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Abstract. SIMULA was a language for modeling and programming and
provided a unified approach to modeling and programming in contrast
to methodologies based on structured analysis and design. The current
development seems to be going in the direction of separation of modeling
and programming. The goal of this paper is to go back to the future and
get inspiration from SIMULA and propose a unified approach. In addi-
tion to reintroducing the contributions of SIMULA and the Scandina-
vian approach to object-oriented programming, we do this by discussing
a number of issues in modeling and programming and argue® why we
consider a unified approach to be an advantage.

1 Introduction

Before the era of object-orientation, software development suffered from the
use of different approaches, languages, and representations for analysis, design
and implementation as e.g. when using the methodologies of structured analysis
and design (SA/SD) [25]. One of the strengths of object-orientation is that it
provides a unified approach to modeling as well as to programming, including
both a conceptual framework and a set of language mechanisms in support of
this.

Current mainstream object-oriented software development, however, seems
to be going in the direction of separation of modeling and programming. The
numerous technologies and books on object-oriented programming are primarily
concerned with the technical aspects of programming and pay very little atten-
tion to modeling aspects. New programming languages are apparently defined
with no concern for modeling. For modeling languages like UML [9] we see three
different developments: informal models in languages that have to be tailored
(UML profiled) to specific execution platforms or domains in order to be able
to generate more than just skeleton code, executable models in e.g. executable

3 This paper is a position paper accompanying a keynote speech and is therefore not
a traditional scientific paper.



UML (fUML) [8], and Domain Specific Languages (DSLs) that are executable
by virtue of lending themselves to a specific domain (and often to a framework
implemented in some programming language).

Although informal models may play an important role in the development
process and DSLs have their mission for domains with specific requirements on
syntax and semantics, our main concern is modeling and programming in general
purpose languages, as e.g. represented by UML and programming languages like
C++ [23], Java [7], and C# [10].

If models are executable one may ask what the principal difference is be-
tween a programming language and a modeling language. If the intention is that
the users of an executable modeling language are not supposed to handle any
generated code in a programming language, then users will require tools for this
modeling language that are comparable with the best tools for the best program-
ming languages. They will also require the powerful mechanisms that recently
have been added to programming languages (e.g. generics, classes and functions
combined, and functions as parameters). Users will also expect to have program-
ming language mechanisms that are used in everyday programming. Otherwise
the situation will be (as is the experience with incomplete code generation from
models) that code will stay the main artifact, and when things become critical,
the model is often dropped and only the code is further developed.

Another issue is efficiency. A lot of effort has been put into making compilers
for programming languages that exploit the execution platforms to a maximum.
In order to compete, the same would have to be done for an executable modeling
language. The alternative would be to rely on code generation to a programming
language with efficient code generators, but that implies the risk of ending up
with two artifacts.

While programming languages have developed a number of mechanisms not
yet found in modeling languages (see above), modeling languages similarly have
developed a set of mechanisms that have not found their way into mainstream
programming languages (like associations and state machines). In this way pro-
gramming languages may be seen as a driving force for the development of
modeling languages and vice versa.

It has often been emphasized that one of the strengths of object-oriented
programming is the ability to represent (model) phenomena and concepts from
the application domain. Others have questioned the modeling aspect [1,2] by
noting that just a small percentage of the code relates to the real world. It
is, however, not just modeling of real-world phenomena and concepts that is
important — in any application domain, modeling is important, be it the domains
of drivers, communication protocols, etc. [19].

All of this makes the case for a unified programming and modeling language,
or a programming language with modeling capabilities. Distinguishing between
programming and modeling languages blurs the fact the all programming should
be modeling in the appropriate domain. Programming should not just be a tech-
nical issue about instructing a computer. To program is to understand: if models
are described in a separate language then programming easily downgrades to just



“getting away with it”* and one looses the advantage of a tight coupling between

programming and modeling.

The dual support for modeling and programming may be traced back to
SIMULA [4] where one of the main goals was to provide a language for modeling
as well as for programming. The focus on modeling and programming has been
one of the main characteristics of the Scandinavian School of object-orientation.
The authors were involved in making BETA [18], another representative.

