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1. Introduction

The goal of aecXMLTM/IAI (International Alliance for Interoperability), as an organization, is to establish procedures, rules and policies for managing and developing aecXMLTM schemas that are shared by software vendors as industry standards for eCommerce or Web-based applications for the AECL+FM (Architecture Engineering Construction / Facility Management) industry. aecXMLTM /IAI applies the W3C standards to electronic communications in the architectural, engineering and construction (AEC) industries in order to achieve software interoperability

To achieve this goal, one of the major tasks for aecXMLTM /IAI is to establish an aecXMLTM framework that defines the structure and the development of aecXMLTM schemas. In general, issues that aecXMLTM /IAI is facing include flexibility and scalability of aecXMLTM schemas, as well as evolution of those schemas. These issues are addressed in the framework with two different views, a static view and a dynamic view. The framework, describing in two views, helps to understand and define major components of aecXMLTM schemas and other work, such as schema promotion rules and consolidation procedures for common object definitions, etc., in order to facilitate schema development.

 The static view defines major components that compose aecXMLTM schemas and an implementation framework, as well as relationships between those components. aecXMLTM schemas, conceptually composed of several components, define information exchanged between participants involved in designing, constructing and operating buildings, plants, infrastructure and facilities management. Based on the W3C’s XML Schema specification, aecXMLTM schemas are definitions for business processes and associated data of the AECL+FM industry. Such definitions may be a typical change order process and associate data, or AECL+FM related concepts such as project, documents, materials and so on. The implementation framework defines a mechanism to make data exchange happen. While the discussion on the implementation framework itself exceeds the scope of aecXMLTM schemas, this document will still discuss the relationship between aecXMLTM schemas and the implementation framework.

Providing a conceptual look at different phases of aecXMLTM schema development in relation to aecXMLTM schema submission process, the dynamic view identifies connections between schemas of different status and different phases, and actions for transition between different status and phases. Consequently, work for establishing corresponding procedures, rules and policies is indicated. Furthermore, the dynamic view is intended to conceptually show a complex and evolving nature of aecXMLTM schemas, i.e. how an aecXMLTM schema flows from a working draft to recommendation meanwhile it may also evolve from a less “standardized” format to a more “standardized” format. Such a design is the result of compromise in order to accommodate different needs from the industry and to suite the current situation of aecXMLTM schema development.   

 The objective of this document is to describe the aecXMLTM schema framework. The document will first overview aecXMLTM schemas in relation to other standards such as ebXML and the two views of aecXMLTM framework. Then details will be given on various components of the aecXMLTM framework.

2. Caveats and Assumptions

This document only covers the discussion on the aecXMLTM framework at a conceptual level. Readers will not find discussions on aecXMLTM schema design and implementation details. Also, it is assumed that readers have access to other related aecXMLTM documents for detailed information if necessary.

3. Normative References

The design of aecXMLTM framework is based on the provisions contained in the following standards and specification,

· ebXML

· RossetaNet

· SOAP 

· UML (Unified Modeling Language)

· W3C XML v1.0 

· W3C XML Schema

4. Overview of aecXMLTM Framework

4.1 aecXMLTM in General Context

Software interoperability for eCommerce and Web-based applications is largely determined by the format of messages exchanged between software tools used by trading or collaborating partners. Essentially, such a message can be roughly divided into two parts, envelope and payload. The envelope contains information for system implementation and the payload contains business related information. Although the discussion on the implementation framework is beyond the scope of aecXMLTM schemas, aecXMLTM framework may later make recommendation for choosing a certain implementation framework as a “recommended” specification. The focus of aecXMLTM schemas is on the structure of the payload. As of this writing, there are many different types of message format available. Appendix I lists several major specifications that have their own definitions of message format. Figure 1 uses ebXML as an example to illustrate the relationship between aecXMLTM schemas and the implementation framework. aecXMLTM schemas defining the payload are shown as “Payload Document(s)” in Figure 1. 

