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Abstract intrinsic. (3) messages are delegated from the role to its intrin-
sic. The last point is equivalent to super calls in standard OO
We present our latest preliminary work on collaborating enti- |anguages; hence method invocations are late bound (under
ties, not sequentially, but by taking outset in the discussions ofthe assumption that methods are virtual). Generally, roles can
the topics comprehensibility, predictability, evolvability, and be perceived as run-time inheritance, not necessarily applying
semantic interactions. Essentially, collaborations are just all objects of a given type. Different from static inheritance
classes containing inner roles. This combined with around- is multiple view One can choose to view an object through
methods (advices) and slightly modified delegation schemeany one of its roles or not. Several roles can be applied an
provides a flexible and interesting language construct. Our object or a roles, but each role has only one intrinsic. Roles
implementation is capable of supporting specialization of ad- can be removed or moved around (doing this safely, however,
vices, making advices for advices, aspectual polymorphismis a difficult and so far expensive operations). Roles typically
along with all the advantages of having roles as a first class require manual attachment, since they take place on the ob-
construct. Comparisons with other collaboration-based mod- ject level. However mechanisms such as ¢tass role[7, p.
els are further carried out. 28] has been invented to automate role attachment—this at the
price that roles are attached all objects of the given type. From
. a research point of view, many issues arisen within the field of
1 Solution name inheritance are issues in role languages as well.

A descriptive name: “a role model augmented with AOP ca-  The notion of classes focuses on tlapabilities of objects,

pabilities, inside scopes with virtual inner classes”, however while the notion of roles focuses on tpesition and responsi-

“role collaborations” is probably a better name. bility of an object within the overall structure of objects [20,
p. 65]. Our case with the hospitalizations is shown on figure 1.

2 Problem addressed Roles are advantageous in that role playing is a natural part
of our understanding of the real world; hence the gap between

The problem addressed here will only be sketched. Our mo-design and implementation is reduced. Roles allows entities,

tivating example is a patient in a hospital: How to represent a in an easy manner, to participate in several places of the sys-

hospitalization, the wards round, the administration of drugs tem and still maintain a nice separation of concern on the code

etc. Should we have a Doctor class with a heal method takinglevel. Finally, since roles encapsulate fewer decisions than

a person as an argument? classes, they are more stable with respect to evolution [23, p.
1].

3 Description For information on roles modelling perspectives are e.g.
[13, 14, 20]. [1, 2, 6, 7, 10] are also easily read and takes

This papers topic is the representation of collaborating enti- discussions relating to the actual code.

ties. The backbone of our collaborations is our role imple-

mentation from our past research. We thus give a recap of

what roles are about.

The AOP augmentation of our role model is not essential
to this paper, hence only a short description is given. Around
methods (also called advices here) can be defined along with
pointcuts. Pointcuts are evaluated at call time (before the call
3.1 Role recap message is sent), and only pointcuts on roles for the receiver
of the message (or roles for those roles, etc.) are evaluated.
. : . . Hence, the around methods are only active, when the role in
object, with the three exceptions, (1) itis a subtype of what which they reside is attached some intrinsic (object or role in-

it is wrapping (henceforth know as iistrinsic). (2) The role L ! .
o ) stance). For reasons of simplicity, the current implementation
cannot live independently, it always has to be attached some . . :
poll the pointcut constantly, rather than inferring the places

*This is version 1 for the SPLAT workshop at AOSD 2004. they could evaluate to true.

Basically, a role object is equivalent to an ordinary wrapper




placed in one of, equally appropriate entities. Here a collab-
oration is a natural habitat. But we would like the status of
collaborations to go further than being a sparingly used exotic
feature. Rather, we want it to be a central element in future
program development.

The usage of inner classes is spiced up with the utilization
of roles, enabling a role of an object to be a part of a collabo-
ration, rather than the object itself. This enables the object to
participate in several collaborations simultaneously.