The overall purpose of this paper is to go back to the future and get in-
spiration from some of the ideas, goals and strengths of SIMULA with respect
to modeling and programming and outline a unified approach to modeling and
programming.

The approach will have to be based upon an analysis of current main-
stream programming and modeling languages, identifying candidate elements
that should be supported by such a unified approach and how they should be
supported by language mechanisms. Similarly, the approach will have to iden-
tify and understand programming language mechanisms that do not apply for
modeling — and the other way around. Low-level implementation mechanisms
may not apply to modeling just as non-executable mechanisms cannot directly
become part of a programming language.

2 The Scandinavian Approach to Object-Orientation

2.1 The Contributions from SIMULA

It is well-known that SIMULA (developed by Ole-Johan Dahl and Kristen Ny-
gaard in the sixties) is the first object-oriented programming language, but it is
less well-known that the language was designed with support for both program-
ming and modeling, and that it formed the basis for a pure modeling language,
DELTA, already in 1973. Nygaard originally worked with operations research
and his main motivation for designing a programming language was that he then
could describe computer simulations. Dahl on the other hand was a computer
scientist with an exceptional talent for programming.® Together they formed
a unique team that eventually led to the first SIMULA language, SIMULA T,
which was a simulation language. Dahl and Nygaard realized that the concepts
in SIMULA T could be applied to programming in general and as a result they
designed SIMULA 67 — later on just called SIMULA.
The SIMULA T [3] report from 1965 opens with the following sentences:

The two main objects of the SIMULA language are:

— To provide a language for a precise and standardised description of
a wide class of phenomena, belonging to what we may call "discrete
event systems”.

— To provide a programming language for an easy generation of simu-
lation programs for "discrete event systems”.

4 Free from Kristen Nygaard
5 Kristen Nygaard in his obituary for Dahl [20]



As it may be seen, SIMULA should support system description as well as pro-
gramming. At that time the term system description was used in a way similar
to the term modeling today.®

SIMULA contains many of the concepts (object, class, subclass, virtual met-
hod, etc.) that are now available in mainstream object-oriented languages in-
cluding UML. An exception is the SIMULA notion of active object with its own
action-sequence, which strangely enough has not been adopted by many other
languages (one exception is UML). For Dahl and Nygaard it was essential to be
able to model concurrent processes from the real world application domains.

SIMULA wusers often experienced that they learned more from creating a
SIMULA description of their system than from the actual simulation results.
Nygaard together with Erik Holbak-Hanssen and Petter Handlykken therefore
decided to develop a language, DELTA [11], purely for system description.

DELTA was based on the essential mechanisms from SIMULA. In addition,
it had mechanisms for expressing true concurrency — as opposed to the pseudo
parallel processes (coroutines) in SIMULA, and so-called time-consuming ac-
tions for describing continuous state changes over time — as opposed to the
discrete event mechanisms supported by SIMULA. DELTA contained most of
the mechanisms found in SIMULA but non-executable mechanisms were added
to higher the level of descriptions. DELTA thus provided mechanisms that are
beyond programming in the sense that a DELTA description may in general not
be executed. DELTA did not get widespread acceptance outside a small commu-
nity in Scandinavia, but in many aspects it was ahead of its time compared to
subsequent work on specification languages and modeling languages.

Based upon SIMULA and DELTA, BETA was designed to be a a language
that could be used for design as well as for programming. BETA was, however,
designed more than 25 years ago (first published paper was at POPL’83 [13]).
Since the design of BETA, new requirements to modeling (and programming)
have emerged, but we think that the experience from the design and use of BETA
may be useful for a unified language approach.

A main contribution of BETA besides the language was the development of a
conceptual framework for object-oriented programming, and such a conceptual
framework is essential for modeling.

