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Abstract

Apart from the development of object orientation, a number of important technologies with considerable
impact on software engineering have been introduced: concurrency, distribution, databases and formal

techniques. In this paper we will show why these techniques should be integrated with object orientation
to meet future requirements of software engineering.






Introduction

Today it is generally accepted that the introduction of object orientation was an important step towards
a notable improvement of software development techniques and processes ([Pres1997], pp. 551 ff.).
Considering that the major ideas on object orientation were already developed in the 70's and 80’s one
may ask where the next revolutionary improvements might stem from ([Kay1993], p. 40).

If we look closer at abject orientation itself we recognize that it was rather the product of a continuous
development than a sudden breakthrough. Some of the roots which took part in this development were
the language Simula, which is sometimes called the first object-oriented language ((DMN1970]), and
the idea of modularization and information hiding ([Parn1972]). From this point of view object orienta-
tion can be seen as one step in the evolution. But rather than treating object orientation as a separate
issue we should see it in the appropriate context. During the development of Smalltalk one of the main
ideas was that of personal computing. The starting point was Kay's version of a computing device
which was small, mobile and can be used by everyone for managing textual, graphical or multimedia
information. He called this device ,, Dynabook“. To handle these information objects he suggested
Smalltalk, a language to express and mode necessary real world artefacts ([Kay1993], pp. 2 ff.;
[Gold1997], pp. 51 f.). Such ideas represented important progress because they led to the introduction
of high-resolution monitors, the invention of graphical user interfaces and the development of user-
centered applications and class libraries which made computers easy to use even for the layman.

If we analyze the situation today we find many similarities to that of the 70's and 80's. Globalization of
distributed computer and information nets poses an important challenge to software-development tech-
niques and will change our understanding of network applications rapidly. Therefore the future deve-
lopment of object orientation should not be considered on its own but as a part of the whole software
cycle. Especially the increasing importance of additional requirements coming from concurrency, distri-
bution, reuse and new application domains will dominate this development.

One possibility to look at the future of object orientation is to put the improvement of the software de-
velopment process itsdf in the center of our attention. Here we focus on the technical perspective on
object orientation. But we will not consider such approaches like subject-oriented programming
([HaOs1993]), adaptive programming ([Lieb1996]) or aspect-oriented programming ([KLM+1997])
which extend object-oriented concepts but have not yet reached a mature state. Instead we will investi-
gate well-known factors or major trends and will argue that their integration with object-orientation
offers a great potential, which is typically neglected in the literature. In the words of Tsichritzis and
Nierstral3:

“ With the gradual introduction and acceptance of object-oriented techniques, we find oursel-
ves forced to pursue several directions of research along traditional lines, in order that we
may understand how objects require us to reinterpret established results.” ([ TsNi1989], p.
524)

The structure of the paper is as follows. First we give an overview over the sucess factors which we
consider to be relevant for the future development of object orientation. Then we investigate the individ-
ual factors separately.

Overview over the Sucess Factors

To judge the future trends in object-oriented software engineering we can identify six factors governing
the success of software projects from a technical point of view.
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Technical Success Factors of Object Orientation

Object-Oriented M odeling and Programming (1)

This factor describes the core part subsuming today’s understanding of object orientation. Object-
oriented modding and programming and the deployment of object-oriented technologies has become a
dominating factor in software engineering. It is now an established standard for developing application
software ([Pres1997], p. 551 f.). It includes common object-oriented programming languages such as
C++, Eiffd, Java and Smalltalk ([Salu98]), also modding languages such as UML ([OMG1999]) and
OML ([FHGP1998]) and those used in the Booch-method ([Booc94]) and OMT ([RBPL1991]). It
further includes development methods and processes such as the Unified Software Development Process
([JBR1999]) and OPEN ([HGY1997]), object-oriented testing and object-oriented design techniques
such as frameworks and patterns ([LRP+1995], pp. 34 ff.; [GHJIV1995]). Although some criticism and
open problems remain, its wide-spread use is the prerequisite for future devel opment.

