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The concepts in this draft were prepared by a sub-group of the KEG composed of Liora Alschuler, Sandy Boyer, Bob Dolin, Ed Jones, and Wes Rishel. It has been reviewed by the KEG for distribution with the HL7 Patient Record Architecture Ballot Proposal Package to be submitted to the HL7 Technical Steering Committee September 27, 1999. For more information, see the SGML/XML SIG page on http://www.HL7.org

1 Introduction

This document is part of a Patient Record Architecture (PRA) Ballot Proposal Package to be presented to the HL7 SGML/XML SIG and the TSC at the September, 1999 plenary meetings in Atlanta. The purpose of the document is to convey the progress made and the open issues remaining in the formulation of a method for creating PRA document type definitions and how that method is to be integrated with the Message Development Framework (MDF) within an HL7 Development Framework (HDF). The proposal will be known as the PRA document development methodology (DDM). 

It is assumed that the reader of this document is familiar with the most recent version of the PRA Framework document
 and with the most recent version of the HL7 MDF
. See also the PRA Ballot Proposal Package which presents all material relevant to the proposed standard including the Concept of Operations which outlines plans for balloting the specification. 

1.1 Business Case for a separate DDM

A document is an information artifact that can be defined independently of the sending and receiving applications. A message is also an information artifact, but one whose definition is inextricably bound to the interaction of sending and receiving applications. In the HDF, the specification of a message derives from use case analysis which captures and synthesizes expectations for application behavior. Document archetypes, at least under our current understanding of “document”, come primarily from information modeling that is independent of computer processing. 

Design of XML document archetypes (DTDs or schemas) adapts what we can generalize and standardize about paper documents for machine generation and machine processing. In addition, while messages are archived in whole or in part in some implementations, the expectation for documents is that authenticated clinical documents will persist as long-lived portions of the birth-to-death patient record. Schema and DTD design is based on the method of “document analysis” developed since 1985 in the application of SGML and XML. 

In summary, document development differs from messaging development in the following ways:

·  documents have a rich, extensive history of design and development that pre-dates and is independent of computer processing. This history is the primary component in document analysis. 

· documents are the traditional core of the persistent patient medical record, thus have requirements for longevity that differ from messaging

· documents are first and foremost for human-to-human communication, although electronic documents must increasingly support machine processing. (In contrast, messages are first and foremost for machine-to-machine communication, although they may carry additional requirements for translation to human-readable form.) 

· documents do not have application roles

· documents are not derived solely from use cases, although business rules and application requirements do influence document analysis

2 DDM Overview

This section provides an overview or summary of our approach to an HL7 DDM.

2.1 Scope of the DDM

The PRA incorporates an open-ended number of specifications written as document type definitions or document schemas
. The DDM describes how these DTDs have been created and describes a general method for creation of future PRA DTDs. Not all PRA DTDs, however, share the same position in the DDM. 

In considering a development methodology, there are three distinct types of PRA DTDs: 

1. Header 

2. Core architectural DTDs for each level, requirements differ considerably for each level 

3. Non-core architectural DTDs for levels 2&3; requirements differ between the two levels but are conceptually identical for all non-core DTDs at that level

The DDM will describe the derivation of the Header and Level One body for purposes of documentation, quality assurance, and ease of maintenance. The DDM will not supply a repeatable, generalized method for Header and Level One DTD creation, since these are unique DTDs. This portion of the DDM will be completed in the same general time frame as the L1 ballot. The DDM will eventually encompass a generalized method for creating derived L2 and L3 DTDs. This portion of the DDM is outlined here and will be completed in the same general time frame as the L2 and L3 ballots.

The justification for a different approach to method for the Header and Level One body DTDs versus the derived Level Two & Three DTDs is pragmatic as well as conceptual. On a pragmatic level, there is and will be one and only one each of the Header and Level One body DTD, therefore time spent generalizing a method of their creation is time best spent elsewhere. On a conceptual level, the demands and requirements of the DTDs differ substantially and thus have vastly different relationships to a generalized method.

Only at Level Three do we have requirements for expressing all meaning in machine-processable markup, comparable to the demands of messaging. Thus the method for Level Three can be much more tightly bound to the messaging method, since the requirements for machine processing are comparable. At Levels One and Two, ultimate comprehension rests with the human reader, not in the machine-processable markup, so the method for developing markup cannot rest on the same basis. For messaging, and for Level Three, it is possible to say, as the MDF says, that ultimate "meaning" rests in the data type.  Levels One & Two do not make this claim for semantics in the markup and, in fact, we have to be very careful that we do not overstate the semantics available for exchange and processing of Level One & Two documents.