4.2 Views of aecXMLTM
The aecXMLTM framework defines two views, a static view and a dynamic view. The static view determines various components that compose a message exchanged between partners. The dynamic view defines phases that an aecXMLTM schema may evolve through and illustrates the relationships between schema status and phases. Altogether, the framework identifies all major pieces of work to be done for this aecXMLTM project.

4.1 Static View

Collaboration between partners can be represented as a series of interactive processes. Each process may also have one or several transactions. Each transaction in turn contains business data. Therefore, aecXMLTM framework includes schemas for business processes and related data. For better reusability and scalability, schemas for business processes and business data are independent to each other.  
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Figure 1  Relationship between aecXMLTM schemas and the implementation framework

The scope of aecXMLTM schemas determines that reusing existing third party standards becomes necessary and complementary to aecXMLTM schemas. Therefore, Common Object Repository (COR) is considered as an integral part of the aecXMLTM framework. Meanwhile, some object definitions may be treated as build blocks that are used by many business process schemas and business data schemas. These object definitions are collectively treated as Common Object Schemas (COS).

Overall, the architecture of the aecXMLTM framework features several components, including a Common Object Schema (COS), Common Object Repository (COS), Domain Specific Schemas (DSS), Business Process Schemas (BPS), and the Implementation Framework (IF). Each of above owns one or more schema namespaces and each namespaces can have one or more schemas. Figure 2 shows the architecture of the aecXMLTM framework.
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Figure 2  The Architecture of the aecXMLTM Framework

4.2 Dynamic View

Due to the nature of aecXMLTM schema development, aecXMLTM takes an evolutionary and bottom-up development approach. Consequently, an aecXMLTM schema may evolve over time according to whether it is based on COR or COS. The dynamic view defines three distinctive tracks of aecXMLTM schemas and the transition of schemas from on track to another. Figure 3 illustrates the details of this dynamic view. These three tracks can also be regarded as three phases since most likely they will start in a sequential order, i.e. Independent, COR-dependent and COS dependent.

Major components of the dynamic view include COR, COS, independent schemas, COR-dependent schemas and COS-dependent schemas. Independent schemas are those that do not use COS and COR definitions. However, object definitions in independent schemas may be later consolidated into COS. COR-dependent schemas are those that reuse definitions in COR. Obviously, a COR-dependent schema will also have local definitions for certain objects. COS-dependent schemas are those that reuse object definitions from COS.
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Figure 3 Dynamic View of aecXMLTM Framework

The dynamic view is viewed against two referential parameters, schema status and time. Schema status includes “Working Draft (WD)”, “Candidate Recommendation (CR)” and “Recommendation (REC)”. Time refers to phases of aecXMLTM schema development. Realistically, phase 1, dealing with independent schemas, will most likely start ahead of other two types of schemas. Since COS will be the results of consolidation from COS and object definitions from independent schemas, it is quite obvious that COS schema will be most likely the final phase. 

Actions involved in the dynamic view include promoting, versioning, consolidating, replacing and standardizing. Promoting refers to promote schemas from WD status to REC status. After reaching the REC status, a schema can be revised through versioning. Consolidating refers to the effort to consolidate definitions of the same object that may exist at different places, i.e. COS and independent schemas. Replacing occurs when the consolidated object definitions in COS are used to replace the definitions of the same objects in COR schemas or independent schemas. Standardizing refers to a general trend in upgrading independent schemas and COR schemas to COS schemas.

Consequently, procedures, rules and policies related to these actions are to be determined by the aecXMLTM Technical Committee. 

5. Components of aecXMLTM Schema Framework 

5.1 Namespaces 

aecXMLTM recommends a namespace scheme as :

http://www.aecXML.org/schemas/[Level]/[WorkingGroupName]/[NamespacePrefix]-[ISODATE]

[Level] can be one of the following:

· WD (Working Drafts): submitters can put their schemas into this category for public use and review.