2.2 The Scandinavian Approach to Modeling

In BETA (and SIMULA and DELTAT) the program execution is considered to be
a (physical) model of some referent system (part of the application domain). The
program text is considered to be a description of the model (program execution)
and thereby a description of the referent system. Note that the program execu-
tion (i.e. the dynamic process taking place during execution of the program) is
considered to be the model. The program text is not a model but a description
of the model. At the time of SIMULA this was a common interpretation of the

5 In the following the two terms may thus be used interchangeably.
7 Slightly differently formulated since DELTA is not executable.
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term model. This is in contrast to UML where the UML description is considered
to be the model. The BETA model would in UML terms correspond to what
would be generated at MO (with executable UML), while a BETA program would
correspond to a UML model at M1.

An analogy is a model train. The model of the real train station (or the one
to be built) is the one consisting of tracks, switches, lights and small trains that
move on these tracks. The model is not the description of how to build this train
station.

At some point in time during the development of object-oriented methods and
modeling languages, probably in connection with the introduction of graphical
descriptions, model became the term used for the diagrams or descriptions. A
box in a diagram representing really only a description of a part of a system
may easily be confused with a model of the same part.

An essential part of the BETA project was the development of a concep-
tual framework for object-oriented programming. The purpose of the conceptual
framework is to provide conceptual means for understanding and organizing
knowledge about phenomena and concepts from the real world (application do-
main). And also to be explicit about the kind of properties of the real world
that can be described in state-of-art object-oriented languages and in this way
also serve as a driving force for the development of new abstraction mechanisms.
Further development of a conceptual framework should be central in research on
modeling. The reader is referred to [17,18,14] for a further elaboration of the
modeling aspects of BETA.

2.3 Implications for Language Design

Apart from the direct support for active objects with their own action sequences,
one of the main characteristics of the Scandinavian modeling approach to object-



oriented modeling is that classes model application domain concepts, and sub-
classes therefore specialized domain concepts. An implication for language design
is that classes are used for defining types and not just for implementing types.
Other approaches to object-oriented programming maintain the distinction be-
tween classes and types, while modeling languages have followed the Scandina-
vian approach with classes and subclasses modeling domain concepts.

The implication regarding the program execution as a model is that lan-
guage mechanisms are designed in order to describe the desired properties of
model elements. In the same way as the mechanism of class is made in order to
describe concepts, the mechanism of object is made in order for objects to be
models of phenomena. For the design of DSLs this has become obvious. When
making a language for describing e.g. train control systems one start by iden-
tifying the phenomena of train controls systems (tracks, switches, lights, etc.)
and their properties, and then design language mechanisms that suits the pur-
pose of describing such systems. For general purpose languages this will amount
to identifying the desired properties of phenomena in general and then devise
language mechanisms for this. As an example, when designing SIMULA it was
important to describe phenomena with their own action sequence. Value proper-
ties of phenomena lead to attributes of objects (developed as part of the record
concept prior to SIMULA), while potential behavior properties lead to proce-
dures (methods) belonging to objects. Another example is that in BETA it was
possible to describe that objects were parts of another object. For a program-
ming language this is not needed (can be done by a const mechanism), while
composition (as also found in UML) may be important for modeling.

3 Language Design Issues

As mentioned, modeling languages and programming languages have a common
core of concepts, language constructs and other issues. In addition, there are
a number of issues normally associated with modeling just as there are issues
normally associated with programming. We believe that most of these issues
apply just as well to modeling as to programming. In this section we discuss
a number of general language design issues and in the next section we discuss
concrete language constructs. We believe that research in modeling and pro-
gramming languages will benefit from identifying theses issues and discuss them
in a broader perspective. Issues like scope rules, type systems, semantics, etc.
that obviously apply to both modeling and programming are not discussed in
this paper.

3.1 Syntax

For mainstream languages, programming languages most often have a textual
syntax while modeling languages have a graphical syntax. There is, however, no
law or other justification for this. There are several examples of programming



languages with a graphical syntax, and we shall later argue that a textual syntax
may also be useful for a modeling language.