Focusing on the outermost class as a collaboration rather
than a class changes the status of its methods and fields. Pub-
lic methods become the interface of a set of objects, where
private methods are secret helper methods internally for the
collaboration.
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4 Comprehensibility

Distinguishing between comprehensibility and predictability
Figure 1:A picture of two collaboration instancebl¢spital- is difficult. For the purpose of this paper we defizempre-
ization). The dottet semi-circles are role instances. The small hensibility as a measurement for the immediately intelligible
boxes are objects. Notince there is no difference between 0b1’mpression/understanding of a systethis on the level of a
jects and collaborations. UML diagram or similar high level understanding of structure,
main entities and their relation and communication paths.

The parameters for comprehensibility are thus, being able
to retrieve as much information possible from the static struc-
We present a "traditional role model”, which has been aug- ture of the code. Navigational aid from the development en-
mented with simple pointcuts and advices known from the vironment significantly impacts comprehensibility to such a
AOP domain. This model is an evolution of the Chameleon degree, that it can remedy many deficiencies in the language
role model presented in [7], which to the our knowledge is itself. This is one of the places, where the borders between de-
the only role model which has such an augmentation. The fo- velopment environment, language and documentation become
cus in this paper is not on the AOP augmentation, but on the pjurred. The reason to draw documentation into the picture is

3.2 Description of ‘role collaborations’

particular use setting of roles:

1. Placing roles inside a scope naming this a collabortion

2. Methods and inner classes (and roles) are v#tual

3. Utilizing multiple inheritance to compose units of sepa-

rated methods, pointcuts and advites

Others has attacked the issue from the opposite angle, in

that the collaborating participants are not enclosed in a scope,

see e.g. Lasagne/J [9];-Gemplates Roles [23], “mediator”
design pattern [5, p. 273], and Transverse activities [12].

Our motivation is to be able to construct entities that are
larger than objects. We achieve this by taking outset in
collaborations—that is multiple entities connected closely to-
gether with the focus of solving a given problem. Similar to
[11] we have observed that between inner classes and thei
outer class, an implicit association is established. And sec-

based on the fact that programmers today usually spend more
time in the documentation (e.g. the Java API), than on their
compiler.

Yet there are many things taking place in code which cannot
be understood or be presented by the development environ-
ment. Here the degree of interplay between documentation,
language features and support from the development environ-
ment impacts the comprehensibility of the code.

The focus of OOP has been on the encapsulation of state
and functionality, elevating the conjunction of these to the first
class entity “class”. Along with this followed inheritance and
aggregation, and later contracts for the usage, here exemplified
by the design by contracts paradigm (DBC henceforth) first
seen in Eiffel [16]. DBC enhanced the language in that it could
be specified that a method not only returned a list of names,

put that the names be sorted.

ondly, that the outer class scope serve as a repository for state}.1  Support for comprehensibility

and functionality shared by the inner classes.
The first problem that strikes the mind where collaborations
are useful, is the situation that state/functionality has to be

1This is not a new idea, it has been proposed in many variants, e.g.
complex associations [11], Aspectual collaborations, Object Teams [8], Cae-
sar [18], mix-in inheritance [21], UML collaborations [19].

2The inspiration comes from the language Beta[15].

3|t is smart but not crusial.

The rationale behind “role collaborations” is, that although
classes and objects conceptually smoothly goes along with our
understanding of concepts, phenomena and state, there are is-
sues which are far from handled well. The focus on isolation
and encapsulation of information (as objects) makes it diffi-
cult to capture processes, activities and relations. This makes
it harder to express a functional decomposition of a problem,



which depending on the case of course, is just as conceptu-5 Predictability

ally pleasing as the focus traditional OO modelling prescribe.

When entities are no larger that objects, one must rely on otherWe definepredictability as a parameter for how easy it is to
facets of the language to establish links between entities. Ac-understand the code when readingTihis definition is closely
cess modifiers is a first candidate for this. Alas, access mod-related to the comprehensibility parameter. Focus, however, is
ifiers are too general, in that they apply to all other entities different: We are now closer to the source code. Often flexi-
in the system—with a few exceptions such as fitiend bility and predictability are two opposite parameters. Dynam-
mechanism in € [22]. In dynamically typed languages ac- ically typed languages are more flexible, but harder to read
cess modifiers are typically not available at all. And in all since there is no type information available (although proper
cases, access modifiers merely represent compile-time restricnaming of variables can somewhat remedy this). The same
tions for the type system. story can be told when talking about late bound self refer-
ences and polymorphic references, where only an upper bound
of what kind of object is referenced and called on. This un-
certainty is somewhat reduced in the language Beta, where the
&east specific version of the method is invoked first, which then
calls down the inheritance chain rather than up. The code is

