On the Translation of Multiple Inheritance Hierarchies into Single
Inheritance Hierarchies

Yania Crespb, Jog Manuel Margés', and Juan Jé&RodigueZ

1 Dept. of Computer Science, Universidad de Valladolid, Spain
{yania,jmmc}@infor.uva.es
2 Dept. of Civil Engineering, Universidad de Burgos, Spain
jjrodriguez@ubu.es

Abstract. In this paper we briefly present some solution strategies for situations in which it is necessary to
transform multiple inheritance schemes into single inheritance or non-inheritance “equivalent” schemes. The
strategies are divided into basic strategies and combined strategies. The mechanisms presented are compara-
tively analyzed in the light of some ideal characteristics to be accomplished by hierarchy transformation strate-
gies.

1 Introduction and Motivation

It is possible to describe three situations in which it would be useful to have available some transformation mech-
anisms from multiple inheritance to single inheritance:

— To extend a single inheritance language with multiple inheritance constructions.
— To implement a multiple inheritance based model in a single inheritance language.
— To translate from a multiple inheritance language to a single inheritance language.

The second situation is specially interesting for Software Engineering. This is because of its usefulness in
CASE tools, in automatic prototyping environments and also in those environments for aiding in reuse from dif-
ferent abstraction levels. The automatic realization of this transformation is useful from the previous three points
of view because:

— It can be incorporated into Object Oriented Design (OOD) CASE tools in order to support code generation
independently of the target language.

— It can be used in automatic prototyping environments if they encourage multiple inheritance as a specifica-
tion resource, or some other specification resource leading to a multiple inheritance design solution (such as
dynamic and role classes [17]), if it one wishes to obtain a prototype coded in a single inheritance language.

— It can be incorporated into environments supporting reuse from different abstraction levels. In this case it
will be possible to reuse a multiple inheritance based OOD in some other project requiring a particular target
language that does not allow multiple inheritance. Functionalitgssitsepositories and libraries will also
be improved.

2 Conversion strategies from multiple inheritance into single inheritance

We propose that an ideal transformation strategy from multiple inheritance schemes into single inheritance schemes
should:

— Maintain as far as possible the originally modeled inheritance hierarchic classification.
— Respect polymorphic assignments and behaviour even if the languages are strongly statically typed.
— Avoid (as far as possible) excessive code repetition and problems of coherence maintenance.

These aspects will be considered as a reference for analyzing each transformation strategy. Their complexity and
the kind of language they apply to will be also evaluated.

Figure 1 shows schematically the relation between languages and transformation strategies. What the dotted
arcs mean is that for those languages it is always possible to apply the preceding methods even through they don’t
fully exploit all the language characteristics.

The same Figure 1 shows a proposal for dealing with conflict resolution in the moment of the transformation.
That's what the dotted line means in the figure. In [9] was stated that, rather than tryingtteefimdversal method
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Fig. 1. Languages and transformation mechanisms.  Fig. 2. A multiple inheritance hierarchy. Running example.

for multiple inheritance conflict resolution, it should be considered to apply different resolution methods to dif-
ferent kinds of problems. Our proposal includes this idea. The selected method for conflict resolution determines
some minor transformations in the translation mechanism. This is a versatile way for conflict resolution. For in-
stance, in the presence of repeated inheritance, duplication can be obtained by generating two (or more) renamed
attributes, unification can be obtained by generating just one attribute and even more complex decisions can be
made, combining dupplicated attributes by the generation of two (or more) renamed attributes and a function with
the original attribute name.

In [3] conflict resolution methods are classified in two main classes: guided resolution (in C++, Eiffel) and
automatic resolution (in CLOS). The way of dealing with conflict resolution proposed in Figure 1 is in the mid way
between this two classes. Itis guided resolution but previous to transformation time (not necessarily in specification
or programming time) and it is automatic resolution at transformation time.

2.1 Basic strategies

The problem of transforming a multiple inheritance hierarchy into a single inheritance “equivalent” hierarchy
can be tackled using the following basic strategies: emancipation, composition, expansi@rianttype or its
simulation with a monitor class and flags.

The transformations will be illustrated through the classical example of a diamond hierarchy, Figure 2. There
are four classes in the example. Each class introduces a new attribute and a new method. All classes define their
own version of the methochetA.

— Emancipation: all the inheritance relations of a class are eliminated, and all the inherited properties are in-
cluded as its own resources. This strategy is similar to the applicatiflattefningto a class [7, 8]. In this
operation it must be taken into account that the coexistence of various versions of the same method (the an-
cestors versions) could be necessary so that the original calls to super methods can be translated into local
calls. This requires the methods to be renamed, the calls to be modified and so on. Figure 3 shows the example
hierarchy transformed by emancipation.

