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Abstract. Current object-oriented programming languages make a distinction
between a function tied to a type (member function) and ordinary functions.
Since calling member functions requires a different syntax, this lack of
uniformity complicates the implementation of generic algorithms. Additionally,
while non-member functions may be declared by any user, member functions
can be declared only by the author of the type limiting its adaptation to future
functional or syntactic requirements. Namespaces were designed to allow
independent development of software components. However, invocation of
some non-member functions does not work as intended with the prefix
qualification imposed by the use of namespaces. In the C++ programming
language the lookup rules were thought to allow convenient use of some non-
member functions without namespace qualification. However the rules tend to
find unwanted names and are considered dangerous for library development.
We present a novel set of lookup rules that solves the problem in C++ and
similar languages.

Keywords: lookup, namespaces, ADL, library development, software
engineering.

1 Introduction

The generic programming paradigm tries to express algorithms with minimal
assumptions about data abstractions [1]. Generic functions are usually expressed in
terms of types that are not known until the function is actually called. This allows the
algorithm to be used with a variety of types not known beforehand by the original
author of the algorithm. However, some assumptions must be made; for example, a
sorting algorithm may assume operator < is defined so it can be used to compare the
elements of the sequence to be sorted.

The assumptions made by the author of a generic algorithm are classified in three
groups: syntactic, semantic, and complexity assumptions [2]. The last two are usually
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expressed in documentation (manuals, comments in the source code) and failure to
meet them results in a wrong behavior of the generic algorithm. However, failure to
meet syntactic assumptions may prevent the compilation and use of the generic
algorithm even if just a minor adjustment is necessary. When making that adjustment
is not possible, the only solution available is to rewrite the generic algorithm.

This is complicated by many programming languages with support for the object-
oriented programming paradigm when they include the notion of member functions. In
these languages, a member function is a function that can be declared only inside the
declaration of the type to which it is tied to and it must be called with a special syntax.
Consider the following example in C++ [3]:

struct test {
void member_function( );
b

void non_member_function(test);

test t;
t.member_function( );
non_member_function(t);

Given this difference, the writer of a generic algorithm is left to choose which
syntactic notation (calls to member or non-member functions) to use in the
implementation of the algorithm. Unfortunately, if the former is preferred the
algorithm will be unusable for types for which their original implementors did not
provide the required functions.

Very few languages try to lessen this problem. For example, the C# programming
language [4] allows to declare functions that share the same syntactic properties of
member functions outside the declaration of a type. Unfortunately this is not sufficient:
many languages (including C++, C#, Java [5], Python [6] and D [7]) restrict the user
from declaring constructors (a special kind of member function) and some or all of the
overloadable operators as non-member functions.

The problem becomes more noticeable when dealing with operators. Many
languages provide a feature to ease the development of independent libraries, usually
by allowing the grouping of names inside namespaces. To use a name declared inside a
namespace from outside, it is necessary to qualify the desired name with the name of
its namespace. Unfortunately namespace qualification defeats the convenience of
notation and use provided by operators.

namespace ns {
void f(test);
void operator+(test);

}
+t; // error, operator+ not in global scope

ns::f(t); // qualification required
ns::operator+(t); // qualification required

While it may be argued that operators deserve special treatment or that they could
be declared in the global scope, many functions are so common that the lack of an
operator to denote them in source code is purely accidental (for example, the square
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root function has a well-known mathematical notation but its typing in current
keyboards is not easy) and declaring them in the global scope brings back the problem
of name collisions namespaces were supposed to solve.

This is also problematic for generic programming: since the actual types used are
not known while implementing the algorithm, the namespaces where they (and
possibly their non-member functions) are declared are also unknown. This could be
partially solved by providing a way to find the namespace of a type and using explicit
qualification with such namespace but this not guaranteed to work correctly every time
(for some types their non-member functions could be declared in the same namespace
but any author may decide to declare them in the global scope). If this path is chosen, it
would be necessary to provide a compile-time reflection library to query the
information about namespaces and declarations. We consider that the implementation
of generic algorithms would become too cumbersome to be practical or intuitive.