ples of this is the graph traversal collaboration upon which a More predictable, but less flexible. Using DBC does not help,
weighted-graph traversal collaboration can be specified as a>'Ce contracts may be weakened in subclasses. No OO pro-
specialization. This is possible due to the virtual inner classes 9rammers will give up this flexibility to get higher predictabil-

(and roles), since roles can be overwritten in the subclass col-Y: S€€King low predictability cannot sensibly be a goal in it-
laboration self. But as we have shown, mechanisms need not necessarily

. . L either be present or not present—the Beta approach is a good
Finally, since the role concept is implemented transparently example of a middle way.

participants of a collaboration can view other roles in the col-

laboration differently, by applying roles to them (figure 2). . .

The last possibility is to apply roles to the collaboration itself. 9-1 Support for predictability

This enables to view the public interface of the collaboration |, s section we address three issues: activation of collabo-

differently. But just as _importantly, due to_the virtual classes rations, reference recycle, and scoping rules for name lookup.

_(and roles), the gttatchmg role can overwrite classes and rOlesThe first two issues are motivated by being issues in Object

in the collaboration (when calls came through the role). Teams and Caesar, the two latest collaboration-centric models
in the AOSD communit§. The last point is tied to the above

Coll discussion.

As presented in section 3.2, the meaning of outer methods
and fields is changed. Similarly are the inner roles, defin-
ing context specific collaboration with other entities. Further,
the operations inheritance and aggregation can now be use
to aggregate or specializeset of entities. A classic exam-

5.1.1 Collaboration activation

‘ \ As outset collaborations are explicitly handled, hence there
B W are no shortcuts for instantiating or activating collaborations.
: ; This gives a high predictability score, but requires more code
potentially blurring focus. Object teams and Caesar has taken
a more automated approach: They specify pointcuts which en-
sures instantiation of the specified collaboration, instantiating
Figure 2: Role are free to apply roles on roles to suit their all roles with a mapping from the call to the collaboration.
needs for interacting with the role. The dashed arrow shows a Take the calla.foo(b,c). It can enable an instantiation of a
reference exist from one role to another. collaboration with e.g. three collaborator roles mapped to the
instances, b, ¢c. This mapping goes most smoothly if the
instances are of different types. A more dynamic version is
also available where the activation only takes place if the call
happens within an activation block, hence the activation can
4.2 Reduction of comprehensibility be restricted to certain objects or certain execution time.
Static binding between collaborations and “the rest of the
Practical usage with the model may show that in order to as- program” are in many cases practical, but reduces predictabil-
sign objects to correct collaborations, require not only objects ity. Predictability is further reduced when the collaboration is
but potential collaborations to be passed around. A solution only activated in certain parts of the program. Except for the
to this problem may in many cases be, that since an intrinsic type-inference mapping shortcut, the automatic activation of a
knows the roles it plays, enough information is provided to collaboration can be handled in our system by a combination
be able to “dot” a way from an instance to the collaboration 4Aspectural collaborations should not be left out, but we have limited

in Q_UeStion—hence passing around the collaborations can bgnowledge about the model, except it has great similarities with the other
avoided or greatly reduced. systems.




of the class role concept and an around method for the trig- F G
gering method. However, we have deliberately chosen not to .

walk down such a path. The biggest problem with the solution " N b
is that the actual collaborations are given a status of implicit- i > ic :
ness. ZF —>
5.1.2 Reference recycling A

“Reference recycling” is used both in Object Teams and in

Caesar which ensures that a role for an intrinsic is only instan-

tiated if the intrinsic have not previously visited the role. This s n

ensures unique roles and preservation of identity and state of D
the roles when the same intrinsic enters a collaboration multi-
ple times [17, p. 58] [8, p. 7]. From a predictability point of
view, things are not looking good. First, object instantiation
has different semantics, but has retained its original syntax.
Secondly, the memory-usage is unpredictable, and could eas
ily lead to memory-leaking situations as each role has to keep
track of who has visited it.

