto a base object whose internal state we want to
save (line 12 in Code Listing 19 Memento concretart example). Also, Originator methods to get
and set its state must be delegated to its base, @a shown in Class diagram 1.The Memento role
keeps the internal state of the Originator and ragstire that only its originator has access tatthis

Concrete Memento team

In order to allow for mementos to be kept outside pattern context, the abstract team provides a
method to pass a memento object outside its boigsjdre., to the participant classes, which is
overridden with explicit lifting in the concreteatm (line 20). As referred above, encapsulation of
mementos must be preserved, therefore the Memeiaois declared as implementing IConfined
interface, making it an opaque role (line 2). Aslsuthis role can passed outside its enclosing &sam
an IConfined object (line 21), guaranteeing thgeadts outside the team context will not access any
of its features.

In this concrete example (see Code Listing 19 Meémeancrete team example), the Originator role
is played by an instance of Counter class (ling ®2jose internal state is simply an integer, and
which provides a method to increment this value Gkss diagram 1). At some point, the client asks
for a memento of the current internal state of aur@er by calling the team method
createMementoFor(line 20). The Counter instance is passed ints thethod and lifted to its
corresponding Originator role, which creates a nmemef its internal state and returns it in form of
an IConfined object to the external client. Sinhes tmemento is an opaque role object, external
clients cannot access any of its features, prasgits encapsulation.
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01 public team class MementoTeam extends MementoProtoc oK
02 public class Memento implements IConfined{

03 private int state;

04 public Memento(Originator 0){

05 this.state = (Integer)o.getState();

06 }

07 public Object getState() {

08 return state;

09 }

10 }

11

12 protected class Originator playedBy Counter{

13 public abstract Object getState();

14 getState -> getCurrentValue;

15 public void setMemento(Memento m){

16 currentValue = (Integer)m.getState() ;

17 }

18 }

19

20 public IConfined createMementoFor(Counter as Origi nator o) {
21 return super.createMementoFor(0);

22 }

23 public void setMemento(Counter as Originator o, IC onfined m) {
24 super.setMemento(o, m);

25 }

26 }

Code Listing 19 Memento concrete team example

4.3 Reusable modularizations: Chain of ResponsibilityCommand, Composite,
Flyweight, Mediator, Memento, Observer, Prototype Strategy and Visitor

Some patterns have common parts to any of itsnosgand (inevitably) parts that are instance-
specific. As expected, in terms of reusability, tioenmon parts are the interesting ones. These&an b
abstracted into reusable abstract modules, whieltaabe concretized by each concrete part of the
pattern.

Every pattern in this section has common partsciwhave been abstracted, thus producing reusable
teams. Concrete instances of the pattern must éxieese reusable modules, specifying which
participating classes play which roles, therebyngjvise to case-specific concrete teams.

A pattern is considered to yield a reusable modtilapre than abstract declarations can be obtained
in common to multiple instances of a given patt&lso, modules are only considered reusable if
they can be used in implementations from both soeseHK [11] and James Cooper [3].
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The patterns which yielded reusable modules caseparated into two groups: The ones with only
super-imposed roles (Observer, Mediator, Chainesd@nsibility and Prototype), and the ones which
also have defining roles (Memento, Composite, ¥isiCommand, Strategy and Flyweight).

In the Java implementation of the patterns withrdied) roles, these defining roles had to be made
concrete by participating classes, whose sole imality is to represent these roles. On the other
hand, in OT/J, apart from Command and Strategyepwd} participating classes can avoid holding
pattern specific code in. Either the team itsgtiresents the defining role:

e Component roléen Composite
* Visitor rolein Visitor,
* Caretakerin Memento;
* FlyweightFactoryin Flyweight;
or there are unbound roles representing them:
* Mementdn Memento

The fact that all roles in these two groups ofgrats (except for Command and Strategy) are either
super-imposed or represented by teams and OT/g, @lewed for the removal of pattern-specific
code from participating Java classes. This is péssisince participating classes also have
functionality outside the pattern context, othearthinside. Therefore, pattern-related functionality
can be located in the pattern module. Moreovertethe no need to have participating classes
representing defining roles, which again allows tfee criteria of locality to be met by the patterns
from this section.

Although, Command pattern implementation producecwsable team module, all that could be
abstracted (other than mere abstract declaratigatbérn roles) was the creation and maintenance of
auxiliary data structures. The purpose of thesea ddituctures is to keep a mapping between
Commands and its Invokers and Commands and itsiRese Moreover, concrete instances of
Command pattern have no other functionality thaepkeg these mappings, and specifying which
events on the base classes trigger the executienceitain Command. For this reason, and since
several commands can exist in the same examplegdfieing role Command is represented by
participant classes, allowing them to be used weis¢ pattern instances. The same happens with the
defining Strategy role in Strategy. Since each texgsconcrete Strategy does not depend on any
pattern instance, their implementation is placedoarticipant classes, allowing them to be used in
multiple pattern instances.

The separation of concerns between pattern behavaod participating classes’, allows for
(un)pluggable pattern instances. Since pattern c®demoved from participating classes, patterns
can be easily composed into (and removed from)giaating classes.
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Example of Chain of Responsibility

Chain of Responsibility (CoR) is one of the patsewhich yielded a reusable module. Its intent is to
allow for a request to be passed along a chairaiegst handler objects — until one handler accepts
the request or the end of the chain is reachedile akoiding a tight coupling between sender and
receiver.

CoR prescribes the Handler role, played by alliggents in the pattern. Each handler has a link to
its successor in the chain and has operationsdokcifi it should handle a specific request andif s
to handle it.

