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Abstract 
In the process of designing almost every Information System (IS) the design of the database is crucial. As far as the design of the database is concerned, we can identify two key concepts: the concept of schema and the concept of data model which allows us to define such a schema. Nevertheless, it is very common to find the term "model" applied indistinctly to both, the schema and the data model. This terminological confusion arises due to the fact that in Software Engineering (SE), in contrast with formal or empirical sciences, the notion of model has a double meaning of which we are not often conscious of. If we base on the idea of model, taken directly from empirical sciences, then the schema of a database would be actually a model whereas the data model would be a set of tools that allows us to define such a schema.

 The present paper discusses the meaning of “model” in the Software Engineering area from a philosophical point of view. This is an important topic given that the existing confusion directly affects on other debates where “model” is a  key concept. We want also to suggest that the need of a philosophical discussion on the concept of data model is a further argument in favour of a new area of knowledge, that could be called: “Engineering Philosophy”.
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However, in the same way that it is impossible to know directly the fullness of the real world, we cannot but building arbitrarily a reality presuming that things are in a certain way. This provides us a schema, that is to say, a concept or a web of concepts. We can then looking at the actual reality through this schema, as through a grid. Then, and only then, we get an approximate vision of the reality. This consists the scientific method. Even more, this consists the whole use of the intellect.     

La rebelión de las masas, José Ortega y Gasset (1963)
1. Introduction and  Motivation

The concept of model is frequently used in computer and information sciences. Thus, within SE area, methodologies for IS development use different kind of models: data models, process models and so forth. Knowledge Engineering also puts forward various kinds of models, as knowledge models. We will focus this work on the concept of model in the framework of the database field, as the core of every computerized IS. However, this problem also affects other branches of Computer Sciences (Information Systems, Artificial Intelligence, Software Engineering, Knowledge Engineering, etc.) which our reasoning may also be applied to.

In spite of the importance of the concept of model in Information Science Technology,  there is not a common consensus  about the meaning of the term "model". Thus, it is very common to find paragraphs like the following:

 “...The most popular high-level data model used in database design, and the one we use in this book, is based on the concepts of the Entity-Relationship (ER) model.... The first phase of database design is called conceptual database design, and involves the creation of a conceptual data model of the part of the enterprise that we are interested in modelling”, Connolly et al. 1999, pp.126, 127.

You may notice how the term "data model" has two different meanings in the previous paragraph. Firstly, it is used to refer to the tool that allow us to define conceptual schemata and secondly, to refer to the conceptual schema. In order to illustrate this idea, we recommend you that, from now on, when you read some text about modelling you pay attention how the term "model" is used indistinctly, as in our previous example, with two different meanings: data model and schema.

Our purpose in this paper is to clarify the notion of model as it is used in Software Engineering, specially in data bases technology where model is a key concept. We think that the concept of model is in need of clarification because, although it is widely used in formal and empirical sciences, it has a peculiar sense in Engineering area (Aristotle’s techne) and we believe that it deserves a deepest reflection. The conceptual clarification, being important itself, can in addition facilitate other discussions where model is a key concept. 

The rest of the paper is divided as follows: firstly, section 2 is a brief overview about the traditional concept of data model, in order to show how a data model is not exactly a model; then, section 3, is a discussion on the concept of model both in empirical and formal sciences; next, in section 4, we will pose our approach to the concept of data model from a philosophical point of view; finally, in section 5, we will finish off summing up the main ideas posed through these lines and we state the need of developing a new branch of Philosophy dealing with Software Engineering.
 2. The Traditional Concept of Data Model

In data bases we use the term data model
 very frequently. However, its meaning is not fully clear. An effort in clarifying this meaning would be helpful given the widespread use of this term. We look for this clarification, not merely for formal reasons but as we have already said, because it could contribute to focus on other problems related to data models.  

We can find different definitions of data model in the literature, Tsichritzis and Lochovsky (1982), De Marco (1982), Brodie et al. (1984) etc. Nevertheless, is Dittrich who approaches the discussion on focus more directly than others. Dittrich (1994) defines data model as "a set of conceptual tools for describing the representation of information in terms of data. It comprises aspects related to

- data types and structures,

- operations, and

- (consistency) constraints".

