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ABSTRACT
In this paper, we propose a high level view of technological spaces (TS) and relations between these spaces.  A technological space is a working context with a set of associated concepts, body of knowledge, tools, required skills, and possibilities. It is often associated to a given user community with shared know-how, educational support, common literature and even conference meetings. Although such a framework is difficult to define precisely, it may be easily recognized. To give some examples, we may quote the XML TS, the DBMS TS, the abstract syntax TS, the meta-model (OMG/MDA) TS, etc. The purpose of our work is not to define an abstract theory of technological spaces, but on the contrary and much more pragmatically to understand how to work more efficiently by using the best possibilities of each technology. To do so, we need a basic understanding of the similarities and differences between various TSs, but also of the possible operational bridges that will allow transferring the results obtained in one TS to another different TS. We hope the presented industrial vision may help put forward the idea that there could be more cooperation than competition between alternative technologies.
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1. INTRODUCTION

The basic computer science engineer has nowadays to cope with a huge variety of possible solutions when asked to solve a specific problem. Very often the same problem may be solved with the help of different technologies, at different prices, with different qualities, in various contexts. There are few general guidelines on how to choose such or such particular solution for a given problem. The engineer is usually left with partial arguments in favor of one specific technology and its advantages. Rarely mention is made of tradeoffs between different possible solutions.

How should we give the advice of using such and such technology to solve such and such problem?  What are the different trade-offs of using one technology instead of another one? If we chose one set of solutions, how far are we captive of this choice when we'll need later to evolve or maintain our solution? These are some of the practical questions one may ask when developing a solution for a particular problem or for a set of related problems. 

In order to provide guidelines that will be more than wishful thinking, we need to start talking explicitly about the characteristics and properties of each technological context and how we may provide guidance about using a specific context when solving a particular problem. Engineers will particularly need this guidance at a time when the spectrum of applicable technologies is rapidly widening.

We are planning to attack this problem here with a rather pragmatic approach. Instead of asking the a-priori question of the possible existence of a unifying theory for all technological contexts, we rather ask how to know the advantages and drawbacks of each one and how to suggest practical utilization strategies. It is possible that some conclusions of this investigation will put forward some conceptual similarity between all the technological contexts. Then elements of a common theory may come out of this work as a nice side effect, but again this is not the prime objective of this work.

To give a flavor of the undertaken work, let us initially consider five different technological spaces that may be refined or updated later:

· Programming languages concrete and abstract syntaxes,

· Ontology engineering,

· XML-based languages and tools,

· Data Base Management Systems (DBMS),

· Model-Driven Architecture (MDA) as defined by the OMG as a replacement of the previous Object Management Architecture (OMA) framework.

Figure 1 provides a global view of these five TSs. It shows that each space is defined according to a couple of basic concepts: Program/Grammar for the Syntax TS, Document/Schema for the XML TS, Model/Meta-Model for the MDA TS, Ontology/Top-Level Ontology for the Ontology engineering TS and Data/Schema for the DBMS TS. This first similarity will need to be discussed and refined later.

Now each of the technologies presented in Figure 1 has basic properties and features, strong and weak points. To name some, the syntax TS deals with executable systems; the ontology engineering TS has some very precise definition tools like conceptual graphs, description logics, etc. the MDA TS has received industrial agreement and backup on its UML and MOF standard recommendations; the DBMS TS has a long record of dealing with huge volumes of structured data; the XML TS has also wide industrial acceptance in the field of semi-structured data representation; the syntax TS is a very rich and stable technology that has been maturing for more than fifty years with formal tools (e.g. context-free grammars) and mapping these onto executable machines; the XML TS has some interesting and widely available transformation engines like XSLT; the MDA TS has made available many industrial CASE tools like Rational ROSE, Argo UML, etc. supporting model creation and model browsing, etc.

We could go on with such a list of strong points for each TS and we shall mention some of them later. Another idea, illustrated by Figure 1, is that no TS is an island. There are bridges between various spaces and these bridges also have particular properties. Some may be bi-directional and some may be one-way bridges.  Let us also give some preliminary characterization of these bridges. 
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Figure 1 Some TSs with some relations

Some operations may be performed in a source space and the result imported into target space. A typical example is aspect weaving that can be performed in the MDA TS and later imported into the Java TS for example. The alternative solution would be to perform aspect management into the Java space only.

This shows that, for such an operation, one need to compare the facility of achieving it in one space compared to the other one and the cost to export to the second space. To discuss this on solid grounds, we need first to identify the various possible operations.