The Handler role is plainly a superimposed rolel drerefore lends itself to be represented inwg o
OT/J module, separately from example-specific esass

CoR is a pattern which produced a reusable modirlee it has a number of parts that are common
to any instance of the pattern, and example-spgudits.

The common parts to all instances of CoR are:
» Logic for the Handler role.
* A Handler operation to handle requests from otlaedters.
* Management of the mapping between handlers andshetessors.
e The logic to either handle a request or pass iigtbe chain.
* The Request role.

In the abstract team module, besides the Handler tteere is a Request role. The purpose of thés ro
is to allow for requests to be treated as firssglantities in the context of the pattern. Thisvjgles
better control over the requests, which are todsse@d from Handler to Handler.

The parts specific to each pattern instance:
* Which classes can play the role of Handler and wban play the Request role.
* The implementation of accept and handle requegtadst
* What action(s) on the participant classes initiheshandling of a request.

The abstract reusable team module for this pattevhich reflects the above mentioned
commonalities, is illustrated in Class diagram 2 @gRProtocol and its code is shown in Code
Listing 20.



{abstract}
CoRProtocol

{abstract}
Handler

{abstract}

acceptRequest(r:Request):boolean

handlerRequest(r:Request)

Request

successors:weakHashMap

receiveRequest(h:Handler,r:Request)
setSuccessor(h:Handler,succ:Handler)
getSuccessor(h:Handler):Handler

<<connector>>
ClickChainTeam
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ButtonHandler = Button

PanelHandler = Panel

FrameHandler = Frame

handleDoClick € after doClick

Request = Click

hasAltMask—>hasAltMask
hasShiftMask—>hasShiftMask
hasCtrIMask—=>hasCtriMask

Widget Hierarchy

<< adapt >>

<—>—>

Button | Panel |

doClick(click:Click)

Click

event: ActionEvent

hasShiftMask():boolean
hasCtrIMask():boolean
hasAltMask():boolean

Class diagram 2 CoR implementation class diagram
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01 public abstract team class ChainOfResponsibilityPro tocol {
02 protected abstract class Handler {

03 public boolean acceptRequest(Request request) {

04 return false;

05 }

06

07 public abstract void handleRequest(Request request );
08 }

09

10 protected abstract class Request { }

11

12  protected void receiveRequest
13 (Handler handler, Request request) {
14  if (handler.acceptRequest(request)) {

15 handler.handleRequest(request);

16 }else{

17 Handler successor = getSuccessor(handler);

18 if (successor == null) {

19 System. er r.printin("END OF CHAIN REACHED)\n");

20 } else { receiveRequest(successor, request); }

21}

22

23  private WeakHashMap successors = new WeakHashMap() ;
24

25  public void setSuccessor (Handler handler, Handler successor) {
26 successors.put(handler, successor);

27 '}

28

29 protected Handler getSuccessor(Handler handler) {

30 return ((Handler) successors.get(handler));

31}

32}

Code Listing 20 Reusable ChainOfResponsibilityProtocol team module

Handler and Request roles

Handler and Request roles are realized as abstratés in the reusable team
ChainOfResponsibilityProtocol (lines 2-8, 10 respety, from Code Listing 20). These are used to
represent the roles played by participat classéserontext of this pattern.

The abstract Handler role defines aoceptRequesiethod (lines 3-5) to confirm handling of
requests, which returns false by default, and astratt handleRequestethod (line 7) to handle
requests. Both methods are to be implemented icreten instances of the pattern, or have their
execution delegated to the classes playing the ldanale.

The Request role is declared as an empty role mgtimethods, since it will only be used to allow a
base class to represent a request in the pattatextpwhich has no other intent than to be passed
from Handler to Handler.

In concrete teams extending this abstract teamdidarand Request roles are to be bound to
participating base classes (see Class diagrand@ptiag their behaviour according to the context of
the concrete Chain of Responsibility instance.
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Keeping a chain of handlers

The abstract team keeps a data structure to maiatanapping of Handlers and their respective
successors, representing a chain of handlers (geeeF). This data structure is a weak hash map
(line 23), which keeps a Handler and its succeg$at has one) as the pair (key, value). Each

concrete instance of the pattern, extending Ch&e&bonsibilityProtocol, will have its own data

structure to maintain the chain of handlers.

aHandler

(" aem ) (

L aHandler [
y,

\ 4

aHandler

—1

L successor ([ 4 )

successor

A 4
1 )

Figure 9 Chain of handlers’ representation

The abstract team public methsetSuccessdfines 25-27 of Code Listing 20 ) sets a mappiagnf
Handler to its successor. This method is to beeddilom outside the context of the team instance.
Therefore, this method is to be overridden by cetecinstances of the pattern, introducing explicit
lifting in its signature, from base instance to thke it plays in the pattern (line 42 from Codsting
21).

The protected methodetSuccessoflines 29-31 of Code Listing 20) is only used intdly by
receiveRequeshethod (lines 12-21), to retrieve the successargif’en Handler.

Handle requests and pass along the chain logic

The receiveRequesiethod (lines 12-21), implemented in the body ¢ abstract team module,
reflects the handling/pass-along logic.

This method receives a Handleandlerand a Requesequestas arguments (line 12), and starting on
handlerit checks whether this handler will handle the exjuline 14). If it does, handleRequest
method is called (line 15) on the current handistance. If not, the request is passed to the ssoce
of the current handler, and so on, until it is Haddr the end of the chain is reached.

receiveRequeshethod is to be executed upon certain points ofnamm execution. These are to be
specified by concrete roles, in concrete teamsneitg ChainOfResponsibilityProtocol. In OT/J,

these are specified by means of callin bindinggtjred that when a certain point of execution of the
program is reached, the receiveRequest methoddaleaecute. Although callin bindings are defined
in terms of base class methods, these classesbvews about the execution of any action at the
team level, such as executing receiveRequest.