— Composition: the inheritance relations are transformed into composition relations. According with Meyer [8],
when itis the case that a claBsieeds a facility from some other cla&shere are 2 possibilities. Ban heir of
A, or a client ofA? Even though there is a marked difference betwserandhas-arelationships, sometimes
itis possible to change as-arelationship into das-arelationship (with the loss of benefits this implies). The
calls to super methods are replaced by delegation. As a consequence, the method bodies must be modified.
Figure 4 shows the example hierarchy transformed by composition.

— Expansion:the multiple inheritance graph (DAG) is expanded into a tree (a forest, generally). Hence, in the
new graph there are only single inheritance relations. In this method the transformation is achieved without
loss of information thanks to the replication of classes [6, Chapter 4]. Figure 5 shows the example hierarchy
transformed by expansion.
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Table 1. Evaluation of basic transformation strategies

— Variant type or its simulation with a monitor class and flags:starting from root classes on the hierarchy,
a complex structure including all the properties of its descendant classes is created for each one. These prop-
erties are dispatched according to the current object. The structureaisaat type (in the case where the
target language has a type constructariant) or a monitor class simulatingariantswith flags. Unlike the
emancipation process, a flattened class is not obtained for each original class. The result is a unique complex
structure describing the objects of one or other class depending on a condition. Figure 6 shows the example
hierarchy transformed byariant.. ..

Table 1 shows a comparative evaluation of the methods named basic strategies. The four basic strategies are
detailed presented in algebraic notation and with UML graphical examples in [12].

The analysis of basic strategies leads us to the conclusion that none of them is completely satisfactory by itself
because there is a great loss of the original model and/or some (or all) of the ideal characteristics listed at the start
of Section 2 are broken.

2.2 Combining strategies

In this section we present two proposals for combining strategies. They are going to be referred as: the Java
case and the General case. The special distinction for Java is justified because, although it is a particular case, it
is interesting and representative and it serves as a basis for considering the general case. The Java case tries to
cover those languages with single class inheritance but multiple interface derivation (such as: Java itself, Delphi,
Modula-3).

For each one of these cases some variants can be described according to the basic strategies that they choose to
combine. We shall now briefly describe a variant combining interfaces with emancipation (variant 1) and another
that combines interfaces with emancipation and composition (variant 2) for the Java case. There are equivalent
variants for the general case but they change interfaces by the use of expansion.

— Java caseGiven an original hierarchy, it can be represented using Java interfaces maintaining all inheritance
relationships, but neither non-constant attributes nor method bodies can be included in these interfaces. There-
fore, itis necessary that some classes implement those interfaces. In order to simulate the existence of attributes
using interfaces there must be defined methods signatures for getting and setting the required attributes.
Variant 1: In the variant 1, classes for implementing interfaces are obtained as a result of the emancipation
process. The polymorphic assignments are achieved by declaring the variables managing objects with the
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Fig. 5. The hierarchy after the expansion transformation. Fig. 6. The hierarchy after theariant. . . transformation.

interfaces. The corresponding polymorphic behavior is achieved by creating these objects with the emancipated
classes. The emancipation process generates methods duplication in the set of resultant classes. Figure 7 shows
the example hierarchy transformed by this variant.
Variant 2: In the more complex variant 2, a new group of classes resulting from the application of the com-
position process to the original hierarchy is introduced. The whole process includes filtering emancipated and
aggregated classes in the following way: keep in the classes resulting from composition only the methods
and according to this, keep in the emancipated classes only the attributes. The interfaces obtention from the
original hierarchy does not change. Figure 11 shows the example hierarchy transformed by this variant while
Figure 8 shows object diagrams for clasBeandD.
Relating the 3 groups we have: each method class implements its corresponding interface and each attribute
class is a component of its corresponding method class (this is the same as to say that each method class has an
attribute that is representing an object of the corresponding attribute class). When an object of a method class
is created, the attributes of its components classes keep null, i.e. only the object of attributes directly related
with it is created. The interfaces are shells for dispatching calls to objects.
Between method classes and interfaces an association raaheghteds established which indicates which
object is delegating in its corresponding method class. This association is needed in order to maintain the self
reference and to work without loss of polymorphic behavior. Calls to methods of the class itself are always
sent to the delegator.

— General caseit is similar to the Java case but replacing the interface hierarchy with a hierarchy obtained from
the expansion of the original hierarchy.
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Variant 1: it is similar to the Java case but the relation between the expanded hierarchy and the emancipated
classes must be a composition relation and the expanded classes methods must delegate in the emancipated
classes. The problems of polymorphic assignments and behaviour and coherence maintenance are solved by
creating objects of all expanded classes. Given an original class, the objects created from expanded classes
corresponding to the original class will share a common object (created from the corresponding emancipated
class). Figure 9 shows the example hierarchy transformed by this variant.