One may argue that a graphical syntax is better suited for communication
than a textual syntax. Since modeling languages are primarily used in the initial
phases of a project, the communication aspect is important. This is the case for
communication in a team, between teams, with managers and perhaps also with
customers. All of this argues for a graphical syntax. There is the well known
phrase: A picture says more than a thousand words. There is, however, also a
saying the other way around: A word says more than a thousand pictures.® As an
example, the word “vehicle” communicates the concept in a much more efficient
way than thousand pictures of vehicles. The point is that we use words to capture
essential concepts and phenomena — as soon as we have identified a concept and
found a word for it, this word is an efficient means for communication.

While the argument for graphical descriptions is that they are are good for
providing overview, the fact is that graphical descriptions quickly become un-
manageable when they get large. In addition when a model becomes stable and
well understood, a textual description is more compact, and at that stage of a
project there is no problem for the developers to work with at textual description
of a model.

One of the benefits of object-oriented programming is that it has provided
a common set of language constructs for programming as well as modeling. Ob-
jects, classes, subclasses, virtuals, etc. are core language elements in program-
ming as well as modeling languages, and these are independent of what kind of
syntax is used.

In our opinion text or graphics are just a matter of syntax, i.e. both types of
language should/could have a textual as well as a graphical syntax. In addition,
we find it useful to be able to mix textual and graphical descriptions in the
same page/diagram/window. SDL [12] is an example of a language that has
both a textual and a graphical syntax. In addition, it is possible to mix text and
graphics in the same descriptions.

The original design of BETA was based on a textual notation, but later
a graphical notation was added. The Mjglner tool [22] provided an integrated
text, structure and graphical editor. The textual syntax and the graphical syntax
were just different presentations of the same underlying abstract syntax tree, and
the user could switch between these presentations. There was thus a one-to-one
correspondence between the textual and the graphical syntax. This was the case
for the abstraction mechanisms, but of course not for low-level control structures,
assignments and expressions. Later, the graphical notation was changed into
UML, the rationale being that this was a de facto standard graphical notation,
but this created impedance problems. For a unified language this should not be
an issue, and the one-to-one-correspondence principle is the only option.

As mentioned, SIMULA was designed as a modeling and a programing lan-
guage, but based on a textual syntax. One may wonder whether or not a graphi-
cal notation was an issue. Graphical illustrations have been in common use since

8 Quote by Kristen Nygaard



the early days of programming, for documenting programs. This was of course
also the case for SIMULA. Such illustrations were informal and the intention
was to give the reader an idea about the structure of a given program. Current
mainstream modeling languages have a formal graphical syntax and this is fun-
damentally different from using informal drawings for illustrating programs. We
realize that some form of standardization of diagrams is necessary, but insisting
on a formal graphical syntax for all usages of graphics may not be a good idea.

3.2 Constraints

Some of the elements of modeling languages impose constraints on the elements
of the model. Constraints have also been an issue for programming languages
for decades. At a general level, constraint languages impose structural relations
or state changes by means of equations and/or relations. A language like Prolog
may be seen as an example of a programming language based on equations.
For object-oriented programming the work of Alan Borning, Bjorn Freman [5]
and others are well-known examples of adding constraints to object-oriented
languages. One of the first attempts was to use equations for stating the relations
between graphical elements in a window. This is an example where equations
often are easier to understand than a set of imperative statements.

Constraints have not made it into mainstream programming languages. The
reason may be twofold: (1) it is in general not possible to solve arbitrary equa-
tions and/or relations — it is necessary to impose some kind of restrictions upon
the kind of equations/relations that can be used, (2) constraints are rarely prim-
itive language elements. They require a constraint solver that may be more or
less complex. And since there is a broad variety of the kind of restrictions that
can be imposed on the equations/relations, constraint mechanisms and their cor-
responding solver merely seems to belong to the library/framework level. The
difficult part is to identify which primitive language elements to add to a given
language in order to support constraints.

3.3 Domain Specific Languages

The notion of Domain Specific Language (DSL) is an issue often associated with
modeling languages and therefore with graphical syntax. However, the idea of do-
main specific languages is orthogonal to programming and modeling languages.
It has been an issue long before modeling languages were considered.

