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Abstract 
This paper aims at looking for problems and their solutions to include behaviour descrip
tions into interfaces. To this end, a number of requirements for this work is identified 
and some ideas to define a framework for interface definitions with behaviour parts are 
presented. 
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1 INTRODUCTION 

In recent years the ideas for Open Objectbased Distributed Systems (OODS) have been 
developed very fast. There were two major directions for this evolution. One of them is 
the development of a basic framework; this attempt is grouped around the ODP-work 
(ITU-T Rec. X.903, 1995). The other one is directed towards implementation with for 
instance TINA (Kitson, Leydekkers, Mercouroff and Ruano, 1995), which followed the 
ODP framework all the time, and CORBA (OMG, 1993). These two lines now begin to 
merge and hopefully a more and more integrated approach will result. 

As the computing in OODS is objectbased it is essential to describe the features of 
an object in the computational view without presenting too much of its interior. The 
description of the features aims at knowing where to use such objects while the hiding 
of the interior is crucial for exchangeability of objects. To this end, interface description 
languages (IDLs) are introduced, e.g. CORBA-IDL (OMG, 1993). 
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Interface description languages should define all visible aspects of the object in question. 
There are two kinds of visible aspects, namely the applicable functions (accepted signals) 
and the (abstract) behaviour that is connected to the functions. At present, languages do 
not include behaviour descriptions but only describe the applicable functions. 

This is quite clear for CORBA-IDL, which is not intended to express more than the ap
plicable functions. For the IDL part of TINA-ODL, behaviour descriptions are represented 
as text strings, i.e. there is just a placeholder and no syntax. For ODP it is discussed to 
include CORBA-IDL as an example of an IDL into the standard. 

On the other hand, there is a lot of knowledge about abstract behaviour descriptions, 
especially in the so-called formal description techniques as e.g. SOL (ITU-T Rec. Z.100, 
1993), LOTOS (ISO/IEC Rec. 8807, 1987), and Z (Brien and Nicholls, 1992). 

This paper is devoted to a better understanding of the problems with behaviour de
scriptions for interfaces and possible solutions for them. 

2 PROBLEMS WITH BEHAVIOUR DEFINITIONS 

We will now look at interfaces and try to put behaviour descriptions into them. The 
problems involved with this do not come from the behaviour part as such. In fact, one 
could quite easily add behaviour to single interfaces in a way known from the formal 
description techniques. Many of these techniques provide means to do just that. 

The problems occur with the relations of different interfaces to each other. Therefore we 
will have a look at relations between interfaces as informally shown in figure 1. For each 

signature 1 

behaviour 1 

signature 2 

behaviour2 

Figure 1 Relations between different interfaces. 

of the relations we point at a problem in its context and why this problem disappears 
when no behaviour description is present. In figure 1, a signature of an interface is meant 
to be the set of the signatures of the applicable functions of that interface, and behaviour 
is the collected behaviour of all the functions involved in this interface. Note, that the 
relations depicted are only a part of all possible relations. Most other relations could be 
treated similarily. 
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2.1 Inheritance and conformance 

We adopt the view of many object-oriented languages, that one object conforms to another 
one if it can safely replace this object. This definition has some practical problems, e.g. 
what safe replacement should mean and what techniques can be used to establish such 
relations. Many languages do not have an explicit definition of conformance, because it 
is a semantic relation (see figure 2) and most object-oriented languages only deal with 

stnJcttJre I syntax StHntJllfics 

porent -·-
Figure 2 The relation between structure and semantics. 

syntactic relations. The syntactic couterpart to conformance is inheritance. In figure 1, 
interface3 inherits interface1, in this case including signature1 and protocoll. Inheritance 
defines, how one interface can be modified to yield another one, which should conform to 
the original one. That means the modification has to be such, that the semantic relation 
is implied, i.e. the arrows drawn in figure 2 have to commute. But this is just the problem: 
with no conformance relation defined, this claim cannot be validated. 

For interfaces without behaviour descriptions the semantics is some sort of set algebra 
and can be made isomorphic to the inheritance structure. 

2.2 Reuse 

Reuse is a common technique to save code by just reusing existing code. In figure 1 
interface3 reuses protocol2 from interface2 as well as protocoll from interfacel. From 
interface1 it also gets the signature1, so it also has the same applicable functions. This 
is not true for signature2, which is not supported by protocol3. The problem is, that in 
many languages reuse is achieved via inheritance. The resulting interface is then not free 
to choose whether to support the corresponding signature or not. 

Interface definitions consisting solely of signatures are not faced with this problem as 
there is no code to be reused. 

2.3 Refinement and extension 

Conformable inheritance should provide means for two kinds of derivation, namely ex
tension and refinement. In figure 1 signature4 is used to extend signature! ' , which itself 
is a refinement of signaturel. Extension means the addition of new applicable functions 
to the interface. Refinement means the concretization of the abstract behaviour of the 
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parent. The real problem here is to find structures that allow refinement to be expressed, 
as structures for extension are usually easy to find. 