At the same time, each PRA document carries a PRA header intended for machine processing as well as human readability. Our assumption is that the process used to create the Header DTD will be nearly identical to the process applied to V3 messages, although until such a DTD is completed and tested, such an assumption cannot be confirmed. With respect to the Header, each deviation from the MDF will be documented and supported. The method used to create the header is described here (section 5) and deviates from the MDF mainly in the substitution of “document analysis” for use case analysis. Thus this approach to a DDM develops and documents the PRA Header in terms of the RIM and the MDF. In addition, the DDM proposes creation of a generalized method for creating Level Two and Level Three RIM-derived DTDs. That method is described in general outline in this document and will be fleshed out as Levels Two and Three take shape over the next year. This document does not recognize a need for a generalized method for the Level One, Two and Level Three core DTDs. In describing the method applied to the Level One body, it presents several alternative representations of a PRA document within the RIM (see section 4). 

2.1.1 General Approach

Relationship to the RIM and V3 Data Types

The PRA will be harmonized with the RIM. As noted in the Scope, different elements of the PRA have different functions and therefore differ in their relationship to the RIM. The relationship of the header is fairly straightforward, since header semantics differ little in granularity and generality from the semantics of messaging (although there are still some issues to be resolved to achieve harmonization with the RIM). According to our goals for Level Three, the same can be said of the PRA and the RIM at Level Three. For Levels One & Two, we are not yet certain if RIM classes and/or V3 data types best fit the abstract structures of the PRA body , since these structures carry no semantics or semantics at a level of granularity that is yet to be defined. The section below on the Level One body presents several alternative relationships between the PRA Level One body and the RIM. In all cases, however, the PRA will be fully harmonized with the RIM.

Use Case Analysis versus Document Analysis

One pervasive distinction between any DDM and the MDF is the use of use cases versus document analysis. Use case analysis produces requirement specifications for processing applications. Document models need to be cognizant of processing requirements, but these are only one component of an analysis process known as “document analysis”. Document analysis was developed as a methodology for capturing document model requirements in a form that can be translated into DTD syntax. Document analysis is a parallel, and comparable, process to Use Case analysis with output that can be used to update the RIM. It was used in the first draft of the Header DTD and in the Kona work that was adopted for the PRA
.  Its primary place in the future will be in the creation of requirements for derived Level Two & Three DTDs. 

This method will be summarized in the DDM, as required and appropriate for building PRA DTDs
.

Relationship to Evolving XML Standards

Extensible Markup Language (XML) 1.0 is a recommendation of the W3C
 issued in February, 1998. It is a subset of Standard Generalized Markup Language (SGML), ISO 8879, published in 1986. As such, the core XML specification is expected to be remarkably stable, especially when compared to less mature languages. The core specification, however, does not cover a broad range of standard practice and application for which recommendations are currently under development. The related practices and applications which bear on the design of the PRA include specifications for standard hypertext links, document transformations, and document schemas. The PRA has been designed to avoid conflict between this specification and nascent, more general XML specifications and recommendations. 

In particular, it should be noted that the transition from document type definitions (DTDs) defined in the core XML 1.0 recommendation to document schemas
 will provide an alternate, stronger, method of describing the structure and semantics of a document, but will not affect the standing of documents validated against DTDs. In other words, when the PRA can use a standard schema language, earlier documents will not be rendered obsolete. 

Currently, the PRA uses a portion of ISO 10744 known as HyTime architectural forms to describe simple inheritance relationships between DTDs and portions of DTDs. Use of the architectural forms mechanism allows the PRA to rigorously describe these relationships and to validate them using a standard processing engine. We anticipate that the W3C schema specification will, at some point, provide an alternate syntax for describing and validating these relationships. This will not affect the validity of PRA documents, it will simply present an alternate language for processing and validation. The primary role of architectural forms within the PRA at present is to provide a standard syntax for describing inheritance between document types and a general, non-proprietary method of transforming non-PRA documents to PRA documents even when the source semantics are unknown. Moving from an ISO 10744 expression of these relationships to a W3C expression of these relationships, when that becomes possible, will not impact the validity of earlier PRA documents. 