2 The C++98 Solution

During the standarization of C++ the problem caused by the interaction of namespaces
and operators was discovered [8]. To overcome this, the argument dependent lookup
algorithm (ADL) was proposed and later accepted as part of the C++98 standard [9].
ADL is performed for unqualified function calls and, in general, it considers all the
functions that are declared in the namespaces where the types of the arguments used in
the invocation are declared, plus the functions found by the ordinary lookup. This
allows convenient use of operators and other common functions:

namespace ns {
struct array;

int size(array);
bool operator==(array, array);

3

ns::array al;
ns::array az;

size(al); // calls ns::size
al == a2; // calls ns::operator==

Unfortunately it was not until several years later that some problems resulting from
the interaction of ADL and function templates (the feature used to implement generic
algorithms in C++) were identified. In C++, a function template allows the user to
write algorithms for types that will be determined until it is used (template
instantiation). The following example is a typical implementation of the algorithm that
finds the minimum of two values:

template<typename T>

Tmin(T a, T b) {
return (b <a ?b : a);
}

min(1, 2); // T deduced as int


claudia
Cuadro de texto
                                         Solving the Lookup Problem for Non-Member ...    5



6 Castro R., Téllez G. and Zaragoza F.

Unfortunately the names injected by ADL are considered equally important than
those found by the ordinary lookup. This is particularly dangerous in the context of
unknown types and calls to function templates since ADL may misguide the overload
resolution algorithm to select overloads not intended by the implementor of a library:

namespace vendor {
template<typename T>
void g(T);

template<typename T>
void h(T v) {

g(v); // wants to call vendor::g
}
struct mine;
void g(mine); // unrelated to vendor::g
mine m;
vendor: :h(m); // global g called due to ADL

Library implementors must protect themselves from ADL by using namespace
qualification even inside their own namespaces. This gives little to no advantage in
comparison to the identifier prefix alternative used in languages with no support for
namespaces (for example, C).

3 Subsequent Attempts for Solution

Designers of new programming languages have tried to avoid coming up with
something similar to ADL in an attempt to prevent the problems present in C++.
However their designs cannot handle some simple cases that ADL can. The D
programming language still needs to rely on member functions and does not not
provide a feature similar to the one found in C#. In the Clay programming language
[10] this rough translation to C++ is valid:

namespace ns {

struct s;
void f(s);
}
ns::s v;
fv); // calls ns::f

However the call will fail if the user overloads the function, even if it could not be
called:

void f(int); // hides ns::f
f(v); // error, ns::f is hidden

In the context of C++ a good analysis and some proposed solutions are presented in
[11, 12] but in our opinion, the best attempt to fix this problem was proposed by Herb
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Sutter in [13] during the works for the new C++ standard, dubbed as C++0x. The
proposed change to the ADL algorithm consists on requiring the injected functions to
have a parameter of the same type of the argument that causes the injection (ignoring
pointer, reference, const, and array modifiers) and in the same position. This change
would greatly reduce the number of functions injected by ADL (that currently includes
unconstrained function templates, likely to be semantically unrelated), removing most
(but not all) sources of surprise. However, what we consider a major issue remains
unsolved. Consider the following namespaces:

namespace lib1 {
struct s;
void f(s);

namespace lib2 {
template<typename T>
void g(T v) {
f(v); // wants to call f via ADL
}

3

Unfortunately, if the user declares a global variable named f, he will inadvertently
interfere with lib2:

int f;

void g( ) {
libl::s v;
1ib2::g(v); // will find the global f

It is vital to solve this problem if non-member functions are to become a viable
alternative to member functions for expressing functionality of types in languages with
features similar to those present in C++. The name lookup problem for non-member
functions in presence of templates and namespaces is considered open by Alexander
Stepanov who, along with David R. Musser, defined generic programming back in
1987 [14, 15] and are authors of the Standard Template Library [16].