Specific parts to each CoR instance

The specific parts of each pattern instance ardeimgnted in concrete teams extending the abstract
team module.
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In each concrete team, a context specific chailarfdlers is defined. This chain can have any
number of Handlers, and can possibly handle ang tfprequests (which was not tested, but would
only require a switch clause at the beginning efltndler methods).

In concrete teams it is also defined:
* What kinds of concrete Handlers exist, which isalbg subclassing the abstract Handler role.
* Which classes play the role of Handler and whigitegsent a Request.

» How each Handler handles a request and what requaébit handle. Handling and accepting
requests is done either by simply implementing ahstract methods handleRequest and
acceptRequest, or by delegating their executiorpddicipant base classes, via callout
bindings.

* What triggers the execution of the “handle requegiass along the chain” logic, provided by
receiveRequest method. This method is usually iegtdky the Handler at the top of the chain,
when certain operations are performed at base kdask for instance, after the execution of
some method at the base class playing this Handlker The execution of the base method is
captured by the Handler role via a callin binding.

Code Listing 21 shows a concrete team, extendiragrCfResponsibilityProtocol.

This team implements an example based on swindhg@pobjects, where a click on a button (line 6
from Code Listing 21) triggers a request (line d@nfrCode Listing 21) that is passed along a chain of
Handlers, composed by the widget hierarchy Butlioe ) -> Panel (line 15) -> Frame (line 24).

The Request role (line 33) is played by Click clagisich knows if any key was being pressed at the
time the button was clicked. Depending on the medeey a different Handler will handle the
Request (lines 34-39) (see Class diagram 2).

The methodsetSuccessds overridden in the concrete team (line 42 fromd€adisting 21), using
explicit lifting in its entry arguments. This allewt to be called from outside the team, where base
classes are at hand, rather than role classes.
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public team class ClickChainTeam extends ChainOfRes
protected class ButtonHandler extends Handler play

}

public void handleDoClick(Click c) {
receiveRequest(this, new Request(c));

}

void handleDoClick(Click c) <- after void doClick

public boolean acceptRequest(Request request) {
System.out.printin("Button is asked to accept th
return request.hasShiftMask();

}

public void handleRequest(Request request) {
System.out.printin("Button is handling the event

}

protected class PanelHandler extends Handler playe

}

public boolean acceptRequest(Request request) {
System.out.printin("Panel is asked to accept the
return request.hasCtriMask();

public void handleRequest(Request request) {
System.out.printin("Panel is handling the event.

}

protected class FrameHandler extends Handler playe

}

public void handleRequest(Request request) {
System.out.printin("Frame is handling the event.

}

public boolean acceptRequest(Request request) {
System.out.printin("Frame is asked to accept the
return request.hasAltMask();

}

protected class Request implements ILowerable play

}

public <AnyBase base Handler, AnyBasel base Handle

public abstract boolean hasAltMask();
hasAltMask -> hasAltMask;

public abstract boolean hasCtrIMask();
hasCtrIMask -> hasCtrIMask;

public abstract boolean hasShiftMask();
hasShiftMask -> hasShiftMask;

void setSucessor(AnyBase as Handler handler, AnyBas

}

}

super.setSuccessor(handler, successor);

Code Listing 21 CoR concrete team example

ponsibilityProtocol {
edBy Button{

(Click c);

e request...");

An");

dBy Panel{

request...");

\n");

dBy Frame{

\n");

request...");

edBy Click {

r>

el as Handler successor){

42
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4.4 Non-reusable modularizations: Adapter, Bridge, Buitler, Decorator, Facade,
Interpreter, Iterator, Proxy, State and Template Method

In the patterns from this group, the OT/J impleragahs were successfully modularized but could
not be used in more than one scenario, i.e., didjietd a reusable module. In some cases, all that
could be achieved would be the abstract declaratfayperations. The absence of the possibility to
create a reusable module for these patterns igaltiee nature of the pattern instances being very
scenario-specific.

Adapter, Bridge, Decorator, Proxy and State

The purpose ofAdapter Bridge, DecoratorandProxyis to adapt a given class (which is concretized
in OT/J by callin bindings). A reusable module floese patterns was not produced since adaptations
are non-reusable by their very nature, as assdc@ide serves to adapt case-specific classes (i.e.,
glue codg¢ However, some language constructs from OT/J Haaen used to concretize these
patterns implementation, such as Guard PredicBesofator) and Externalized Roles (Adapter).

Statekeeps track of the current state of a given basgsclThis state can be related to any member of
the base class (callin bindings, in the style gb&dJ around advice, are used to determine when and
what state to maintain), which is again a case#ipatecision. Since both state and how to keep
track of it are case-specific (depending on whatdient needs) this pattern cannot be abstranted i

a reusable module.

Template Method and Builder

The intent ofTemplate Methods to define the skeleton of an algorithm in areragion, deferring
some steps to subclasses. Template Method cabalgewed as a technique to prevent duplication
through the use of traditional inheritance, by daicty out common code to a (possibly abstract)
super-class and leaving case-specific code in thelasses. OT/J implementation ®&émplate
Methoduses a module composition mechanathrer than inheritancethe playedBybinding between
role and base class (see section 2.3). This relats similarities to the relation between a (gugsi
abstract) super-class and a concrete subclas$iet@xtent that a role can defer to the base the
definition of the operations it declares. The Ouédsion of the HKTemplate Methodlustrates this:

the team has a role standing for the abstract eladsan example-specific class that stands for the
concrete sub-class. This approach could not be osethe example from the Cooper collection
because the abstract class has a single constdettaring several arguments. Using this approach
on this example would be tricky, because it woulth# providing the role with a constructor with
parameters and explicitly instantiate it, inste&disual practice of instantiating the base andHet
corresponding role instance to be implicitly create

The intent of Builder is to separate the constarciof a complex object from its representation so
that the same construction process can createratiffaepresentations [9]. Structurally, the HK
Builder is another instance of Template Method. ©féJ version is similar, but is structured in such
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a way that the representation is a virtual clags, @n unbound role), with the consequence thde co
for the actual instantiation of different represgimins become variation points, as with Factory
Method (see section 4.2).