· CR (Candidate Recommendation): a schema in this category has been raised to Candidate Recommendation status for final public review and is put into this namespace by aecXMLTM Technical Committee (note that submitters cannot put schemas in this level).

· REC (Recommendation): a schema in this category has been raised to Recommendation status and is put into this namespace by aecXMLTM Technical Committee (note that submitters cannot put schemas in this level).

[WorkingGroupName] is specified by aecXMLTM.  Note that the working group name does not have to be does not have to one of the six current working groups. 

[NamespacePrefix] is usually a domain specific name under a working group (for example, LandXML).

Finally, [ISODATE] specifies the date of the schema (for example, October 18, 2000 is represented by 20001018). 

The above scheme works for COS, DSS and BPS for which aecXMLTM namespaces are mandatory. For COR, namespaces from which certain definitions are drawn are preserved. For details, please refer to the aecXMLTM namespace document.

5.2 Common Object Schema

In the W3C XML Schema Language, each element or attribute must be associated with some defined data type. The W3C XML Schema Language comes with a number of built-in data types such as string, binary, and date. In addition, new user-defined data types can be declared and reused in the local schema as well as in other schemas. In aecXMLTM schemas, a meaningful combination of one more elements and attributes is called a schema object or simply an object.

The COS is a single schema belonging to a separate namespace. It acts like a component library that composes of many reusable schema objects that are common to multiple AECL+FM business domains. The word ‘Common’ means those objects are likely to occur in many different places of AECL+FM business information exchange.

In the COS, aecXMLTM /IAI will define and collect a set of common objects that can be used as the foundation objects for other aecXMLTM schemas to build upon. All other aecXMLTM schemas can “import” (a useful W3C XML Schema Language syntax) the COS to take advantages of many of its pre-defined schema objects.

There are two types of common objects: non-AECL+FM specific and AECL+FM specific objects. AECL+FM specific objects are objects that have content specific to the AECL+FM industry; similar non-AECL+FM specific objects are objects that are not specific to the AECL+FM industry and could apply to any industry. Examples of AECL+FM specific objects are Product, Document, BuildingComponent. Examples of non-AECL+FM specific objects are Name, Description, Email Address, and Person.

At the initial stage of aecXMLTM schema development, COS may be empty because DSS development may directly reuse definitions from COR (See “Common Object Repository”). However, the potential proliferation of XML schemas may require consolidation efforts for the definitions from different sources. At that point, common definitions will be needed and defined by COS.

5.3 Common Object Repository

Many other XML standards have already designed various schema objects for AECL+FM or non-AECL+FM common business vocabularies (e.g. ifcXML, cXML and XCBL 2.0). Non-AECL+FM examples can be an “address” object on an xCBL invoice and the “partyAddress” object on a Visa XML invoice. AECL+FM examples can be “CostType” and “MaterialType” from ifcXML.

The Common Object Repository (COR) is a conceptual layer in the aecXMLTM framework to incorporate definitions of types and elements from other sources, such as ifcXML, BLIS-XML cXML and xCBL. The purpose of introducing this conceptual layer is to facilitate schema development in terms of reusing existing definitions. In addition, during the early stage of development when business use cases are not available for tests, developing a prescriptive COS seems to be premature. Therefore, adding this conceptual layer to aecXMLTM framework will essentially set a foundation for DSS development. 

COR is a conceptual layer, which means definitions contained in COR may be directly imported by other schemas. aecXMLTM /IAI will not assign a namespace for COR. All definitions in COR maintain their native namespaces.

One of the major advantages of this approach makes the aecXMLTM COR to be a damper between all aecXMLTM schemas and schemas from other standardization bodies. In such a way, all of aecXMLTM DSS/BPS can always utilize the most updated non-AECL+FM or AECL+FM specific common objects with minimum or zero adjustment. Further more, the aecXMLTM schema designing work and the schema submission process will be easier and more organized while numbers and complexity of aecXMLTM schemas increase in the foreseeable coming future.