Formalization of Basic Object-Oriented Concepts (2)

The second factor relates to the formal basis of the object-oriented paradigm. Currently almost any pro-
gramming or modding language uses its own interpretation of object-oriented concepts. In addition the
semantics of some concepts such as inheritance has not yet been defined uniquely, which again leads to
a multitude of interpretations. A common basis does not exist. To adapt to this situation many object-
oriented modeling languages define their concepts only vaguely or recommend the use of the definitions
of the intended programming language.

In the theory of programming languages and type systems intensive research is going on concerning a
formalization of object orientation. Approaches are mostly based on a functional object-oriented para-
digm neglecting the states of objects and they use lambda calculi ([CaWwel985]) or abject calculi ([Ab-
Cal996]). They hdped in understanding the semantics of object, method, class, inheritance or poly-
morphism. They also led to the development of advanced polymorphic type systems for object-oriented
languages. But at the same time they also point out current problems. For example, there are a number
of questions regarding aliasing, inheritance or polymorphism which have not been answered satisfactori-
ly (cf. [BCC+1995]). Furthermore, these approaches do not take into account practical considerations
to a sufficient degree: often functional language models are used although the common modeling and
programming languages are imperative.

Nevertheless, object calculi and similar formalisms can help in creating a formally founded and unified
basis for object orientation which also respects software-engineering aspects.



Formal Specifications (3)

Formal specifications represent the third factor. Their value for the software-development process is
generally recognized ([LaHal1994b], p. xiii). Neverthdess they are scarcdy employed in practice. The
reasons for this are manifold: higher development costs, lack of qualified personne, occasional lack of
quality concern and shortcomings of the current formal specification techniques.

Moreover the integration of object orientation and formal specification still presents a challenge. In
many cases formal specification languages take over the definitions used in the corresponding modeling
and programming languages without investigating potential inconsistencies between formal and object-
oriented concepts. For example, the referential semantics of object-orientation and the dynamical bind-
ing of operations competes with the value semantics of most formal approaches. The possibility of ex-
tending specifications incrementally via inheritance and polymorphism leads to ambiguous specifica-
tions. The imperative state changes of the objects cannot be expressed by functional specifications be-
cause they do not alow side effects. Object-oriented concepts are often only used for internal structur-
ing within existing approaches to a formal specification, e.g. object-oriented extensions to Z like Object-
Z or OOZE ([LaHa1994b]). Formal approaches based on the object-oriented computation mode are
rarely found.

Today formal approaches are seldom used for pactical purposes although they play an increasingly
important role in the development of large class libraries and in improving reuse.

Concurrency and Distribution (4)

The fourth factor relates to the trend towards distributed and concurrent applications. Object orientation
could prove to be a good basis for such applications. The metaphors ,, objects as agents* ([Nier1992]),
»active objects” ([Nier1993]) and , objects as machines’ ([Meyel997], pp. 751 ff.) suggest the deve-
opment of loosely coupled program parts operating independently and at the same time. According to
this view object systems are message-coupled ,, multi-processor systems*. Therefore it comes as no sur-
prise that a number of paralld object-oriented programming languages exists. But these languages in-
volve several unsolved problems such as inheritance anomaly or typing problems in the context of
polymorphism ([MaY 01993]) so that conventional sequential languages, possibly extended by the sim-
ple paralld concept process or thread, still prevail. In these languages the concepts process and object
are orthogonal, i.e. independent from each other. But with the number of agents and hence of potential
communication channels the amount of synchronization increases, too. In the case of sequential lan-
guages this requires greater effort during software development because no explicit synchronization
constructs exist. For this reason synchronization and communication should be part of the concept ,, ob-
ject”.

Hence, although currently of minor importance, strongly coupling concurrency and object orientation
seems to be a vital prerequisite for developing distributed applications in the context of global networks
object-orientedly.

Persistence and M ulti-User Systems (5)

The fifth factor is determined by the application domain. Almost any system of considerable size (eg. a
corporate information system) has to store large amounts of data and is accessed by multiple users.
Especially in modeling, a number of additional requirements has to be taken into account for multi-user
systems with persistent data, e.g. deciding which objects (data) are persistent, which objects can be
accessed by more than one user and how access to and visibility of objects and their methods can be
managed. Up to now support of the modeling approaches for persistent objects is often restricted to
database support, mapping objects to tables and links to reational databases ([BIPr1998]).