Facade, Interpreter and Iterator

Iterator provides the means to iterate over elemehtan aggregation of objects. In the analysis by
HK [11] to their Aspectd implementations, it isteththat for the Iterator implementation, a reusabl
module was produced. However, in the OT/J impleatért, no reusable module was derived for
this pattern, thus it is considered that Iteratoesd not respect the Reusability criteria. This
assumption is due to consider that just extendieglterator Java interface in pattern instances doe
not count as reusability, since this reusabilitynes from the Java platform rather than from OT/J.
What could be abstracted was mere declaration efabpns of a common lIterator (done in Java’s
Iterator interface). The primary advantage brodnphOT/J to these examples is the ability to package
together theAggregateand Iterator pattern roles into a common team module. This @gick)
capability also marks the difference between théJ@Mplementations dhterpreterandFacadeand

the corresponding implementations in Java and A3penote thaFacadeis the sole pattern from
the HK study in which the Java and AspectJ implaatens are identical.

Iterator example

Iterator makes use of family polymorphism and endéred roles in its concrete implementations.
Thus, it is a good example of a pattern for whiate@sable module was not produced, however, its
OT/J implementation allowed for a separation ofaans, between participant classes and pattern
code.

A team module was produced, reflecting the paicip in this pattern. This team declares an
Aggregate role, which is bound to the base classtaxate and any number of role classes
implementing Java lIterator class, representing red@dterators which can iterate over Aggregate
instances of this team. Family polymorphism guaestthat Aggregate instances and concrete
Iterators from different team instances do not ménsuring type consistency among class
collaboration.

Having the Aggregate role bound to the base clagtetate in the same team as the Iterator role
which iterates it, provides pattern locality, i.&ll, pattern related code is located in the tearduten
This avoids the need to have Iterator related codéered through base classes.
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ListlteratorTeam

ittt it D <<interface>>
! OpenlList
Aggregate = OpenlList
A
1
<<interface>> 1
java.util.Iterator OpenlList
<< adapt >>
LN k| listiLinkedList
Reverselterator iat).Ohi
! get(i:int):Object
list:Aggregate ()

hasNext():boolean

remove()

next():Object
Reverselterator(agg:Aggregate)

Createlterable(list:OpenlList):Aggegate

Class diagram 3 Iterator implementation class diagram

In this specific scenario, there is an OpenLissglamstance, implementing SimpleList interface,rove
which the client wants to iterate. This list plakie role of Aggregate, providing the role accesgsto
methods via callouts, avoiding need to have pattede in OpenList class (see Class diagram 3). The
iteration in question is supposed to be from thd enthe start of the list, i.e., performed by a
Reverselterator (line 7). This unbound role implataelava Iterator class, and it is instantiatedh wit
an instance of the Aggregate over which it wiltate (line 10).

Both Aggregate and Reverselterator are externatzéuok client (lines 30-31). Family polymorphism
guarantees that only an Aggregate object ancharddet same team as the Iterator will collaborate.
Moreover, both Aggregate and Iterator can be usedther tasks than the one presented in the
example (line 34).
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01 public team class ListlttTeam {

02 public Aggregate createlterable(OpenList as Aggreg ate list){
03 return list;

04 }

05 public class Aggregate implements SimpleList playe dBy OpenList{}
06

07 public class Reverselterator implements Iterator{

08 protected int current;

09 protected Aggregate list;

10 public Reverselterator(Aggregate list) {

11 super();

12 this.list = list;

13 current = list.count();

14 }

15 public boolean hasNext() {...}

16 public void remove() {...}

17 public Object next() {...}

18 }

19 }

20

21 public class Main{

22 private static void print(lterator iter) {

23 while(iter.hasNext()) {

24 System.out.printin(iter.next());

25 }

26 }

27 public static void main(String[] args) {

28 final ListlttTeam listltt = new ListIttTeam();

29 OpenList openList = new OpenList();

30 Aggregate<@listltt> iterable = listltt.createlter able(openList);
31 Iterator iter = new Reverselterator<@listltt>(ite rable);
32 print(iter);

33 }

34 }

Code Listing 22 Iterator pattern example

4.5 Same implementation as in Java: Singleton

Singleton is the sole pattern whose implementatesulted identical to that in Java. The intent of
Singleton is to ensure a class only has one instard provide a global point of access to it T9le
standard way to implement Singleton in Java islt@lbaccess to constructors through non-public
visibility and to provide an accessor method thabgs returns the same class instance whenewer it i
called.

The AspectJ implementation of Singleton uses adwidatercept calls to the constructor and always
return the same class instance, kept in the aspitiever, OT/J does not provide a means to
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intercept class constructors. For this reason, @dé3% not bring any benefits for Singleton, comgare
to Java.

4.6 Limitations detected

This section provides insights on some languageviiiieks, which have been noticed while
producing design patterns implementations.

