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Modularity

Motivation

Limitations of
Object-Oriented

Sustainable
Software-Engineering

Object Teams
provides

Collaboration Modules

Team classes, grouping sets of collaborating roles,
provide clean modularity and encapsulation even

for crosscutting concerns.

Role Binding

The playedBy relationship enables a role
to transparently decorate and/or adapt its
bound base.

Team Inheritance

By applying inheritance to compound modules,

reusability is significantly improved.

Compositionality

The relationships role containment,
role binding and team inheritance
can be composed freely in order to
create larger structures.

Tools

A wide spectrum of well-integrated tools
supports high productivity for developing
quality software in ObjectTeams/Java.

Evolution

As software matures over time, efforts are

Fields of Application

Graphical User Interfaces

With Object Teams, the well-known Model-View-Controller
architectural pattern can be implemented in unprecedented
clarity and with optimal re-use.
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Components

Component platforms like OSGi offer support for
larger modules with deployment, dependency and
lifecycle management.

To combine the strengths of Object Teams and OSGi,
OT/Equinox integrates OT/J with Equinox,

the Eclipse implementation of the OSGi standard.
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<extension point="aspectBindings">
<aspectBinding basePlugin="B">
<team class="Team1”
activation="ALL_THREADS"/>
</aspectBinding>

Plug-in C

shifted from design towards adaptation. % .
Both areas are covered by Object Teams. Team1 «aspectBinding» % A B
D . [R1] «playedBy» CB1 export
esl g n [R2] «playedBy» »cB3) internal
..................... : OT/Equinox is used in the OTDT, 4D
Adaptatlon where aspect plug-ins adapt E| G/
>t existing components from the JDT.

Another application is the integration and
customization of GMF-based graphical editors.

Tools

Product Lines

(@ eature models, which are the basis for product line
development, can seamlessly be mapped to_Object Teams
structures, thus improving traceability and maintainability.
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Embedded Systems

In order to support OT/] applications to run on small
devices, an optimized virtual machine is being
developed (see —-Tools/Runtime):

« Implement aspect dispatch in
the VM rather than weaving extra
dispatch code.

* Provide team activation as a VM
service rather than maintaining
administrative data via generated
code.

 Avoid byte-code duplication as
currently needed to realize team
inheritance on a standard JVM.