Object-oriented databases offer a proved technology for the integration of persistence, multi-user fea-
tures and object orientation. But unfortunately the semantics of object-oriented concepts of databases
differs from that of modding languages as well as from that of programming languages. For example:
do members of a subclass also belong to the extent (definition) of the corresponding superclass
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([Lavo1997])? Is it possible to inherit from objects? The diversity of database languages themselves
presents another problem. It is therefore an interesting case for research if programming and database
language coincide like e.g. in Gemstone with Smalltalk. Although this reduces the language independ-
ence of the database, it allows a ,,normal“ object-oriented development with a persistent multi-user
Smalltalk ([Gems1996], [AImal995]). Moreover the message passing of object-oriented languages en-
ables queries providing at least the expressive power of typical query languages such as SQL .

To achieve a seamless software engineering modding languages should support concepts for treating
access control and persistence of objects. We can thereby deploy the whole potential of object orientati-
on for the modeling of information systems. Furthermore it should be possible to develop database and
application system from the same object-oriented viewpoint so that a costly mapping to persistent struc-
tures (e.g. tables) becomes obsolete. So object and database experts have to work together more closdly.

Components (6)

The last factor describes a topic which is intensively discussed at the moment in application software
engineering, namely components ([Szyp1997]). Software is to be put together from prefabricated com-
ponents in the manner of a kit. The components offer their functionality as a service via well-defined
interfaces. They are composed according to standardized rules with the aim of developing modular sys-
tems from prefabricated components which are easily interchangeable. Hence component-based soft-
ware engineering is strongly based on the idea of independent and easily composable modules. It can be
seen as a realization of the software-1C metaphor (cf. [Cox1986]). But regarding the term component
itsdf there is no unanimity concerning its definition. Some of the definitions are even partly contradic-
tory ([Szypl997]). Moreover the reation between object orientation and component-based software
remains an open issue. The views on this rdation range from “components are objects’ to “components
are a bounded piece of software without a state but with well-defined interfaces (e.g. a set of classes)”
(cf. [Szyp1997]). Many of the ideas such as frameworks and design patterns currently discussed in the
context of components have object-oriented roots.

Nevertheess object orientation can profit from results of component research where for the first time
industrial-scale reuse, protection of ownership rights, developing a component market and economic
aspects such as marketing are studied and, even more important, put to practice (at least in parts). Be-
yond this, technical mechanisms such as frameworks, design patterns and meta programming, which are
useful for the composition, integration, configuration and flexible adaptation of components, can also be
adapted well to objects in many cases. A further enrichment of object orientation comes from structur-
ing systems with the help of coarse-grain object structures or design patterns such as facet for delineat-
ing subsystems ([GHJV1995]).

Challenges and Chances of Integration

Up to this point we have investigated each factor separately showing the potential and the problems of
a bilateral integration with object orientation. But a more challenging and at the same time more reward-
ing aim is the consideration of all aspects in a unified framework. Each factor highlights only a single
facet of the modeled system. But in reality these facets are highly interdependent and a singular treat-
ment amounts to “ cutting” these dependencies. Hence an integrated view offers considerable advantages.
Still the realization of these chances requires considerable effort in overcoming major obstacles on the
way. For example, the combination of persistence and distributed objects causes the same problems
known from distributed databases (cf. [OzVal1998]).

Conclusion

Currently we can observe a fast development of scientific knowledge in ailmost all areas of computer
science including object-oriented software engineering. Hence one might argue whether computer scien-
ce and the object community have already reached the mature state of a discipline called “normal scien-
ce’ by Kuhn (see [Kuhn1962]). The integration of the aforementioned factors represents a major mi-

4



lestone towards such an established scientific field. The important driving forces behind this develop-
ment are the increasing requirements posed by applications and their users.

The aim of this paper is to plead for an integration of vital success factors with the object-oriented core.
We take a conservative point of view arguing that each new development should be seen in the light of
how much it contributes to the existing object-oriented techniques. In the literature each factor is typi-
cally investigated separately whereas we suggest to bring these fields together to better fulfil the com-
bined requirements of future software.
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