4.6.1 Binding class constructors

Although OT/J supports composing context-dependede into already existing base classes, it does
not support composing additional (role) behaviao ibase class constructors. This is due to the fac
that the base class instance is not yet creatdw aime the constructor is called, therefore regithe
corresponding role instance is. If composing caue iclass constructors were possible, it would
allow roles to instantiate its base classes, pmgidirect language support for the Singleton patte

In order to overcome this shortcoming, one mighigpam the class constructor in an auxiliary
method that is called in the constructor itselfn@ary to the constructor, code may be composed int
this auxiliary method, thus allowing roles to accésproviding a solution for this limitation.

4.6.2 Invasive composition of Java proprietary binaries

Invasive composition of Java proprietary binarissconstrained by to legal issues, whereas by
composing context code into these classes the gmoger is changing them, which is not legal in

cases where the resulting binaries are to be stiiipelients. Therefore, composing code into Java
proprietary classes is not supported in OT/J.

This issue introduces hurdles when trying to corapamtext-dependent functionalities into existing
examples which use some of the aforementionededass

For instance, all the pattern examples by Jamegp&aare based on classes from the Java Swing
library, as referred in section 4. While implemagtdames Cooper examples in OTJ language, when
it was necessary to compose code into swing clads=se was need for some workaround. Often, the
hurdles were dealt with by adapting the exampleugh the use of sub-classes of the swing classes.

4.6.3 Roles playedBy interfaces

A feature in OTJ yet to be implemented is the gmbti of roles being playedBy interfaces. If aeol
could be playedBy an interface, any participansslemplementing the chosen interface could play
this role.

Bounding roles to interfaces would allow roles &berence any methods of the interface, without
actually reference their concrete implementatiorwduld provide the programmer ease to modify
concrete participant classes (always respectingntegface), with no need to change anything in
team modules.
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For instance, in the Iterator implementation exar(ske Code Listing 22), the Aggregate role could
be bound to a list interface, allowing this rolebt played by any concrete instance of this intexfa
Since this is not possible, the role must be bdaralconcrete class, reducing variability.

4.7 Comparison between OT/J and Java

OT/J offers all the support and mechanisms provigedava, since it is backwards compatible with
Java. However, OT/J provides more options to tlee.us

Team classes and inner role classes, in conjunatitim the concept of family polymorphism,
provides a type safe way to maintain families ofatmrating classes. To implement this kind of
class collaboration in Java, the programmer needsetate a lot of hand-made conditions, or resort t
some design patterns, such as Abstract Factory.

The usage of virtual classes and family polymonmmhmeake OT/J a more polymorphic and reusable
language, when compared to Java, since it is deswbpolymorphically refine both outer (teams)
and inner (roles) classes. For instance, with Qflid possible to declare a set of collaborating
classes, via a team and its roles, and use ths itealifferent scenarios, simply by sub-classing th
existing roles, in sub classes of the team. In Javarder to declare a set of classes which cotizie
with each other, a new set of collaborating classesld have to be created for each refinement of
any of the classes in the set. Moreover, as corseguof supporting family polymorphism, OT/J
supports polymorphic constructors for its roles,,iin team refinement, not only role methods and
fields but also constructors are implicitly inhedt(see section 2.4). Language features like family
polymorphism and polymorphic constructors provitles means for OT/J to offer direct language
support to Abstract Factory and Factory Methodstated in section 4.2.

With the use of teams to define contexts of intiéoac and roles which can access all members of
base classes, OT/J introduces a separation of centtet Java lacks. In OT/J, it is possible tdeaitso
context-independent code in base classes (codésthemilar in all base class instances and doés no
depend on a specific context), while keeping afitegt-dependent code in roles and their respective
teams. Moreover, context-dependent code may be @eedpinto existing classes, while keeping
these classes oblivious of this composition. Theans that improved modularity is introduced, by
keeping code from different concerns in distinctdules, and allowing new code to be easily
composed into existing classes. The concept ofmadelling and contexts of collaboration provides
the means to compose distinct hierarchy struct@ésying the possibility of interaction/integratio

of systems which have not been built to work togethror instance, with OT/J it is possible to
produce classes for a system without the need gardeany future requirements, since future
requirements can be produced in a separated maddl&ter integrated into existing classes without
changing their code, adapting their behaviour tatwh needed. In Java, adapting a system or even
class behaviour would mean modifying its code, Whscusually a painful process. As an illustrating
example, consider the Adapter (see section 2.%fopde example), which aims at adapting the
interface of a given class to one the client explecOT/J this is done straightforward by creating
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role, to be externalized, which implements the eige interface and delegates its methods to the
class to adapt, always maintaining this class ahlw of the existence of the pattern. This way, the
programmer only has to maintain the role, whiclpeess the expected interface. On the other hand,
the solution in Java involves creating a class @am@nting the expected interface, which encapsulates
the class to adapt and calls its methods, makiagtbgrammer have to manage two distinct objects.

OT/J also provides better means for object confer@nisee section 2.10), allowing the programmer
to specify that certain classes should not be aduesoutside a certain context. Again, in Java ihi
would be a painful job to implement, since Javasdoat provide means for the creation of contexts,
and the strongest form of encapsulation providedkerdaring a class and its fields as private, which
either way lets this class be instantiated anywhere

4.8 Comparison between OT/J and AspectJ

In contrast to AspectJ, OT/J aspect team modulesalways, and by default, entities accessible
through an object reference. This difference indtiag aspects instances gives OT/J some additional
flexibility with respect to AspectJ:

* Team instance creation is controlled by the prognem allowing for a more precise control
over which aspects are executing. As referredint2am composition into participant classes
may be “turned on/off” at run-time. In design pattémplementations, if patterns meet the
locality criteria, i.e., if all pattern related e®ds placed enclosed within the team, pattern
instances are easily (un)pluggable from base dasserely by (de)activating them. For
instance, in Memento, this would let the programaezide when to have the Memento team
instance saving mementos, without changing the teasle. By contrast, in AspectJ advice
cannot be activated or deactivated dynamicallyciviias an impact on the implementation of
some patterns Becoratoris a good example, since in Aspectd it is not iptesso decide at
run-time whether or not to decorate a certain dbjec

* Team instances are straightforward to referendewig the programmer to build his own
systems based on team instances. Several instahitesssame team can be created and easily
distinguished by their unique instance name. Fstaince, in the Observer pattern, this would
enable the use of different instances for eachrelyggrelationship.