5.4 Domain Specific Schemas

The aecXMLTM DSS are a sets of schemas built on the aec aecXMLTM XML COS to describe static AECL+FM information. As for how to describe AECL+FM business processes, the dynamic AECL+FM information, it should be taken care of in the aecXMLTM BPS. Examples of domains are Project Management, Design, Schedule, and Plant, etc. Each domain owns one or more schema namespaces and each namespaces can have one or more schemas. Numbers of the namespaces and schemas depend on the demand and are assigned by the committee of each aecXMLTM working group.

Once the namespace is assigned, the various domains could then build various DSS using the objects in the aecXMLTM COS. If objects in the aecXMLTM COS are not enough, each domain could create new domain specific objects of AECL+FM business vocabularies. Each of DSS can be either an individual piece of business information, or contains a natural ‘go-together’ family of AECL+FM business information pieces. Using this approach, all DSS would be built on a set of standard foundation to allow for future manipulation of the data contained within. 

Objects defined in a new DSS or a new DSS itself could be proposed to the aecXMLTM Technical Committee and Domain Committees for inclusion into the next version of the aecXMLTM schemas. Once approved, the new objects would then be part of the next version of the aecXMLTM COS as well as the new DSS would then be part of the next version of the aecXMLTM framework.

5.5 Business Process Schemas

In the language of the aecXMLTM framework the COS define the letters of the alphabet, the DSS define nouns, and the BPS define verbs.

Fundamental to aecXMLTM BPS is the exchange of business data between AECL+FM participants during the project life cycle. The aecXMLTM BPS are another sets of schemas to describe the AECL+FM industry specific business processes, which include the query of information, the business transaction, and the communication messages. Like the aecXMLTM DSS, the aecXMLTM BPS owns one or more schema namespaces and each namespaces can have one or more schemas.

Functions of the aecXMLTM BPS are to:

· Describe detailed interactions and their respective activities between AEC participants

· Identify which data needs to be present to ensure requirements of both parties and being met

· Depict AEC business document choreography and overall process interfaces

Those of above require (1) define 'as-is' use cases and (2) define 'business processes'. Examples can be:

· Send an Invoice / Submit a Purchase Order

· Request for Information and Request for Change Order

The amount and the quality of utilizable aecXMLTM DSS/BPS reflect the final success of the aecXMLTM. While designing the BPS, a good understanding of the desired AECL+FM business processes is the first thing. Being familiar with a good modeling methodology is also very important. In addition, the aecXMLTM BPS should comprise both human-readable and machine-readable using the objects defined in the aecXMLTM COS and DSS.

5.6 Namespaces and Schema Files

Table 1 shows the number of aecXMLTM namespaces and schema files for each component.

Table 1 Number of aecXMLTM Namespaces and Schemas

	
	Number of

Namespaces
	Numbers of Schemas

at each Namespace

	COS
	1
	1

	COR
	Many
	Many

	DSS
	Many
	Many

	BPS
	Many
	Many

	· Names of Namespaces are assigned by the aecXMLTM Committee


According to Table 1, following principles should be followed.

· COS has one namespace and one schema file. According the namespace scheme discussed in the previous section, the COS namespace is recommended as following:
http://www.aecXML.org/schemas/[Level]/COS/cos-[ISODATE]

· COR as a repository is a conceptual collection of third-party schemas. Consequently, the original namespaces of those schemas are reserved. Also, each schema is kept as one file to retain its original scope. Therefore, COR has multiple namespaces and multiple files.

· For DSS and BPS, since different working groups will be assigned different namespaces and each group will keep its authorship of the schema file to facilitate revision and maintenance, there will be multiple namespaces and files in DSS and BPS.