A data model allows us to represent a specially interesting piece of information from the real world, that we usually name the universe of discourse or, in Dittrich’s terms the miniworld. The universe of discourse representation is conceived in two levels: the level of information itself and the level of structures making feasable the representation of such information. These two levels, in the area of data bases, give rise to the distinction between schema and data base. Both concepts are defined by Dittrich as follows: "The specific description of a given miniworld in terms of a data model is called a schema (or data schema, database schema) for that miniworld. The collection of data themselves that represent the information about the miniworld forms the database", Dittrich (1994).  The schema itself must be described in terms of data, so we will speak of metadata. The description of the model schema itself is called metaschema.

Moreover, Dittrich (1994) indicates that the term of data model has not been very well chosen in the area of data bases because "it is less a model itself than a framework to conceive models (of the real world)". Due to this fact, some authors speak of techniques, or formalisms, instead of models as frameworks to conceived schemata (for example, Merise methodology uses  the term of formalism, Rochfeld (1992)). In fact, in other areas of SE, the term of model has another meaning. For example, in the development of an IS a functional model is a representation of the behaviour of the universe of discourse (by some formalism or technique as, for example, the DFD); however, a conceptual model is the formalism itself (for example, the E/R model) and the representation of the universe of discourse is usually called the conceptual schema.

We agree with Dittrich’s point of view in a first approach to this problem, but, in spite of that, we think also that his observation gives rise to a philosophical discussion from which we will conclude that the term data model is not so wrongly applied in this context. We should construe, in the framework of new Engineering Philosophy, a notion of model specially fitted for Software Engineering instead of directly importing it, without further reflection, from Empirical or Formal Sciences. We will focus the rest of the discussion according to this approach.

3. The Philosophical Concept of Model

A model can be defined, according to García Pelayo (1975), as “a mental construction that, taking basis on the reality, reproduces the main components and relationships of the analyzed segment of the reality”. Depending on the way that we accomplish this construction, Aracil (1986) distinguishes between mental models and formal models. This is, in fact, the meaning of model in Empirical Sciences since Galileo. In these sciences a model is created in order to study the behaviour of a given area of the reality. Such a model must be an isomorphic representation of reality, simpler than it and emphasising its main traits or, at least, those more relevant to our research object. According to De Marco (1982), “a model reflects, through abstraction of detail, selected characteristics of the empirical system in the real world that it stands for”. Taking this meaning of model, we should say that the schema of a data base is a model that represents a specific universe of discourse.

However, this is not the only meaning of the term “model”. Models in science have been studied at least from two different traditions: the first one connects models with analogies and metaphors (see Hesse, 1966; Black, 1962; Marcos, 1997), the second one defines scientific theories as mathematical models (Balzer, Sneed and Moulines, 1987; Suppe, 1989; Giere, 1988) This second tradition takes the concept of model from a well developed area of Logic studies: Model Theory (Müller and Lenski, 1987; Abramsky, Gabbay and Maibaum, 1992, pp. 763-814; Hodges, 1993; Chang and Keisler, 1990). In consequence, the term "model" has actually a wide semantic range. So, in order to shed light into the concepts of SE, we must, at least, establish clearly an important distinction. Estany (1993) outlines the following, that corresponds to the concept of model in empirical and formal sciences:

· On the one hand, the model understood as a simplified reproduction of reality (that, from now on, we will call model-as-copy). This is the case, already posed, of Empirical Sciences. Empirical Sciences define simplified behaviour models of the research object (see figure 1). This is, precisely, the case of the schema in data bases technology: a schema is a simplified model of a real world area called here the universe of discourse. 



