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1. MOTIVATING EXAMPLE
Streams are used to iterate over sequences of elements such
as sequenced collections, files, and network streams. Streams
offer a better way than collections to incrementally read and
write a sequence of elements.

Streams may be either readable, writeable or both readable
and writeable. They can also be binary or character-based.
Furthermore, streams can have different backends, such as
memory streams, socket streams, database streams, or file
streams.

The potential combination of all these various types of streams
leads to an explosion in the number of classes.

For example, some users might get a read-only stream while
others get the read-writable one. Or some clients might need
a different encoding, like in Seaside [3] where Javascript in
HTML element, Javascript in HTML attributes, and Javascript
in Javascript requires different encodings.

Multiple inheritance can be used to compose the different
behaviors of a particular stream. However, the diamond
problem makes it difficult to handle the situation where two
streams want to add a method of the same name. Mixins
address the composition problem by applying a composition
order, this however might lead to fragile code and subtle
bugs. Traits offer a solution that is neutral to composition
order, but traits neither solve the problem of the explosion in
the number of classes to be defined, nor do they address the
problem of dynamically selecting the behavior. Traits are

composed statically into classes before instances can benefit
from them.

We need a mechanism capable of dynamically composing
the right combination of streams required for each particu-
lar occasion. The key objective is to avoid an exponential
increase in the number of classes that are needed to provide
all the different combinations.

2. TALENTS
A talent specifies a set of methods that may be added to, or
removed from, the behavior of an object.

A talent is an object that specifies methods that can be
added to an existing object. A talent can be assigned to any
object in the system to add or remove behavior. Talents can
also remove methods from the object that acquires them.

Talent composition order is irrelevant, so conflicting tal-
ent methods must be explicitly disambiguated. Contrary to
traits, the talent definition of a method takes precedence if
the object acquiring the talent already has the same method.
This is because we want behavior that is specific to objects,
and as such the object-specific behavior must take prece-
dence over the statically defined one. Once an object is
bound to a talent then it is clear that this object needs to
specialize its behavior. This precedence can be overridden
if it is explicitly stated during the composition by removing
the definition of the methods from the talent.

A conflict arises if and only if two talents being composed
provide different implementations for the same method. Con-
flicting talents cannot be composed, so the conflict has to
be resolved to enable the composition.

To gain access to the different implementations of conflicting
methods, talents support an alias operation. An alias makes
a conflicting talent method available under another name.

Talent composition also supports exclusion, which allows one
to avoid a conflict before it occurs. The composition clause
allows the user to exclude methods from a talent when it
is composed. This suppresses these methods and allows the
composite entity to acquire the otherwise conflicting imple-
mentation provided by another talent.

In the original traits model, state can only be accessed within
stateless traits by accessors, which become required meth-

http://scg.unibe.ch/


ods of the trait. As demonstrated by Bergel et al. [1], traits
are artificially incomplete since classes that use such traits
may contain significant amounts of boilerplate glue code.
Talents also provide a mechanism for dynamically defining
state which is similar to its static counterpart, stateful traits.
Since this state is introduced on a live object, we also pro-
vide a mechanism for managing the initialization. When no
default value is provided then the new talent-defined state is
set to nil, the usual default value for uninitialized attributes
in regular Smalltalk code. The developer can use the state
definition with default behavior to control state initialization
values. Methods defined afterwards for the talent can refer
to the newly created state without the need for accessors.

3. CONTEXTS
Scoping talents dynamically is of key importance because
it allows us to reflect on which context the added features
should be active and also to control the extent of the sys-
tem that is modified. An object might be required to have
certain features in one context while having other features
in a different context.

For example, a bank financial system is divided into two
main layers: the domain and the persistency layer. The
domain layer models the financial system requirements and
features. The persistency layer deals with the requirements
of storing the domain abstraction in a relational database.
When testing the domain behavior of this application we
do not want to trigger database-related behavior. Normally,
this is solved through mocking or dependency injection [4].
However, these solutions are not simple to implement in
large and legacy systems which are not fully understood, and
where any change can bring undesired side effects. Scoped
talents can solve this situation by defining a scope around
the test cases. When the tests are executed the database
access objects are modified by a talent that mocks the ex-
ecution of database related actions. In a highly-available
system that cannot be stopped, like a financial trading op-
eration, scoped talents can help in actions like: auditing for
the central financial authority, introducing lazy persistency
for updating the database, logging. This is similar to the
idea of modules in Newspeak [2].

COP solutions can provide an implementation solution to
bringing talents to other languages. Lincke et al. [5] pre-
sented a mechanism for composing layers in ContextJS, a
JavaScript COP implementation. Talents offer a form of
COP based on object-specific meta-objects rather than lay-
ers.

Scopes in talents are not lexical. A scope can be defined as
a (i) set of objects that are adapted or a (ii) dynamic extend
in which some objects are adapted.

4. DISCUSSION
Most scoping mechanisms and Context-oriented Program-
ming languages and solutions see object-specific changes as
another dimension of the scoping problem. We believe that
in the context of object-oriented programming (OOP) this
point of view is incorrect. In OOP object-specificity is the
basic building block of object manipulation so all other scop-
ing mechanisms should be built on top of this feature.

We have recently discovered that by changing this point of
view on object-specific changes and providing a full object-
centric system we can provide a simplified implementation,
a unification of the reflection domain and above all we can
solve previous applications in a brand new way.

For example, object-centric debugging [6] is an alternative ap-
proach to interacting with a running software system. By
focusing on objects as the key abstraction, natural debug-
ging operations can be defined to answer developer questions
related to runtime behavior. Object-centric debugging offers
more effective support for many typical developer tasks than
a traditional stack-oriented debugger.
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