Wrapper recycling fits well with the idea of “implicit col-

laborations”, but not well with explicit collaborations as pre- ¢gjjaborations and have their inner roles overwrite the roles of

sented here. For example, it is unclear, how a shift at the hos-the collaboration when calls are made on the roles (see figure
pital is going to take place. A shift entails, that a new person g4y

takes over the doctor role of the patient-hospitalized collabo-

ration. Wrapper recycling forces an allocation of a new role

instance for the new intrinsic entering the collaboration. This 6  Evolvability
is the opposite of what we want to model.

Figure 3: Figure illustrates the many placéscan be found
from withinA and the names denote the lookup order. Making
had outer mandatory reduces the number of possibilities and
increases the predictability of the code.

Evolvability is a parameter for how easy it is to adapt a sys-
5.1.3 Name lookup rules tem when changes h:_:\ppen in_the requirement specificgtion

These changes can either be “incremental”, or “destructive”.
Examining various languages no common semantics for innerincremental changes mean certain features needs elaboration,
classes can be established. In languages such-aBython, whereas destructive is removing features entirely or replac-
Cr, the inner class is merely lexically hidden from the out- ing them with something new. “adaptable” can be in the
side, whereas e.g. in Java or Beta, the inner class resides iform of specifying changes as a subclass (e.g. a new collab-
the scope of the outer class (block structure). We have choseroration). Evolvability and efficiency are typically contraven-
an implementation which has both flavours. The inner classesing forces—evolvability typically comes at the cost of perfor-
(and roles) reside in a scope, but access to the scope requiresiance.
explicit use of a pseudo variabtaiter (initialized and main-
tained by the system). This makes the system less flexible,
but far more predictable. Figure 3 shows how many places
the namad can be looked up from rol& hadouter not been Our implementation is fairly versatile. We shall here briefly

6.1 Support for evolvability

mandatory. look upon the ways a system can evolve and how using multi-
ple inheritance can separate pointcuts, advices and base code,
5.2 Reduction of predictability making them easier to re-use independently of each other.

A prerequisite for understanding this section is to know
We now extend the discussion of the previous section. We a few implementational details. Our implementation is very
deal with the fundamental nature of roles in collaborations. straight forward. The class concept has remained unchanged.
Throughout the paper, we have uniformly termed the entities Inner classes has been augmented withoater reference.
in a collaboration “roles”. This is in accordance to the termi- Collaborations are just classes with inner classes and inner
nology of our language as well as the example languages Ob-oles. Roles are implemented as classes with a delegation
ject Teams and Caesar. However, although the two other sysdink to its intrinsic. Pointcuts are special methods which are
tems refer to the collaborating entities as roles, in fact they areinvoked automatically by the system. They return true/false
mere wrappers. We distinguish between wrappers and roles inbased on information on the executing environment (e.g.
that there is at least a delegation link between intrinsic and role which method is being called). Advices are similarly also just
(hence methods are late bound at run-time), whereas in thespecially named methods, which are automatically invoked by
other systems, a consultation link is established. As discussedhe system when their pointcut evaluates to true. Since every-
in section 5, late binding of methods reduce predictability, but thing is classes and methods most operations are given for free
enhances flexibility. For instance, it allows us to attach roles to by the implementation language (in this case Python). The



current implementation has no emphasis on static typing is- always have as legadyandC. That is,B can only be instan-
sues. tiated whenA is instantiated, and can only exist wherC

is instantiated. A possible solution is to refactor a common
independent superclaSs which then is subclassed Byand

B.