[image: image1.wmf]









[image: image2.wmf]


· And, on the other hand, the model understood as reality itself (that we will call, from now on, model-as-original). This is, for instance, the case of a painter who reproduces their models in a piece of linen (see figure 2); here, the model is not the representation of the real world, but the real world itself.
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Manzano (1989) asserts that this second meaning is that which corresponds to Mathematical Logic, where the representation is called theory and the represented mathematical object is called model. We could wonder if this is not also the case of data models.

4. The Concept of Data Model inside the Engineering Philosophy Framework 

Once we have analysed the concept of model, and its different meanings in formal and empirical sciences, and we have also revised different definitions of model in the database field, we are ready to analyse if a data model is, or is not, in fact a model.

A data model has two different objectives: 

1.- On the one hand, as Dittrich indicates, it is a framework to conceive schemata.

2.- On the other hand, such a framework (the data model) is also the working pattern for a software product (for instance of a DBMS, -Data Bases Management System-) where, the data model is the reality from which the system will be implemented (at least, in a first moment when the system does not still exist). For example, relational DBMS are implemented according to the relational model. Once the model has been implemented, it would be possible to define data schemata. Maybe the example of an architect would be clarifying because the architect rises his buildings from a scale model
. At the beginning, the scale model would be the reality since the building does not still exist (see figure 3). In the same way, the data model of a DBMS must be defined before its implementation. The DBMS will have to be built as a copy of the data model (by analogy with the architect procedure).  In this sense we think, contrary to Dittrich, that the term “data model” can be accurately used in data base technology.
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According to this meaning, we can say that a data model is:

1.- A model-as-original for the construction of a computer system (a DBMS). For example, as we can see in figure 4, the relational model (maybe represented by another model, as the E/R model) is a model-as-original of any relational DBMS. Thinking about the previous example of the architect, the relational model would be the scale model, and the relational DBMS would be the building built as a copy of the model .
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2.- A model-as-copy of the reality, although an abstract reality: “the data”, being the data an abstract concept rather that a set of specific data. So, for example, data can be represented by entities and relationships, or by object and links.
Its main objectvive, as Dittrich asserts, is to act as a framework to define new models (called, in our context, schemata) that represent the universe of discourse. 

We also notice how a schema corresponds to the two meanings of model. Since it serves as a link between reality and the computer world, it behaves simultaneously as a reproduction of the first one and as a copy of the last one:
1.- A schema is a model-as-copy, because it represents a universe of discourse. For example, the relational model (model-as-original according with the previous lines), allows us to define the schema that represents Books Written by some Authors (see figure 5) Such a schema is a model-as-copy of a universe of discourse (for example, a library).
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2.- A schema is also a model-as-original, because it represents the reality that a specific application, generally an Information System (IS) to which the database is the core of the system, has to reproduce.  For example, in the previous example, the database of the application to record and control books and authors should be implemented as a copy of its relational schema.

We agree with Dittrich that in spite of whether the term “model” can be confusing in data bases, it is too late to change it. This is one of the reasons why, in our opinion, the discussion about this topic is a very important one. We should be fully conscious of its different meanings, since “model” is frequently used both referring to a model of the universe of discourse (schema) and to a formalism in which such schema is defined (data model). This confusing takes place in expressions like “conceptual model”, “knowledge model”, “logical model”, “data model”, “E/R model”, “relational model”, and so forth. If this terminological ambiguity -as we have tried to prove- was not rightly detected, then it can entail subsequent conceptual ambiguities.

In our opinion, this terminological confusion arises from the fact that in Engineering Sciences (and also in Computer Sciences) concepts and terms are usually taken directly from Empirical Sciences. This is partially because it lacks a philosophical reflection on the particular nature of SE, between Technology, Empirical and Formal sciences. 

Empirical and Formal Sciences are more ancient than Engineering Sciences and, for this reason, they have their own philosophical branch, that is Philosophy of Science. But, Engineering Sciences have not a fully developed philosophical branch looking for conceptual clarity. For this reason we want to suggest here the need of a new area of knowledge that we could call Engineering Philosophy and that should look for conceptual clarification of the Engineering Sciences in general, and, particularly, of Software Engineering. We think that the discussion on the concept of model in Software Engineering field is just a particular case of those that Engineering Philosophy should discuss of.