When SIMULA 67 was generalized (from the simulation language SIMULA
I) to become a general purpose programming language, the simulation capabil-
ities of SIMULA I were defined in a framework in terms of a predefined class
Simulation. Class Simulation was the first example of an application frame-
work and it is also considered an example of a DSL embedded within SIMULA.
SIMULA actually has a special syntax that only applies together with class
Simulation.

In general any application framework may be considered a DSL, and most
often a DSL comes along with a framework. We do, however, not advocate



defining a special syntax for each application framework. If several frameworks
are used together, different syntaxes may be confusing. There are, however, cases
for DSLs in very specific application domains where special syntax is required.

While DSLs started in languages with textual syntax (embedded or stand-
alone languages), the syntax for DSLs within modeling is often graphical, the
reason being that special kinds of well-established notations have to be sup-
ported. Examples are DSLs for feature modeling, where feature diagrams have
to be supported, and TCL [24], a train control language, where the descriptions
have to have the forms of tracks, switches, lights, etc.

For standalone languages, it is straightforward to associate a graphical syn-
tax with the defining framework. For embedded DSLs we suggest that techniques
for embedding a graphical language into a host (graphical) language be devel-
oped. This may also be used with complex language elements like state machines
and associations which could then be defined as frameworks with an associated
embeddable graphical syntax. We return to this in Sect. 4.

3.4 Object Models and Scenario Descriptions

Interaction diagrams like communication- and sequence diagrams in UML are
useful for describing the essential scenarios of a given system. In a similar way,
object models (instance specifications) in UML (at level M1) are useful for de-
scribing snapshots.

As mentioned, we consider the execution (level MO in UML) to be the model,
and therefore we think that language constructs for describing snapshots of the
execution including objects and their relationships are important. Few program-
ming languages include support for describing snapshots.

For the same reason it is a good idea to define a notation for describing
snapshots/scenarios that is consistent with the language independent of whether
it is a modeling or programming language or a combination. A tool may then
check the consistency between scenario descriptions and the program/model just
as the notation may be used in debuggers. Currently only modeling languages
like UML seem to have this — few if no programming languages have an associated
scenario notation. With the current use in UML, the language will have to have
the notion of composite structure in order to provide a context for e.g. sequence
diagrams with lifelines corresponding to the parts of such a composite structure.

3.5 Programming by Examples

When one or more scenarios have been made, one has to design a description
of a model that covers the scenarios in the sense that the scenarios correspond
to the model. In order to support this, it will of course be useful to be able to
construct the model description more or less automatically from the scenarios.
There are several authors that present techniques for deriving models from sce-
nario descriptions. This includes techniques to construct state machines from
sequence diagrams.



This is, however, not only an issue for modeling. It may be seen as analogous
to programming by examples. The literature contains many examples of papers
that present techniques for deriving programs from examples. One example is
the paper by Henry Lieberman from 1982 [15].

3.6 Miscellaneous

UML has a number of mechanisms like Components and Deployment that we do
not consider in this paper. Most of these are just as relevant for programming
as for modeling. Components are just special objects (just like in UML), and
programs also have to be deployed.

Use Cases appear to be quite separate from the rest of UML and they might
just as well be used together with a programming language. There might, how-
ever, be a case for a tighter integration with sequence diagrams and thus with
the execution, but for some reason this was not done when a major revision of
UML (UML2) was made.

4 Language Concepts

4.1 State Machines

State machines are common for modeling, but have never become mainstream
in programming languages. A common approach is to use the design pattern
as described in [6]. In practice, however, it is necessary to be able to alternate
between modeling and programming. When using the state-pattern it may be
difficult to identify a given state machine in a program and good tools for code
generation and reverse engineering are therefore required.

