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Abstract

Feature interaction may arise in many different ways, but one of the core topics
is the issue of name binding: When two or more entities are composed, say A and
B, and they provide more than one declaration of the same name, say n, should
the composed entity contain one subentity under that name n, or should it contain
several? If one, how should it be selected or constructed? If several, how could a
client choose the appropriate one amongst them? This paper surveys the treatment of
various problems in this area in several programming languages, thereby establishing
a framework for the discussion.

1 Introduction

In many approaches to feature interaction management—including most other papers at
this workshop—a software system is assumed to be constructed by certain means which
are not of primary interest (the system could be written in some programming language),
and the core topic is then to investigate this system by means of formal methods, testing,
run-time checks, etc., in order to detect unwanted feature interactions, prove their absence,
or similarly.

This paper complements all those techniques in that it focuses on the construction of
software systems, on making it less likely that a software system is created with unexpected
feature interactions in the first place. This is done by focusing on programming languages,
and in particular by focusing on a mechanism which plays a crucial role in the emergence
of feature interactions. That mechanism is identification of declarations, i.e., the rules that
govern when two declarations will be considered as describing the same entity.

This implies that we do not consider many important kinds of feature interaction. E.g.,
one feature of an entity A could be some hard real-time guarantees, and one feature of
B could be flexible, customizable support for logging; presumably an entity C' created by
composing A and B would not satisfy the same real-time requirements as A, because the
logging in B could take unbounded time at points where A depends on almost immediate
progress. Such kinds of interaction is beyond the scope of this paper. We concentrate on
features associated with declared names in programs, so a real-time property would not be
a feature. Moreover, feature interaction as considered in this paper will only occur when



two declarations are identified. However, we believe that even this restricted notion of
feature and interaction includes a large class of important cases.

The topic of declaration identification is treated in Sect. 2. Section 3 deals with the
effects of identification, i.e., the meaning of that single entity that is denoted by several
declarations which are identified with each other. The last topic, considered in Sect. 4, is
problems associated with those effects. Finally, Sect. 5 concludes.

2 Identification

The topic of declaration identification is the basis for feature interaction as it is treated
in this paper. Given two different declarations of the same name n in some entity, those
declarations are said to be identified with each other if the meaning of n i context of the
entity as a whole must be described by considering the declarations as a group. Alter-
natively, the two declarations could have unrelated meanings, and there would then have
to be some disambiguation rule in order to make both declared meanings of the name n
available for clients—in that case the declarations are said to be distinct. For example:

class A { void f(); virtual void g(); };
class B: public A { void £(); void g(); Box
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In box 1, expressed in G+ [9], there are two classes A and B, and they both contain a
declaration of two methods f and g. Since B inherits from A, an instance of B contains two
method implementations called f and two method implementations called g. However,
since A::g is declared to be virtual and A::f is not, the two declarations of g will be
identified, and the two declarations of £ will not.

We should note that identification is traditionally applied to declarations of methods
but not to declarations of instance variables. This is probably because instance variables
are mutable whereas methods are usually pure values, so instance variables may vary by
simply assigning to them whereas methods can only vary if some other mechanism is
employed. This makes methods less flexible than instance variables, but it saves a lot of
space, it simplifies compile-time checking of the correctness of calling a given method on
an instance of a given class, and it improves program comprehension, because the method
implementation is known statically for each class.

2.1 Non-Identification

The oldest and simplest approach to declaration identification is to avoid it. In languages
such as C [7] and Pascal [5] there are no mechanisms to compose entities such as Pas-
cal records or C structs and thereby bring declarations together in the same context.
Within one declaration block (e.g., the body of a struct), declared names must be distinct.
Similarly, functions and procedures declared at the same level must have different names.

As a consequence, the question of identification never arises. Moreover, it is sufficient
to investigate one declaration in order to learn about the declared entity—whatever holds



according to that declaration will always hold when accessing that entity. In languages
with static bindings from name applications to name declarations, this enables excellent
run-time performance of procedure calls and attribute access, and that probably made
non-identification the default rule for member functions in G+ (like £ in box 1).

2.2 Identification by Spelling

When identification by spelling is used, two declarations of a name n in one entity are
identified with each other because the declared name is n in both cases. So, declarations
of the same name in the same context are always assumed to denote the same thing.

At first, this rule might seem to be the one that is used in many dynamically typed
languages, including Smalltalk [4] and Self [1]. After all, a message ‘foo: x’ sent to a
Smalltalk object O gives rise to a lookup process (conceptually—it may be implemented
in various ways) where the most specific class of O that provides a method with the name
foo: is allowed to determine the meaning of foo: in context of that object.