Recently, some thinkers from different areas of Information Sciences and Technology are claiming for a new area of knowledge establishing its philosophical bases. Taivalsaari (1997), Saraswat and College (1998), are some examples. These papers justify how some ideas taken from Aristotle, Wittgenstein, etc., can be usefully applied to Computer Sciences. In our opinion, it would be very important to systematise this kind of studies in order to take advantage from them. Blum (1996) has also some important works along this line. He distinguishes between Science and Technology specifying the existent relationship between them and comparing the task of an engineer with the task of a scientist. Blum states: “I reject the narrow definition of Software Engineering coming from Computer Sciences; in fact, I suggest to design a new Computer Science for Software Engineering...” and he continues defining Computer Technology Science as “the study of the transformation of ideas into operations”. Marcos and Marcos (1999) discuss about whether or not Software Engineering is a Science, just like Khazanchi and Munkvold (1999) do about the discipline of the Information System.
The first task in order to develop a Philosophy of Engineering for our branch of knowledge is to delimit which problems to study. With this aim, it is important to determine and classify the different problems related to the traditionally so-called Computer Sciences. This classification will allow us to get several research areas by breaking Computer Sciences into different Sciences (Sciences or Technology): Software Engineering, Computer Sciences, Information Systems, Knowledges Engineering are some examples. The Guide to the Software Engineering Body of Knowledge, www.swebok.org, is an international project that tries to characterise the contents of the SE Body of Knowledge. Another objective of this project is to clarify the place of, and set the boundary of, SE with respect to other disciplines such as Computer Sciences, Project Management, Computer Engineering and Mathematics, Bourque et al. (1999)

The second step should be to develop a taxonomy of the characteristic problems of each of these areas. Although there are some works about this, as for example Khazanchi, D. and Munkvold, B. E. (1999) that puts forward a classification of Information Systems and its related disciplines, there are some problems that belong simultaneously to different disciplines. In addition, as we have explained in Marcos and Marcos (1999), there are some research topics included, for example, in Software Engineering being however not typical problems of Engineering. Thus, for instance, software measurement is a research topic included in Software Engineering and, nevertheless, it has an experimental nature. For these reasons, it is important to start typifying research problems and their nature in order to establish new disciplines and their foundations. 

5. Conclusions

We have reflected along these lines about the meaning of the term model in the framework of Information Sciences and Technology and about the appropriateness of this term to refer to data models in the database field. As a conclusion, we could sum up four main ideas:

1. In order to get terminology of SE clear, we must establish a distinction between two different meanings of the term "model" which we have called model-as-original and model-as-copy.

2. According to the philosophical meaning of model, we can conclude that a data model is simultaneously a model-as-original (that corresponds to the meaning of model in Empirical Sciences) and a model-as-copy  (that correspond to the meaning of model in Formal Sciences). A data model is is also a framework to conceive models of our universe of discourse.

3. Models of the universe of discourse are, in fact, schemata in data base terminology. Schemata are also models-as-copy of the universe of discurse and models-as-original for some computer applications. Thus, in our opinion, both the data model and the schema are models. 

4. Our last conclusion is in fact a suggestion to keep working, and  is related to the need of a new Philosophical branch, that we have called, Engineering Philosophy. This philosophical branch should look for conceptual clarification of  the concepts and terms used in Engineering Science, and particularly, in Software Engineering (also in Knowledge Engineering, Information Systems, etc.) in order to develop sound foundations for research in our branch of knowledge.
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Fig. 1.- Model-as-copy





Fig. 2.- Model-as-original
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Fig. 3.- The scale model is a model-as-original





Fig. 4.- The data model is a model-as-original





Fig. 5.- The schema is a model-as-copy, built trough a data model 








� In knowledge bases we speak of knowledge models rather than data models, but the discussion on the concept of model is similar in both cases.


� Spanish language has a specific term to refer to a model for an architect: “maqueta”. English language do not provide this specific term so we will refer to it as “scale model”.
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