For illustration purpose, let us take another example mentioned in [Ploquin]. Recently an approach to migrate Java applications to C# applications was proposed as a set of tools by Microsoft (direct D transformation). The corresponding JUMP framework (Java User Migration Path) is entirely situated inside the programming language TS (concrete and abstract syntax). Alternatively, it is also possible to perform a reverse engineering operation from Java to a UML-like model (R operation), followed by a forward engineering operation to generate the C# program (F operation). According to the details of this operation (the precise pivot meta-model used), the direct D operation will be different from the combined R+F operation, as illustrated in Figure 2. 
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Figure 2 Code migration

We have mentioned some TSs in the previous descriptions. The number of these spaces is obviously much more important and their structure and mutual relations are quite complex. The space of abstract and concrete syntaxes covers for example executable programming languages. As we know, there are many such different languages (imperative, declarative, procedural, functional, object-oriented, etc.). Each has its own properties that may accordingly be defined as sub-spaces.
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Figure 3 Features/TS Matrix

This paper is organized as follows. After the present introduction, we provide minimum insight in section 2 on some TS for global understanding. Space limitation does not permit a complete coverage of each technology, but some pointers are provided for further reading. Section 3 is devoted to a comparison of features, as they appear in different TSs. Section 4 deals with interoperability bridges between different spaces. Section 5 provides some suggestions on how to interpret this work and how to integrate these preliminary findings in concrete engineering practice.

2. DESCRIPTION OF SOME TSs

Before starting our discussion, we provide a short presentation of some of the TSs that will be mentioned in the rest of the paper.

2.1 The XML TS

Extensible Markup Language (XML) is a framework for definition of markup languages standardized by W3C []. Originally designed to solve problems in the area of WWW applications, now it is widely accepted in the industry as a standard for representation and exchange of structured and semi-structured data. XML document is the central concept in the XML TS. An XML document is a tree of nodes of two possible types: element and attribute. A given XML document is called well-formed if it conforms to the grammar rules defined in the specification. Additional set of syntactical rules called validity constraints can be imposed on a document. These constraints define the allowed names and types for the elements and attributes and how they are related to each other. Validity constraints are expressed in a document schema, which is written in a given schema language. A number of schema languages has been proposed, the most commonly used are the Document Type Definition (DTD) and the XML Schema language [].

Figure 4 illustrates the relations between an XML document, the XML grammar and a document schema defined as a DTD.
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Figure 4 Relations between an XML document, a DTD and the XML and the DTD grammar

One of the advantages of using XML is the availability of standard tools for manipulation of XML documents. For example, there are freely available implementations of XML parsers that check the well formedness and validity of a document and expose its content to the interested applications through a standard API. Some XML related technologies are XPath []: a language for specification of expressions that select nodes in a document, Extensible Stylesheet Language for Transformations (XSLT) []: a language for definition of transformations between XML documents, XML Query []: provides query facilities to extract data from documents. 

There are many XML-based languages used in different areas such as WWW, eCommerce, etc. More information can be found in [].

2.2 The MDA TS

The idea of model-based software development is at the hearth of the MDA
 approach (Model Driven Architecture) recently proposed by OMG. According to this view, the software development process is populated with a number of different models, each of them representing a particular view on the system being built. Each model is written in the language of its meta-model. There are several standard meta-models available in the context of MDA, the most popular being the UML meta-model. Sometimes a model needs to be written in a particular dialect (local variant of a language). The dialect is then defined by a specialization of a meta-model called a profile. Examples of profiles are UML for CORBA, UML for real-time, etc. 

All this organization is accommodated in a modeling framework sometimes called the MDA four-level modeling stack (Figure 5). The lower part of this stack called M0 corresponds to the real world. The three upper levels (M1 to M3) compose the model space that represents the real world M0. All models are at level M1 and the definition of languages used to write these models (meta-models or profiles) are at level M2. Finally there is also a special language used to define the meta-models themselves. This is called the MOF (Meta-Object Facility) and qualified as a meta-meta-model. The MOF is self defined and constitutes level M3.
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Figure 5 The four-level OMG meta-modeling stack

A model specifies a particular aspect of a system under construction.  To a given system may be associated a number of models, each one describing only some particular concern about the system. The precise specification of the considered concern is provided by a meta-model (Figure 6).
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Figure 6 Some relations between a system,
a model and a meta-model
The MDA is currently defining an important library of meta-models and profiles that will serve as a basis for software development. There are many different kinds of such meta-models. Some may help to define products - as UML for object-oriented software products - and some may help to define processes - as SPEM (Software Process Engineering Meta-Model) for defining the way to develop software systems using UML and defining with precision who should be doing what, when and how to develop a correct system -. 

One particular objective of the MDA is to separate models that are neutral description of the business and requested services (PIM or Platform Independent Models), from the models that are bound to some particular middleware technology (PSM or Platform Specific Models). The objective is to define standard process to obtain PSMs from PIMs, hopefully by some kind of automatic generation. To this purpose, the MDA sets the objective of dealing with a high number of high abstraction and low granularity meta-models, and to provide a library of operators on these meta-models and the derived models. Examples of such operators are transformations (many different types), mergers, conformance, checkers, printers and presenters, etc. Of course model browsers are  among the main tools of the MDA space, as illustrated by CASE tools like Rational Rose or Argo UML.

2.3 The Syntax TS

AST is the space with the longest history rooted at the days when computer engineers started building abstractions over the native machine language and expressing these abstractions with languages closer to the problem domain.