Another common approach is to define a state machine abstraction in a class
library. This puts requirements on the programing language with regard to the
ability to define a suitable abstraction for state machines. In order to support
a graphical syntax for a state machine abstraction it is necessary to be able to
associate such a syntax with the abstraction/library. As mentioned in Sect. 3.1,
general support for embedding graphical syntax in a host language may be a
solution.

Direct support by means of language constructs is of course a possibility.
In [16] a mechanism for changing the virtual binding of a class is suggested as
a means for supporting state machines. With direct language support it is of
course straightforward to support a graphical syntax.

State machines are complex entities — this holds for simple state machines,
but even more when composite states are included. This may imply that direct
language support is not the the best solution — the language should be powerful
enough to define the appropriate abstraction(s).



4.2 Associations

Associations are perhaps the modeling mechanism that is most often mentioned
as lacking proper support in programming languages. In 1987 Rumbaugh [21]
proposed programming language support for associations, and since then there
have been several alternative proposals.

The reason that no mainstream programming language has direct support
for associations may be due to the complexity of associations. Rumbaugh has
a figure that shows the location of associations in the hierarchy of containers.
This may be taken as an indication that associations should perhaps not be a
built-in mechanism. It is, however, difficult to identify one or more less primitive
mechanisms (besides references) that should be included instead. In addition
to suggestions for language support, there are many examples of proposals for
association libraries as in [26].

We are not aware of design patterns for supporting associations in general.
There are specific design patterns for e.g. composite as in [6]. This may be an
indication of the complexity of associations. There are in fact many ways to
define such abstractions, i.e lack of standardization. The latter is perhaps due
to the fact that UML is open for interpretation or perhaps that there is a need
for variation here.

As for state machines we think that the best approach is to define abstrac-
tions (in class libraries) that support associations. This is not possible in most
mainstream languages, so it is a challenge for programming language design.
With respect to graphical syntax we again advocate to develop support for em-
bedding a graphical syntax into a host language.

4.3 Asynchronous Events

Messages in mainstream object-oriented languages are synchronous in the sense
that a method invocation blocks until the entire message has been executed and
a possible value has been returned.

UML state machines have events that are both reception of asynchronous
signals and methods calls. Most users of state machines in UML are using them
in application domains where asynchronous signals are the means of communi-
cation, e.g. telecom or process control. fUML recognizes this by only supporting
signals as events, while method calls are executed independently of the state of
the object. This is in contrast to e.g. state patterns proposed for object-oriented
programming languages, where method calls are the events.

In a unified language there seems to be two options: (a) support both kinds
of events and make both of them controlled by states, (b) select one of them
and provide the other as a framework on top of the language (not all modeling
mechanisms have to be language mechanisms, in programming languages one
is used to make frameworks instead of new language constructs). Starting with
object-oriented programming (and not with executable UML), the most obvious
choice is perhaps to have method calls as events, while for a unified language
the choice may not be that obvious.



For many years the support for asynchronous method calls has been an
issue for object-oriented programming platforms as well. There are numerous
programming languages that support asynchronous method calls. Programming
languages with asynchronous communication are often based on actors. Actors
are objects with their own thread of control. They share no state with other
actors; they communicate exclusively via asynchronous message passing.

Mapping of external events into synchronous or asynchronous method calls
or more direct support in the language is also an independent issue.

4.4 Action Sequences

With respect to action sequences there is in general a major difference between
programming languages and modeling languages. Programming languages are
based on well established (sequential) statements such as assignments and control
structures. For concurrent programming there is much less consensus — in fact
concurrent object-oriented programming seems to be caught in a tar pit of low-
level technical details of how to avoid locking problems, memory problems, and
efficient use of thread-safe libraries. If one recalls the original goals of SIMULA as
a modeling language that was also able to describe concurrent processes from the
real-world, mainstream concurrent programming seems far away from supporting
modeling.”

For modeling languages the picture seems pretty blurred in the sense that
there are many suggestions for describing action sequences, including state ma-
chines, active objects, activity modeling, etc. Compared to programming lan-
guages, there is clearly an attempt to model action sequences at a higher level.
This also holds for concurrent processes. UML 2 activities are typically used for
business process modeling, for modeling the logic captured by a single use case
or usage scenario, or for modeling the detailed logic of a business rule.

