









































We have in fact already encountered such par-
ameterized classes: the basic classes ARRAY and
ARRAY2 are naturally generic. It should also be
noted (although the present paper is about concepts
rather than implementation) that Eiffel compilation
techniques make it possible to generate a single ob-
ject module for a parameterized class, as opposed to
Ada techniques which treat generic packages as ma-
cros to be expanded anew for each instantiation.

The examples of the previous sections provide
obvious cases where generic parameters are useful.
For instance COMPARABLE becomes

class COMPARABLE [T] feature
le (other: COMPARABLE [T}): BOOLEAN is
deferred ,
end;
minimum (other: COMPARABLE [T)):
COMPARABLE [T] is
... Asin /26/ ...;
value: T;
change_value (new: T) is do value := new end
end -- class COMPARABLE

Here we see an immediate and important ben-
efit of generic parameters: we can solve almost com-
pletely the problem of type checking by specifying
that the arguments to le and minimum and the local
variable m are of type COMPARABLE [T1], for the
same T as the class itself. Thus we rid ourselves of
the necessity to redefine, at least formally, minimum
for each descendant of COMPARABLE, which plagued
our previous attempts. The generic parameter T also
allows us to lift the declarations of features value
and change_value from the various descendants of
COMPARABLE to a single instance in COMPA-
RABLE itself.

However, we have not yet found a proper type
for minimum’s result, which remains a COMPA-
RABLE[T] even in descendants; more on this below.

To define INT_COMPARABLE all we have
to write now is

class INT_COMPARABLE inherit

COMPARABLE [INTEGER]
feature

le (other: INT_COMPARABLE): BOOLEAN is

-- Is current element less than or equal to
other?
do Result : = value <= other.value end

end -- class INT_COMPARABLE

The other examples are treated similarly
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class RING [T] feature
plus (other: RING [T]) is deferred end;
times (other: RING [T]) is deferred end;
zero: RING [T];
unity: RING [T1;
value: T;
change_value (new: T) is do value : = new end
end -- class RING
class MATRIX [T] feature
impl: ARRAY2 [RING [T];
entry (i: INTEGER; j: INTEGER): RING [T] is
... As before ... (see /31/);
... and similarly for enter, plus and times ...
end -- class MATRIX

Note how the use of a generic parameter in
two related classes, RING and MATRIX, makes it
possible to ensure type consistency (all elements of
a matrix will be of type RING [T'] for the same T).
As with COMPARABLE, the declarations of fea-
tures value and change_value have been factored
out: they now appear in class MATRIX rather than
being repeated in all its descendants.

In the unconstrained case, the need for dummy
classes disappears; class STACKABLE and its heirs
INT_STACKABLE, STR_STACKABLE, etc. are not
needed any more, since STACK may be rewritten as

class STACK [T] feature

space: ARRAY [T};

index: INTEGER;

size: INTEGER;

... The rest of the class as in /35/

... except that T is used in lieu of STACKABLE ...
end -- class STACK

There is also no more need for classes such as
INT_STACK, STRING_STACK, etc.; simply use
STACK [INTEGER], STACK [STRING], and so on.
The typing problem for fop disappears since the re-
sult of this function is now simply of type T.

A remarkable degree of simplification has been
achieved. Auxiliary classes are not needed any more
for unconstrained genericity. However, we do not
introduce constrained genericity in the language: this
feature would be redundant with the inheritance
mechanism. To provide the equivalent of a con-
strained formal generic parameter, we retain the
technique introduced earlier: declare a special class
whose features correspond to the constraints (that is
to say, the with subprograms in Ada terminology),
and declare any corresponding actual parameters as
descendants of this class. Providing the class with
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generic parameters simplifies its use and partly solves
the type checking problem.

Declaration by Association

Let us look more closely at the remaining part
of the type checking problem. Consider again class
COMPARABLE as defined last. Keeping in mind
that COMPARABLE is intended for use as an ances-
tor for more specific classes, we do not really want
other (in both functions), m and the result of mini-
mum to be of type COMPARABLE [T]: what is re-
quired of these entities is to be of the type of the
“current” entity, whatever this may be in a descen-
dant of COMPARABLE. When this type changes,
we want the other entities to follow suit.

This possibility is achieved in Eiffel through
the mechanism of declaration by association. Let a
class C contain a declaration of the form

x: D

where D is a class type. We may then declare another
entity as

y: like x

Such a declaration means the following: the
type of y is the same as the type of x; if x is redefined
in a descendant class of C as being of a class type
D', which must be a descendant of D, then y will be
considered to have been redefined likewise. Note that
this is a purely static mechanism; it may be viewed
as an abbreviation allowing the redeclaration of just
one from a group of related entities to stand for the
redeclaration of the whole group.