In the case of behaviourless interfaces it is not necessary to have these two means, as 
there is only one level of abstraction for signatures, i.e. they cannot be refined. 

2.4 Multiple inheritance 

Another difficulty is the presence of multiple inheritance. The difficult case is when the 
child inherits from two parents the same signature with overlapping or conflicting behav
iour. One could try to merge the two behaviours or somehow to select one of them, but 
one is faced with the problem to unify different things in a meaningful way. 

If interfaces do not include behaviour descriptions, two signatures (applicable functions) 
inherited from two parents can only be either completely different or identical. Therefore 
in this case a usual set theoretic union will do the job. 

3 SOME IDEAS TO SOLVE THE PROBLEMS 

This section is intended to provide some ideas that could lead to a solution of the problems 
identified above. We present only the idea without an embedding into a language. 

3.1 Reuse 

One obvious way to solve this is to have two distinct ways of inheritance - one for reuse 
and one for conformance. There are many variants of this. A complete cut is provided in 
Sather (Omohundro, 1993), whereas other languages just provide means for nonconform
ing inheritance, e.g. the private inheritance of C++ (Stroustrup, 1986). 

For the sake of interface description languages conformable inheritance is necessary, 
because the conformance relation needs to be visible. As reuse should be invisible, other 
language features can be used, e.g. entailed (sub)objects. 

It should be noted here that this is no problem of semantics but one of usage and syntax: 
The semantics of reuse can be the same as the semantics of entailment. 

3.2 Conformance on a structural level 

There can be no simple solution to fit all the cases of conformance on a structural level. 
So the only escape is to provide structures for the most frequently used ways of checkable 
conformance (inheritance, basic refinement, extension). To cope with the other ones, there 
should be a way to describe a wanted conformance relation that has to be proven with 
other means which can be structural as well (see also 3.5). After proof the relation can 
be used like a 'normal' one. 

For interfaces, the representation of conformance by structure is quite important, as 
interface descriptions have to be exchanged by programs and it should not be necessary 
to put too much effort in establishing a connection. Undecidable problems are definitely 
too hard at this place. Of course, it is common today to have a structural relation for 
inheritance, but one has to bear in mind that it has to be guaranteed that this structure 
provides conformance (on the semantics level). 
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3.3 Refinement 

The aim of an IDL is to hide the implementation of an object and just to provide the es
sential information about its functionality. Thus the interface description is an incomplete 
description of the object. There is no consensus, however, about the kind of incomplete
ness and the ways to express it syntactically. Currently there are two main approaches to 
express incompleteness. 

Partial descriptions give an in-depth description of some parts of the behaviour and 
omit others altogether. For instance, the reactions to some signals are described whereas 
the reactions to other signals are not described. This is the case with CORBA-IDL, 
where no behaviour at all is described. 

Declarative descriptions give a complete description of the in-out behaviour of the 
object without stating, how this is to be achieved. So the description of the behaviour 
on the interface(s) is complete, but the internal actions that are necessary to achieve 
this behaviour are hidden. In this case also the internal structure of the object is hidden. 

These two approaches are reflected in two domains of abstractness. 

Value-Abstractness (reflecting partial descriptions): 
Here one abstracts away the concrete values mainly for the assignment of (sets of) 
variables. Note, that parameter passing is regarded here as a form of assignment. An 
arbitrary value that may have to fulfil some restrictions is assigned to the variable(s). 
This is a source of infinite nondeterminism. An example is the assignment of ANY
values as in the fictitious statement: 
x:= ANY typeof(x) WITH <restriction>. 

State-Abstractness (reflecting declarative descriptions): 
This abstracts away the representation of (data) types. One just provides a signature for 
them. Furthermore, a congruence relation is provided stating which values are regarded 
to be equal. This style of abstractness is usually called algebraic specification of data 
types. 

3.4 Multiple inheritance 

It is always a good idea to confine oneself to single inheritance, as far as the problems of 
multiple inheritance are concerned. On the other hand, multiple parents are very valuable 
in the case of modelling, so they should not be completely discarded. The core problem 
is that there could be very few common structure for conformable multiple inheritance. 
To deal with this situation on a structural level would require quite complicated rules. A 
solution could be to restrict inheritance to the single inheritance case and to provide means 
to add new relations to the conformance relation. In a way, one introduces a distinction 
between structural inheritance and semantic inheritance. The former is only allowed to be 
single inheritance while the latter may occur in any arity. It is quite easy to find structural 
rules for single inheritance. The additional inheritance links are deferred to the semantics 
side and do not pose structural problems. They are just mentioned in the structure. This 
way multiple inheritance is a very simple concept from the language point of view. 
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3.5 How to transfer semantic relations 