In Self, a prototype based language that affords programmers an exceptional level of
flexibility, the lookup rules are similar to the ones used in Smalltalk. One difference is that
each object may have several parents (somewhat similar to having multiple superclasses in
class-based languages). The rule applied here requires that there is only one most-specific
declaration of the given name, otherwise an “Ambiguous method” error is raised.

It is still the case that the network of classes/objects is inspected, all declarations of
foo: are considered as a group (conceptually, the implementation may optimize this), and
one of them is selected for execution. However, in all these cases we might as well categorize
the approach as belonging to the next group, because the number of arguments are taken
into consideration when matching up method names, as explained in the next section.

2.3 Identification by Spelling and Argument Count

The syntax of languages like Smalltalk and Self ensure that the number of arguments is
an integrated part of the name of a method—for instance, foo is a method that takes zero
arguments, foo: takes one argument, and foo:Bar: takes two arguments, etc. A message
send like x foo:y Bar: z invokes foo:Bar: on the object x with the arguments y and z.
By using that syntactic form (supplemented with another form for ‘binary methods’) for
all message sends, it becomes possible to determine the number of arguments expected by
any method, just by looking at its name (its selector).

An interesting consequence is that while these languages lack static type checking, they
will in fact never call a method with a wrong number of arguments—it would necessarily
use a different method selector and thus designate a different method.

In these dynamically typed languages there may be several declarations of methods
having the same name. In Smalltalk, there cannot be several instance variables having the
same name in the same class, but in Self there is no distinction between instance variables
and methods, so one object network may have several instance variables and/or methods
with a given name. However, the effect of having multiple instance variables with the same



name is that the most specific one overrides the others; even though this can be used to
simulate such features as class variables, it is also somewhat confusing and error-prone.

Finally, a defmethod form in a CLOS [6] program introduces a method implementation
having a certain name and a certain argument list. This method will become one of
the methods ‘contained in” some generic function of the same name having a ‘congruent’
argument list (i.e., primarily, having the same number of required arguments), and when
that generic function is called it will select some of the methods and invoke them. In this
case the language indisputably identifies methods based on name and argument count,
because CLOS does not encode the number of arguments into the method name.

Identification by spelling and argument count seems to work well for dynamically typed
languages.

2.4 Identification by Signature

In several statically typed languages, including CH and Java, declarations of methods with
the same name may be considered distinct if they take a different number of arguments,
or if the types of arguments are (sufficiently) different.

This means that we may have several methods named foo, and they are then partitioned
into groups according to a combination of the name and the argument types. Within each
group the declarations are identified, but declarations in different groups are not.

A common implementation technique used in CH- is to encode the types of arguments
into the names of methods, resulting in so-called “mangled” names. Originally, this sim-
plified linking of G+ programs using linkers created for C. Identification by signature may
be thought of as identification by name, applied to the mangled names.

It should be noted that this technique of having many meanings of the same name in a
given context makes it impossible to use that name in contexts other than the ones where
the ambiguity can be resolved. For instance, it would not be possible to extend Java to
allow usage of a method in any other way than calling it—e.g., we could not pass a method
as an argument to another method—unless some disambiguation scheme were provided.

This approach is generally accepted in connection with statically typed languages even
though it has some problems, as pointed out in the next section.

2.5 Identification by Identity

The last approach considered here uses an explicit syntactic representation of each group of
identified declarations. It plays the role as the “identity” of that group, and the connection
between any given declaration and the identity of the group that it is a member of is resolved
at compile-time. Such an approach is taken in gbeta [2] and in LAvA [8]. For example:

A: (# v: < object #);
B: A(# v: :< integer #); Box




In box 1, expressed in gbeta, there are two patterns (in this context, think of the word
‘pattern’ as a synonym for ‘class’) A and B, both containing a declaration of the name v. B
is a subpattern (subclass) of A, so an instance of B will contain two declarations of v.

A declaration in gbeta may consist of a name (here v), then a colon, then a marker that
indicates the kind of entity being declared (here ‘<’ or ‘:<’); and finally the right hand side
that specifies the properties of the declared entity.

The marker ‘<’ in A indicates that this declares a pattern, it is virtual, and it is its
own identity. The marker ‘:<’ in B indicates that this declares a virtual pattern. It is
a requirement that every virtual pattern must have a statically known identity, so the
declaration of v in B is only accepted by the static analysis because there is a statically
known superpattern (namely A) that provides an identity for this virtual pattern (namely
the ‘<’ declaration of v).