We do not think that the various proposals for modeling (sequential and
concurrent) action sequences in say UML have matured to a point where they are
usable in practice and can replace traditional programming language statements.
We do, however, advocate that the same means for describing action sequences
should be used for programming as well as modeling. We especially advocate a
modeling approach to concurrency since we need more high-level concurrency
abstractions in order to deal with the future of multi-core processors.

4.5 Other Language Constructs

In UML an object can be a member of several classes, which is not possible in
mainstream programming languages. This is desirable for modeling as well as
programming. In Chapter 18 in [18] we discuss a number of means for classifi-
cation, including multiple classification and dynamic class membership.

9 We do not claim that SIMULA is the solution to concurrent programming — SIMULA
may be able to describe real world processes, but has no support for synchronization
of true parallel processes.



We have mainly discussed language mechanisms that are often associated
with modeling and argued that they are just as relevant for programming. In a
similar way, there are a number of programming language mechanisms that have
not found their way into modeling languages. These include statics, metaclasses
(reflection), generics, traits, (higher order) functions, general block-structure (ar-
bitrary nesting of classes and methods), aspects, modules, and many more. If
such mechanisms are useful for programming they are probably also useful for
modeling. We do (of course) not argue that a unified language should contain
the union of all possible language constructs. The point is that if a construct has
proved useful for programming, it might as well be useful for modeling and vice
versa.

5 Conclusion

We have argued for a unified approach to modeling and programming based on
the fact that this was one of the strengths of object-orientation as provided by
SIMULA. We think that the benefits of a unified approach are fading away since
the design of programming languages and modeling languages seems to be more
or less separate activities in different communities. If programming and mod-
eling are separate activities, we will constantly be confronted with impedance
mismatch between different representations just as programmers may not be
concerned with modeling and vice versa. Eventually the code will win, either
due to lack of time in a given project and/or because the code is the real thing.

We have also argued that programming is a modeling activity even in tech-
nical domains that are not related to the so-called real world. In our opinion any
object-oriented program should reflect the concepts and phenomena in the given
domain and the basic core of object-orientation includes a conceptual frame-
work as well as a set of language constructs that facilitate modeling. We have
also argued that further development of the conceptual framework for object-
orientation is an important activity within modeling and programming.

The approach to modeling has implications for language design as well as
for the design of notations for illustrating scenarios and including the model
(program execution).

We have discussed a number of issues often associated with modeling and
argued that most of these issues are relevant for programming as well. The other
way around, most issues relevant for programming are also relevant for modeling.
One conclusion is that programming and modeling may benefit from a unified
approach.

For modeling there may be a need for concepts at a higher level than primi-
tives in programming languages. Examples are state machines and associations.
A programming language should support defining these concepts as abstractions
(class libraries). We acknowledge that current state-of-art of language abstrac-
tions may not be sufficient to define such abstractions. This calls for further
research in order to develop more powerful abstraction mechanisms.



We have argued that a textual or graphical syntax is relevant for modeling
and programming, and we have argued for techniques to support embedding
of graphical syntax within a host language. This is especially relevant to sup-
port graphical notations associated with abstractions for e.g. state machines and
associations.

Modeling languages may contain non-executable parts that express con-
straints on the elements of the description. With a unified approach there is
of course still a need for such non-executable elements, but these should be inte-
grated with the language. There are programming languages that have support
for non-executable elements like invariants, assertions, and pre- and postcondi-
tions just as there are so-called constraint-based languages. There is thus good
reason to integrate non-executable parts into a unified modeling and program-
ming language.

Finally, there are issues related to the model itself (where model is the pro-
gram execution). Modeling languages include elements for describing scenarios
and object models. Bearing in mind that the model is the program execution, it
is of course important that language elements for describing the model in terms
of scenarios and/or objects are treated as a first-class issue and not left to just
be the design of a debugger. We need means for presenting the model.
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