Moreover, the use of roles in OT/J allows for a endine-grained control over participant class
instances. It is possible to specify if all instasicor only specific ones, of a certain participeass
play some role. Roles are mapped to participasamees via team methods, without the need to keep
any extra data structure, since teams keep a mgyiy@m roles to participant instances (see section
2.5). In contrast with this, AspectJ offers no wayssert which participant instances play whidha ro

in the pattern, without keeping an extra data stimecfor this mapping. This means that, eitherta da
structure is kept in the pattern module to knowahhparticipant instances play which roles, or the
pattern is applied to all participant instancest §@me cases this may not be the desirable effect.
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Consider for instance the Adapter example (seeose2t9). While in the OT/J version it is specified
which SystemOutPrinter instance is adapted (line5ofrom Code Listing 13), in the AspectJ version
by HK [11] (not shown in this document), all instas of SystemOutPrinter are adapted, since there
IS no way to specify (without the use of an exi@tadstructure) which instances should be adapted.

4.8.1 Comparison based on Locality, Reusability, Composiin Transparency and
(Un)pluggability

Table 1 was built having as basis the table preslemt [11] by HK. It covers all 23 GoF patterns,
having each pattern analysed in terms of the @itesed by HK (easing the comparison between
results obtained in OT/J and Aspectldpcality, Reusability Composition Transparencynd
(Un)pluggability(see section 3 for further detail on these crijeiéoreover, classification of pattern
roles into defining and superimposed is also inetuth the table (when the distinction of the two
kinds of role is not totally clear, role names ah®wn in parentheses in either or both categories).
Table 1 presents the results obtained from the Oifiplementations (identified in the
“Implementation” column by the label “OT/J”) andoprdes the results obtained by HK in AspectJ
(identified in the “Implementation” column by “Asgid”). This correspondence paves the way to the
comparison between OT/J and AspectJ.

Since there are qualifications to be pointed outbfath languages, a few clarifications are provided
next. In the results obtained from the OT/J impletagons, a few “no” entries relative to properties
reusabilityandcomposition transparen@re qualified with an asterisk. This is merelyridicate that
the reason why the pattern instance does not @hgygiven property is due to the nature of the
pattern and not attributable to limitations of taaguage. Also, in the AspectJ results, HK classify
some pattern properties with “(yes)” instead oflamp“yes” to indicate that limitations of some sor
apply [11]. In general, these are caused by thegmee of defining pattern roles. For instance, take
the locality property: though Aspectd successfully enablessegaration of superimposed roles,
defining roles remain in multiple classes (&tateclasses for th8tatepattern).

The above limitation is not felt in the OT/J implemtations, since teams make it possible to group
multiple pattern components into a single coheseepe. This capability, granted by family
polymorphism, has a wide-ranging impact on the Oiiplementations. Family polymorphism
allows one to enclose pattern roles (from patterntis more than one significant role) within a siag|
team, providing enhanced cohesion. For this reasoost pattern implementations in OT/J
theoretically consist of a team with (possible edig) roles representing pattern roles. Thus, @O
pattern implementations respect theality property, since it always seems possible to package
encapsulate pattern participants into a larger teodu
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Kinds of roles . : ... | Composition .
Pattern Implementation | Locality | Reusabilit Unpluggabilit
Defining Superimposed P v y Transparency puag y
Abstract Factory, Product B oT/Jd yes no yes no*
Factory AspectJ no no no no
Adapter Target, Adapter | Adaptee ot/ Yes no Yes Yes
AspectJ yes no yes yes
. Abstraction, OoT/J yes no yes yes
Bridge _
Implementor Aspect] no no no no
. Builder oT/J yes no yes no*
Build . '
urder (Director) - AspectJ] no no no no
Chain of_ N ~ Handler oT/Jd yes yes yes yes
responsibility AspectJ yes yes yes yes
Commanding, o1/ yes yes no* yes
Command Command Receiver AspectJ (yes) yes yes yes
. . oT/Jd yes yes yes (yes)
Composite (Component) (Composite, Leaf) Faaed] s i i G
Component, R OoT/J yes no yes yes
Decorator Decorator ConcreteCompone Aspect] Vs o Vee Vs
OT/J yes no yes yes
Fagade Fagade - Aspect] Same implementation for Java and Aspect]
Factory OoT/Jd yes no yes no*
Method Product, Creator — AspectJ no no no no
. . . oT/J yes yes no* yes
Flyweight FlyweightFactory Flyweight Faaed] s s s s
- oT/J yes no yes no*
Interpreter Memento Originator e o o= a v
oT/J yes no yes yes
Iterator (Iterator) Aggregate Faaed] s e s s
. (Mediator), oT/J yes yes yes yes
Mediator - Colleague AspectJ yes yes yes yes
Memento Memento Originator oT/J yes yes yes yes
Aspect] yes yes yes yes
Observer _ Subject, Observer o1/ yes yes yes yes
Aspect] yes yes yes yes
oT/J yes yes no* yes
Prototype - Prototype AspectJ yes yes (yes) yes
OT/J yes no yes yes
Proxy (Proxy) (Proxy) Aspect] (yes) no (yes) (yes)
. . oT/J Same implementation for Java and OT/J
Singleton _ Singleton
Aspect] yes yes n/a yes
oT/J yes no yes yes
State State Context Aspect] (yes) o= a yes)
oT/J yes yes no* yes
Strat Strate Context
rategy 9wy X AspectJ yes yes yes yes
Template (AbstractClass), | (AbstractClass), oT/J (yes) no (yes) (yes)
Method (ConcreteClass) | (ConcreteClass) Aspect] (yes) no no (yes)
Visitor Visitor Element oT/J yes yes yes yes
AspectJ (yes) yes yes (yes)