It is based on solid theoretical foundations: context-free grammars for the specification of the language syntax; a number of formalisms for specification of the language semantics (attribute grammars, denotational semantics, action semantics).  Program development is supported by mature tools such as IDEs, compilers, interpreters, debuggers, etc. A number of programming paradigms can be observed: imperative, declarative, functional, logic, procedural, object-oriented programming.

The AST TS is organized around the concepts of program written in a given programming language whose syntax is formally specified in a grammar. Language semantics specifies how to map programs to executable machines. These concepts and the relationships between them are shown in Figure 7.
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Figure 7 Four levels in the AST TS 
(Execution, program, grammar, EBNF)

What characterizes this space is that the target is to deal with executable programs.

2.4 The Ontology TS

According to Gruber, an ontology is an explicit specification of an abstraction. The dimension or consensual agreement (usually normative) should be added to this definition. 

The field of ontology engineering may be considered as a subfield of knowledge engineering. The two main dimensions considered are representation and reasoning. According to the importance given to each, one may find several approaches like terminological logics, conceptual graphs, etc. Several languages are used to express ontologies like KIF (Knowledge Interchange Format). 

2.5 Other TSs

The four technology spaces that we have just described are mainly examples. Much more could be found. We are going in this section to present some other examples, in less detail.

2.5.1 The DBMS TS

This field, like the Syntax TS, is firmly established since a long time, both for industrial applications and formal properties. Here again there has been several variants of the space corresponding to various global organizations (navigational, relational, object-oriented, etc..). The main idea is that of high volume persistent data, arranged according to different schemes. In order to organize these data, a database scheme is usually used. In order to access the data, standard languages like SQL have been defined. 

2.5.2 The Workflow TS

The notion of business process is taking high importance in the description of organizations. Such processes may be described as workflow. Workflow models may be enacted to conduct the actual business of companies.

2.6 Conclusion

As we have seen, the TSs corresponds to the main area of activity and expertise of computer engineers. Each field is usually well organized and structured. A generalist engineer in computer science has some exposure to the majority of these fields, while many specialists are more knowledgeable in only some of them. It is difficult to give a definition more precise than the one proposed in the introduction. 

3. COMPARING SPACES

3.1 Introduction

After this short presentation of technological spaces, we start comparing the feature offered. We are going to select some problematics and to study how these are dealt with in the different technologies.

Table 1 summarizes how some technologies do better on some problems than others. Once again this is only illustrative of the proposed approach. Stating that the XML technology performs very efficiently on transformation (with the help of XSLT) and that syntax systems have much less to offer is a very abrupt simplification that should be completed. After all we should also take into account the possibilities of graph grammar transformation for example. 

Table 1. Strong and weak points

	 
	XML
	MDA
	Grammars
	Ontologies

	Executability
	Poor
	Poor
	Excellent
	Poor

	Aspects
	Good
	Excellent
	Poor
	Fair

	Formalization
	Poor
	Poor
	Excellent
	Fair

	Specialization
	Fair
	Good
	Poor
	Fair

	Modularity
	Good
	Good
	Poor
	Poor

	Traceability
	Good
	Fair
	Poor
	Excellent

	Transformability
	Excellent
	Fair
	Fair
	Fair


3.2 Executability

Among the spaces that have been described, only AST TS has precisely defined executable semantics expressed as a mapping of programs to executable commands. In contrast, the XML TS is a framework for definition of standardized syntax only. Semantics description part is missing. A certain analogy can be drawn between the program execution and a mapping of an XML document to primitives that can be interpreted by another program. For example, displaying an XML document in a browser driven by a CSS stylesheet is actually a mapping to objects with layout semantics implemented by the browser; transforming a document to an XSL FO document is a mapping to a language for which an interpreter exists (XSL FO display engine).

Active XML.
Execution of models? Action Semantics?

Stored procedures.

Enactment.

3.3 Aspects

Dealing with different aspects or concerns in software systems is as old as computer science itself. Aspect-Oriented Programming (AOP [21]) was proposed as a mean to deal with separation of concern problems that object technology had failed to solve. In this approach, a number of independently expressed concerns may be weaved to a basic executable object system.  There are a number of techniques suggested for aspect separation and aspect weaving.  AOP is a technique applied in the syntax TS, with several specialized languages like AspectJ, HyperJ and ComposeJ being developed to support the approach. The AOSD approach (Aspect Oriented Software Development) aims a more general goal, less limited to the syntax TS.

3.4 Formalization

The notion of formalization is usually related to the qualities of preciseness and compactness.

XML raised a significant interest in the research community but it still lacks good formal understanding. Here we will mention some works that give a formal basis to the XML-related technologies.

XML schema languages are studied and compared from the point of view of the formal language theory in [3]

 REF _Ref16851786 \r \h 
 \* MERGEFORMAT [24]

 REF _Ref16851790 \r \h 
 \* MERGEFORMAT [32]. Some core ideas of the W3C XML Schema are formalized in [8].