Since collaborations are regular classes, they can be special- Another problem with evolvability is that in order for a role
ized. However, unlike a class specialization, specializing a to be type safe, it can only be applied to objects that it has been
collaboration means refining the interaction, i.e. the partici- Written for or subclasses thereof. This may impede a general
pating roles, or refining pointcuts and or advices—the binding usage of a role, since the only comon ancestor for the entities
of the collaboration. As collaborations are mere classes refer-to apply the role to i©bject (the superclass of all classes in
ences are still polymorphic when referencing collaborations. the language). Creating roles fobject has the downside that
This has been termeabpectual polymorphistioy [18, p. 96] nothing interesting is inherited or can be called (as nothing is
however, the term has not been ratified yet i.e. [4, p. 155] usesknown about the intrinsic). One solution is to specify a generic
it in a broader sense for “polymorphism in connection with collaboration (with roles foObject) and then specialize the

6.1.1 Evolution of collaborations

aspects”. collaboration to more concrete ones. As an alternative we
Since classes can play roles, a collaboration can participatePropose what we catyped delegationwhich basically means
in other participations. that a reference’ type is a deciding factor in method selection

during dispatch. In other words we allow rdR® (written for
) Object) to be applied as follows?erson p = new RO(new
6.1.2  Evolution of aspects Person()) and furthemp.getname(). We can permit this since

Since collaborations and roles are just classes, they can be sulf/thoughRO is not of typePerson, its intrinsic object is of
ject to static specialization (including advices and pointcuts). SUch @ type—hence by travelling the chain of intrinsics even-
As methods are virtual in Python, the language ensures thetually the right method will be met_. O_ne_must_Jus_t ensure that
most specific version of pointcuts and advices are executed.NeRO instance does not change intrinsic which is not of type
As advices are implemented as methods, and since pointcutéaerson' The f[echnlque has S|m|Iar_|t|es with Eiffel, but was
are evaluated each time a method is to be invoked, it is unprob-Invented for different reasons. In Eiffel the type of the refer-
lematic to specify around methods for around methods. This ence matters dug to renaming and undef|n|.t|on of pro_pemes in
can either be used to re-define the existing around method, orSuPclasses, we introduce the feature to gain evolvability.
describe new aspects of the system simply by just adding be-

haviour. .. .
Both kinds of evolutions stand in contrast to Aspect/J, 7 Semantic interactions

which allows orl1ly' abstraf:t aspects tp be subcla;sc_ad a”‘?' ha%e definesemantic interactions as the phenomenon that by
no way of specifying advices for advices or specialize point- introducing a certain set of semantics for a language con-

cuts. struct, this interacts with other parts of the languages seman-
tics. Naturally, we must keep the semantic interactions at a
6.1.3 Composable pointcuts and around methods minimum. When introducing run-time inheritance pr. object
to a statically typed language, you are bound to run into trou-
We utilize multiple inheritance as a way of separating the dis- ple, Alas space prevents us from digging into these details
tinct enities: roles, pointcuts and advices. This is done by here, but many excellent discussions are found in [10]. In-

putting the content of each entity in separate classes, and thertead we draw our attention to possible ill'ities the collabora-
merging these using inheritance. Multiple inheritance has atjon concept may introduce.

“bad reputation” partly due to hard to predict name lookup
when dispatching and problems with name clashes. Our use .
situation differs in that classes containing only pointcuts and 7.1 Roles on collaborations

around methods contain nothing more. By separating the en-gyerwritting a collaboratioColl's role Foo by Putting a role
tities, each can be reused by letting several unrelated classeg on the collaboration (fig. 4), requird®.Foo to be a sub-
inherit them. It also allows for creation of separate hierarchies type of Coll.Foo. This requirement cannot be uphold stat-

of pointcuts, advices and roles. ically since roles can be applied to subtypes of what it has
been written for. If a subclagSollSub redefines inner role
6.2 Reduction of Evolvability Foo, role R cannot be put oi€ollSub since itsFoo will not

adhere to the subclass restriction. We do not have a solution
A consequence of the model is that roles are confined in ato this problem.
scope. This confinement impedes specialization of a sin-
gle role in a collaboration. lllustratively speaking, the outer 7.2 Exiting a collaboration
scope (which forms the collaboration), is like a delimiting wall
blocking the escape of participants. One can define aBole Itis not clear what happens if a role overwrites an inner role in
in collaborationD for the roleA in collaborationC, butB will a collaboration, and from within the collaboration an instance
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