With the current state of the art it is only possible, to announce semantic relations between 
interfaces adhering to a predefined structural relation (i.e. inheritance). This is depicted in 
figure 3 (a) . On the other hand, it would be very good to have means to establish arbitrary 

(8) current Sl818 {IDL): (b) more flexible: 
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}"' inheri1ance 
~ is 

conformance 

interlace 2 semantics 2 I 

(c) and b8ck to current: 

Figure 3 Transfer of a semantic relation. 

semantic relations between interfaces. However, it is strictly impossible to transfer any 
semantic information, as this is situated in a completely different domain. Fortunately, 
logics provides us with a fundamental theorem, that a semantic property holds, iff a 
corresponding (syntactic) proof exists. This is at least true for ordinary predicate calculus. 
So one simple approach could be to have a proof tool within any type repository which 
could then establish the various conformance relations. 

This approach can be made simpler by noticing, that not actually finding a proof is 
necessary, but only proof checking. Note, that proof checking is a simple activity, whereas 
proof finding is beyond NP. This would allow the transfer of a great variety of structural 
relations between interfaces. The scenario is like depicted in figure 3 (b). For establishing 
a relation between the two interfaces it is only necessary to transfer the proof of the 
conformance relation. Then this proof can be checked for well-formedness by the receiver. 
A prerequisite for this is a predefined relation to get the semantics of the interfaces. But 
this is not too big a problem. 

Now it would be very tedious to always have to transfer a proof of conformance with 
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every inheritance relation. One way out of this would be to offer predefined relations like 
inheritance or simple forms of refinement. Another way is depicted in figure 3 (c). The 
inheritance relation is defined as a relation between generic interfaces. Those interfaces 
then have a generic semantics. Their conformance can be proven in a generic way. After 
this has been done, all concrete interfaces matching the generic inheritance relation can 
then be easily identified to be conforming without a separate proof. This way all known 
structural conformance relations can be expressed within the same framework, which is 
also open for future extension. 

4 THE LANGUAGE BSDL 

The ideas presented above were developed during the design of the specification language 
BSDL. The version 0.2 ofthis languages was presented in (ITU-T-TD7, 1995). The pri
mary goal with the development of BSDL was to provide a universal language that is able 
to serve as a base for the definition of the semantics of a new SDL to come (Fischer, Lau 
and Prinz, 1995). Thus it should be possible to express new user-required changes to SDL 
within BSDL. So we tried to estimate those requirements. 

We think that a modern telecommunication specification language should be able to 
express interfaces as known from TINA-ODL, CORBA-IDL and ODP. Furthermore, it 
should facilitate proofs of conformance and refinement relations between specifiactions. 
This was taken into consideration in the design of BSDL. 

Starting from these requirements we designed BSDL as an object-oriented language 
based on extended finite state machines. Unlike SDL'92, the object-orientation is uniform 
for data and processes. Moreover, BSDL has facilities to specify timing requirements 
and supports abstractions (see also 3.3). In contrast to SDL the basic communication 
pattern in BSDL is synchronous communication. The current SDL semantics (ITU-T Rec. 
Z.lOO, Annex F, 1993) shows, how synchronous communication can be used to model 
asynchronous communication. 
BSDL attempts to solve the problems presented in section 2 employing three main ideas. 

• There is a simple scheme for single inheritance in BSDL. It accounts for a conformance 
relation between parent and child. Inheritance for reuse is not provided in BSDL. 
Instead, the parent has to be included as subobject into the child in this case. 

• The conformance relation is formed by two parts. One of them is the inheritance as 
mentioned above. The other one is a semantic conformance relation. It is declared in the 
syntax and it is proven somewhere else. The semantics just states, that the appropriate 
relation holds between the two parties. The means for proving it can therefore be 
different for each case. 

• The development of BSDL itself is an attempt to define a language that is both user
friendly and has a well-defined semantics. The intention is to use BSDL as semantic 
core for a new SDL. This new SDL will be designed according to user requirements. 
The object-orientedness of BSDL will allow for an easy transformation between SDL 
and BSDL, as it should be possible to define the concepts of SDL as classes of BSDL. 

By now BSDL has a fairly stable abstract syntax, a simple concrete syntax (as a semantics 
definition language its concrete syntax is not overly important), an informal semantics 
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and a relatively stable formal semantics. 
See also http: I /www. informatik. hu-berlin. de/ "'Prinz/ e_bsdl. html. 

5 CONCLUSIONS 

We have had a look at some problems with the inclusion of behaviour definitions into 
interface definitions and we presented some ideas to (partially) solve the problems. Finally 
we had a look at BSDL, where those ideas are embodied. 

We found out, that it is in principle possible to bring behaviour descriptions into inter
face languages. The problems with this are coming from the relations between interfaces. 
We sketched a way to establish arbitrary syntactic relations all fulfilling a semantic con
formance condition. 
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