Evolution of the PRA and PRA-compliant Documents

The PRA does not specify processing requirements apart from processing required to validate a document. Thus, the PRA does not require any statement on the obsolescence of processing systems. The PRA does specify document content and structure requirements and it has the design goal of persistence of these information resources. New versions of the PRA will extend and develop earlier version of the specification, but will not introduce changes such that older documents would be invalid against a new version of the PRA, although new documents may not be valid against the previous specification. 

2.1.2 The PRA Header

Our default approach is that the PRA Header will be derived using the existing MDF with the exception of use case analysis. The SGML/XML-related document analysis method used to create the first draft of the PRA DTDs served in place of a use case analysis. This header draft is being used to construct a series of mini-MIMs for the major components, all of which will be combined into one header MIM. In the course of  that exercise, a number of RIM harmonization issues have been identified, which will be resolved through the RIM harmonization process. From the resulting MIM, a MOD and HMD will be constructed resulting in a new draft Header DTD. We will test this new header against our goals and design principles to will determine whether the DTD needs modification and if so, whether the changes can be made to the MIM, HMD, or DTD algorithm. In any case, where a deviation from V3 methodology is indicated, we will discuss the rationale for this with the CQ Technical Committee so that the rationale for differences between the approach to document and message syntax is well understood within the organization.

2.1.3 The PRA Level One Body 

The PRA Level One body is a document type that specifies the XML encoding of standard abstract structures common to all clinical documents. These abstract structural elements -- paragraph, list, item -- can be used to markup any document to meet the most fundamental exchange requirement, that of reproducing the document for human readers. 

The Level One body DTD was originally created using document analysis and is based on long-standing best practices with structured text. Part 5 of this document provides several alternative UML models of the Level One DTD and raises issues  to be resolved in RIM harmonization.

2.1.4 Level Two & Level Three: Current Concepts

The following quotes describe the Level Two & Three scope and requirements as presented in the PRA Framework Document.

“Scope of Level Two 

“PRA Level Two will specify XML markup such that it is possible to share semantics (the meaning and intent of the document) down to the document section and subsection level. Section and subsection are defined as nested containers within the document body that are identified unambiguously by a semantic that applies to the container. The core Level Two DTD will be extended by specializations for document types and clinical domains. It is possible that the degree of required detail of semantic encoding will differ between Level Two DTDs.”

“Level Two Requirements:

“Construction of a core Level Two body DTD and Level Two architectural DTDs specific to each type of clinical document will require agreement on:

1. a typology of clinical document

2. a core, or generic, or de-contented Level Two architectural DTD

3. a catalog or typology of clinical document sections and subsections

4. an association between each item of the clinical-document typology and its potentially included items of the document-(sub)section typology.

“Scope of Level Three

“Level Three requires articulation of full document semantics sufficient for arbitrary machine processing. In other words, in Level Three PRA documents, all meaning conveyed in a clinical document will be articulated by the PRA markup in a standard manner. Level Three document contents can be processed by receivers using arbitrary processing algorithms, the only requirement being awareness of Level Three markup.

“Level Three Requirements:

1. presence of a Level Two DTD for each document type desired in Level Three. 

2. core Level Three DTD that articulates the most granular concepts and relationships within the document.”

Once standard DTDs for the core Level Two and Level Three have been accepted by HL7, groups within HL7 and external to HL7 can apply the core DTDs to document types in their own area of specialization. The DDM will describe how to apply a core DTD to an existing document model, how to identify and reconcile conflicts between the existing model and the core DTDs, and how to create a new document model that optimizes the relationship between the RIM and the core DTDs. 

2.2 PRA Roles & Responsibilities

Oversight of the PRA will generalize the roles and responsibilities spelled out for V3 messaging in the MDF. (We have summarized these in a document which itself may be incorporated into some future version of the MDF/HDF.) In this rubric, any RIM classes created as an outcome of PRA harmonization would be under the stewardship of the appropriate technical committee, which would include the SGML/XML SIG if and when it becomes a TC. 

At the higher levels, Two & Three, the PRA raises questions that did not surface in the development of the Message Development Framework because the PRA advocates and assumes a distribution of the work of writing compliant DTDs and HMDs among groups inside and outside of HL7. In some sense, the responsibility for modeling of Level Two and Level Three PRA DTDs overlaps with the Template activity. The HL7 response must be uniform and coordinated for both activities and will be formed at the Board level. See Open Issues, below, for some of the specific questions which must be addressed. 

2.3 PRA Conformance and Compliance

Messaging conformance is based on adherence to stated application roles. Since PRA documents have no application roles, compliance for document providers must have a different basis.  We suggest the following simple definition of conformance:

A document or document type is PRA-compliant if it can be validated against a PRA-compliant DTD according to the definition of validation in XML 1.0  and it meets the stated data type requirements
. 