XML specification does not define precise data model for XML documents. As a result, a number of overlapping data models appeared that serve different needs e.g. XPath and XSLT data model, DOM, etc. Recently, W3C issued two specifications that specify XML document data models: XML Infoset [49] and XQuery [50] data model.

3.5 Modularity

The story of computer science shows that much energy has been put on the idea of modularity in programming languages since the 60's. The work of Parnas, Wirth and many others has progressively elaborated on the initial def/ref or import/export semantics of initial assembly languages to the module feature found in Modula, Oberon, etc. This has given birth in turn to the package notion of ADA and Java that has been borrowed in turn by modeling languages like UML.  The same notion is called namespace in C# and the concept of namespace is also central to the XML technology. 
3.6 Specialization

The idea of specialization has gained much respect in object-oriented programming which provided single or multiple class inheritance. Similar ideas have been used in knowledge engineering circles. However, if it is possible to deal with class specialization, this is not the silver bullet in programming language.  It does not allow answering the general problem of aspect separation. It does not allow …

How to specialize a
n XML schema?

Grammar inheritance?

3.7 Scalability

Some solutions work well on small problems but encounter difficulties when confronted to real size industrial situations.

When dealing with large amount of data, the DBMS expertise is often needed to cope with scalability problems. For many reasons, the simple use of file systems in the syntax TS is usually insufficient.

Let us take for example another subtle problem. XSLT provides a very elegant tool for document transformation.  However, when we consider important XSLT transformation programs (more than several thousand of lines), we observe that the maintainability of this code is often hard to achieve because of poor lisibility. 

3.8 Content/Presentation Separation

It seems that the XML community was the first to encounter the problem of separation of content from presentation.  In the HTML language, both parts were mixed. For many valuable reasons, including the necessity to offer different presentations for a given content, the design of XML was focused on the description of content while other languages (CSS, XSL FO, etc.) were specialized on presentation.

In MDA also the same problem was encountered. When exchanging UML models between tools, the logic of diagrams was the essential information but had to be completed by much presentation information (how box and lines are drawn? How is presented the text inside boxes or on lines? etc. ). In UML 2.0, it is possible to separate the logic of a model from its presentation. This is proposed as the "diagram interchange" possibility, where a model may be separated in two parts: logical and physical.

Difference between concrete syntax and abstract syntax

3.9 Process/Product Separation

This is a ubiquitous problem in computer science. You have very often process data and product data. It may be important to separate them first and to weave them later.

As a first example, we may recall the initial attempts at OMG to define a so-called "Unified Method" for Object-Oriented Analysis and Design. It was later found that this objective was too ambituious, and the objective was then restricted to defining a "Unified Language" for the description of Object-Oriented Software Artifacts. The result of this was the UML meta-model which kept silent on the development approach aspects. Later this was completed by a process meta-model  (Software Process Engineering Meta-Model) explaining the methodological aspects (who is doing what, when and how) for engineers using the UML language. Separating and then weaving the product and process concerns was then a successful strategy.

Within programming languages fields, the tradition has been to merge these aspects from the start. Control structure (if/then/else, while, for, case, etc.) and data structure (array, record, etc.) are then interleaved in a given program, even if several authors like Wirth have insisted on the parallel and complementary nature of these information.

3.10 Composability

If several models express different views of the same system, how may them be combined? This is an important issue since it is obvious that we cannot combine elements of different nature. The possibility to combine different aspects arise in many different TSs.

Let us take one example in the XML TS. We have a geographical map of the area of Nantes expressed in GML (Geographical Markup Language) showing the voting county boundaries, the rivers and so on. On the other side we have a XML document giving the results of the last elections, following a homemade XML schema (politics). How could we combine the geographical data and the political data?  This could be made by merging the two XML (text) files. Another way would be to do the weaving operation in the model space, and to project the result on the XML space later, as illustrated by Figure 8 .
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Figure 8 Weaving aspects at the model level

3.11 Traceability

The idea of traceability is very important. However it is a particular case of the specification of correspondence between various contexts.

It seems to us that the basic relation of co-reference in conceptual graphs provides one of the most general expressions of this.

Let us consider for example the following sentence: "John believes that Mary wants to marry a sailor". This would be represented graphically as below in conceptual graphs [45]:
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Figure 9 The use of contexts and coreference links
in conceptual graphs

Alternatively, Conceptual Graphs also allow the following serial representation:

[PERSON : JOHN] ( (BELIEVES) ( [PROPOSITION :

[PERSON : MARY ?x] ( (WANTS) ( 
[SITUATION :

[PERSON : *x] ( (MARRY) ( [SAILOR]]]
It is interesting to note how the notion of coreference link in Figure 9 has been translated to the notion of variable definition and usage in the linearized form (?x and *x)

The notion of traceability is very important in MDA since moving from a model to another one is usually associated to a design decision or to a transformation (automatic or semi-automatic). These steps could have to be invalidated, so the source of each element should be precisely identified so that the process could be reversed. Maintaining traceability links between elements of all models is an important engineering challenge.