Once small devices can execute OT/]J programs, the
full benefits of product line development as well as
components (OSGi) can be leveraged in this field, too.
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U Team classes — modules larger than classes
Teams combine desirable properties from classes (OOP) and packages (source code organization). Scale ianificant ad : 6
As classes teams are instantiable, have attributes and methods and support inheritance. While ob: : d : K I e
As packages teams support nesting which is optionally realized by a hierarchy of directories and files. While object-oriented programming works very we
i o in the small, creating a system from 1000s of classes M d I -t
0 Role classes — relative entities does not sufficiently support a good modular structure. oauiarity
Each role instance lives in exactly one enclosing team instance, thus participating in one collaboration. Classdes r;eed dto betﬁroupedbto s;:alablngwodules ‘i All concerns should be encapsulated in
A role class can be bound to a base class using a «playedBy> relationship (see —Adaptability) :Dnefvzeee; c(:)larse$eusce € humber of possible connections modules with well-defined boundaries.
\ / . - |
Complexity + Scalability
& T I h 't ) J‘ Any single dimension of decomposition does not support co-;"encgzieqntfcisniagfob?2OSiIri]cgag|:y:’;ceaT ﬁ:::':le
ea m n erl a nce Bonus to explicitly capture several crosscutting concerns. P PP Y '
i} i} ) As a result an object-oriented implementation of -y
Applylng inheritance crosscutting concerns yields concerns that are + Ada ptab| ! |ty
to compound modules — Classes several concerns occur tangled with each other SR EpemEns KR ST pe oL
Inheritance cannot only be applied to atomic classes @ Subscriber ' adaptations, anticipated and unanticipated.
but also to a whole team, even if it contains nested _ -
teams (see —Scalability). Long term_Mamtenance = Reusa biIity
. . i i Q B It and Evolution | |
ImphCIt role inheritance onustem For any given point in time the above problems could Orlg_lc_t?mpo;egts iug_?(t)rtlng rQOd#-arltya
A role with the same name as an inherited role : . SleclEnlliey etuel elekelpta pilIET el s ErlelEntihy
implicitly overrides the existing role and inherits its A Ee tole(tj‘ated, bult e softv;arfe:ystern |shs_ur|:1)p;)sed ttob re-used in other systems and in the future.
FERHEE. T o s €aly o W 69 5 RISy, /\ mearlnsteainz\ée;nad gﬁguﬁgré?,m?,e I:Je,elr?o\:-v n':f)dlhan:il’.cjs is . even in situations where these seem to conflict with each other Z )
where all features (at any level of nesting) are . ; SUP y \ N
hotspots which can be overridden in a sub-team. required to prevent sky-rocketing development costs.
Consistent refinement of R
relations between roles o
A relation defined between roles of a super-team is )
implicitly adjusted to consistently connect roles A . . .
of the sub-team. So within the Fi1ightBonus team, ¢IlghtBonus FllghtBOOkmg
the inherited association subscriber <> BonusItem
automatically refers to FlightBonus.Subscriber and | ... _
FlightBonus.BonusItem, Making it impossible to mix \ Passenger ﬁ
roles from different teams. Q Subscriber -
- - .- : «adapts>» Flight
Role instantiation new BonusItem() - > 9
Creating a role instance determines the role class :
to use from the enclosing team instance. Thus, the 0 Bonusltem Segment
tedious Factory design pattern is no longer needed.
- /
ObjectTeams/Java
extends the Java programming language
for role-based and aspect-oriented software development
— to support the requirements for
Ad a pta bl I lty sustainable software engineering
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: . - - Compositionality
Role Bi nd i ng Q Subscriber Programmin_g language features sho_uld be
«playedBy» Nesting '€9™ Stackin orthogonal in a way that allows for flexible use
Asbect activation Offi. On collectedCredits > DG g g and comblnatl_on to achl_e\_/e sc_alab_le des_lgns.
P ./ 9 Rol B To support this compositionality, in Object Teams
Dynamic aspect activation i ole ase a class can have up to 3 natures simultaneously:
e per team instance buyAndEarnCredit() ) : Team, Role, and Base. The three architectural
* per registered base object (with guards) callin book(Flight flight) Layering styles shown becllow capture the r:ﬂost clommog
» per thread or globally b . usage patterns demonstrating orthogonality an
uyAndEarnCredit <— replace book scalability i : )
y in Object Teams:
Method bindings
-> Forwarding (callout); /3 - _ N
making base method/field accessible Sesting Tﬁam_s c?n pe tnestc?cd reculrswely.,
@ Bonusitem - e e molemonied o )
<- Method call interception (callin); 4—-7 — Thus, nested teams can adapt base
behavioral adaptation as used in earnCredit() «playedBy>» > : > classes and contain collaborations at
Aspect-Oriented Programming Flight the same time.
with before, after or replace-binding calculateCredit() > This structure can help in building
; ; ) comple_x coIIal_:)orations and contain-
Dynamic filtering getBonusMiles —> getDistance callout getDistance() ment hierarchies.
Guard predicates allow dynamic filtering callin ~
el elllin lelirialingls earnCredit <— after book <= b book(Passenger p)
e per method /Stackin
e per role g Teams are regular classes and as
e per team | such can certainly be played by roles.
o J With stacking you are able to build
collaborations over a set of teams
> and adapt team-level behaviour. This
can be used to coordinate teams and
> | collaborations that are otherwise not
- related.
Flight-Bonus Example Z
earnCredit
The example shows two requirements encapsulated in two A \_ )
completely independent modules: -
FlightBooking — a passenger can book flights. ; /L -
Bonus — a subscriber may collect credit points. book — book ” ayering Elggebs”ﬁgnat::ygfeydegrté%/i{géﬁrzs well,
FlightBonus is realized as a connector team, binding the roles \ Due tt(? th? OSt’)C_FOFLQT encapsulstlon
Subscriber and BonusItem inherited from the Bonus context Flight Flight > Eggepi‘ee;éeesls needjgg ine:rrgesli fo ree?:g?,
to classes of the FlightBooking system. Passenger as Bonusltem Passenger to roles of another team. Layering
Adaptation takes place in the way that a passenger may play the as Subscriber > supports incremental extensions of
role of a subscriber and his flight plays the role of a bonus-item, ccglllabor_atlons and decorator-style
simply by using air miles to calculate the creditpoints. Flightbooking with Bonus Flightbooking S adaptations. )
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