A Quick Overview of the Mapper Healthcare Tools
The Mapper Healthcare Tools are a set of Open Source tools for Healthcare Application Integration, built on the Eclipse Modelling Facility (EMF). They have generic facilities for healthcare systems integration, and specialised facilities for HL7 Version 2 and HL7 Version 3.

Healthcare IT systems have a variety of data models, and communicate in a range of message formats, standard and non-standard.  The purpose of the tools is to build reliable, testable interfaces between these systems and message formats  - so that applications can exchange data with high confidence that their information content will not be lost or distorted.

The core technique supported by the tools is Semantic Mapping. Semantic mappings are mappings of physical data structures onto a UML class model.

Semantic mappings between an XML message format (or relational data model) and a class model define precisely and completely how any instance of the XML or database conveys information in an instance of the class model. Having semantic mappings from several different XML languages onto the same class model is the soundest possible basis for interoperability between those languages – because it defines what they all mean, in terms of the common class model.
The tools support four main activities:

1. Defining and validating Semantic Mappings

2. Automatic generation of translation software from the mappings

3. Testing of translations for semantic and structural correctness
4. Model-based application development

These will be described in turn. 

1. Making and Validating Mappings

The tools include a Mapper Editor which can be used to define mappings between any physical data structure and any UML class model. By mapping HL7 V2 onto some class model, and mapping other structures onto the same class model, the mappings can then be used to auto-generate interfaces from HL7 V2 to other data formats. By mapping data structures onto an HL7 V3 RMIM class model, the mappings can auto-generate interfaces between any data format and HL7 V3.
Combining these, by mapping HL7 V2 messages onto HL7 V3 RMIM class models, the tools can auto-generate V2-V3 transformations in either direction. The screenshot below shows a set of V2-V3 mappings:
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The centre of the screen shows the structure of the V2 PID segment. The right hand pane shows the classes in a V3 RMIM, with the usual V3 colouring conventions.  The PID structure has been captured automatically from output of the Messaging Workbench (MWB), and the V3 RMIM has been captured from MIF.

Green nodes of the PID structure have been mapped to the RMIM. To make a mapping, you select a class in the RMIM, select a node in the V2 structure, and choose the type of mapping from a menu. You may then further edit the properties of the mapping.

Mappings can be viewed or saved in a variety of formats. They can be statically validated by the editor, and checked by making class model instances in EMF Ecore form, from message instances (eg Ecore RMIM instances from V2.XML instances).

2. Generating Translation Software

Translation from one mapped language to another consists of reading information ‘in’ through the mappings from one physical structure to a class model form, and then writing the information ‘out’ to the other structure though its mappings. Software to do this (using lazy evaluation) can be auto-generated from the mappings. Auto-generated translations are intrinsically more reliable than hand-coded translations; for instance, they carry a strong guarantee of round-trip consistency.

The translations can be deployed in one of two ways: 

· By a run-time Java translator, driven by mappings and derived ‘write procedure’ files

· As generated XSLT

V2-V3 translations can currently only be deployed by the first of these methods. This restriction will be removed.

3. Testing Translations

The tools have extensive facilities for automated testing of the generated translations. Given a set of message instances and mappings in different XML languages (such as V2.XML and V3), the tools will automatically make all possible sequences of  translations between the languages, test the results for semantic and structural correctness, and display the output of the tests. The summary of a V2-V3 translation test is shown below:
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The code ‘A’ stands for V3, and ‘B’ stands  for V2. Therefore the row ‘BAB’ describes the round-trip translation V2 => V3 => V2; the score 100% means that all items of semantic information in the input V2 instance survived unchanged in the final result. The round–trip ‘BB’ is not trivial; V2 is transformed in to the class model form, and out again to V2 form.
The ‘issues’ detected in the tests, and numbered in the last column, can be viewed in a separate Translation Issues View, and all the message instances produced by the translations can be examined. So this framework supports comprehensive semantic and structural testing of the generated translations.

4. Application Development

The tools are built on the Eclipse Modelling Facility (EMF); so they can, for instance, convert any XML message instance, through its mappings, to an instance of EMF Ecore; or go in the reverse direction.  This allows the use of many EMF-based tools and facilities for development in a Model-Driven Architecture (MDA) framework. For instance:

· EMF-generated Java classes can be extended to build applications which are coded entirely in terms of the class model, not any of its physical realisations. Such an application can be adapted to handle different XML interchange languages merely by defining mappings for those languages. No new code is required.

· EMF-generated instance editors can be used to edit and validate instances of the class model
· Many other EMF-based tools are available – for instance, EMF Compare, EMF Query, and TENEO persistence.

All these can be used by free-standing applications outside Eclipse.

We believe that semantic mapping is the soundest way to achieve interoperability of healthcare systems, and that these tools make semantic mapping a practical technique. Charteris is interested in collaborating on joint proofs of concept of these tools and methods over the next few months.