A notion that could be associated with traceability but that is more general is the possibility of having a correspondence meta-model, i.e. a specification of which elements in one model may be associated to elements in another model. 

3.12 Conclusion

We have seen in this section that very often, when we consider a problem inside one particular technology, it corresponds to similar problems within other technologies. The way to solve this problem is not always the same. 

From the previous discussion, it becomes clear that each technology may be improved by careful inspection of how another technology is proceeding to solve such and such problems. In other words, technologies can learn from each other, and this may bring several improvements. There has recently been some work done in this direction, for example by considering database semantics and ontology engineering [28], [29].

4. BRIDGING SPACES

4.1 Introduction

One thing is to discuss the various possibilities of TS and another is to handle the real interoperability problems between them. In this section we'll deal with the second part, i.e. not a comparison of how each technology handles the same problem, but more operationally how can we import or export results obtained in one technology from or to another different technology. 

A typical scenario of bridging between two spaces involves importing an artifact from one space into another, performing some operation on it and exporting it back to the first space. The import and export operations can vary in their complexity; to what extent they modify the structure of the artifact and in the support by the available tools. In one extreme, we may have a simple transformation that preserves as much as possible of the original structure inherent to the source TS. For example, processing XML documents with an object-oriented language can be based on the Document Object Model (DOM) []. DOM provides a simple object-oriented view on XML documents that preserves their original structure. This is a generic model that can be used to represent every document in a straightforward and fully automated manner. However, DOM does not exploit the full capabilities of the importing space. For instance, the set of simple types provided by each OO language is not used because typing information is not always presented in the document or the document schema. In that case the processing application performs the task of type conversion and navigation through the hierarchy.

On the other extreme, we may have a complex transformation of the artifact. In our example, an XML document can be transformed to a set of objects that preserve the structure of the underlying domain. Generally, XML does not specify meaning of the data and such transformation requires additional knowledge.

Obviously, there is trade-off between the cost/complexity of the transformation and the required further work by the processing application.

In the rest of the section we will present some current technologies that support the bridging between various spaces and some obstacles that may occur. We will pay special attention to cases, which illustrate the need of bridging between spaces because of the high complexity of a given operation in the source space, which in contrast can be performed easily in the target space.

4.2 Model serialization

Generally, models are graphs and as such may be difficult to handle automatically. In order to transport a model or to provide it as input to a program, it is much easier to transform it as a linear string of data. This operation is called serialization. Of course it is much easier to serialize a tree than a general graph. As a consequence, since XML documents corresponds to trees, it has been found very convenient to use XML as a support notation for model serialization. For MDA models (i.e. MOF-compliant models), a standard serialization procedure has been defined and is called XMI (XML Model Interchange [35]).

It should be noted that the problem of serialization also exists in other spaces like the syntax TS. Sun for example has defined a standard way to serialize Java programs [47].

4.3 Deriving Object-Oriented Design Alternatives from Abstract Specifications

Bridging between technological spaces requires import/export of artifacts. Sometimes this is not easy because of the presence of multiple alternative transformations and the difficulty how to evaluate and select from them.

We will discuss the problem of derivation and evaluation of object-oriented design alternatives from abstract specifications. This problem is extensively treated in [48]. Abstract specification is provided as a set of models. The modeling language used in this work is very similar to UML and therefore we can consider this as a contribution to the techniques for bridging between MDA and AST TS.

The source of the derivation is an abstract specification of a given software solution, e.g. a software architecture that must be expressed in terms of object-oriented abstractions. Since the specification is abstract, multiple design alternatives exist. They can be compared on the base of certain quality factors such as adaptability, extensibility, performance, and reusability. In their every day practice software designers often make design decisions. However the notion of quality of the result is more implicit than explicit. Designers make selection intuitively rather than following a methodology. The presented work makes the notion of quality of the alternatives explicit and provides a method for generation of the design alternatives for a given solution. Again, like in the problem of deriving XML schemas from models, single set of transformation rules will produce designs relevant only in certain cases. Therefore, the whole set of alternatives must be explored. The set of alternatives for a given design problem is called design space. The author proposes formalism called Design Algebra to model design spaces. Because design spaces tend to be large, the main problem is how they can be reduced. Designers can use a set of heuristics to reduce the space and select a reasonable number of alternatives. 

4.4 Deriving XML schemas from Models

Model serialization in XML format serves the need of commonly agreed standard representation of models when they have to be exchanged between different modeling tools.

Another possible usage of models is as a source for design of XML schemas. The element and attribute names and types used in a schema reflect the concepts and relations in the domain for which XML will be used to represent the data. However, the description of the structure of the domain concepts directly in a schema is not an easy task because schemas are intended for defining valid syntax structures and not for capturing and specifying domain knowledge. Trying to design an XML schema in the XML TS may lead to difficulties in case of complex schemas.