Table 1 Result comparison between implementations by OT/J and Aspect)

For the reusability criteria column in Table 1,uks obtained in OT/J largely match the ones by HK.
All the patterns that produced a reusable modul¢héen Aspect] implementations also produced
reusable modules in OT/J, except for Singleton\{foich the Java and OT/J implementations are the
same) and Iterator (see section 4.4).
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A column with the criteria of extensibility for eaémplementation is not included in Table 1, since
values are always “no” for Aspectd and “yes” for /QTnterpreter provides a good illustrating
example. Interpreter implementation in OT/J is aigad as a super-team and a sub-team, illustrating
a different benefit brought by family polymorphis@T/J modules can always be extended through
team inheritance, and team instances (enclosirng ebjects) can be used polymorphically (see
section 2.4). The same is not possible in Aspedinples because concrete aspect modules cannot
be further extended.

4.9 Analysis conclusions

In the HK study results are grouped differentlyntha this document, reflecting differences in

language mechanisms. To facilitate comparisons)eT@bpresents the aggregate results of both
studies (the present one and HK studies), organitedyroups according to the criteria presented in
this chapter. There is also a group called “Pattetnmodularized” in Table 2. This group contains,
for each programming language (OT/J and Aspedtd),patterns that did not yield a successful
modularization.

AspectJ Object Teams for Java
criterion Nr. of Patterns in the group Nr. of Patterns in the group
cases cases
Direct language 4 Adapter, Decorator, Strategy, Visitor, 3 Abstract factory, Factory method,
support Proxy Memento
Chain of responsibility, Command, Chain of Responsibility, Command,
Reusable 12 Composite, Flyweight, Iterator, 10 Composite, Flyweight, Mediator,
modularization Mediator, Memento, Observer, Memento, Observer, Prototype,
Prototype, Singleton, Strategy, Visitor Strategy and Visitor
Non-reusable Adapter, Bridge, Builder, Decorator,
modularization 3 Proxy, State, Template method 10 Facade, Interpreter, Iterator, Proxy,
State and Template Method
Pattern not 5 Abstract factory, Bridge, Builder, 0
modularized Factory method, Interpreter —
il(;neil'[?g??ﬁ]tf\; 1 Facade 1 Singleton

Table 2 Comparison of aggregate results in terms of modularization, reusability and language support

Five of the Aspect] examples do not have the kycploperty (see Table 1), which is a minimum
requisite for deeming a modularization succes$fat.this reason, the patterns in those examples are
placed in the group “Pattern not modularized”. Ih/D all implementations provided a successful
modularization, since they all respect the localityeria, i.e., the pattern code is always loadim
team modules.

An overall look at the analysis carried in this ptest shows OT/J has a clear advantage in terms of
extensibility and, in general, of what can be dwité the resulting modules. AspectJ aspect modules
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are generally not extensible, while OT/J team meslldeem to be always extensible, the only
observed limitations being due to the specifica given pattern.
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5. Related Work

This chapter provides a short survey of insightgjuaed from analyses of design pattern
implementation in different aspect-oriented prograng languages, namely AspectJ [18], Eos [23]
and CaesarJ [20].

Hannemann et al. [11] developed a study which wealproducing a repository of the GoF patterns
implemented in an AOP language. Several studies baen performed on this repository. One of
these studies is aimed to produce metrics for comtipa results between OOP and AOP (using Java
and AspectJ respectively), by Garcia et al. [10].

After the GoF patterns [9] were documented, implataigons of the patterns were written with the

existing knowledge about OOP languages at that.timé&O implementation of patterns, pattern

code is scattered and tangled with participant cotking it hard to reuse the pattern code and to
document code. In Hannemann et al. [11], the effié&OP techniques on the GoF design patterns
implementation is discussed. They state that, thgelb improvements appear in implementation of
patterns that have crosscutting structures betwegticipant classes and the roles they play in the
pattern. Thus, they suggest that it is worthwholapply AO techniques to pattern implementation, in
particular, using the AspectJ programming languagech was specifically designed to modularize

crosscutting structures.

In Rajan [23] the effects of the Eos programmingglzage constructs on the implementation of the
GoF patterns are analysed and compared to the nmeplations on AspectJ. Since the Eos language
model is in part inspired on that of AspectJ, tbsuits of implementing the design patterns in this
language are at least as good as the ones obtaiAagpect]. The improvements attained with the use
of this language are mainly related with being dblstate the intent of design patterns more gtearl
as well as producing more concise implementatiateco

Rajan H. argues that the AspectJ implementatioth@fdesign patterns could be improved [23]. In
the Eos language a new language construct is untemt callecclasspect This is the basic unit of
modaularity in this language, which unifies the cgpts of aspects and classes. Classpects have all th
capabilities of both classes and aspects (in Addae languages).