When this distinguished entity, x above, is
redeclared, it “drags” along all entities declared like
it. We call it the anchor of the association. The
anchor may be the current entity, as in

y: like Current

This readily applies to the previous example

class COMPARABLE [T] feature -- Contrast with
139/
le (other: like Current): BOOLEAN is
deferred
end;
minimum (other: like Current): like Current is
do ... see /26/ ... end;
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value: T;
change_value (new: T) is do value := new enq
end -- class COMPARABLE

Note how this device solves at once all th,
remaining type checking problems: not only are J,
and minimum constrained to act, in all descendang
of COMPARABLE, on homogeneous entities (cop.
paring only integers with integers, strings wit
strings, etc.); it also ensures that the result of mj,.
imum is of the right type, that of its arguments,

The same technique readily applies to the othe
cases. For example, RING becomes

class RING [T] feature
plus (other: like Current) is deferred end;
times (other: like Current) is deferred end;
zero: like Current;
unity: like Current;
value: T;
change_value (new: T) is do value := new end
end -- class RING

In contrast with the STACK case, we do need
here, because of the deferred procedures, to explicitly
declare descendants of RING for various implemen-
tations of plus and times; for example

class BOOL_RING inherit
RING [BOOLEAN]
redefine zero, unity
freeze
zero, unity
feature
..... asin /32/ ........
end -- class BOOL_RING

Artificial Anchors

For MATRIX, a small addition is necessary
to ensure that all entities of type RING [T1] are al-
ways redefined consistently.

When a group of entities are redefined to-
gether by association, one of the entities must serve
as the anchor for the association. In the final versions
obtained above for COMPARABLE and RING, the
current element is the anchor.

In MATRIX, the entities to be redefined are
of a type, namely RING, different from the current
class. In such a case, the class usually contains a
feature of the required type which can serve as an-
chor. For example, the basic Eiffel library [12] in-




cludes an implementation of linked lists through two
classes: LINKED _LIST [T] for the lists themselves
and LINKABLE [T] for list cells (a cell contains a
value of type T and a reference to another cell). The
implementation of a list contains a reference first_
element to the first cell of the list; first_element is
used as anchor for other LINKABLE entities of class
LINKED _LIST and redefined in descendants of
LINKED _LIST, such as the classes for two-way lists
and trees (both viewed as special cases of linked
lists).

Class MATRIX, however, has no feature of
type RING; the reason is that “ring” elements are
entered into the matrix indirectly, as arguments to
procedure entry. Thus, we cannot avoid the need for
a dummy feature of type RING serving as anchor:

class MATRIX [T] freeze anchor feature
anchor: RING [T];
impl: ARRAY?2 [like anchor];
entry (i: INTEGER; j: INTEGER): like anchor
is ... As before ... (/31/)..,;
enter (i: INTEGER; j: INTEGER; v: like anchor)
is ... As before ...;
plus (other: like Current) is ... As before ...;
times (other: like Current) is ... As before ...;
end -- class MATRIX

(Listing anchor in the freeze clause avoids the waste
of run-time space that would result from physically
storing an anchor within each object of the class.)
Here too specialized classes must be declared for var-
ious generic instances of MATRIX. However, the
declarations are now trivial: all that needs to be done
is to redefine anchor. For example

class BOOL_MATRIX inherit

MATRIX [BOOLEAN] redefine anchor
feature

anchor: BOOL_RING
end -- class BOOL_MATRIX

Such a redeclaration closely models the correspond-
ing Ada package instantiation (/12/).

CONCLUSION

Genericity and inheritance are two important
techniques towards the software quality goals men-
tioned at the beginning of this article. We have tried
to show which of their features are equivalent, and
which are complementary.

Providing a programming language with the

Genericity versus Inheritance

full extent of both inheritance and Ada-like gener-
icity would, as we think this discussion has shown,
result in a redundant and overly complex design; but
including only inheritance would make it too diffi-
cult for programmers to handle the simple cases for
which unconstrained genericity offers an elegant
expression mechanism, like in the stack example.

Thus we have put the borderline at uncon-
strained genericity. Eiffel classes may have uncon-
strained generic parameters; constrained generic pa-
rameters are treated through inheritance.

Declaration by association completes this ar-
chitecture by allowing for completely static type
checking, while retaining the necessary flexibility.

We hope to have achieved in this design a good
balance between the facilities offered by two impor-
tant but very different techniques for the imple-
mentationofextendible, compatible, and reusable soft-
ware.
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