4 Proposed Solution

A key insight for solving this problem is recognizing that ADL ignores the information
about the namespace hierarchy as it unilaterally injects a set of functions that are
equally important as any others, even those that were in the same scope as the
invocation (the ones the user probably intended to call). We propose to apply the
following changes to the lookup rules:
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1. Strengthen the requirements for ADL

We propose a similar change to the one suggested by Sutter. However, ADL currently
searches for functions in the namespaces of the arguments of struct templates and to
achieve uniformity the pointer, reference, const, and array type modifiers must be
considered template-like type generators:

template<typename T>
struct pair {

T first, second;
b

namespace ns {
struct inner;

template<typename T>

void f(T);
}
pair<ns::inner> p;
(p); // calls ns::f via ADL
f(&p.first); // calls ns::f via ADL

We propose to drop this feature completely and require an exact match between the
type of the parameter and the type of the argument, ignoring only reference and const
modifiers.

2. Continue the search after finding non-candidates

In C++ the search for a function stops after finding one with the desired name, even if
it cannot be called. This means the following will not compile:

void f( );

namespace ns {
void f(int);

void g( ) {
f(); // error, f(int) unusable
3

3

The rationale for this rule is documented in [17] and was considered correct in the
context of object oriented type hierarchies and the absence of function overloading.
The introduction of overloading in C++ casted doubts about the usefulness of this rule
but backward compatibility was considered important enough to keep it. We propose
to remove this rule and to allow the lookup algorithm to continue searching in
enclosing scopes as long as no callable function has been found. This is necessary for
applying the third proposed change.
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3. Make ADL consider the namespace hierarchy

The set of functions considered by the ADL algorithm is no longer injected as is. The
functions are injected from the scope where they are declared into the enclosing scopes
until the global scope is reached. We call this process downward function propagation.

namespace ns {

struct s;

void f(s);
}
void g( ) {

ns::s v;

f(v); // ns::f found by propagation
}

namespace mine {
void f(ns::s);

void g( ) {
ns::s v;
f(v); // mine::f found

}

This effectively turns namespaces into semantic spaces since it is possible to hide
any function, even those honored by ADL. This could prove useful for redefining
builtin operations if that were to be allowed:

namespace safe {
int& operator*(int* pointer) {
if (pointer == NULL) {
exit(“null pointer dereference”);

}

return builtin::operatorx(pointer);
}
void f(int*x p) {

*p = 1; // safe::operatorx called
3

}

Except for namespaces declared directly in the global scope, nested namespaces
are typically coded by the same team of developers. Since function propagation is only
performed from nested to enclosing scopes, the propagation of any unwanted names
coming from nested scopes is the developer’s fault. The propagation remains active
only during the resolution of the function call that triggered it.

4. Give preference to declarations found via ADL

The propagated functions found in a given scope have preference over any other
declaration:
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namespace lib {
struct s;
void f(s);
}

int f;

void g( ) {
lib::s v;
f(v); // will always find lib::f

This guarantees that unknown names will not interfere if the propagation
mechanism is sufficient to resolve function calls between two different scopes or
namespaces. For namespaces that represent libraries, this allows library developers to
safely use declarations contained in another library, isolating them from declarations
that may be added in the global scope unless no propagated functions are found and the
searched name cannot be resolved locally.

While not always necessary in C++ since user declarations are typically processed
after library inclusions, this rule is particularly important for templates as lookup may
be deferred for some names until instantiation time and in languages where lookup is
not affected by the order of declarations.

5 Conclusions

We presented a novel set of lookup rules that solves an open problem in programming
languages design by allowing practical use of non-member functions for declaring the
associated functionality of types. This reduces the syntactic variation of programming
languages which is particularly important for generic programming, while performing
an intuitive name lookup that considers the potential semantic differences between
scopes. The lookup rules do not protect the developers from themselves but protect
them from declarations contained in other scopes, including the global scope if
necessary. These rules were designed as part of the design of a new programming
language developed in [18].
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