The word ‘virtual’ indicates that the declared entity is specified by means of a group
of declarations, and it may be used for extensible methods (similar to virtual member
functions in G+ and other OO languages), extensible classes (similar to type arguments
for type parameterized classes and methods), and deferred objects (not described here,
because of space constraints).

3 Effects of Identification

The most common effect of identification is selection, i.e., when the set of identified decla-
rations has been determined, one of them is taken to be the active one and all the others
are simply ignored. This is the case with methods in Smalltalk, all kinds of attributes in
Self, virtual member functions in CH-, and methods in Java. It provides us with the main
stream OO semantics of “method overriding”.

For a CLOS method, all the member methods in a generic function are taken into
consideration. The applicable ones (the ones whose argument constraints are satisfied by
the actual arguments) are selected. Amongst the applicable methods, all the methods
marked ‘before’ are executed first, then the most specific ordinary method, then all the
methods marked ‘after’. Hence, this will compose an ‘effective’ method based on several
declarations in the group of identified declarations.

In gbeta the approach is also to compose a resulting meaning out of the meanings of
all identified declarations. This happens by means of C3-merging as described in [2, 3].

It should be noted that an approach capable of composing declarations seems to be
more suited to work with separation of concerns than an approach based on selection,
since the composition may bring together the separated concerns.

4 Problems Caused by Those Effects

Every one of these approaches can give rise to some problems. First, if two methods are
conceptually unrelated, they should be able to coexist in one object without disturbing



each other. This works perfectly for non-virtual CH member functions, but then we
cannot redefine them. It is not supported in languages like Smalltalk, Self or CLOS, nor in
Java (multiple interfaces with “the same” method must share the implementation of that
method in every class implementing those interfaces together). It is supported in gbeta,
in that two unrelated methods will have different identities and hence never be identified
with each other. This means that a class in gbeta may have two separate methods with
the same name and still support late binding of both methods. A special problem in this
area is the confusion in C+ around identification of methods. For instance:

struct A { virtual void £() {3}};
struct B: public A { virtual void £() {}};
struct X { virtual void £() {}};
struct Y: public X { virtual void £(O) {}};
struct BY: public B, public Y {};
struct BY2: public B, public Y { virtual void £ () {}}; Box
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There are three groups of declarations of f in this example. The groups are {A: :f,B: :f},
{X::£,Y::f}, and {BY2::f}. If we execute f on an instance of B or BY then we get B: : £,
both with A and B as the statically known class. Similarly, if we execute £ on an instance
of Y or BY then we get Y::f. This means that we do get late binding and that the first
and second group of declarations above are considered distinct in BY that contains both.
However, if we execute £ on an instance of BY2 then we get BY2: : f in all cases.

This means that there are two distinct groups of declarations of £ in all classes except
BY2, where they are merged into one group. The problem with this is that a programmer
who knows about the A::f “family” of declarations and who redefines it in BY2 may
accidentally capture the X: :f family, thus destroying X: : £ for all callers. A programmer
who does not know about the existence of BY2 will have no hint that A::f and X::f
may in certain cases be considered the same method. This problem does not exist when
identification by identity is used, because the identities A: : f and X: : £ would be different.

A similar problem is that a declaration of a method may accidentally override another
method of the same name, e.g., if B: :f were conceptually unrelated to A: :f but the pro-
grammer overlooked the latter. With identification by identity it is syntactically marked
out exactly which method declarations are supposed to introduce an entirely new declara-
tion group and which ones are supposed to add a declaration to an existing (and statically
known) group. This problem gets even worse in a language like CLOS, where the equivalent
of classBY would already let B: :f capture the X: :f family, again silently.

In CLOS this can be used constructively in ‘mixin’ classes. However, gbeta demon-
strates that mixins can also be used with identification by identity—a bit less flexible, but
also safer.

Finally, it is a problem with very strict approaches like identification by identity that
methods which are conceptually related but not declared to be so cannot be considered as
the same method. However, since problems associated with missing identification generally
show up at compile time, we think that it is less dangerous than problems associated with
overly aggressive identification, which tend to be undetected until run-time.
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Conclusion

In this paper, feature interaction was addressed with special attention to the topic of name
binding, especially focusing on the subtopic of declaration identification and composition.
Different approaches taken in various programming languages were presented, and a few
problems associated with each of them mentioned. Generally, we take the position that
declaration identification should be statically known, because unforeseen and conceptually
unsound identification may cause disasters at run-time, whereas lack of identification that
occurs as a compile-time problem for programmers may usually be handled by a bit of
extra programming.
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