The problem of deriving an XML schema from a model has been addressed in [6]

 REF _Ref530652232 \r \h 
[9]

 REF _Ref3006430 \r \h 
[17]

 REF _Ref3005946 \r \h 
[27].  In these approaches source models are created with different modeling languages such as ER, UML, etc. We will focus on the common problems encountered in the bridging process regardless of the concrete modeling language.

Generally, a given model can be transformed to a schema in multiple ways resulting in a set of alternative schemas. In many cases there are requirements for certain qualities that schemas must fulfill. Some methods aim at finding transformations that generate schemas, which ensure certain properties of the documents such as minimum data redundancy and maximum connectivity [6]

 REF _Ref3006430 \r \h 
[17]. In other cases the extensibility of the schema is a required property as it is shown in [put a reference to the schema best practices]. The diversity of the requirements hinders the usage of a fixed set of transformation rules for deriving schemas. A fixed set of rules will possibly generate schemas that have quality properties relevant to a certain usage scenarios. This means that the schema designer is enforced to generate, evaluate and select from alternative schemas every time when new properties are required. This can be an obstacle in cases when the qualities of the schema are essential because of the lack of adequate methodological support for the schema designer to identify and evaluate the possible alternative schemas. 

4.5 Layered Approaches for Data Integration

The problem of integration of heterogeneous data sources is an example of the need of bridging between spaces because of the complexity of the operations required to be performed in a single space. Heterogeneity occurs because of different data formats and schemas used for the data sources. Usually this problem is solved by abstracting the data sources to a higher-level conceptual schema that provides common view over the data sources by hiding the difference in the location and data format.

We will illustrate the problem and a particular solution in the context of XML TS.

In Business-to-Business electronic commerce different companies are involved in electronic exchange of documents. Participating companies have to deal with the heterogeneity problem because of the different standards for describing product catalogues, products, and other documents. These standards usually use XML as a representation format. If two companies have to exchange documents written in different XML dialects then an interoperability problem occurs. Traditionally, it is solved completely in the XML TS by XSLT transformation of the document in the source format to a document in the target format. However, it is difficult to write such a transformation sheet because several tasks are mixed in the XSLT rules. For example, two possible tasks are translation between the two terminologies of the standards and dealing with the differences in the XML representation syntax.

One proposed solution tries to decompose these tasks into different layers following the successful approach of network interoperability [31]
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[33]. First, the document schemas are abstracted to a conceptual representation, e.g. RDF Schema. Second, the data integration is done at the conceptual level instead of the level of XML syntax. Integration of that level is accomplished in a new TS (e.g. Ontology Engineering TS) and solves only the terminology translation problem. This is shown in Figure 10. 
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Figure 10 Source and Target Documents

This scenario requires two additional transformations: from the source DTD to its RDF Schema and from the second RDF Schema to the target DTD. They can be considered in the context of the problem of building conceptual representation of a DTD/XML Schema. This problem gained a significant interest and is treated in a number of recent papers. Generally, the proposed approaches try to extract some knowledge on the base of the DTD/XML Schema structure following heuristic rules and relying on assistance by the model engineer [14]
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[38].

4.6 XML Processing with OO Languages

Complex systems are usually built of artifacts from different technological spaces. Examples are systems that store data in a RDBMS and process them with an object-oriented language and systems that use XML as a data representation format. A common task of the latter ones is accessing the data in the document, performing some processing and exporting the data back to an XML document.

In this section we provide an overview on the current technologies for processing of XML documents with an object-oriented language.

Generally, there are two approaches for XML processing: event-based and tree-based.

Event-based processing is supported by the Simple API for XML (SAX) technology [41]. SAX parsers scan the XML document and generate events that correspond to the start and the end of the document, the start and the end of an element and reading the characters of element content. These events are passed to the application, which performs some actions.

Tree-based processing is based on the Document Object Model (DOM) [40] standardized by W3C. DOM defines a logical model for XML documents and provides an API to it. DOM API is defined in IDL, i.e. it is language neutral. DOM represents an XML document as a tree of nodes that mirrors the document hierarchy. Different node types are defined, which correspond to the building blocks of the document (element, attribute, text, etc.). DOM parsers build an in-memory representation of the document tree and expose it to the application. Some parser implementations provide functionality for saving the DOM tree to a text document.

In contrast to DOM parsers, SAX parsers do not build internal structure of the document and leaves that responsibility to the application. On the other hand, SAX provides better performance, while DOM does not scale well and may increase the memory consumption.

Both approaches are considered as low-level because they follow the syntax structure of the documents. As a result, applications are bound to a particular syntax and cannot be easily reused for XML dialects that have the same meaning but differ in the syntax. Applications are also responsible for bridging the gap between the syntactical representation and the object structure employed by the application. Typical application tasks are type conversions from the text nodes to simple type values and construction of objects.

As a response to these problems, a new approach emerged called data binding [51]. The idea behind the data binding is to free the application developer from the low-level syntax details by automating the simple type conversions and instantiation of the application specific objects. A tool called schema compiler compiles the document schema into a set of classes in a given language. Classes are intended for data access and usually do not have behavior. Data binding facility instantiates objects of these classes from XML documents. The operation of serializing the objects back to XML representation is also supported.