Variant 2: it is again similar to the Java case with the ideas commented in Variant 1 of this General case.
The expanded classes have a composition relation to the corresponding class resulting from the composition
process, and these ones with the appropriated class of the emancipated classes. Among all the classes in the
expanded hierarchy that correspond to an original class with multiple inheritance, one is selected to act as the
delegator. Figure 10 shows the example hierarchy transformed by this variant while Figure 12 shows the object
diagram for clas®.

Table 2 shows a comparative evaluation of the methods named combined strategies in their variants.

For languages with single subclassing and multiple subtyping, all basic and combined strategies are applicable
but the variants of the Java case are the ones which better exploit the language characteristics. Both variants 1 and
2 resolve correctly the original inheritance classification (using interfaces) and preserve polymorphic assignments
and behavior without coherence maintenance problems. Variant 1 presents some code duplication but variant 2
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does not. In the General case we found always some code duplication because of the hierarchy expansion. Anyway
the duplicated code is always a delegation code (a wrapper calling to other object).

All of the mentioned variants of combined strategies are algorithmically detailed and presented with examples
in [12].

3 Some related works

The strategy here named expansion was described algorithmically in algebraic notation in [6]. The strategy named
emancipation takes the idea from the notion of flatform of a class [7], in the same way as the composition
strategy is based on the works of Stein concerning delegation [13]. The strategy which is catladttypes or

..."is an idea starting from part of the automatic codification of conceptual OO-METHOD models works [10, 11].
The work on types of Cardelli and Wegner [1, 2] were also a basis for its conformation.

Jamie [15] is a pre-processor for Java that provides automating delegation as an alternative to multiple inher-
itance. In their approach, the programmer must decide to which object delegate. Its purpose isn't the automatic
translation, but could be helpful in future versions of the implementation of our solutions.

J2C++ allows access C++ objects from Java. It associates to every C++ class a Java proxy class. J2C++ only
supports single inheritance. Our solution could be used to solve this handicap.

Brucé' is an Eiffel to Java translator. At the moment, little information is available, but they “map each (non-
generic) Eiffel class to a corresponding Java interface” and “choose to select a maximal subtree of the Eiffel
hierarchy of effective classes for direct translation to a Java class hierarchy, the remaining Eiffel effective classes
need to be flattened”. Nevertheless, our solutions can avoid method duplication and aren’t constrained to Java.

3 http://www.alphaworks.ibm.com/formula.nsf/toolpreview
4 http://Aww.mri.mg.edu.au/dotg/projects/bruce



The paper [14] present a work on simulating multiple inheritance in Java, based on delegation, but the solution
have problems to deal with self calls. The solutions presented here do not have this problem. Also Malak describes
in [5] a proposal to simulate multiple inheritance in Java with a solution based on delegation and implemented
through Jamie. Author analyzes the problems with virtual self calls, constructors and finalyzers and propose a new
solution similar to the Variant 2 of the Java case. But the solution is just sketched and author states that it is not
implemented. We have implemented the Variant 2 of the Java case as a preprocessor that generate Java code from
an extended Java with multiple inheritance.

4 Conclusions and future work

From the study of multiple inheritance designs, we can state some positive and negative points. On the good
side, multiple inheritance designs are important to represent the world concepts in the design model. On the bad
side, not all object oriented languages allow multiple inheritance, and even they did it, with multiple inheritance
appear some conflicts and we desire certain flexibility in the way they can be solved. Hence, it is desirable first,
to promote multiple inheritance design, second, to have available a method for transforming multiple inheritance
hierarchies into single inheritance hierarchies. And third, introduce the possibility of versatile conflict resolution
in the translation.

Translation methods are not just useful for implementing multiple inheritance designs in single inheritance
(or non-inheritance) languages. Translation is also useful for extending single inheritance languages with multiple
inheritance and to translate from multiple inheritance languages to single inheritance languages.

We think that implementing the translation for extending single inheritance languages with multiple inheritance
can be used as intermediate result in the other two cases.

In this paper several approaches to the problem of transforming multiple inheritance hierarchies into single
inheritance hierarchies are analyzed. These approaches are coarsely divided into: basic strategies and combined
strategies. These strategies were briefly presented and each of these were analyzed according to the defined ideal
characteristic to be accomplished by a transformation mechanism, to its application complexity and to its applica-
tion area for different languages.

Experimental works we developed take into account other important aspects like creation methods, access
control and abstract classes that are not presented here for reasons of brevity. The implementation is a preprocessor
that generate Java code from an extended Java with multiple inheritance.

An immediate work to be developed consists in the analysis of the strategies according to how they fixed to
the type of model that is wanted to transform. We must implements more strategies in order to be able of build a
benchmark for numerically comparing results.
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