5.7 Procedures, Rules and Policies

Procedures, rules of policies, which have been identified in the dynamic view of the aecXMLTM framework, are integral parts of the aecXMLTM framework. Those procedures, rules and policies are associated with each of the actions, i.e. submitting, promoting, consolidating, replacing, “standardizing” and versioning. Following is a list of procedures and rules/policies that aecXMLTM /IAI needs to provide. 

· Submitting. 

· Promoting.

· Consolidating.

· Replacing.

· Versioning. 

· “Standardizing”.

For details, please refer to relevant documents.

6. Conclusion

This document discusses aecXMLTM framework in term of its static view and dynamic view. The static view describes mainly the major components that may possibly compose an aecXMLTM schema at any given time. The dynamic view illustrates different phases and status that aecXMLTM schemas may go through and actions, together with their associated procedures, rules and policies, which weave the phases and the status together.

Such discussions have not only explicitly explained the concepts of aecXMLTM/IAI, aecXMLTM schemas and various components of the aecXMLTM framework, but also defined the scope of work and a roadmap that detailed technical work may base upon.

Appendix I: Implementation Framework

The implementation framework provides a guideline to enable AEC participants and solution providers to create networked applications that can execute these electronic business processes by communicating according to strictly defined protocols.

Lets consider an analogy with a normal letter to be sent in the mail.  You have the choice of FedEx, UPS, or Regular Postal Service - this corresponds to the choice of IFs.  Your choice of postal service can determine what envelope you must put your letter in, and this equates to the header on the top of the aecXML message to be sent.  With a letter you would start it with "Dear somebody" but only write their full name, detail address, and delivery speed on the envelope. And this corresponds to the detailed routing information that is needed by the IF. In contrast, the requirement of writing "Dear somebody" at the start of the letter is part of the aecXML standard and not part of the IF.

Of course, above is an over simplified example of how the aecXML expects for an IF. An IF should be able to provide an open, universal protocol for networked applications. The protocol specifies message format and includes the authentication, authorization, encryption and non -repudiation requirements for conducting secure electronic business over the Internet. Perhaps most importantly, the IF should be able to ensure interoperability when aecXMLTM schemas are implemented at different times by different companies.

Several existing XML implementation frameworks are available but don’t know who will be the winner yet. Three of the major ones include RosettaNet Framework, BizTalk 2.0, and ebXML. Following gives an overview of their similarities and provides a brief comparison or introduction to each of them:

Overview: 

· Common message structure:

· Header (Envelope for the included XML document)

· Message Body (XML business document)

· Common features:

· Super sets of enhanced <To> and <From>

· Document routing and delivery

· Documents identification and properties

· Business process control

· Resources

· XML Frameworks
· Messaging: The transport part of the XML puzzle
BizTlk 2.0:

· Implement SOAP 1.1,  (Simple Object Access Protocol)

· Advantage

· Simple, not industry specific

· Support W3C XML Schema

· Support the file attachment

· Disadvantage

· Microsoft Specific

· Resources

· BizTalk Framework 2.0 Draft: Document and Message Specification
· SOAP: Simple Object Access Protocol
RosetaNet Framework

· Advantage

· Got wide support from IT (information technology) and EC (electronic components) industries

· Not vender specific

· Well-defined transport protocol (HTTP, CGI…)

· Some of Dictionaries and PIPs are reusable to aecXML

· Disadvantage

· Use DTD, not support W3C XML Schema

· Can’t do the file attachment

· IT and EC industry specific

· Resources

· RosettaNet Web Site
· RosettaNet Implementation Framework (RNIF)
· RosettaNet Partner Interface Processes (PIPs)
ebXML

Electronic Business XML (ebXML) is a joint initiative of The United Nations body for Trade Facilitation and Electronic Business (UN/CEFACT) and the Organization for the Advancement of Structured Information Standards (OASIS). The stated mission for it is to "provide an open XML-based infrastructure enabling the global use of electronic business information in an interoperable, secure and consistent manner by all parties." The eight working groups under it include 