Data binding facilitates the data access but still has a number of problems. In the complex applications the used object structure may significantly differ from the XML syntax representation that is used for exchange purposes. In that case data binding can not be used to restore the original object structure because it relies only on the definitions found in the document schema. Also, this approach produces applications that cannot evolve easily. Every change in the document schema causes recompilation. Applications cannot evolve incrementally in a non-invasive fashion.

4.7 Models and Programming Languages 

There are many possible bridges between models (usually non executable) and programming languages (naturally executable). We are going to explore some of them. 

4.7.1 Grammars and Meta-Models

It has been suggested [xxx] that a meta-model is similar to a formal grammar. This similarity may be exploited according to several axis.

4.7.1.1 Using modeling tools to represent grammars

This is a very simple idea. We may represent the grammar of a programming language as a meta-model. The figure below gives a simple example of a Pascal language meta-model.

Figure xxx

To what extend is this important? It seems that it only offers an alternative representation for concrete syntax.

4.7.2 JMI

JMI (Java MetaData Interface [46]) specifies a MOF to Java mapping. 

4.8 Weaving in Domain-Specific Modeling

In AOP, the crosscutting concerns are expressed in an aspect-oriented language and woven with the base code by an aspect weaver. Weaving operation is done at the level of source code.

Crosscutting can be observed in other artifacts created in other phases of software development life cycle such as modeling phase. The authors of [19] report on crosscutting in the models created for a specific domain with the help of visual modeling tool. In their example constraints imposed on the concepts may be scattered throughout the model. This causes difficulties during the modeling and the problem cannot be easily solved with the available techniques. AOP is proposed as a solution. The application of AOP techniques is also interesting as an example of bridging between technological spaces. Specification of the crosscutting constraints and the points of weaving (called ‘specification aspect’ in the paper) is done in the model’s technological space (in that case models are not aligned to MOF but follow the meta-modeling paradigm). However, the actual weaving is implemented in two other spaces: XML TS, and AS TS. This is possible because all the models are persistently stored in XML format. Constraints are compiled to C++ code that modifies the base model representation. Specification aspect is compiled to code that navigates to the points of weaving (nodes in the DOM tree). The code modifies the DOM tree of the base model and after the execution the modified/woven XML document is imported in the modeling environment.

4.9 Using XML to Implement Aspect Weaving

XML-based “operator approach” [43] is an experimentation approach with AOP techniques. It is motivated by the fact that the current aspect languages cannot be easily extended and combined with each other. It relies on XML representation of the ASTs of the base and the aspect language and therefore is an example of bridging between AS and XML TSs.

The AST of the base program as a major output of the compiler front-end is serialized in XML format. Tools such as JavaML can be used for that purpose. Aspect language has XML-based syntax and can be easily extended. Joint points of the aspect language are traced to the XML tree and XPath expressions are used as designators. The process of weaving operates on the XML representation of the AST. XSLT can be used for unparsing the result and source code generation.

4.10 The Semantic Web

There has recently been much activity in the domain of the semantic Web [2]. Part of this is dealing with various bridges between the Web and XML on one side and ontology engineering on the other side.

4.11 Conclusion

In this section we make an attempt to summarize the examples presented so far, to derive some common characteristics of the bridging and to make software engineers aware of some obstacles and opportunities in this process.

We may classify technological spaces according to the level of abstraction. If more semantics can be expressed in a given TS then it is at higher level of abstraction (distinction between abstract and concrete spaces?). MDA and Ontology Engineering TSs can be regarded as high-level (abstract) spaces while the XML, RDBMS and AST (?) TSs can be regarded as low level (concrete) spaces. We will see that this distinction is critical and is manifested in the most of the examples we saw.

4.11.1 Transformation of artifacts between spaces 

· Transformation from high level to low level TS

A general characteristic of this process is the loss of semantic information which cannot be expressed in the target space because of the lack of expressive power. For example, mapping from Ontology or MDA TS to XML TS leads to loss of semantics because of the pure syntactical nature of XML. This requires additional means for specification of the correspondence between the primitives of the source and the target space (mapping formalism, parsing program, etc.)

· Transformation from low level to high level TS

In this process we observe the opposite effect: it is difficult to induce the semantics only on the base of the source artifact. A typical case is when an XML document schema must be abstracted and mapped to a richer space.  In that case human intervention is required and application of heuristics can facilitate the automation of the process (see section 4.5). Sometimes there is no adequate tool support and ad hoc solutions are applied (see section 4.6).

· Dealing with multiple alternative transformations

Sometimes the transformation process is straightforward and the most obvious or intuitive mapping is done (e.g. RDF to XML and XMI). Generally there are multiple alternative mappings and sometimes the quality properties of the target artifact are important (see sections 4.3 and 4.4). In such cases the solution may be unknown and that could be an obstacle having in mind that the exploration and evaluation of the space of alternatives is a complex task.

