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Abstract: The paper presents the current state of the European IST 10303

“eConstruct” project. After a broad overview that focuses on the industrial relevance of the project, emphasis is on the development of the open bcXML architecture, its implementation and its uses.

1. Introduction

The aim of the European IST 10303 ‘eConstruct’ project [1] (from eCommerce/eBusiness in the Building Construction industry: preparing for the new Internet) is to help the European Building and Construction industry to increase its performance and its ability to communicate and co-operate.

This aim should be placed in an European context and with emphasis, at least initially, on eCommerce and eBusiness type of communications. The motivation comes from the following facts: 

· The Building and Construction (BC) industry has to increase its competitiveness and its ability to function on the European level.

· No common electronic BC vocabulary exists that is able to support meaningful human and computer understandable communication over the national borders.

· Open eCommerce and eBusiness in BC is currently not possible and surely not over the borders.

     Most Construction companies already make extensive use of computers in their businesses but, even where the Internet is used, the business processes and information exchange methods are still based on traditional paper based approaches. The goal of eConstruct is to develop, implement, demonstrate and disseminate a new Communication Technology (CT) for the European BC industry. This CT will be a low cost, but powerful communication infrastructure that:

· Supports electronic commerce (eCommerce) and electronic business (eBusiness);

· Is integrated with generic eCommerce/eBusiness and Design/Engineering applications;

· Supports virtual market places over the borders of the individual member states.

The paper mainly introduces to:

· A common communication-oriented language, based on XML [4] (eXtensible Mark-up Language) and named bcXML [2], with Building-Construction meaning aimed specifically at the simpler eCommerce transactions. This language enables computers to understand BC related terms. The terms will be available in a number of different languages to facilitate the automatic translation of messages;

· The underlying bcXML meta-model along with a basic taxonomy of commonly used terms (i.e. an XML vocabulary or lexicon for the BC industry) for use with bcXML, although it could be used with any taxonomy or classification, and a first insight in an open architecture which will be implemented by eConstruct as both a proof-of-concept and as a reference implementation;

· A description of the expected principal areas of use.

2. eConstruct

The eConstruct project focuses on the development of bcXML and its ability to provide BC semantics to XML communication. Communications based on semantics are much faster, secure and less error prone. Moreover bcXML communications can be understood by humans and computers alike.

The ultimate goal of eConstruct is to develop an open multi-lingual framework that can be picked up, extended and used by the Building and Construction (BC) industry to increase its ability to communicate and co-operate. The new XML-based Internet enriched with bcXML semantics is the ideal low cost, secure Communication Technology for the BC industry. Though the main target of eConstruct is to support eCommerce and eBusiness, its ultimate use is in all aspects and life cycle stages of building and construction.

eConstruct, using bcXML, will develope and demonstrate the following:

· The integration of eCommerce and PDT for Design/Engineering to enable designers to import library items over the Internet and display them in a building model under development;

· The integration of eCommerce and Design/Engineering with Estimating/Specifying allowing end-users a wider and easier choice of components in their projects and the easier generation of complete specifications;

· The use of bcXML in Computer Aided Selling (CAS) applications which allow purchasers to select and customise finishes and fittings in their new buildings and see the effect on cost and programme;
· The application of 2D and 3D visualisation extensions to bcXML to support eCommerce in an open market and project communication for large-scale projects. 
     All these applications share one common open framework, called the open bcXML architecture - including components and interfaces. This open bcXML architecture will be explained below in more detail including the scenarios to be used in order to validate the prototype to be developed. Besides that, the issues that are related to the work in the rest of the project also will be discussed, such as the taxonomy itself, the role played by the suppliers, the interactions among the components of eConstruct framework, etc.

     It is also important to emphasise that some detailed technical issues are omitted in this paper.  
3. The open bcXML architecture

The open bcXML architecture is designed to provide the European BC industry with an open communication framework. This architecture (Figure 1) relies on three main components, namely the Resource Browser (RB), the Resource Server (RS) and the Taxonomy Server (TS). The RB deals with all the human interface related issues. The RS supports the searching process based on the bcXML compliant queries received from the RB and the applications as well. The TS takes care of all the issues related to Taxonomies. 

   It is also important to refer that Applications are intended to represent all the applications that can be integrated in the open bcXML architecture. In order to validate this aspect, the CAS (3D computer aided selling), a virtual reality prototype and the IfcBrowser will be integrated in this architecture.

   Another issue presented in the architecture relates to communication. Basically, there are two types of messages to be considered here: messages expressed in bcXML and messages with non-bcxml content. The former is intended to support the exchange of messages that need to contain detailed information about objects and properties (which can be expressed in bcXML). The latter represents use of normal, non-bcXML, messages for information that does not need information about objects and properties. For example, an application can request a catalogue to give it’s entire content (non-bcXML), the answer will be a catalogue containing data on the objects for sale and their properties (expressed in bcXML).
   The bcXML Interface is composed of two independent interfaces, namely the Resource Interface (RI) and the Taxonomy Interface (TI). Whilst the former receives the requests sent to the RS, the latter receives the requests sent to the TS. 
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Figure 1 – open bcXML architecture
4. Resource Browser (RB)

As already mentioned, this component handles all the issues related to the human interface of the bcXML prototype. Its internal structure, presented in Figure 2, consists of the following components: the Visualiser, the Taxonomy Navigator, and the bcXML Query Generator. 