· Working groups

· Business Processes  

· Core Components 

· Technical Architecture 

· Requirements 

· Transport/Routing and Packaging 

· Registry and Repository 

· Technical Coordination and Support  

· Proof of Concept  

· Marketing, Awareness, and Education  

· Resources

· ebXML Web Site
· ebXML Transport, Routing & Packaging Message Envelope Specification
· ebXML Transport, Routing & Packaging Overview and Requirements
As the AEC industry specific XML framework, aecXML wants to be IF neural. It is still too early to adopt just any one IF and that we can just any of these IFs with aecXMLTM at this point. aecXMLTM should NOT develop its own IF, and will rely on one of the above IFs for transporting aecXML documents.

Appendix II: RosettaNet Implementation Framework

Following information are captured from an article of “Deciphering RosettaNet” listed on the web site of WebMethods Inc.

The RosettaNet implementation framework provides an open, universal protocol for networked applications. The protocol specifies message format and includes the authentication, authorization, encryption and non -repudiation requirements for conducting secure electronic business over the Internet. Perhaps most importantly, the implementation framework ensures interoperability when RosettaNet is implemented at different times by different companies.

The following sections describe in greater detail the functions of the RosettaNet Implementation Framework.

Authentication is the process of reliably establishing the identity of the party that is communicating. Issued by a mutually trusted third party, a digital certificate is an electronic credential used to prove the identity of a server or a user. To be effective, digital certificates must be securely transmitted between trading partners. The RosettaNet authentication model is based on the use of secure sockets layer (SSL) V.3 protocol and RosettaNet digital certificates. This ensures the sender has cryptographic assurance of the identity of the recipient, and vice versa.

Non-Repudiation is the process of assuring that a particular person or service sent or received a message. For example, a sender would be unable to deny having sent a message. Within RosettaNet, digital signatures are used to provide non-repudiation of both message origin and its content. In addition, the digital signature is used to “lock” a message to prevent it from being tampered with or forged.

Transport is the means of sending electronic messages between trading partners. RosettaNet specifies that the method of transport between trading partners will be Hypertext Transfer Protocol (HTTP) on top of TCP/IP. 

Transfer is the process used to exchange electronic messages between trading partners. Whereas transport is the “means”, transfer is the “how.” Within RosettaNet, there are two methods for transferring electronic messages: they can either be exchanged directly between two servers, known as the server-to-server method, or they can be exchanged between two servers indirectly through a Web browser — known as the server-browser-server method.

Message Structure refers to the machine-readable format of an electronically transmitted business document. Message structures contain information crucial to the processing of RosettaNet messages. A machine –readable RosettaNet message is known as a RosettaNet Object. Some elements of RosettaNet messages are common across all RosettaNet messages, while other elements are unique to specific PIPs.

A RosettaNet Object is a fully encapsulated, ready-to-send message in machine-readable format. It is comprised of three parts: header information containing the version number; the message body; and footer information containing a digital signature (optional for some PIPs). The message body is comprised of several individual messages (preamble header, service header and service content), which are constructed and then encoded as a MIME message. MIME, which stands for Multi-purpose Internet Mail Extensions, allows transfer of non-textual data over the Internet using HTTP.

Message Processing is the act of interpreting a business document. Business documents sent in RosettaNet messages are comprised of many nested parts and must be structured and processed in a consistent manner to ensure interoperability. RosettaNet messages require a logical sequence of processing steps: grammar validation, sequence validation, schema validation, and content validation.

RosettaNet message structure and message processing are closely related. RosettaNet messages are complete, valid eXtensible Markup Language (XML) documents. Complimentary to these documents are Document Type Definitions (DTDs), which specify data elements that are contained in Rosetta Net business documents. DTDs specify message format, and are used to determine whether the structure of a particular RosettaNet message is valid.
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