Thus, it is the DTDs that are PRA-compliant while documents are validated against PRA-compliant DTDs.

This leaves open the question of what is a PRA-compliant DTD. We propose three levels of DTD PRA-ness:

1. ANSI-certified, balloted PRA DTD

2. HL7 recommended, balloted PRA DTD

3. PRA compliance asserted by demonstrating validated relationship to 1. or 2.

The first category would be reserved for the Header and core Level One, Level Two and Level Three PRA DTDs which will be balloted by HL7 and submitted to ANSI for certification. The second category would undergo an HL7 informative ballot, but would not be ANSI-certified. These DTDs would include those developed by HL7 and those submitted to HL7 by other organizations and derived from the core Level Two or Level Three DTDs. Balloting, in this case, would guarantee that the DTD was considered the authoritative DTD for a given type of document and would guarantee that it complied with the PRA architecture. 

The third category of compliance could be asserted by any DTD author for any DTD validated against a balloted DTD. In many instances, this level of conformance may be sufficient and may be all that is available during the interval before a DTD is balloted as a recommendation. 

3 Relationship of DDM to MDF within the new HDF

This section of the document describes one approach to how the DDM could be integrated with the MDF to create an HL7 Development Framework (HDF). Numbers below reflect chapter numbers of current MDF although with addition of PRA-specific material. The only full-chapter addition, according to this approach, will be a chapter on Document Analysis, paralleling the chapter on Use Cases. 

1. Introduction: add Business case for documents and for DDM

2. Principles: add scope, “method” from PRA framework document; summarize PRA inter-version compatibility, PRA conformance

3. Managing Development: overview of DDM process including Roles & Responsibilities

DDM

4. Document Analysis: write description parallel in coverage to Use Case Model; this should be a new chapter.

5. Information Model: Method for representing information structures. Expand to cover :

· PRA header, 

· PRA core body DTDs, 

· derived PRA DTDs 

6. Vocabulary: anticipate little change in this chapter. The data typing and encoding of healthcare.code will come up with respect to overlapping V3 data types Code Value and Concept Descriptor, both of which are described in Chapter 5.

7. Interaction model: no equivalent, although could be used to describe relationship between medical records management, which does have an interaction model, to PRA document header.

8. Conformance Claims: need PRA basis for conformance claims, separate although parallel to V3 messages which are based on application roles. Suggest this as new section within chapter on Conformance. 

9. Creating PRA DTD specifications: suggest soup to nuts description of writing derived PRA DTDs. Suggest that this chapter be able to function as stand-alone guide for DTD developers

10. Developing Models: Guide to using RIM in DTD information modeling / adapts UML for RIM, consequence of ch. 5 (no change)

11. Example: supply sample PRA models for header, core body (L1); future: for core and derived L2-3

12. Meta-model: any additions or modifications to the meta-model will be incorporated here. Anticipated changes: unknown

13. Glossary: add, modify term definitions as required

4 The PRA and RIM Harmonization

The KEG is in the process of creating a set of proposals for PRA RIM harmonization. We are meeting with several TCs in Atlanta to work on harmonization issues and anticipate presentation of a set of proposals to the November harmonization meeting. 

The following three diagrams illustrate the types of harmonization required to model the PRA header from the RIM. Each is followed by a set of questions which must be addressed to finalize the header model. The three general types of harmonization required are 1) none, the required components are already in the RIM; 2) revisions to existing classes such as changes to definitions, or changes in associations or attributes; 3) addition of new document-related classes and related changes in associations and attributes.

For a complete review of the status of PRA RIM harmonization issues, see the PRA and RIM Harmonization document and PowerPoint presentation.

Note: The following examples do not reflect the selection of an ID data type (RWII or TII), which is an open RIM issue that applies across all components of the PRA MIM.  

PRA header::event
The first diagram below shows the content model for  Event in the original PRA Header DTD. This represents the result of document analysis or the requirements phase of Header design. It is expressed in DTD syntax and shown in a tree diagram representing the relationship between XML elements (attributes and data types are not shown.)
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figure 1: Content model for Event

The content model for Event in the PRA header can be modeled in the RIM without modification. 
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figure 2: MIM representing PRA “event” and resulting XML instance. 