The Visualiser is used to display the results of a query submitted by a human operator. The Taxonomy Navigator provides an interactive mechanism to allow a “navigation” through different levels of a certain taxonomy. Using this mechanism, the human operator can dynamically create queries over one taxonomy, with different levels of detail. The bcXML Query Generator receives the requests from the human operator and generates the respective bcXML queries to be sent to the Resource Server. It is important to notice that the navigation mechanism provided by the Taxonomy Navigator is strongly based on the services offered by the Taxonomy Server. In terms of interactions, the RB interacts with the RS using bcXML-based communication and interacts with the TS using both bcXML-based and non bcXML-based communications.
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Figure 2 – The Resource Browser
5. Resource Server (RS)

The RS plays the role of a very specialised search engine which looks for the answers to attend the requests received from the applications and from the RB as well. The RS has to validate the bcXML requests according to a certain taxonomy, which is done with the support of the TS. The RS has the information about the locations of catalogues of products.

As presented in Figure 3, the RS is composed by three elements, namely the Taxonomy Checker, the Search Engine, and the Resource Interface. The Taxonomy Checker verifies if a certain bcXML query is well-formed according to the taxonomy it is related to. It can also deal with the quality-related aspects of the answers coming from the catalogues. The Search Engine sends out the requests to the  catalogues (which either have their own resource server (just for that catalogue) or which are just bcXML files on some webserver), receives the answers and prepares the result to be sent back to the respective caller: an application directly or the human operator (through the RB). The Resource Interface is the main “entry door” of the RS. Through it will pass all the requests sent by the applications (or by the RB as well) that want to use the RS services. The Resource Interface is a list of functions/services provided by the RS.

6. Taxonomy Server (TS)

This component deals with all the taxonomy-related issues. It supports the operation of both the RS and the RB. The only component visible in the TS is the Taxonomy interface, which plays a similar role played by the Resource Interface in the RS (Figure 4). In terms of interactions the TS is a reactive component in the sense that it only receives the requests from both RB and RS, and sends the answers back to them. The TS never takes the initiative in any communication process. 
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Figure 3 – The Resource Server
It is also important to say that the Taxonomy Interface is intended accept both questions phrased in bcXML and direct URL/Soap requests. The former means that you can send a bcXML file mentioning the object “door” and that the taxonomy elaborates on that by adding as much info as possible. The latter means that the taxonomy server responds to an URL indicating the action “give me as much info on this object as you can” by sending all attached properties for that object “door”, phrased in bcXML.
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Figure 4 – The Taxonomy Server
7. Interfaces
As previously described, the bcXML interface is composed of two independent interfaces, namely the Resource Interface and the Taxonomy Interface. The list of functions that belong to each of those interfaces is too detailed for the purpose of the paper. 

8. Scenarios

This section introduces two scenarios for testing the open bcXML architecture which is currently being implemented. The current scenarios are typical of the kind of usage we envisage for our architecture.

6.1 First Scenario

This scenarios represents the ordinary way to use the bcXML prototype when used by a human. The human operator has some needs and he is looking for products that can satisfy these needs. 

This scenario evaluates the basic functionalities of the bcXML prototype. The user types in a searchstring in his own language in a field of a HTML form, it is sent to the bcXML prototype which looks for the appropriate object definitions which are sent back to the human operator in order to allow him to choose the correct object. For  this object, the prototype returns a fill-in form containing all relevant properties. Based upon the data typed in by the user, a bcXML query is generated and send to a catalogue server or a dedicated search engine. The matching catalogue items are finally displayed to the user, ready for him to make his choice.
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Figure 5 – 1st scenario
6.3 Second Scenario

In the second scenario, the architecture will be tested by an application (read: not directly by a human), following much the same steps as the second scenario. The big difference is that the application has to know what the mapping is between it’s own data structures and the identifications used in the taxonomy, this has to be done automatically (instead of having the user select the correct item from a list, as in the first example).

9. Conclusions and Recommendations

The eConstruct project is developing a semantically rich XML-based communication technology for the Building and Construction industry called bcXML. BcXML supports low cost, multi-lingual electronic communication which specifically targets to the needs of BC. The focus of the paper is on the development of the open bcXML architecture, an open source development that will be made available to the industry. The main advantages of bcXML and the open bcXML architecture are: 

· It provides the BC industry with electronically available multi-lingual BC semantics

· It supports communication over several external taxonomies (BC terms and BC object definitions)

· It supports communication between humans and computers (both are able to ‘understand’ the content of a document)

· It supports eCommerce and eBusiness in BC over the national borders 

· It is an open source development that other initiatives can pick up and extend

Though the eConstruct consortium has done its very best it was only possible to take a first step. Much work has still to be done. Especially in the area of eBusiness where the UN/OASIS ebXML initiative [3] has been working in the same timeframe as eConstruct. In the future ebXML and bcXML must be integrated and combined with other XML-based developments to really be able to change the paper based communications of today into the electronic communications needed by industry and society. 
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