The primary difference between the Aspect] and iBgdementations is that all concerns are
modelled as classpects in Eos. In addition, clatspmable instance-level advising. Eos allows for
the creation of aspect instances and for selegtigdlising object instances, creating an implicit
relation in the aspect between participant instanthis enables a given aspect to refer to jusesom
instances of a class, instead of the Aspect] wagrevaspects affect all instances of the classes
advised. OT/J also allows one to choose to whielsscinstances the aspect should be composed.
Bound roles can be instantiated just like plainaJelasses, creating a relation between a speoifc r
instance and a class instance. Decorator is onmmg&aof a case where it may not be desired to
decorate all the participant class instances, ite, aspect should not be composed into all the
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participant class instances. Moreover, while in &g relations between participant instances have
to be emulated using, for instance, hash mapsa@ stnd retrieve relationships, in Eos a direct
representation of the pattern relationship is mtes relating participant instances with each other
the classpect, as implicit advising structures.elulse, OT/J Team instances maintain a mapping
from base to role instances (see section 2.5)davpthe need for extra data structures to keegethe
mappings.

For the analysis of the Eos implementation resthts criteria used by Hannemann et al. was used, as
well as thd_ines of Codenetric, to measure size a@tbse match to pattern intemthich evaluates to
true if the intent of the pattern implementatiomsely matches the pattern specification. Rajan
concludes that Eos implementation of some patteeeemes clearer than the ones in AspectJ. Also,
the use of classpects provides better represemtafithe relationships between pattern participants
(without resorting to the use of data structuresi)d allow for selective instance advising, which
provides closer matches to the intent of the padteXeitheiLines of codeor Close match to pattern
metrics are used in the analysis of OT/J patteiementations in this dissertation. This disseotati
aims at assessing OT/J modularity capabilities,thade two metrics show little contribution forghi
goal.

A master thesis has been carried out by Sérgio Biazvhose topic is related with design pattern
implementation in the AOP language CaesarJ. Hikwolocused on the implementation of 11 of the
GoF patterns in this language and to produce caatiparanalyses between the results obtained with
these implementations and implementations in oN@® languages.

The analysis by Braz conveys which CaesarJ meahanigve been used for each design pattern
implementation, and asserts about the possiblabditg level for each pattern. Criteria used foet
analysis to the reusability level, is divided irdeveral groups: Direct language support, reusable
modules, composition flexibility and no reuse.

Braz implementation analysis showed that Bridgédgi@ a reusable CaesarJ module, in contrast to
AspectJ’s result where no reusable module was pextifor this pattern. However, in the present
dissertation, the criterion for a pattern to besidared to have yielded a reusable module (semsect
4.3) is different from the one in Sérgio’s disstota [1]. A module for a given pattern should have
more than mere abstract declarations to be comsldexusable, which is not the case of Bridge
implementation in OT/J or in CaesarJ’s.

The family polymorphism mechanism (see section2.’5 supported by both CaesarJ and OT/J
programming languages. This mechanism allows katguages to directly support Abstract factory
and Factory method patterns, since these pattewes b do with creating objects which belong to a
certain theme or family.

On the other hand, Visitor implementation produagdusable module on both AspectJ and OT/J and
that was not the case for CaesarJ version. Howavére AspectJ version the only non-abstract code
in the reusable module are new methods to be adedttern base participants. In the OT/J Visitor
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implementation, the reusable team module maintdiescontext for the visitor, and concrete teams
represent concrete visitors. Contrary to the Asp&fsitor implementation where there is an extra
class to specify which classes are visitors andlabite, in the OT/J version the visitors are thents
themselves and classes to be visited are spedifidte concrete teams, avoiding the need for extra
classes.

The work by Braz paves the way for comparisons betwCaesarJ and OT/J. However, a systematic
analysis cannot be made since a complete patteositery has not been implemented in CaesarJ.

From the related work study, one can conclude difégrent programming languages and different
programming mechanisms offer different benefitshe implementation of design patterns. OT/J
benefits from some of the mechanisms, which are aled in other languages, such as family
polymorphism.
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6. Conclusion and future work

AOP is a recent programming paradigm, still subjéct research and maturation. Several
programming languages exist, but few studies haea lnlone focused on their support for modularity
and on comparison of different AOP languages. Tif@ementation of design patterns has been used
to provide insights about programming languageshaeisms and their constructs. Moreover, since
design patterns usually crosscut over distinctuiest of a sysem, these prove perfect to assess some
language potential for modularity.

For this dissertation two repositories of the 2F@atterns have been implemented in Object Teams
for Java. These implementations are described aalysed in chapter 4. Moreover, code examples
from these implementations are used all over tbauthent, either to illustrate some OT/J mechanism
or to provide examples for the analysis, as welktlass diagrams for some of these examples. This
analysis assesses which patterns are given tohiétysan OT/J. Also, the Java and AspectJ design
pattern repositories by HK and the respective Agpstudy by HK provide enough material to the
comparative analysis in sections 4.7 and 4.8.

The implementations done for this thesis, as welih@ conducted analysis, pave the way for future
researches. The development of new repositori@n@ementations of the same Design Patterns in
different AOP languages opens way for several coatp@& studies, whether between different
programming paradigms, for instance OT/J and Javahetween different AOP languages, for
instance OT/J and AspectJ. Also, studies direadmmarable with the results of Garcia et al. [1@ ar
possible.

In this dissertation the composition ability of feans is studied only in individual cases, havihthe
most two instances of the same pattern activeeaséime time. Supplementary tests can be made in
order to assess the composition ability of différgatterns in the same application.

Similar studies to this dissertation could be cantéd focused on different AOP languages. On the
grounds that design patterns implementation bringights on the constructs and mechanisms of the
language used for the implementation, the existenckesign pattern repositories in other languages
would provide more material for future analysis. iglover, increasing the number of languages
implementing complete design pattern repositoriesiges a broader basis of available information

for comparisons between programming languagesespective constructs.
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