While Event can be modeled in the current RIM without modification, other components of the Header do require harmonization. The following diagram shows the PRA content model for Originating Organization.
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figure 3: PRA header content model showing Originating Organization

Currently, to associate Clinical_document_header (proposed name change to Clinical_document_metadata) with Healthcare_provider_organization (Steward: Patient Administration), it is necessary to traverse the Health_chart class. A document originates in one organization, but a copy may exist in the Health_chart of another organization. We propose a direct association between Clinical_document_header and Healthcare_provider_organization to indicate the originating organization of a document. Our recommendation is to discuss the change with Medical Records and Patient Administration:
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figure 4: Originating Organization MIM showing proposed change with dashed line. XML represents resulting document instances fragment.

While most of the contents of the PRA Header and Level One document body can be harmonized with the current RIM with minor changes, full harmonization will require addition of document-related classes not currently in the model. The first diagram below shows the top level structure of PRA documents and the last diagram shows one suggested RIM harmonization proposal that will create the required document class.
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figure 5: Top level PRA document content model
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figure 6: One suggestion on how to integrate  PRA documents into the RIM. Suggested changes indicated by dashed lines.

Please note that this slide indicates just one possible relationship between Service_event and document. There are a large number of open design questions that must be addressed before a harmonization proposal can be submitted. For example, this model shows the document body as a series of nested sections, but in the PRA, the body contains the sections and has different properties than the sections--it does not allow a title, as do sections. The picture above is broader then the current PRA Level One Body DTD in that any container can contain any other container, to a variable depth. Future design decisions must specify if such additional constraints must be applied to the RIM, MIM, or HMD. 

5 Summary of Open Issues

Below is an initial -- certainly not exhaustive -- list of known open issues in the document development method proposed for the PRA. We expect that the upcoming presentations at the HL7 Plenary session will generate awareness of additional issues and we encourage all readers of this document to bring any such issues to our attention.

5.1 General

· How will affiliates localize the PRA? Are the localization mechanisms of the PRA itself sufficient?
5.2 XML Representation and Documentation

· Will the PRA Header DTD be derived from the PRA Header HMD using the same algorithm as is used to generate V3 messages from HMDs? The default position of the DDM is that the same algorithm will be used, but this must be tested and confirmed. 

· Will constraints in a PRA DTD make a document invalid if some of the legal V3DT stuff is used: implicit type conversions, data type extensions (e.g. general annotations)?

· Will the PRA Header use enumerated value lists within their DTDs?

5.3 Compliance

The issues below will need to be addressed in the time frame of the Level Two and Three PRA:

· How will groups identify that they are creating / have created a PRA-compliant DTD?

· What will the process be for HL7 groups and non-HL7 groups to submit a PRA-compliant DTD for certification as compliant? Will HL7 do this? If so, how? 

· If conflicts arise among non-HL7 groups regarding whose PRA-compliant DTDs are the proper ones for a given area of application, will HL7 get involved? If not, then who?

· Will HL7 take an active role in promoting the creation of PRA-compliant DTDs by non-HL7 groups? If so, how? How will this relate to promotion of template creation?

5.4 Relationship with RIM

· To the extent that the RIM is message-centric and not document-centric, what changes are needed to satisfy the requirements of the PRA model (since the two models currently serve two different purposes)?

· See the PRA and RIM Harmonization document and PowerPoint presentation for an extensive list of identified RIM harmonization issues that are in various stages of resolution.































� HL7 Document Patient Record Architecture DRAFT - August 3, 1999, http://www.hl7.org/special/committees/sgml_xml.htm


� HL7 Message Development Framework, [complete ref]


� Until the W3C releases a schema recommendation which is adopted by HL7 for the PRA, the DDM will continue to refer to DTDs. This document will use the term “DTD” but in the future we expect to adapt the method to the stronger schema language. See section 2.1.1.3 below for further clarification on the impact of new XML-related specifications.


� The Kona Proposal, http://www.hl7.org/special/committees/sgml_xml.htm


� For further reference on document analysis, see summary in ABCD… SGML and Developing SGML DTDs: From Text to Model to Markup. See also the recent book on creating XML DTDs: Inside XML DTDs: Scientific and Technical  [give full refs].


� See www.W3.org, http://www.w3.org/TR/REC-xml


� http://www.w3.org/TR/xmlschema-1/ (schema structures) and http://www.w3.org/TR/xmlschema-2/ (data types) as well as the schema requirements document, http://www.w3.org/TR/NOTE-xml-schema-req. 


� Ultimately, data types will be validated using XML schema validating parsers. Until that time, data type validation must be a separate process.
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