4.11.2 When is the bridging applicable/useful?

· Performing transformations in a low level TS

Usually this leads to mixing between syntax and semantic aspect of the transformation and increased complexity as a result. Examples are the Business-to-Business integration when XML documents must be transformed and translation of the XMI representations of models. In these cases the solution relies on the decomposition of the tasks and allocating them on the right abstraction level (see section 4.5 and [37]).  Semantic translation is specified in a higher level TS and compiled to a low level TS operation.

· Lack of operational support in a given space

Sometimes an operation of one space cannot be performed because it is not supported or is difficult to implement whereas it is presented or better supported in another space (example: weaving in the domain specific modeling).

· Non-interoperable tools or lack of uniform representation

This is demonstrated by the problem of extending AOP languages because this leads to the compiler modification. Representation of the aspect language in XML helps with the uniform syntax and standard tools (section 4.9).

· Design of artifacts for a low level TS

Creating from scratch an artifact in low-level TS is sometimes difficult because of the semantic aspects, which cannot be represented explicitly (section 4.3 and 4.4).  Software engineer can benefit if the design is first performed in a high level TS and transformed to the concrete space later (with the possibility for automation).

5. DISCUSSION

The previous sections have successively provided a comparison between some TSs and described some bridges between them. Both aspects seem important. Since it is very likely that the technology progress will be follow a multi-track pattern, it is very interesting to note the possible mutual enrichment between the various tracks. 

5.1 Further considerations

There are a number of other issues that have not been discussed in the previous presentation. Some of them may be quite important. Just to give one example, let us consider the problem of ontology life-cycle. 

5.1.1 Ontology life-cycle

Whichever technology we consider, there is always a life cycle for the definition of the ontology-level data. The goal and the rationale for this data are first established. Then a period of definition, consensual agreement and consolidification follows. After that the ontology is put in use. It may however continue to evolve. Eventually it may be discarded or replaced by another ontology.

This life cycle may take different forms in different contexts. Let us give some illustrative examples.

A committee, an organization or a group of persons may define a formal grammar. The ADA language was defined by an international collaboration, following a particular process, in response to a DoD challenge. The Pascal language or the C language were mainly defined initially by individual persons and later accepted by large user communities. Other languages were mainly proposed by specific companies (e.g. IBM for PL/1 or Sun for Java) and in some cases handled over later to standard organizations. The syntax for each grammar is defined with a commonly agreed language (E.g. EBNF) and the semantics may be also partially defined.

An XML schema or DTD may be defined by anybody. However, in order to be used on a wide scale, it must obtain the support of some significant group of users. The W3C OASIS, etc. are such group.

The definition of meta-models at OMG follows a very precise process, inherited from the more than 12 years experience dealing with CORBA centered recommendations. Traditionally there has been a lot of activity going on within end-user groups (healthcare, transportation, energy, e-commerce, telecommunications, etc.). 

5.1.1.1 Consensual elaboration

xxxxx

5.1.1.2 Version management

Xxxxxxxx

5.1.2 Other issues

xxxxx

5.2 Adapting individual TSs

Starting from the consideration of weak and strong points of each technology, it is possible to question the possible improvement of one particular technology by borrowing a solution to another technology. This is theoretically possible, but practically limited.

6. RELATED WORK

We do not discuss here all the possible bridges between technological spaces, e.g. RDBMS to XML TS and vice versa. The problem of converting XML to RDBMS is discussed in [7]
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[44].

7. CONCLUSION

This work is an initial investigation in the field of technological spaces. In the process of performing this study, we discovered several facts.

The pattern of research discovery seems to have much changed in the last decade. Until now, inventions were often made within the strict boundary of a given engineering field (operating systems, compilers, data bases, etc.). If we look at what is happening now, it seems that innovation starts now at the boundary between several different engineering fields. The example of XML is well known for that because it took birth between network application, hypermedia and document processing. The synergy between different fields seem to become the main innovation factor. Unfortunately the research work is still mainly located to historical fields and "transversal" results are not very frequent.

When we consider the various TSs that have been discussed in this paper, one idea that arises is the notion of typing level. If an entity is found at one level, the definition of this entity (its type) may be found at the immediately upper level. This notion has nothing to do with abstraction levels (THE operating system levels, ISO/OSI seven layers network, TCP/IP five layers, etc.). It is called meta-modeling layers in MDA and we found similar organization in other fields, even if it is not always completely explicit.

By comparing several technological spaces, we see that similar problems are solved in different ways. Abstracting these problems seems to be an interesting and productive approach.

Much more  to be said in this conclusion. Let's keep on working on this.

No unique technology will ever prevail.

No technology is uniformly better than the others.

No technology is completely stable. Usually it is evolving.

Each technology has its own strong and weak points.

By observing other ways to deal with different problems, each technology may be locally improved, but this may only have limited effects.

Somebody said "to the Lisp programmer, the word is full of parenthesis"…
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